« Neural mechanisms underlying language recovery in aphasia are not well understood -
those underlying recovery in severe aphasia, even less so.

+ Recent have debated

of functional recovery:

+ Evidence for a significant role of right hemisphere (RH) includes Cappa et al. (1997);
Thulborn et al. (1999); Gold & Kertesz (2000), especially implicating regions homotopic
to damaged left hemisphere regions within the language network.

« Nonetheless, questions remain as to the necessity and sufficiency of RH activation
(Belin et al., 1996; Rosen et al., 2000; Naeser et al., 2002; 2004) to language recovery.

« Evidence for more efficient recovery in patients with activation in undamaged LH
perilesional regions includes Heiss et al. (1997; 1999); Karbe et al. (1998); Thiel et al
(1998); Perani et al. (2003).

+ Two recent studies measured brain activity in aphasia patients pre- and post- speech
therapy intervention for naming (Leger et al., 2002; Cornelissen et al., 2003). Both
observed increased LH perilesional activity, espec. L inf. parietal lobe, post-treatment.

+ Few of these studies have included patients with severe aphasia, who are typically
viewed as having a poor prognosis for language recovery.

+ Although test-retest reliability is routinely during collection of language
data in single subject aphasia research, to our knowledge, this has not been demonstrated
in fVR1 studies investigating the underlying neural in aphasia recovery.

PURPOSE AND HYPOTHESES

“This study addressed the issue of test/retest fMRI reliability in two individuals with
chronic, moderate-severe nonfluent aphasia, who had been trained with an alternative,
icon-based computer “language” (Computer-assisted Visual Communication, C-ViC)
During fMRI, they performed a button-box, yesino semantic judgment task on C-ViC icon
“sentences”. We the critical issue of bject reliability by exploring
similarities and differences in regions of activation during participants’ performance of
identical tasks twice on the same day. We also explored hemispheric lateralization and
localization associated with different degrees of aphasia recovery in these two patients.

We hypothesized the following
+ Patients with severe aphasia can provide reliable fMIRI data during language tasks.

« During fMRI, severe aphasia patients will activate RH regions homologous to LH areas
previously associated with lexical-semantic functions, e.g., middle and inferior temporal
gyri, fusiform gyrus and angular gyrus; and prefrontal areas. These patients may also
activate undamaged LH regions as well as perilesional regions

+ Patients with “best response” to C-ViC training (Naeser, Baker et al., 1098) will
demonstrate better performance (accuracy & RTS), and have different MR activation
than those with “moderate response”, e.g., greater LH activity in the “best” patients.

MATERIALS AND METHODS

Participants: 2 participants with chronic, moderate-severe nonfluent aphasia. Both were R-handed M,
with LMCA stroke. Both had extensive, deep white matter lesion adjacent to ventricle, compatible with
no meaningful speech (Naeser et al., 1989). See region 1 (medial subcallosal fasciculus - M Sc F) &
region 2 (middle 1/3 periventricular white matter - M 1/3 PVWM) marked w/arrows (Figures 1 and 2).

Figure 1. Structural MRI scan for Participant #1: 69 Yr. M, 11 Yr. poststroke onset; extensive
subcortical lesion centered over the putamen w/ white matter lesion extension into M Sc F (red arrow)&
M 1/3PVWM (blue arrow); no lesion in Broca’s or Wernicke's cortical areas; some cortical lesion
present in the supramarginal gyrus and angular gyrus areas.

Figure 2. 59 Yr. M, 10 Yr. poststroke onset; extensive L MCA lesion; extensive cortical and subcortical
Tesion [some sparing in M Sc F (red arrow); however, extensive lesion in M 1/3 PVWM (blue arr
cortical lesion also present in Broca’s area, frontal operculum, sensorimotor mouth region, anteior
supramarginal gyrus, Wernicke’s area, and some ant. and post. MTG; also deep to the angular gyrus.
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Table 1. Boston Diagnostic Aphasia Exam Subtest Scores for Participants
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C-ViC Training: Participants were trained
with a nonverbal, icon-based program,
Computer-assisted Visual Communication
(C-ViC) by 2nd author (EB). C-ViC is
designed for individuals with severe aphasia
and limited expressive output in oral,
gestural, or written modalities. Patients also
may have some impairment in auditory
comprehension, ranging from moderate to
severe impairment, and deficits in syntactic
performance. In spite of these severe
deficits, it has been demonstrated that some

Experimental fMRI Design: During block design fMRI, participants were shown
simple C-ViC “icon sentences” consisting of S-V-O, (i.e., subject-verb-direct

object). Half contained a correct or appropriate direct object, e

““man cook

soup” and half, an inappropriate (semantically unrelated) direct object, e.g.,

“woman cook radio”

Participants were asked to press a “yes” (left) button on a button box for
semantically correct, and “no” (right) button for semantically incorrect sentences.

Control condition consisted of passive viewing of checkerboard patterns (Figure 3,

below). Participants judged 8 icon sentences per 2.5 minute run. Each icon
sentence lasted for 7.5 seconds. Each session (TEST and RETEST) contained two
identical runs, for a total of 16 icon sentences per session.

dividuals with severe aphasia can learn to
utilize this iconic system to express a range
of communicative needs (Steele et al., 1989)

Participant #1 (59 Yr. M; 9 Mo. poststroke
atentry into C-ViC; 11 Y. at fMRI) had
“'moderate response” to training, and was
unable to initiate communication with C-
ViC. Participant #2 (49 Yr. M; 10 Mo.
poststroke at C-ViC; 10 Yr. at fMRI) had
“best response” to C-ViC training; he could
use the icons to initiate communication on
the computer (Naeser, Baker, et al., 1998).

Figure 3. C-ViC $-V-O lcon Sentences

Data Acquisition

Images (FMRI BOLD) were acquired using a 15T GE Signa scanner. Scout images
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Semantically correct: “man-cook-soup”
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‘Semantically incorrect: “woman-cook-radio”

Data Analysis:

in

the sagittal plane. T:

posterior commissure (AC-PC) line. Whole head
FOV 24x24. Functional images were acquired in the same plane using echo-planar imaging (EPI).
TR=3s, FOV=24x24, 64x64 matrix and an in-plane resolution of 3, 12mm. A high-resolution 3D SPGR
anatomical scan was also acquired. During each of two, 2.5 minute MR runs, each condition lasted 30
sec (4 stimuli at 75 sec. each), during which 10 scans were acquired. The resting (pattern) condition
alternated with the yes/no button box task condition, for a total of 50 volumes (30 pattern; 20 task) with a
total of 8 task stimuli per run. TEST session consisted of 2 runs separated by a 2-min. rest break. After
completing four other, different C-ViC tasks in the scanner, RE-TEST (same 2 runs) was repeated.

Data were analyzed with MatLab 6.5 (MathWorks, Natick, MA) and SPM2 (Wellcome
Department of Cognitive Neurology, London, UK) on a Dell Workstation Precision 360. Images were
realigned using the first image as a reference. Functional images were normalized to the MNI EPI image
template with the resulting parameters applled 1o the Th.veighed anatomical image. Functiorl data

images parallel to the anterior commissure-
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were transformed from MNI space to the standard stereotaxic space of Talairach and Tournoux (1988)
using MEDx 342 medical imaging processing software.
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fMRI Results (cont'd.):

Pi#2 (“best response” to C-ViC), also pr activated a network of right-lateralized
language homologues, including R IFG (BA 45; 47) and R angular gyrus (BA 39). See Table 2
and Figure 5, below. He activated part of the L post. supramarginal gyrus (BA 40), a LH
perilesional area. R IFG (BA 47) demonstrates response decrements typical of modulation by
practice (Blasi et al., 2002). See Figure 7.
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Figure 5. Cortical activation maps for P #L and P #2 during

e -t TEST and RETEST. Areas activated (p<.001 uncorrected,
for display) during the nonverbal semantic decision task on

each participant's reconstructed lateral brain images.
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NOTE: The abstract reported a different Participant #2 (P #2). Subsequent analysis of her functional imaging revealed excessive
motion artifact correlated with the task. Her data was dropped from this study.

CONCLUSIONS

1. Moderate-severe nonfluent aphasia patients can participate reliably in PMRI language studies.
Intrasubject reliability in BOLD fMRI responses was established in two participants during two separate,
identical semantic judgment tasks on the same day. For each patient, in ROIs activated during TEST,
fewer voxels were activated in these ROIs during RETEST, compatible with task familiarity previously
seen in fMRI studies with normals and aphasia patients (Buchel & Friston, 2002; Blasi, et al., 2002).

Behavioral Results: ~(See Figure 4.)

P#1: Correctly judged 5/8 (run 1) and 7/8 (run 2) “sentences” on TEST and
again 5/8 (run 1) and 7/8 (run 2) on RETEST to be appropriate or not. His
errors were not the same between TEST and RETEST. Most consisted of
accepting semantically unrelated icons, e.g., he judged “man build cheese”
to be semantically acceptable. Mean RT (correct responses) was 2146 msec
(SD=532 msec) on TEST and 1739 msec (SD=582 msec) on RETEST.

P#2: Correctly judged 7/7 (run 1) and 5/7 (run 2) on TEST and 8/8 (run 1)
and 5/7 (run 2) on RETEST. Run 1 (TEST) contained too much motion
artifact to analyze. In run 2, errors were the same between TEST and
RETEST. One trial in both second runs was not registered by PsyScope,
either due to a slow (or no) response. Mean RT (correct) was 3673 msec (SD
=957 msec) on TEST and 2194 msec (SD=542) on RETEST. |

Semanti ukoments: Accuraey snd T for sccurate responses)

P #2 (“best response™ to C-ViC) had activation in more LH regions, e MA: and perilesional areas,
€., L supramarginal gyrus (BA 40), than did P#1 (“moderate response” to C-ViC).

Our fMRI results wiith severe aphasia patients post- C-ViC training support those of other treatment
studies, where some LH and perilesional activation was compatible with better aphasia recovery in
patients post-speech therapy intervention (Leger, Demonet et al., 2002; Cornelissen, Laine, et al., 2003)
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Figure 4. Accuracy and RTs during Test and Retest

Paired t-tests between participants’ RTs demonstrated no significant difference between participants’ RTs. Paired t-tests within
participants” test and retest scores revealed both subjects were faster on retest (P #1: marginally significant, t=2.08,
mean difference=407 msec; P #2: t=3.68, df=

=.021, mean difference=1480 msec).

df=11, p=062,

fMRI Results:

In general, strongly activated ROIs during TEST were also activated during RETEST, but less so (Table 2 and Fig.'s 5, 7).
P #1 (“moderate response” to C-ViC), whose subcortical lesion spares both Broca’s and Wernicke’s areas, failed to activate either

Both participants were classified with chronic, nonfluent aphasia as demonstrated by stable
longitudinal testing scores on the Boston Diagnostic Aphasia Exam (BDAE; Goodglass & Kaplan,
1981) (See Table 1)

of these LH regions. He only weakly activated R BA 44, and did not activate other RH homologous perisylvian regions (e.g., BA
22,21, 45). See Table 2 and Figure 5. Some TEST/RETEST clusters of activation centered on identical local maxima, e.g., in the R

medFG (BA6). See Figure 6

o © 29530,
Peran D, Grec P oS Aeroni M, Francsci 1 smmw o & o (1051 i snd Lo, 5 5567
K Ui M. Tarkinen A rwncs . Marn N, Sl . (203 150 stsns,
oy Tt 2 G . e oot
ooy, 6, 60455
a o)
Nearo
o Toers B, Pl M, Buknouar K. CarhaD 032) el st o ke cuae rtabiatoninn st An

ez 002

W T (158,
Nearol 55 1458 344 1095

mmnwmwunzmm 3.« e

I3 e
Nacsar A, w.m w ey o S-S, . Wl .o L o, Vg, A, Samsaea ., Hars G, e A o .6 Yur g

et Pk Lt M5 S S A2 it O el e Neurlogy 200 5

o, weman L ek M, Cron G5 (109 Corper bt sl it gt g2 5428
i

o
Thuon, . Corpr A & ds A (1591 Pty of et brsinfcton i sy i ke Sk 50746754

mega" "Px-i“ int

“posiersession.com




