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Objective: We conducted a randomized, double-blind, placebo-controlled, parallel-group study of both memantine and
constraint-induced aphasia therapy (CIAT) on chronic poststroke aphasia followed by an open-label extension phase.
Methods: Patients were randomized to memantine (20mg/day) or placebo alone during 16 weeks, followed by combined drug
treatment with CIAT (weeks 16–18), drug treatment alone (weeks 18–20), and washout (weeks 20–24), and finally, an open-
label extension phase of memantine (weeks 24–48). After baseline evaluations, clinical assessments were done at two end points
(weeks 16 and 18), and at weeks 20, 24, and 48. Outcome measures were changes in the Western Aphasia Battery-Aphasia
Quotient and the Communicative Activity Log.
Results: Twenty-eight patients were included, and 27 completed both treatment phases. The memantine group showed sig-
nificantly better improvement on Western Aphasia Battery-Aphasia Quotient compared with the placebo group while the drug
was taken (week 16, p � 0.002; week 18, p � 0.0001; week 20, p � 0.005) and at the washout assessment (p � 0.041). A
significant increase in Communicative Activity Log was found in favor of memantine-CIAT relative to placebo-CIAT (week 18,
p � 0.040). CIAT treatment led to significant improvement in both groups (p � 0.001), which was even greater under
additional memantine treatment (p � 0.038). Beneficial effects of memantine were maintained in the long-term follow-up
evaluation, and patients who switched to memantine from placebo experienced a benefit (p � 0.02).
Interpretation: Both memantine and CIAT alone improved aphasia severity, but best outcomes were achieved combining
memantine with CIAT. Beneficial effects of memantine and CIAT persisted on long-term follow-up.
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Aphasia, a disorder of language functions after acquired
brain damage, occurs in nearly one third of stroke vic-
tims and is regarded as one of the more devastating
cognitive sequelae.1–3 Poststroke aphasia (PSA) is usu-
ally followed by a period of spontaneous recovery that
ends after 1 year.1–6 Speech and language therapy
(SLT) is the treatment of choice for chronic PSA,2–6

and significant improvements of language and commu-
nication deficits can be achieved when SLT is admin-
istered intensively or for prolonged periods, or
both.4–6 Only recently, new intensive SLTs yielded
significant improvement of language performance at
the chronic stage, even several years after stroke on-
set.4–15 At the same time, pharmacotherapy in con-
junction with SLT suggest that additional benefit may
arise from drug treatment.1,16–19 In this article, we ask
whether chronic PSA can be improved more substan-
tially by conjoined application of intensive SLT to-
gether with drug treatment. We chose constraint-

induced aphasia therapy (CIAT), an intensive form of
language-action therapy emphasizing massing of prac-
tice, focusing on communicative needs, and embedding
of language use into action contexts.7–15

Long-lasting cognitive and language deficits after
stroke result from a direct lesion of neural tissue that
leads to disrupted functional connectivity because of
changes in network excitability and abnormal activity
of multiple neurotransmitter systems,1,14,16–23 includ-
ing an excess of glutamate release.23–27 In animal mod-
els of ischemic stroke, an upregulation of N-methyl-D-
aspartate receptor–dependent function has been found
in ischemic cores and neighboring cortical regions.24

This glutamatergic overactivation results in intracellular
calcium overload, eventually causing excitotoxic neuro-
nal dysfunction and death.23 In human stroke survi-
vors, this cascade of intracellular events may contribute
to the abnormal activity in “eloquent” perilesional re-
gions, as well as in other connected regions.14,22–27 It
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is also possible that the excess of glutamate release pre-
vents the dynamic reorganization of lesioned networks
to a new state in which language functions are per-
formed through compensatory mechanisms.22–25

In this study, we chose the N-methyl-D-aspartate re-
ceptor antagonist memantine because this compound
may reinstantiate cortical activity and cognitive func-
tions including language, memory, and learning.25–27

The rationale for using memantine to treat PSA comes
from the hypothesis of glutamate-induced neurotoxic-
ity in cerebral ischemia and from the results of two
large randomized controlled trials (RCTs) of meman-
tine performed in patients with mild-to-moderate vas-
cular dementia.26,27 In these studies, memantine signif-
icantly improved performance relative to placebo on
the Alzheimer’s Disease Assessment Scale, cognitive
subscale (ADAS-cog), an instrument heavily reliant on
language, memory, and praxis.28 We here report the
first RCT to investigate the efficacy of both memantine
and CIAT on chronic PSA followed by an open-label
extension phase of memantine.

Subjects and Methods
Randomized, Placebo-Controlled Phase
PARTICIPANTS. Patients were recruited through local lan-
guage rehabilitation centers, aphasia support groups, and
newspaper advertisements. Inclusion criteria were: (1) age be-
tween 18 and 70 years, (2) unilateral cortical-subcortical or
subcortical lesions caused by a single infarction or hemor-
rhage, (3) aphasia diagnosis according to the Western Apha-
sia Battery (WAB),29 and (4) presence of aphasia for 1 year
or longer. Exclusion criteria were: (1) presence of a severe
language deficit (mutism, recurrent utterances, neologistic
jargon, or WAB comprehension score � 4), (2) history of
any other neurological or psychiatric disease impairing lan-
guage and communicative ability (eg, dementia), (3) severe
visual agnosia (eg, inability to identify visually presented ob-
jects), (4) severe limb apraxia (eg, inability to manipulate ob-
jects) and severe speech apraxia (difficulty executing or se-
quencing oral-motor movements, or both), (5) severe
depression,30 (6) pregnancy, (7) recent myocardial infarction,
(8) uncompensated congestive heart failure, (9) uncontrolled
hypertension, (10) hypersensitivity toward memantine, and
(11) ongoing medication with agents interfering with me-
mantine (including amantadine, dextromethotphan, or ket-
amine).23 Any concomitant medication was kept unchanged
during the study.

The study was conducted in accordance with the Decla-
ration of Helsinki, and the protocol and its amendments
were approved by the Local Community Ethics Committee
for Clinical Trials and by the Spanish Medical Agency. Writ-
ten informed consent was obtained from every patient or
caregiver. The study was undertaken between March 2005
and November 2007. The study is registered with EudraCT
(2004-002337-39), and the protocol for the study was filed
with the open clinical trial registry (www.clinicaltrials.gov;
Identification No. NCT00196703).

STUDY DESIGN. The study design consisted of a single-
center, randomized, placebo-controlled, double-blind,
parallel-group study of memantine and CIAT with an open-
label extension phase of memantine. Patients were allocated
randomization numbers consecutively, and using a
computer-generated randomization code, we assigned pa-
tients in a 1:1 fashion to the two groups. Blinding was es-
tablished with identical film-coated tablets for oral intake
containing either memantine (5 or 10mg) or placebo. Tab-
lets were dispensed into patient-coded containers by a non-
blinded pharmacist. Researchers, as well as patients and their
caregivers, were unaware of and could not determine the
study drug assignment by appearance or otherwise. The
study design is shown in Figure 1.

DRUG TREATMENT. All patients underwent a 3-week up-
titration phase of either memantine or placebo. Memantine
was titrated in 5mg weekly increments as recommend-
ed23,25,26,31 from a starting dose of 5 to 20mg/day. After the
dose-escalation phase, all patients received a fixed dose of ei-
ther memantine (10mg) or placebo twice daily without
CIAT during the next 3 months (week 16). Then, during
weeks 16 to 18, the drug treatment was combined with
CIAT. This phase of combined treatment was followed by a
2-week period (weeks 18–20) where patients received me-
mantine or placebo treatment alone and, finally, by a 4-week
period of drug washout (weeks 20–24). Evaluations of apha-
sia and communication were performed at baseline and at
the end of weeks 16 and 18 (end points), and of weeks 20
and 24 (washout). Compliance was determined at every visit
by tablet counts.

CONSTRAINT-INDUCED APHASIA THERAPY. CIAT is an
intensive form of language-action therapy for aphasia per-
formed in a small group setting (two to three patients and
the speech therapist).7–15 Participants were grouped accord-
ing to their similarities in aphasia characteristics (eg, verbal
output and comprehension) and severity, and all of them
received 30 hours of CIAT within 2 weeks (3 hours/day).9,14

In a therapeutic game context, participants had to request
picture cards from each other, by using descriptions of the
depicted objects, and understand requests made by others
and the therapist. The full treatment set comprises 616 pic-
ture cards (5 categories including name of objects [words of

Fig 1. Study design. CIAT � constraint-induced aphasia ther-
apy.
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high, medium, and low frequencies], colors, numbers, ac-
tions, and phonological minimal pairs [“ajo-ojo” “garlic-
eye”]). In each therapy application, 2 identical sets of 16 to
20 color cards were distributed equally to the patients (8–10
cards/person).7,14 Difficulty levels were adjusted to the pa-
tients’ communicative abilities by choosing cards suited to
each patient’s level of performance. Each patient had to ob-
tain from other participants as many twin cards as possible
that matched his or her own cards. This had to be done by
communicating verbally with the other three participants, by
asking questions, making requests, and providing descrip-
tions at different levels.7,14 Feedback of communicative suc-
cess was regularly given, together with guidance, help, and
reinforcement. Other forms of communication (gesturing,
drawing, or writing) replacing verbal language were con-
strained. Barriers in front of and on either side of each pa-
tient prevented them from seeing each other’s hands or
cards. Reinforcement was administered as necessary for each
patient. Communication rules were introduced by shaping
and modeling (for details and materials, see P 1990 http://
www.ub.uni-konstanz.de/kops/volltexte/2002/879/).

OUTCOME MEASURES. The outcome measures were the
mean score change from baseline to end points in the Apha-
sia Quotient (AQ) of the WAB29 and the Communicative
Activity Log (CAL)9 at weeks 16 (drug alone) and 18 (drug-
CIAT). The Western Aphasia Battery-Aphasia Quotient
(WAB-AQ) results from the sum of subtests of spontaneous
speech (fluency and information content), auditory compre-
hension, repetition and naming, and it is a global measure of
severity of aphasia.29 The CAL rates the patient’s amount
and quality of everyday communication through 18 ques-
tions (eg, question 6: “How frequently would the patient use
the telephone?”).9 All questions were answered on a 6-point
scale (0 � never; 6 � very frequently) by a caregiver who
rated the patient’s communicative behavior during the week
before aphasia testing. The Spanish versions of the WAB-AQ
and CAL were sensitive to rate treatment effects in different
samples of chronic aphasic patients treated with CIAT or
drugs.7–19 The number (%) of patients who improved at end
points compared with their own baselines scores (“respond-
ers”) was examined using a prespecified degree of improve-
ment on WAB-AQ (�5 points) and CAL (�5.4 points).32,33

Improvement was arbitrarily defined by an increase of test
score (WAB and CAL) by more than 5% of its range.32,33

This pragmatic approach was taken because normative data
for therapy improvement were unavailable for either WAB or
CAL.

STATISTICAL ANALYSES. The sample size calculation, ob-
tained from our previous drug trials in chronic PSA (differ-
ence in mean of 5.000 points on the WAB-AQ with a stan-
dard deviation of 4.000),1,19 showed that 12 participants in
each group would be needed (� � 0.05, two-sided, power �
80%). On the assumption of a dropout rate of 15%,19 the
recruitment of 28 patients was planned. Between-group com-
parisons at specific time points were performed on change in
absolute values or means from baseline for the WAB-AQ,
WAB subtests, and CAL using analysis of covariance ad-
justed for baseline scores. For within-group comparisons, t

tests were used to compare baseline values versus those at
other time points. �2 tests were performed to analyze cate-
gorical variables, and the Mann–Whitney U test was used for
between-group comparisons of responders (WAB-AQ and
CAL scores) to treatment. Effect sizes (Cohen’s d statistic)
were calculated for significant results.31 Analyses were con-
ducted for observed cases, and the last observation carried
forward was used for a single patient who missed one drug
evaluation (week 20). All statistical tests were two sided with
significance level set at � � 0.05. No adjustment for multi-
ple testing was made.

Open-Label Extension Phase
Patients who completed the double-blind phase were invited
to participate in the open-label extension. Baseline evaluation
for the open-label phase coincided with the double-blind
study termination visit (week 24). Thus, 4 weeks after stop-
ping memantine or placebo, all patients, including those who
had received memantine during the double-blind phase,
switched directly to memantine for 24 weeks. All procedures,
including dosage adjustments and blinding, were similar to
that in the double-blind phase. No patient received SLT dur-
ing this period.

Results
Randomized, Placebo-Controlled Phase
Of 37 patients screened, a total of 28 patients were
included, and only one patient in the placebo group
did not complete the study (last evaluation in week 18)
(Fig 2). Table 1 shows baseline characteristics and
treatment randomization. The aphasia profiles of the
groups were similar and representative of typical sam-
ples of patients with chronic aphasia (Table 2).2–5 The
treatment groups were well matched with respect to
baseline demographic and clinical characteristics, ex-

Fig 2. The revised CONSORT diagram showing the flow of
participants in the randomized, placebo-controlled and open-
label extension phases of memantine.
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cept for time since stroke (p � 0.053), which tended
to be longer in the placebo group.

A significant improvement in WAB-AQ scores was
observed in the memantine group compared with pla-
cebo group, with large effect sizes at both end points
(week 16, Cohen’s d: 1.27; week 18, Cohen’s d: 1.44)
and at week 20 (Cohen’s d: 1.28), and a medium effect
size at week 24 (Cohen’s d: 0.65) (see Table 2; Fig 3).
Positive changes were also observed in WAB-language
subtests except for repetition (Table 3).

The effect of memantine alone and/or combined
with CIAT (week 18) on improving WAB-AQ scores
still remained highly significant compared with pla-
cebo after excluding patients (n � 4) from the pla-
cebo group with longer duration of PSA (�10 years)
[week 18: t (22) � 3.57, p � 0.002] and patients
from both groups receiving antiepileptic treatment
(memantine group: n � 4; placebo group: n � 7)
[week 18: t (15), 2.53, p � 0.023] and psychoactive
compounds (memantine group: n � 6; placebo
group: n � 5) [week 16: t (15) � 2.97, p � 0.009;
week 18: t (15) � 3.11, p � 0.007]. Moreover,
within-group analyses of WAB-AQ scores at end
points (weeks 16 and 18) demonstrated that treat-
ment with antiepileptic or psychoactive drugs, or
both, did not affect outcomes.

Within-group comparisons between baseline and
pre-CIAT assessment (week 16) demonstrated a sig-
nificant increase in WAB-AQ in the memantine
group, reflecting the effect of active drug alone, but

no change was present in the placebo group (see Ta-
ble 3). Both groups showed a significant improve-
ment on WAB-AQ over the 2 weeks of CIAT (weeks
16 vs 18), and a significant between-group difference
also emerged when comparing improvements between
weeks 16 and 18 (before vs just after SLT), indicating
that the effect of CIAT was stronger in the meman-
tine group compared with the placebo group [t
(26) � 2.18, p � 0.038]. Improvements in WAB-AQ
scores remained stable across the 2 weeks after CIAT
(weeks 18 vs 20) in both treatment groups. In the
final month (weeks 20 vs 24), language improvement
remained at its high level in the placebo group but
declined [t (13) � 3.93, p � 0.002] in the meman-
tine group, reflecting vanishing of the drug effect dur-
ing washout. However, comparing WAB-AQ values
between the beginning and end of the study, a gen-
eral improvement emerged for both memantine treat-
ment groups with a better outcome for patients who
had received memantine in addition to CIAT ( p �
0.041; see Table 3). The last observation carried for-
ward analysis showed similar results as those using
observed cases.

The scores for the memantine group on CAL were
numerically better than those for the placebo group at
all postbaseline evaluations, and a significant increase
in CAL score was found in favor of memantine-CIAT
relative to placebo-CIAT after correcting for baseline
scores (baseline vs week 18) ( p � 0.040, analysis of
covariance) (see Table 3). The effect of combined

Table 1. Baseline Characteristics

Variable Memantine Group
(n � 14)

Placebo Group
(n � 14)

Mean age (SE) (range), yr 53.7 (2.1) (36-65) 48.5 (2.1) (40-66)

Male sex, n (%) 7 (50) 11 (78)

Right handedness, n (%) 14 (100) 14 (100)

Antiepileptic agents, n (%) 4 (29) 7 (50)

Psychoactive agents, n (%) 6 (43) 5 (37)

Mean education (SE), yr 10.0 (0.8) 9.64 (0.7)

Mean time since onset of aphasia (SE), yr 1.8 (0.2) 6.4 (2.1)

Mean WAB-AQ (SE) (range) (maximum � 100) 67.1 (5.5) (23.2-91) 65.8 (3.0) (41.8-84.4)

Mean WAB-Apraxia (SE) (maximum � 60) 49.5 (3.1) 51.4 (1.6)

Mean Communicative Aphasia Log (SE)
(maximum � 108)

71.5 (1.9) 77.9 (2.7)

Mean stroke aphasia depression questionnaire
(SE) (maximum � 84)

37.6 (2.2) 37.7 (0.8)

The longer time after stroke in the placebo group resulted from the inclusion of four patients with �10 years of evolution (range, 10-
32 years). The baseline scores on the Western Aphasia Battery-Aphasia Quotient (WAB-AQ) in these four outliers were similar to those
obtained from the remaining placebo-group patients (n � 10), and three of the four outliers were responders in the WAB-AQ (score
gain � 5) in one or both end-point evaluations (weeks 18 and 20).

SE � standard error.
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treatment with CIAT (week 18) on improving CAL
scores remained significant compared with placebo af-
ter excluding patients (n � 4) from the placebo
group with longer duration of PSA (�10 years) [week
18: t (22) � 2.62, p � 0.016] and patients from both
groups receiving psychoactive compounds (meman-
tine group: n � 6; placebo group: n � 5) [week 18:
t (15) � 2.47, p � 0.026]. Moreover, within-group
analyses of CAL scores at end points (weeks 16 and
18) demonstrated that treatment with antiepileptic or

psychoactive drugs, or both, did not affect outcomes.
Table 4 shows the number of individual patients who
responded to treatment. Scores on WAB-AQ and
CAL were numerically greater in the memantine
group than in the placebo group in all postbaseline
evaluations, with differences reaching significance on
WAB-AQ at both end points (weeks 16 and 18).

No adverse effects were documented. One patient
withdrew from the placebo group because of a seizure
episode 1 week after termination of CIAT.

Table 2. Characteristics of Aphasia Type and Lesion Location

Patient
No./Age/Sex

Duration of
Aphasia (yr)

Aphasia Type Severity Cause Lesion
Location

Memantine Group

1/54/M 4.1 Anomic Mild Infarction TP

2/36/M 3.0 Conduction Mild Infarction TP

3/67/F 1.4 Anomic Moderate Infarction FTP-BG

4/47/F 1.0 Broca Severe Infarction FTP-BG

5/60/F 3.2 Anomic Mild Infarction BG-PVWM

6/60/M 1.1 Anomic Mild Infarction TP

7/53/F 1.5 Broca Moderate Infarction FTP-BG

8/55/M 2.5 Anomic Mild Infarction INS-BG

9/65/M 1.6 Anomic Moderate Infarction BG-IC

10/50/M 1.0 Anomic Moderate Infarction FTP-BG

11/50/F 1.1 Anomic Moderate Infarction FTP-BG

12/56/F 1.5 Broca Severe Infarction FTP-BG

13/47/F 1.0 Broca Moderate Hemorrhage FTP-BG

14/52/M 1.7 Anomic Mild Infarction FTP-I

Placebo Group

15/47/M 1.2 Anomic Moderate Infarction FTP-BG

16/43/F 10.0 Anomic Mild Hemorrhage FTP-BG

17/66/F 10.2 Anomic Moderate Infarction FTP-BG

18/43/M 3.2 Wernicke Moderate Hemorrhage FTP-I

19/46/F 4.0 Anomic Mild Infarction FTP-BG

20/47/M 5.0 Conduction Moderate Hemorrhage FTP-BG

21/56/M 2.4 Broca Moderate Infarction FT-BG

22/45/M 1.9 Broca Moderate Infarction FTP

23/48/M 11.1 Broca Moderate Infarction FTP-BG

24/44/M 2.11 Transcortical motor Moderate Infarction BG-INS-TP

25/43/M 2.1 Conduction Mild Infarction TP

26/46/F 32.0 Broca Severe Hemorrhage FT-BG

27/65/M 4.4 Broca Moderate Infarction TP

28/40/M 1.0 Transcortical motor Moderate Infarction FTP-BG

All lesions were in the left hemisphere.
TP � temporoparietal; FTP � frontotemporoparietal; BG � basal ganglia; PVWM � periventricular white matter; INS � insula;
IC � internal capsule.
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Open-Label Extension Phase
All patients (n � 27) who completed the double-blind
study were enrolled and completed the open-label ex-
tension phase. Patients treated with memantine during
the double-blind phase are hereafter referred to as the
MEM-MEM group, whereas patients who were treated

with placebo in the double-blind phase are hereafter
referred to as the PLA-MEM group. Aphasia evalua-
tion at the end of the washout period (week 24), be-
fore initiation of the open-label extension, demon-
strated that both groups did not show a total loss of
treatment benefits with WAB-AQ scores remaining
greater than the original baseline values (mean change
from baseline to week 24: MEM-MEM group �
6.0 � 0.8; PLA-MEM group � 3.9 � 0.8).

Analysis of the WAB-AQ at the end of the open-
label extension phase (week 48) showed significant im-
provements relative to the new baseline (week 24) on
the MEM-MEM group [t (13) � 3.80, p � 0.002],
and these clinically relevant benefits also tended to be
greater than scores obtained at end points (weeks 16
and 18) during the double-blind study. Significant im-
provements in WAB-AQ were again observed when
patients treated with placebo were switched to meman-
tine [PLA-MEM group, t (12) � 2.68, p � 0.02; see
Table 3). Between-group comparisons showed a ten-
dency for greater improvement in the MEM-MEM
group compared with the PLA-MEM group (p �
0.08). The PLA-MEM group, which had received no
active drug before, showed a significant performance
increase compared with end points (weeks 16 and 18)
(p � 0.001) and with week 20 (p � 0.003). Safety
and tolerability results in the extension phase were con-
sistent with the shorter-term results.

Discussion
We investigated the effects of memantine, CIAT, and
their combination in patients with chronic PSA. The
main results of this RCT were: (1) significant improve-
ment of aphasia severity with memantine alone, (2)
replication of aphasia improvement with CIAT, (3)
greater improvement of combined treatment with me-

Table 3. Mean Change in Outcome Measures from Baseline

Randomized, Placebo-Controlled Phase

Week 16 Week 18

Memantine Placebo 95% CI pa Memantine
and CIAT

Placebo
and

CIAT

95% CI pa

Mean WAB (SE)
Aphasia Quotient 4.0 (0.7)b 0.8 (0.5) 1.2-5.1 0.002 8.5 (0.9)b 3.5 (0.8)c 2.2-7.6 0.0001
Spontaneous Speech 0.5 (0.2) �0.7 (0.2) �0.7-1.3 0.077 2.2 (0.3)b 0.9 (0.4)e 0.1-2.4 0.024
Auditory Comprehension 0.3 (0.1)b �0.1 (0.1)d �0.0-1.0 0.086 0.4 (0.1)b �0.0 (0.1)c 0.1-0.9 0.037
Repetition 0.3 (0.2) 0.5 (0.1)c �0.6-0.3 0.988 0.3 (0.1) 0.6 (0.2)d �0.8-0.2 0.764
Naming 0.7 (0.1)b 0.1 (0.1) 0.1-1.0 0.015 1.2 (0.1)b 0.3 (0.2) 0.2-1.4 0.009

Mean CAL (SE) 3.2 (1.5) 0.2 (1.4) �1.3-7.3 0.182 6.0 (1.3)c 1.0 (2.2) �0.4-10.4 0.040

CI � coefficient interval; CIAT � constraint-induced aphasia therapy; WAB � Western Aphasia Battery; SE � standard error; CAL �
communicative activity log.
ap value indicates between-group comparisons, analysis of covariance with adjustment for baseline values unless otherwise noted.
bp � 0.0001; cp � 0.005; dp � 0.01; ep � 0.05 indicates within-group comparisons.

Fig 3. Mean (� standard error) changes from baseline to end
points (weeks 16 and 18) in Western Aphasia Battery-Aphasia
Quotient (WAB-AQ) scores over time in the randomized,
placebo-controlled, and open-label extension phases of meman-
tine. *p � 0.002 indicates a significant improvement in
WAB-AQ in the group treated with memantine alone com-
pared with the group treated with placebo alone (week 16).
**p � 0.0001 indicates a significant improvement in the
group treated with combined memantine and constraint-
induced aphasia therapy (CIAT) relative to the group treated
with combined placebo-CIAT (week 18). ***p � 0.005 indi-
cates the maintenance of significant gains in the memantine-
treated group compared with the placebo-treated group 2
weeks after CIAT (week 20). ****p � 0.041 indicates
between-group differences at washout. See text for details on
open-label extension phase.
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mantine and CIAT compared with their effects when
applied separately, (4) significant reduction of language
proficiency after memantine withdrawal, and (5) stabil-
ity of the CIAT-related improvement 6 weeks after the
end of therapy. The main result of the open-label ex-
tension phase was the maintenance of memantine ben-
efits at long-term follow-up.

Analyses of outcome measures showed positive re-
sults in global severity of aphasia (WAB-AQ and its
subtests of spontaneous speech, comprehension, and
naming) at both end points (memantine alone and
memantine-CIAT) and in everyday communication
(CAL) at one end point (memantine-CIAT). After
washout of memantine, the drug-related benefit in
aphasia severity vanished to some degree, but still leav-
ing both treatment groups at scores significantly greater
than baseline.

Clinically relevant treatment effects were also justi-
fied by the analysis of the number of “responders”
shown by WAB-AQ and CAL. Individual responder
analysis showed improvements on the WAB-AQ in all
14 patients with memantine-CIAT treatment, whereas
placebo-CIAT treatment improved performance in 9
patients. The open extension phase showed benefits for
both the patients originally randomized to the meman-
tine arm during the double-blind phase (MEM-MEM
group) and those originally treated with placebo who
later switched to memantine (PLA-MEM group). Re-
sponder analysis demonstrated that during the open-
label extension phase, all 27 patients showed improve-
ments on the WAB-AQ and 13 of them on CAL
scores. However, the improvement of CAL scores dur-
ing the open-label extension phase should be inter-
preted with caution because the caregivers, who rated
the patients’ ability to communicate in everyday situa-
tions, knew that the patients were receiving the active

drug. Memantine was safe and well tolerated with no
adverse events in the double-blind study or in the
open-label extension phase.

Positive effects of drug therapy on PSA have been
reported in a range of previous studies (for overview,
see Berthier’s,1 Pulvermüller and Berthier’s,14 and
Small’s16 studies). Additive effects of the established
benefits of SLT and drug treatment have been sug-
gested by previous RCT with piracetam17 and amphet-
amine18 in subacute PSA and with donepezil in
chronic PSA.19 Consistent with this earlier work, this
study confirmed benefits in a group undergoing both
SLT and drug therapy, compared with SLT plus pla-
cebo. Our results further suggest a synergistic effect of
drug and intensive training applied together that was
manifest in the difference in performance gain (WAB-
AQ) at both end points (weeks 16 and 18) and in the
tendency toward better outcomes in the MEM-MEM
groups at the end of the extension phase. Because our
study was based on the wisdom that memantine effects
plateau at 4 weeks after intake of full dosage,23,31 and
a memantine-only group was therefore not included,
we were unable to rule out the theoretical possibility
that memantine without CIAT during weeks 16 to 18
might have yielded benefits at week 18 similar to those
of combined therapy.

Previous studies confirmed that patients with
chronic PSA improve their language proficiency signif-
icantly, over a 2-week period of CIAT, a specific high-
intensity SLT emphasizing language-action links.7–15

This study now provides the first evidence for a syner-
gistic effect of drugs (memantine) and intensive SLT
(CIAT). This calls for an explanation why memantine,
in addition to its own beneficial effect (week 16),
would lead to an amplification of learning effects
brought about by CIAT (week 18). One possibility is

Table 3. Continued

Randomized Placebo-Controlled Phase Open-Label Extension Phase

Week 20 Week 24 Week 48

Memantine
Washout

Placebo
Washout

95% CI pa Memantine
Washout

Placebo
Washout

95% CI pa Memantine
Washout

Placebo
Washout

95% CI pa

8.9 (1.1)b 4.3 (0.6)b 1.8-7.4 0.005 6.0 (0.8)b 3.9 (0.8)d �0.3-4.6 0.041 10.1 (1.0)b 7.2 (1.1)b �0.4-6.2 0.083
2.3 (0.4)b 1.2 (0.3)e 0.7-2.2 0.035 1.7 (0.4)d 1.1 (0.3)d �0.5-1.7 0.119 2.7 (0.3)b 1.6 (0.2)b 0.0-2.1 0.045
0.4 (0.1)b �0.2 (0.9)e 0.1-1.3 0.122 0.2 (0.1)b 0.1 (0.2)c �0.3-0.6 0.354 0.5 (0.1)e 0.1 (0.1) �0.1-0.8 0.233
0.5 (0.2)e 0.8 (0.9)d �0.9-0.4 0.969 0.3 (0.1) 0.4 (0.2) �0.7-0.4 0.774 0.4 (0.1)d 1.1 (0.2)d �1.2-0.0 0.376
1.0 (0.2)b 0.4 (0.1)e 0.0-1.1 0.064 0.7 (0.1)b 0.2 (0.2) �0.3-09 0.319 1.3 (0.2)b 0.9 (0.2)e �0.1-1.0 0.368
3.4 (2.0) �0.7 (2.3) �2.3-10.6 0.142 3.1 (1.8) �0.7 (1.8) �1.3-9.2 0.269 4.0 (2.0) 1.0 (2.7) �4.0-10.0 0.289
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that memantine enhanced experience-dependent neural
plasticity elicited by intensive CIAT.14 This significant
effect could be related to the role of glutamatergic syn-
aptic transmission in learning and memory processes.23

Although it is widely accepted that phasic, synaptic
N-methyl-D-aspartate receptor activation is necessary
for learning-related synaptic plasticity, abnormal tonic
activity before or after synapse under pathological con-
ditions (eg, stroke, poststroke epilepsy) reduces such
correlation and, therefore, acts against learning at the
cellular level.23,25,26,35 Treatment with memantine may
readjust neuron activity to a physiological level, thus
possibly acting against a range of cognitive deficits
(arousal, attention, language, and memory encoding).23

Although this mechanism may underlie the augmenta-
tion of CIAT effects by memantine, it is also possible
that memantine exerted its function by improving the
modulation of surviving neuronal networks.

In conclusion, SLT in chronic PSA can be optimized
by memantine treatment combined with CIAT. The
beneficial effects of memantine and CIAT on aphasia
severity are maintained at long-term follow-up.

The study was supported by Lundbeck and the Ministerio de Edu-
cación y Ciencia, Spain (SEJ2007-67793).

We thank the aphasic patients and their relatives for
participation in the study, and J. Barón-López for ad-
vice on statistical analysis.
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