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We report improved ability to name pictures at 2 and 8 months after repetitive transcranial magnetic stimulation (rTMS) treatments to the
pars triangularis portion of right Broca’s homologue in a 57 year-old woman with severe nonfluent/global aphasia (6.5 years post left basal
ganglia bleed, subcortical lesion). TMS was applied at 1 Hz, 20 minutes a day, 10 days, over a two-week period. She received no speech
therapy during the study. One year after her TMS treatments, she entered speech therapy with continued improvement. TMS may have
modulated activity in the remaining left and right hemisphere neural network for naming.

Introduction

Global aphasia is defined as severe impairment across all
language modalities (Goodglass and Kaplan, 1983) and is
among the most difficult aphasia syndromes to treat (Kertesz
and McCabe, 1977; Sarno and Levita, 1981; Helm-Estabrooks
and Albert, 2004). It is also considered to be an aphasia
syndrome with the least potential for improvement in overt
propositional speech, picture naming, language compre-
hension, reading or writing, especially during the chronic
stage (Demeurisse and Capon, 1987; Rosenbek et al., 1989).
Brain reorganization underlying language recovery in
aphasia post-stroke is largely unknown. Over thirty years
ago, a possible role for the right hemisphere (RH) was sug-
gested by Kinsbourne (1971) and Czopf (1972) when injec-
tion of intracarotid amobarbital into the right (R) carotid of
patients with nonfluent speech after a left hemisphere (LH)

Received 27 August 2004; accepted 15 January 2005.

Research supported by NIH grant RO1 DC05672 from the National
Institute on Deafness and Other Communication Disorders, Bethesda,
MD and a grant from the Medical Research Service, Department of
Veterans Affairs, Washington, D.C. (to M.A.N.); a K24 NIH award
(RRO18875, to A.P.-L) and the Harvard-Thorndike General Clinical
Research Center (NCRR MO1 RR01032); and a P30 DC05207 grant
to the Harold Goodglass BU Aphasia Research Center from the
National Institute on Deafness and Other Communication Disorders.

Address correspondence to Dr. M. A. Naeser, Aphasia Research
Center, V.A. Boston Healthcare System (12-A), 150 So. Huntington
Ave., Boston, MA 02130 U.S.A. E-mail: mnaeser@bu.edu

stroke produced customary speech arrest, whereas injection
into the left (L) carotid produced almost no alteration on
recovered speech. More recently, Basso et al., (1998)
reported that patients who had partially recovered from aphasia
after LH lesion showed worsening of language functions after
subsequent RH lesion. Some functional imaging studies have
also suggested a RH role (Cappa et al., 1997; Thulborn et al.,
1999; Musso et al., 1999; Rosen et al., 2000; Naeser et al.,
2004). Kim et al. (2002) have observed predominantly R
lateral frontal activity during language production in patients
with ischemic anterior L perisylvian lesion and intact L basal
ganglia. In functional neuroimaging studies with Wernicke's
aphasia patients, increased activation in the R posterior supe-
rior temporal gyrus region (and some remaining LH language
areas) has been associated with improvement (Weiller et al.,
1995; Musso et al., 1999). Some studies have suggested a LH
role in better aphasia recovery (Metter 1987; Heiss et al.,
1997; 1999; Karbe et al., 1998; Miura et al., 1999; Warburton
et al, 1999). Many studies have suggested that both hemi-
spheres are important, depending on the type of language
behavior and when it was examined (Weiller et al., 1995;
Belin et al., 1996; Basso et al., 1998; Mimura et al., 1998;
Cao et al, 1999; Hund-Georgiadis et al., 1999; Gold &
Kertesz, 2000; Ansaldo et al., 2002; Zahn et al., 2004).
Functional imaging studies where only nonfluent aphasia
patients were examined have observed unusually high activation
levels in R perisylvian language homologues during various
language tasks (Belin et al, 1996; Thulborn et al, 1999;
Rosen et al., 2000; Naeser et al., 2004). This high activation
in R perisylvian language homologues is not correlated with
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improved language performance (Belin et al., 1996; Rosen et al.,
2000; Perani et al., 2003; Naeser ef al., 2004). Rather, it may
represent, in part, increased effort, a maladaptive plasticity, or
the breakdown of normal inter-hemispheric control. Rosen ef al.,
(2000) concluded that "...the anomalous R frontal response
after L frontal damage may reflect the loss of active inhibi-
tion or competitive interaction from the homologous L frontal
area, or an inefficient 'dead-end' strategy."

When functional imaging has been obtained before and after
speech therapy, better language has been associated with
improved L hemisphere or L peri-lesional activation following
therapy (Small et al., 1998; Musso ef al., 1999; Leger et al.,
2002; Cornelissen et al., 2003). The patients examined in these
studies, however, did not have chronic, severe nonfluent/global
aphasia.

Transcranial Magnetic Stimulation

Transcranial magnetic stimulation (TMS) is a painless, non-
invasive procedure that utilizes magnetic fields to create electric
currents in discrete brain areas (Walsh and Pascual-Leone,
2003). A current is discharged through a coil of copper wire
that is held over the subject’s scalp. The current generates a
rapidly fluctuating magnetic field that penetrates the scalp
and skull unimpeded and induces a changing electrical field
in the cerebral cortex below the coil. This leads to neuronal
depolarization that can excite or inhibit cortex (Rothwell,
1997). Repetitive TMS (TMS) of appropriate frequency,
intensity and duration can lead to transient increases or
decreases in excitability of the affected cortex that last beyond
the duration of the train itself (Pascual-Leone ef al., 1998).

The possibility of modulating cortical excitability with
rTMS has generated clinical trials applying rTMS for treat-
ment of various neuropsychiatric conditions. The hypothesis
underlying most of these studies is that modulation of cortical
excitability in cortical areas of dysfunction (as evidenced by
functional neuroimaging) may result in clinical benefit for the
patients (Pascual-Leone et al., 1998; George and Bellmaker,
2000). For example, slow, 1 Hz rTMS appears capable of
normalizing abnormally enhanced motor cortical excitability
in some patients with dystonia and has led to symptomatic
improvement for hours to days (Siebner ef al., 1999). In stud-
ies with normal subjects or epilepsy patients, rTMS has been
observed to have an effect on language, ranging from facilita-
tion of naming (Topper et al., 1998; Mottaghy et al., 1999) to
arrest of speech (Pascual-Leone et al., 1991; Jennum et al.,
1994; Epstein et al., 1996; Epstein et al., 1999), depending on
the rTMS parameters and location of the coil. In stroke
patients with R hemisphere lesion who have left-sided
neglect, slow, 1 Hz rTMS has been applied to the posterior
parietal area in the undamaged L hemisphere resulting in a
significant reduction in neglect lasting for two weeks
(Brighina et al.,, 2003). Similar improvement in neglect has
been observed in other rTMS studies with this type of condi-
tion (Oliveri ef al., 1999; Hilgetag et al., 2001).
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TMS studies to treat aphasia

Our ongoing research with rTMS in stroke patients with non-
fluent aphasia has observed a significant increase in ability to
name pictures following application of slow, 1 Hz rTMS to an
anterior portion of R Broca's homologue, pars triangularis, for
10 minutes (90% motor threshold) (Naeser et al., 2002). There
was a concomitant, significant decrease in reaction time to
name the pictures. Application of rTMS to the posterior portion
of R Broca's homologue, pars opercularis, was associated with
a significant decrease in the pictures named, and increased
reaction time (Naeser ef al., 2002). Application to other areas
(motor cortex mouth; posterior, superior temporal gyrus, R
Wernicke's homologue) was not associated with increased pic-
ture naming. The improved naming that was observed immedi-
ately following application of rTMS to R pars triangularis was
only temporary, however, lasting less than a half hour.

Therefore, in a separate study, we suppressed R pars trian-
gularis with 1 Hz rTMS for a longer period of time (20 minutes)
over more days (5 days per week for 2 weeks) in four
R-handed, chronic aphasia patients (5 to 11 years poststroke)
(Naeser et al., 2005). On testing at 2 months after the tenth
rTMS treatment, there was significant improvement on three
naming tests: 1) the first 20 items, Boston Naming Test (BNT,
Kaplan et al, 2001); 2) the Animal Naming subtest, Boston
Diagnostic Aphasia Exam, 3rd Edition (BDAE, Goodglass ef al.,
2001); and 3) Tools/Implements on the BDAE. At 8 months,
all three naming scores continued to improve relative to pre-
rTMS testing, but only Tools/Implements was significant.
This was the first study to report lasting, improved naming at
2 months and 8 months following application of rTMS treat-
ments in chronic aphasia patients.

The purpose of the present case report is to present in
detail, the language improvements observed in a severe non-
fluent/global aphasia patient who was treated with rTMS for
2 weeks in the study reviewed above (Naeser ef al., 2005).
At one year post-rTMS (7.5 years poststroke), her language
improvement was sufficient to warrant referral for speech
therapy. Her continued language improvement following
speech therapy (post-rTMS) is reported.

Case report

Patient history and lesion on structural MRI scan

At age 51, this college-educated, R-handed woman (home-
maker) had a left intracerebral hemorrhage (basal ganglia
bleed), which resulted in severe R hemiplegia, and severe
nonfluent/global aphasia. Her L hemisphere lesion on the
T1-weighted MRI scan obtained 6.5 years poststroke, was
subcortical and she had no lesion in L Broca's or Wernicke’s
cortical areas (Figure 1). Extensive lesion was present in the
two white matter areas near ventricle, compatible with severe
nonfluent speech (arrows on MRI scan in Figure 1). These
areas include: 1) medial subcallosal fasciculus, deep to Broca's
area, adjacent to the L frontal horn (affecting pathways from
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Fig. 1. T1-weighted structural MRI scan for this severe nonfluent/global aphasia patient (57yr. F, 6.5 yr. poststroke). The lesion is
primarily subcortical only, without lesion in Broca’s or Wernicke’s cortical areas. Extensive lesion was present in the two white matter
areas adjacent to ventricle compatible with severe nonfluent speech: 1) the medial subcallosal fasciculus located anterolateral to the L
frontal born, deep to Broca’s area (vertical arrows); and 2) the middle 1/3 periventricular white matter located deep to sensorimotor cortex
mouth, adjacent to the L body of lateral ventricle (horizontal arrow). See text for pathways in these areas. The L and R lateral views are
reconstructed from the 3D MPRAGE MRI scan. The white triangle on the R pars triangularis marks the area of cortex (R BA 45) where
1 Hz rTMS was applied during each 20-minute treatment session (Phase 2), utilizing the Brainsight program to maintain consistent
placement of the TMS coil (Fig. 2). The enlarged box shows this targeted area (R BA 45) is located rostral to the anterior, vertical

(ascending) ramus of the Sylvian fissure.

SMA and cingulate gyrus Brodmann area (BA) 24 to head of
caudate; and 2) periventricular white matter, located deep to
sensorimotor cortex, adjacent to the L body of lateral ventri-
cle (affecting sensori-motor pathways deep to mouth, inter-
and intra-hemispheric pathways including, in part, limbic and
motor thalamo-cortical pathways) (Naeser et al, 1989).
Although no lesion was present in Wernicke's cortical area,
subcortical white matter lesion was present in the anterior
temporal isthmus area (superior to the temporal horn, affect-
ing auditory pathways from medial geniculate body to
Heschl's gyrus) (Naeser and Palumbo, 1994). This overall
subcortical white matter lesion pattern is compatible with a
severe nonfluent/global aphasia (Naeser et al., 1989; Naeser
& Palumbo, 1994). We hypothesize that her severe aphasia
was likely associated with impaired connections to language
cortex, associated with her extensive white matter lesion pat-
tern as described above. It is also possible, however, that the
basal ganglia portion of the lesion itself affected the severity
of her aphasia (Hillis et al., 2004), and/or there was a signifi-
cant neuronal loss in otherwise intact cortical areas caused by
peri-ictal pressure ischemia from the original stroke. Without
perfusion MRI studies, however, the potential contribution of
these latter factors remains unknown.

Speech therapy at 2 years poststroke onset

At 21 months poststroke onset, this patient was too severe to
be tested with the BDAE or the BNT; therefore, she was
tested with the Boston Assessment of Severe Aphasia test

(BASA, Helm-Estabrooks et al., 1989). Her scores at that
time were: Oral/Gestural raw score, 5/21; Auditory Compre-
hension, 13/16; and Overall BASA score, 42/61. Her speech
output was limited to occasional one-word utterances and she
was classified as having global aphasia.

She received one year of treatment with the Computer-
assisted Visual Communication program (C-ViC). C-ViC is an
icon-based alternative communication system designed for
patients with severe aphasia who have limited expressive out-
put, either oral, gestural, or written. All have some impairment
of auditory comprehension, ranging from moderately impaired
to severely impaired; and impaired syntactic performance
(Baker et al., 1975; Gardner et al., 1976; Steele et al., 1989;
Weinrich et al., 1995; Weinrich et al., 1997; Naeser et al.,
1998). She was considered to have “best response” to the C-ViC
treatment program and was able to use the program on a laptop
computer to initiate communication and reply to questions in the
home (patient #4, Naeser et al., 1998). Her overt speech output
remained limited to one-word utterances, however, and she was
considered too severe for other speech therapy programs. Multi-
ple testings during C-ViC training showed that her picture nam-
ing ability remained poor, naming only 6/30 items, as tested at
11 and 41 weeks post-Entry into C-ViC (Table 1).

TMS treatment program at 6.5 years poststroke onset

At age 57 (6.5 years poststroke) her language was re-evaluated.
She was still globally aphasic and essentially unchanged from
previous, post-therapy assessment. She was entered into our
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Table 1. Test results for naming pictures aloud during C-ViC
therapy at Entry into C-ViC (21 months poststroke), and 11, 24 and
41 weeks post-Entry. Picture naming remained stable from week 11
to week 41 during C-ViC therapy

Entry into
C-ViC Time post- Entry into C-ViC

C-ViC 21 Months
Naming Task  Poststroke 11 Weeks 24 Weeks 41 Weeks
People 3 4 4 4
(max=10)
Verbs 0 0 1 1
(max=10)
Objects 0 2 2 1
(max=10)
Total
(max=30) 3 6 7 6

experimental rTMS aphasia treatment program. Signed
informed consent was obtained. The rTMS treatment proto-
col was approved by the Institutional Review Boards at the
three Boston hospitals with which the authors are affiliated,
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as well as by the Scientific Advisory Committee at the Harvard-
Thorndike General Clinical Research Center, where the
rTMS was applied.

Within a few weeks prior to the first rTMS session, a 3-
dimensional magnetization prepared rapid gradient echo
(3D MPRAGE) MRI scan was obtained in the Radiology
Department, Beth Israel Deaconess Medical Center
(TR=11.08ms; TE=4.3ms; flip angle 8°). The images were
acquired in the sagittal plane (Imm slice thickness, no
gap) using a Siemens Vision Symphony/Quantum 1.5T
scanner. This MRI scan was later used to guide the exact
position of the hand-held TMS coil on the patient's scalp
during rTMS treatment. This imaging also included the
ears and the tip of the nose as landmarks to help guide the
frameless stereotaxic system (Brainsight, Rogue Indus-
tries, Montreal, Quebec). An example of this system is
shown in Figure 2.

Our rTMS treatment protocol included two phases. During
Phase 1, the best RH region of interest (ROI) to suppress with
1 Hz fTMS was determined. During Phase 2, that “best
response” ROI was treated 10 times (20 minutes per session),
over a two-week period.

Fig. 2. Illustration showing the TMS equipment and treatment procedure: a) An infrared camera is used to detect the position of the TMS
coil; b) The figure 8-shaped TMS coil is placed on the participant’s scalp to affect brain cortex (approximately 1 cmx1cm) directly
beneath the center of the coil; ¢) The 3D MPRAGE MRI scan of the participant is shown on a laptop computer to guide positioning of the
TMS coil directly over the targeted cortical region of interest (Brainsight, Rogue Industries, Montreal, Quebec).
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Phase 1

During Phase 1, four RH perisylvian language homologues
were each transiently suppressed with 1 Hz rTMS for 10 minutes;
two ROIs per visit, with a half-hour break in between. Thus,
in different rTMS sessions, slow, 1 Hz rTMS was applied to
R pars triangularis; R pars opercularis; R posterior superior
temporal gyrus (R BA 22); and R motor cortex (M1, lips,
orbicularis oris). The anterior portion of Broca's area (pars
triangularis) and the posterior portion of Broca's area (pars
opercularis) were defined according to Amunts et al. (1999):
The two areas are often referred to in cytoarchitectonic studies
as BA 45 and 44, respectively, although cytoarchitectonic
borders do not consistently coincide with sulcal contours.
These two areas are anatomically separated by the anterior,
vertical (ascending) ramus of the Sylvian fissure and this
landmark was used to locate R BA 45 and 44 in our study.
During Phase 1, the rTMS was applied for 10 minutes (600
pulses) at 90% motor threshold using a 7cm diameter, figure 8-
shaped coil (MagStim, NY). A frameless stereotaxic system
(Brainsight, Rogue Industries, Montreal) guided the position of
the coil on the patient's scalp and documented its accurate target-
ing of a specific ROI throughout rTMS. See Fig 2. Mathematical
models suggest that when applied tangentially to the scalp at
perithreshold intensity, this coil affects a volume of approxi-
mately 1 cc of cortex (Roth et al., 1991; Wagner et al., 2004).

Phase 1, naming ability on Snodgrass & Vanderwart
picture lists

During Phase 1, the effect of rTMS application to a specific
ROI was determined by testing the patient's ability to name
20 Snodgrass & Vanderwart pictures, immediately post-
rTMS to that area. Prior to the first rTMS session, the
patient's Baseline Naming ability and response time (RT)
had been determined across five different Snodgrass &
Vanderwart (1980) (S&V) lists (20 items per list). The lists
were controlled for complexity and familiarity, and were as
similar as possible in frequency (Kucera & Francis, 1967 rat-
ing, listed in Snodgrass & Vanderwart, 1980). The internal
order and list presentations were randomized; no list was
presented twice in a rTMS session. Items beginning with the
same phoneme, or of similar category were not presented
immediately following each other in any list. Responses
were tape-recorded; RTs were computed. If the patient's
ability to name pictures (within 10 minutes post-rTMS to a
specific ROI), was at least 2 SD above Baseline Naming
ability, then that ROI was considered the Best Response ROI
for that patient.

Phase 1, results for best response ROI to treat with rTMS

Figure 3 shows location of the four RH ROIs for this patient,
which were transiently suppressed for 10 minutes each, with
1 Hz rTMS during Phase 1; and the effects on naming and
RT post-rTMS for each of these ROIs are presented in graph
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Fig. 3. Phase 1, Top: Location on this patient’s 3D MPRAGE MRI
scan, for the four RH ROIs which were transiently suppressed for
10 minutes each, with 1 Hz rTMS during Phase 1. Middle: Her
Snodgrass & Vanderwart (1980) naming scores as tested immediately
post-rTMS to each RH ROI. Bottom: Her mean response time (RT)
to name each picture, post-rTMS to each RH ROI. Only suppression
of R BA 45 was associated with improved naming (and decreased
RT) immediately post-rTMS.

form. Only suppression of R BA 45 was associated with
improved naming for her, immediately post-rTMS. Her
Baseline Naming ability on the five S&V lists pre-rTMS was
4.45 pictures (SD, 1.37); with a mean RT of 3407 ms (SD,
1415 ). Following application of rTMS to R BA 45, she
named 6 pictures, with a mean RT of 2685 ms. Suppression
of the other RH ROIs (R motor cortex, lips and R BA 22)
impaired her naming ability, where she named only 3 pic-
tures post-rTMS to each area; and suppression of R BA 44
(posterior R Broca’s homologue) impaired her naming
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ability the most, where she named only 1 picture post-rTMS
and the RT was especially long (4851 ms). Thus, although
she did not reach a post-rTMS naming score that improved
by 2 SD (which in her case would have been 7 pictures), her
score of 6 pictures post-rTMS to R BA 45 was considered
adequate for inclusion into Phase 2; it was clearly a cortical
area which improved naming for her, post-rTMS. Therefore,
within a month after the completion of Phase 1, she was
entered into Phase 2, where 1 Hz rTMS would be applied to
R BA 45 for 20 minutes a day, for 10 treatments over a two-
week period.

Phase 2

Within 2 weeks prior to the first rTMS treatment in Phase 2,
her language was examined with standardized aphasia tests,
and again at 2 months and 8 months following the 10th rTMS
treatment. These tests included the first 20 items on the BNT
(Kaplan et al., 2001) and parts of the BDAE, 3rd Edition
(Goodglass et al., 2001). See Table 2.

She received ten, 20-minute, 1 Hz rTMS treatments
applied to the R pars triangularis (R BA 45), five days a week
for two weeks. The location of this area is marked with the
white triangle on the R lateral view of her MRI scan shown in
Figure 1. The coil was placed on the gyrus immediately ros-
tral to the anterior, vertical (ascending) ramus of the Sylvian
fissure (Amunts ef al., 1999). For review, see Devlin et al.
(2003). The motor threshold for the L first dorsal interosseus
muscle was determined prior to rTMS treatment each day.
Each rTMS treatment was administered at 90% of motor
threshold. She did not receive any speech therapy during her
participation in the rTMS study or follow-up language testing
at 2 months and 8 months post-rTMS.

Table 2. Boston Naming Test (BNT) and Boston Diagnostic
Aphasia Exam, 3rd Edition (BDAE) scores pre-rTMS (6.5 years
poststroke) and at 2 months and 8 months after 10 rTMS
treatments

2 Months 8 Months
Pre-rTMS  Post-rTMS  Post-rTMS
BNT, First 20 Items 4 7 12
(Max = 20)
BDAE, Longest Number of 1 1 1
Words per Phrase Length
Max=17)
Articulatory Agility 3 3 3
Max =7)
Repetition of Single 4 4 3
Words (Max = 10)
Repetition of Sentences 0 0 0
(Max = 10)
Comprehension of Single 26.5 27 30
Words (Max = 37)
Commands (Max = 15) 3 6 4
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Phase 2, Results for post-rTMS Language Testing

Table 2 and Figure 4 show that she improved in naming on
the BNT and BDAE (relative to pre-rTMS testing) at
2 months and 8 months after 10 rTMS treatments. Her pre-
rTMS score on the first 20 items of the BNT was 4; at 2
months post-rTMS she named 7 items; and at 8 months, 12
items. Her pre-rTMS score on the BDAE Naming Animals
subtest was 0/12; at 2 months she named 1 animal; and at 8
months post-rTMS, 6 animals. On the BDAE Naming Tools/
Implements subtest, she named 2/12 pre-rTMS; 3/12 at 2
months, and 5/12 at 8 months post-rTMS (Figure 4).

Speech therapy at 7.5 years poststroke onset (1 year
post-rTMS)

Because of the patient's sustained improvement in naming
pictures at 8 months post-rTMS, she was referred to the
Aphasia Rehabilitation Research Clinic at the Harold Goodg-
lass Aphasia Research Center (HGARC) for language therapy
in an effort to further improve her language skills. When first
seen at the HGARC clinic, she was 58 years old, and 7.5 years
poststroke. Her language was evaluated on two separate occa-
sions to establish stable baseline performance prior to initia-
tion of therapy. The evaluation tasks used were the Auditory
Comprehension subtests from the BDAE, 2nd Edition (Good-
glass and Kaplan, 1983), and the Cognitive Linguistic Quick
Test (CLQT; Helm-Estabrooks, 2001). Due to unreliable
“yes” “no” responses for the BDAE Auditory Comprehension
subtest of Complex Ideational Material, the overall percentile
rank for Auditory Comprehension was computed using only
three subtests: 1) Word Discrimination, 46/72 (40th percen-
tile); 2) Body Part Identification, 9/20 (28th percentile); and
3) Commands, 4/15 (20th percentile). The mean of these three
percentile scores placed her overall Auditory Comprehension
at the 29th percentile. In addition, she produced only occa-
sional, accurate one-word responses in conversation, and she
was diagnosed as having global aphasia.

Her performance on the CLQT indicated a Moderate
Impairment in Attention and Visuospatial Skills and Severe
Impairment in Memory, Executive Function, and Language.
It should be noted that the “verbal” aspects of the Memory
tasks probably skewed the earned score in this domain. Her
CLQT Total Composite Cognitive Score of 1.4 was within
the range of Severe Impairment for her age.

She had been referred to the clinic for a possible course of
Melodic Intonation Therapy (MIT) (Albert ef al., 1973; Sparks
et al, 1974; Sparks and Holland, 1976; Helm-Estabrooks
et al., 1989; Helm-Estabrooks and Albert, 2004). Both her
BDAE overall Auditory Comprehension score of 29th percen-
tile and her cognitive test scores were well below those predic-
tive of good response to MIT with functional carryover of any
treatment effects. Therefore, it was determined that she should
receive a course of Cognitive-Linguistic Therapy (Helm-
Estabrooks and Albert, 2004) in an effort to improve her over-
all cognitive status and auditory comprehension skills.
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Fig. 4. Phase 2. Graphs showing BNT and BDAE naming scores for this global aphasia patient pre-rTMS (6.5 years poststroke) and at 2
months and 8 months after 10, 20 minute, 1 Hc rTMS treatments to RBA 45.

She completed two phases of Cognitive-Linguistic Therapy
(Helm-Estabrooks & Albert 2004) using treatment activities
employing materials from the Cognitive-Linguistic Task
Book (Helm-Estabrooks, 1995), the experimental Attention
Training Program (Helm-Estabrooks et al., 2000) and the
Problem-Solving Therapy Program (Helm-Estabrooks &
Karrow, in preparation). Both phase one and two consisted of
five, two-hour treatment sessions. All treatment activities
were supplemented by homework assignments.

In the first phase of the Cognitive-Linguistic Therapy Pro-
gram, treatment focused on the cognitive domain of attention
utilizing tasks such as cancellation of nonlinguistic symbols
and numbers (arranged in rows, random scatter patterns, rows
with background distractions), and completion of repeated
grapho-motor patterns. The other cognitive area addressed in
this phase was cognitive flexibility as required for trail-
making tasks that required connection of nonlinguistic symbols
according to increasing size, and alphabet and numbers trails.

The second phase of the Cognitive-Linguistic Therapy
Program continued to focus on attention and cognitive flexi-
bility using tasks of increasing complexity including those
requiring higher-order inferences and cognitive formulation.
These included tasks such as logical groupings and pairings,
semantic decision-making, estimations, and organization of
items by size, weight, speed, cost and so on.

Following the 5th treatment session (representing 10 hours
of direct therapy) she was re-evaluated. She showed an
increase from the 29th to the 37th percentile in overall Audi-
tory Comprehension on the BDAE (Word Discrimination,
50/72, 46th percentile; Body Part Identification, 11.5/20, 36th
percentile; and Commands, 6/15, 30th percentile). On the
CLQT, she showed improvement in her Total Composite
Cognitive Score (earning a score of 1.8, which is within the
range of Moderate Impairment). The domains with notable
improvements (from Moderate to Mild Impairment) were
Attention and Visuospatial Skills. Following the second
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phase of treatment (5 more treatment sessions, representing
an additional 10 hours of direct therapy), the BDAE and the
CLQT were re-administered. She tested at the 35th percentile
for Auditory Comprehension on the BDAE (Word Discrimi-
nation, 51/72, 46th percentile; Body Part Identification, 10/
20, 30th percentile; and Commands, 7/15, 30th percentile).
Although there was slight improvement in the areas of Sym-
bol Trails, Design Memory and Design Generation, the
CLQT Total Composite Score remained in the Moderate
Impairment range at 1.8.

After the course of Cognitive-Linguistic Therapy, she began
MIT, even though her BDAE overall Auditory Comprehension
score was ten percentile points below the 45th percentile
(BDAE 2nd Edition) recommended for MIT candidacy. The
MIT program is hierarchically structured into three linguistic
levels, beginning with maximal clinician support that gradually
tapers off, thereby increasing the need for greater patient initia-
tion (Helm-Estabrooks & Albert, 2004). Pictures that illustrate
target responses accompany phrase and sentence stimuli.

She was fully cooperative in the MIT program and was seen
for two, one-hour sessions twice a week. After two weeks, she
had met the criterion (90% over five consecutive sessions) for
the Elementary Level of MIT and progressed to the Intermedi-
ate Level that involves less rigorous cueing. After 8 sessions at
the Intermediate Level, she failed to meet scoring criterion for
advancement and showed no changes in functional verbal
communication and MIT was discontinued. After four months
of behavioral therapy (23 sessions) partially supplemented
with home assignments, she was re-tested with the BDAE
Auditory Comprehension subtests. Her overall Auditory Com-
prehension had improved to the 40th percentile (Word Dis-
crimination, 51.5/72, 47th percentile; Body Part Identification,
12/20, 38th percentile; and Commands, 7/15, 35th percentile).

She is now enrolled in a course of Voluntary Control of
Involuntary Utterances (VCIU) (Helm-Estabrooks and Barresi,
1980; Helm-Estabrooks and Albert, 2004) that has been used
successfully with other stroke patients with left subcortical
lesion who have severe nonfluent speech. Her response to the
first five sessions of VCIU has been encouraging. She can
now name 28/40 of her group of VCIU pictured items with-
out prompting.

Her husband has commented that she is more involved
with activities in the home. For example, she now initiates
setting the table before a meal. Also, following a party, fam-
ily and friends commented to her husband that she was initiat-
ing communication more often and effectively communicating
more information. She and her husband recently completed a
trip to Russia, and in an Aphasia Rounds interview at the
HGARC she was able to communicate that she ate “borscht,”
and that they visited the ballet, and so on.

Discussion

This case study is the first to report sustained improved nam-
ing following application of a series of rTMS treatments in a
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chronic, global aphasia patient long after the initial insult and
despite stable deficits for many years. In this study, the appli-
cation of 1 Hz rTMS to R pars triangularis (R BA 45)
resulted in improved picture naming on the BNT, and the
Animals and Tools/Implements subtests on the BDAE at
2 months and 8 months following 10 rTMS treatments, rela-
tive to pre-rTMS testing.

The improvements post-rTMS in this severe aphasia
patient are particularly striking, because global aphasia
patients are expected to have the least potential for change
(Demeurisse and Capon, 1987; Rosenbek ef al., 1989). Multi-
ple testings during the C-ViC therapy program, begun at 21
months poststroke in her case, had showed picture naming
ability to be poor and stable at that time (only 6/30 pictures
named correctly at 11 and 41 weeks post- Entry into the C-
ViC program). Thus, although her improved naming at 2 and
8 months post-rTMS could be due to a number of factors, that
is, repeated tests or the increased attention given to the
patient during the rTMS treatment series, this may not be
the case for her, because repeated testing and almost one
year of the C-ViC therapy program (initiated at 2 years
poststroke) had not resulted in improved naming at that
time. She had entered the rTMS study at 6.5 years post-
stroke and showed consistent improvement in naming in
three different naming tasks at 2 and 8 months post-rTMS
(Figure 4). This consistent increase was in obvious contrast
to the lack of improvement during the earlier nonverbal
communication treatment program which had been pro-
vided at 2 years poststroke. At one year post-rTMS she had
improved enough to be referred for further speech therapy
(7.5 years poststroke), where she continued to show
improvement in language skills (especially in auditory
comprehension, and in the voluntary use of words and
phrases appropriate to her environment). While her level of
improvement remains modest, a patient with this level of
severity (global aphasia) has a type of aphasia which is
among the most difficult of aphasia syndromes to treat
(Kertesz and McCabe, 1977; Sarno and Levita, 1981;
Helm-Estabrooks and Albert, 2004). Thus, improvement in
a global aphasia patient with rTMS treatments, after 6.5
years poststroke is encouraging, and further studies are
warranted.

Our results should be considered preliminary, however, as
this was an open-protocol, single case report without sham
rTMS control. Nevertheless, this patient was studied well
beyond the spontaneous recovery period of 3 to 6 months
poststroke (Demeurisse and Capon, 1987), and was consid-
ered to be in the chronic, stable phase of global aphasia.

Possible mechanisms for rTMS effect

The mechanism of action underlying improved naming
following the application of 1 Hz rTMS to suppress the pars
triangularis portion of R Broca's homologue is unknown.
Possibilities may rest on understanding better the role of L
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Broca’s area. The participation of Broca's area (pars triangu-
laris and pars opercularis portion of L inferior prefrontal cor-
tex, L IPC) along with posterior temporal lobe structures has
been observed in semantic tasks during functional imaging
with normals (Gold and Buckner, 2002), as well as aphasia
patients (Price et al., 2001). Some fMRI studies with normals
have underscored the importance of L IPC for selection of
competing semantic knowledge (Gabrieli et al., 1998; Gold
and Buckner, 2002). Indeed, in studying aphasia patients,
Thompson-Schill et al. (1998) have observed a direct correla-
tion between extent of lesion within L BA 44, and selection-
related errors on a task requiring the patient to generate a
verb for a written noun. In word-stem completion tasks,
patients with L IFG lesions have been observed to primarily
shift activation to the R hemisphere (R IFG, R fusiform and R
lateral occipital cortex) with improved modulation (decreased
response) in R-sided structures as performance improved
with practice (Blasi et al., 2002).

We hypothesize that in the present study, application of 1 Hz
rTMS to R pars triangularis likely affected the structures
included in the semantic/phonological processing suggested by
Gold and Buckner (2002) to include connections from L inferior
prefrontal cortex (L IPC) to L BA 21 (semantic processing); and
connections from L IPC to an area near precentral L BA 6 and
inferior parietal (L BA 40) (phonological processing). The appli-
cation of 1 Hz rTMS to R pars triangularis may have suppressed
“over-activation” in this region, and permitted better modulation
of the remaining temporo-parietal structures in the bi-
hemispheric neural network for naming. Thus, the application of
rfTMS to R pars triangularis may have, in part, facilitated better
selection among competing semantic choices for naming.

This patient improved in general naming as tested on the
first 20 items of the BNT, at 2 months and 8 months post-
stroke. The neural network involved with naming these BNT
items may generally be associated with the neural networks
for semantic and phonological processing as mentioned
above (Price et al., 2001; Gold and Buckner, 2002). How-
ever, her scores also improved on specific naming category
subtests of the BDAE—for example, animals and tools/
implements. The neural networks involved with naming in
these specific categories may vary, from those involved with
more general picture naming on the BNT (Damasio et al.,
1996; Murtha et al., 1999; Damasio et al., 2004). For exam-
ple, Damasio et al. (2004) have reviewed converging evi-
dence from lesion studies and functional neuroimaging
studies with normals, and suggest that naming animals
involves mesial occipital cortices and middle infero-temporal
areas, whereas naming tools involves posterior infero-tempo-
ral areas and anterior regions of the supramarginal gyrus (a
somatosensory region possibly related to manipulability).
Thus, in our patient, emergence of a new ability to name ani-
mals and tools/implements suggests that rTMS application to
R BA 45 may have had a more widespread, modulating effect
possibly on mesial occipital cortices and infero-temporal cor-
tex, which were not part of the LH lesion, and were remote
from the site of rTMS stimulation itself in R BA 45. New
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modulation of these remote areas may also have helped her to
respond to the speech therapy treatment sessions which were
initiated at 7.5 years poststroke (one year after the Phase 2
rTMS treatments). Whether modulated involvement of these
remote areas, especially during naming of animals and tools/
implements, occurred post-rTMS in her case is unknown,
however, without fMRI studies.

Functional MRI studies would also be necessary, pre-
rTMS and post-rTMS, to determine whether, in fact, our
Phase 2 rTMS treatment protocol suppressed R BA 45 in this
patient, or not. It is likely the area was suppressed, however,
given the known effect of 1 Hz rTMS on motor cortex (Chen
et al., 1997; Maeda et al., 2000; Romero et al., 2002). In sep-
arate studies, we have been able to obtain overt naming fMRI
on some of our aphasia patients pre- and post-rTMS. We
have observed suppression of activation in R frontal lobe
areas (including, in part, R BA 45) post-rTMS, during overt
naming fMRI, with improved naming scores post-rTMS (per-
sonal observation).

Suppression of R hemisphere language areas may be com-
patible with improvement in nonfluent aphasia. For example,
the single published functional neuroimaging study with
melodic intonation therapy in nonfluent aphasia patients
observed a decrease in R hemisphere activation on PET
scans, and an increase in L frontal activation, during
improved speech with melodic intonation therapy. Belin ef al.
(1996, p. 1508) wrote that, “Introducing MIT in the repetition
condition resulted in a relative CBF decrease in seven of the
nine right hemisphere regions of interest, and for the group of
subjects this was significant for the right homologue of
Wernicke's area (p<0.02). In the left hemisphere, there was a
significant relative CBF increase in Broca's area, and in the
adjacent prefrontal cortex (p<0.04).” Thus, suppression of a
R language homologue with rTMS in nonfluent aphasia and
improved naming in our study could be compatible with
decreased R hemisphere activation on PET scans during
MIT, and improved bisyllabic word repetition in the Belin
et al. (1996) study.

In summary, at this time, it is unknown whether applica-
tion of our 1 Hz rTMS protocol to R BA 45 in this severe
nonfluent/global aphasia patient suppressed this area. We
hypothesize that this occurred, but we have no pre-rTMS and
post-rTMS fMRI comparisons for her. It is unlikely that 1 Hz
rTMS promoted activation in R BA 45, although this is possi-
ble. It seems more likely that the 1 Hz rTMS promoted sup-
pression in R BA 45, and this in turn promoted a better
modulation throughout the bi-hemispheric neural network for
naming. In future studies, pre- and post-rTMS overt fMRI
studies are critical to better understand the effects of rTMS
on activation levels in specific ROIs, both local and remote
from the site of rTMS.

While it may seem paradoxical to expect improved naming
following the suppression of R pars triangularis, there are
cases where additional, new lesions in a chronic stroke patient
improved behavior. For example, the disappearance of a L-
sided neglect was observed in a stroke patient with R parietal
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lesion, following a new L frontal lobe lesion (Vuilleumier ef al.,
1996). Kapur (1996) has labeled this effect as "paradoxical
functional facilitation." Future overt naming fMRI studies
with aphasia patients, before and after a series of rTMS treat-
ments, are needed to examine whether rTMS can, indeed,
suppress R pars triangularis and modulate activation in a spe-
cific manner, in the bi-hemispheric network for naming. This
would provide insight into mechanisms underlying language
improvement post-rTMS in aphasia patients.

TMS may provide a novel treatment approach for aphasia,
including severe nonfluent/ global aphasia. A better language
outcome for aphasia patients may be observed where rTMS is
combined with speech therapy administered immediately
after each rTMS treatment, as well as for a few months
following the last rTMS treatment.
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