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Abstract
Purpose—To illustrate the ethical challenges that arose from investigating a novel treatment
procedure, transcranial direct current stimulation (tDCS), in a research participant with aphasia.

Method—First, we reviewed the current evidence supporting the use of tDCS in aphasia research,
highlighting methodological gaps in our knowledge of tDCS. Second, we examined the case of
Mr. C, a person with chronic aphasia who participated in a research protocol investigating the
impact of tDCS on aphasia treatment.

Results—We describe the procedures that he underwent and the resulting behavioral and
neurophysiological outcomes bed. Finally, we share the steps that were taken to balance
beneficence and nonmaleficence, and to ensure Mr. C’s autonomy. Conclusion: Researchers must
consider not only the scientific integrity of their studies, but also potential ethical issues and
consequences to the research participants.
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Aphasia is an acquired disorder of language that impairs the understanding and expression
of oral language, reading, and writing. It results from a wide range of neurologic disorders,
but most commonly occurs after stroke. Studies have estimated that 20% to 38% of acute
stroke patients experience aphasia and require speech and language therapy to reduce the
symptoms.1,2 Although clinical outcomes from behavioral and environmental interventions
are generally positive,3–5 patients continue to be left with residual deficits that affect their
daily communication as well as quality of life.6

An area of research that shows promise for enhancing language recovery in individuals with
stroke-induced aphasia is the direct application of stimulation to the cerebral cortex to
facilitate brain plasticity. Methods of delivering cortical brain stimulation to modulate
cortical excitability include direct epidural cortical stimulation, repetitive transcranial
magnetic stimulation (rTMS), and transcranial direct current stimulation (tDCS).7 These
methods have been studied in animal models and applied to the rehabilitation of motor
deficits after stroke with promising results.8–10 Studies investigating the use of cortical
stimulation in the rehabilitation of language problems after stroke are preliminary, but
results suggest a potential role for cortical stimulation as an adjuvant strategy in aphasia
rehabilitation.11,12

Of all the methods of cortical brain stimulation, tDCS has the most potential for clinical use
in view of its noninvasive application, portability, ease of administration, and relative low
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cost.9,13 With tDCS, constant weak electrical currents are delivered to the cortex via 2
electrodes placed on the scalp: an active electrode on the site overlying the cortical target
and a reference electrode usually placed over the contralateral supraorbital area. Studies
involving the motor cortex have shown that the nature of the effect depends on the polarity
of the current. In general, anodal tDCS has an excitatory effect likely from partial
depolarization of superficial cortical axons; cathodal tDCS has the opposite effect, inducing
inhibition likely via hyperpolarization.14–16 Thus, tDCS differs from other types of
stimulation because it does not stimulate the axon and cause it to discharge action potentials.
Instead, it biases the resting potential of cortical neurons; depolarization causes them to
discharge more readily to other synaptic inputs (up-regulation), whereas hyperpolarization
has the opposite effect (down-regulation).

Although tDCS has been used in psychiatric and motor system research for many years,17

research on tDCS and aphasia rehabilitation is only in its infancy. The first published study
specifically investigating tDCS and aphasia appeared in 2008.18 Since then, there have been
only 8 additional prospective studies (see Table 1). Results have been promising, and the use
of tDCS in aphasia warrants further investigation. A fundamental ethical challenge for any
clinical researcher is to promote high-quality scientific research in the interest of future
patients, while at the same time safeguarding the rights and interests of the current research
participants. Balancing risks and benefits becomes more difficult when the approach under
investigation is novel, there are no standard procedures, safety guidelines are limited, and
there are relatively few studies regarding risks, side effects, and efficacy in the specific
population being studied. Furthermore, when the intervention targets the brain, a complex
system of networks that scientists are far from understanding fully, potential serious
consequences may result. Other ethical issues occur in aphasia research, including
maintaining respect for the participants’ autonomy, because the informed consent process
may be complicated by their language difficulty.19

In this article, we illustrate some of the ethical challenges that arose when the use of tDCS in
a research participant with aphasia was investigated. We begin by summarizing the current
evidence supporting the use of tDCS in aphasia research, highlighting methodological gaps
in our knowledge of the procedure. We present the case of Mr. C, a person with chronic
aphasia who participated in a research protocol investigating the impact of tDCS on aphasia
treatment, and describe the procedures that he underwent and the resulting behavioral and
neurophysiological outcomes. We share the steps that we took to balance beneficence and
nonmaleficence and to ensure Mr. C’s autonomy.

tDCS and Aphasia
Table 1 summarizes the 9 prospective studies in which tDCS was used to target language
deficits across a total of 81 participants with aphasia. Outcomes are promising with few
adverse events, but the heterogeneity of the research participants and the variability in the
procedures are illustrated.

The majority of participants presented with chronic aphasia (more than 6 months post
stroke); only 1 study recruited subjects with subacute aphasia (2–6 weeks post stroke).20

Nineteen study participants were described as fluent, while 61 participants were nonfluent (1
subject was not categorized). A large number of the nonfluent aphasia subjects were
severely impaired, with 29 of them diagnosed as having global aphasia.

Perhaps the most important unanswered questions are how and where to stimulate (ie,
whether to up-regulate or down-regulate the right or the left hemispheres) and where the
stimulation should specifically occur within the identified hemisphere. Across different
studies, both anodal and cathodal stimulation have been applied to both the right and left
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hemispheres. For example, 2 studies applied cathodal stimulation to the right hemisphere,
with 1 study down-regulating right Broca’s homologue21 and the other study down-
regulating the right superior temporal area.20 Both studies reported improvements in naming
accuracy and auditory verbal comprehension, respectively. In contrast, anodal stimulation to
the right hemisphere (ie, up-regulation) has also resulted in positive outcomes in naming22

and fluency.23 With regard to targeting the left hemisphere, 4 studies reported improvements
with anodal stimulation; 2 studies stimulated the left frontal cortex,24,25 whereas 2 studies
stimulated more posteriorly including Wernicke’s area.26,27 Only 1 study has reported
greatest gains with cathodal stimulation to the left frontotemporal area.18

Although the mechanism of action of tDCS remains to be completely elucidated,
computational models of brain current flow during tDCS derived from healthy individuals
have shown that by varying tDCS parameters, such as electrode size and positioning,
intensity and duration of stimulation, number of sessions per day, and intervals between
sessions, different amounts of electric currents can be delivered with potentially diverse
physiologic effects.28 In addition, anatomical differences, including the presence of lesions,
may affect current flow through the cortex.29,30 In the aphasia studies, the greatest amount
of tDCS was delivered in a randomized controlled trial in which participants received 30
minutes of tDCS at 2 mA for 10 daily sessions over a 2-week period.20 Five other studies
were crossover studies in which participants received 20 minutes of tDCS for 5 consecutive
daily sessions in each of 2 separate weeks, for a total of 10 sessions. Four of these studies
delivered tDCS at 1 mA, whereas 1 study delivered it at 2 mA. No aphasia studies delivered
tDCS for longer than 2 weeks.

All of the studies except 1 evaluated tDCS that was administered concurrent with speech
and language therapy. Although there was no consistency regarding the optimal type and
intensity of the language treatment, 5 studies focused on word-retrieval training, with
subsequent outcome measures related to the rate and accuracy of naming. One study
provided Melodic Intonation Therapy23 and another study25 provided an apraxia treatment
comprising repetition of words and syllables. In contrast to administering a single treatment
procedure, 1 study described the training as “conventional speech and language treatment”
that included word retrieval training as well as auditory comprehension training and
conversational skill training.20

Examining Ethical Perspectives in tDCS Clinical Research
As we investigate the application of tDCS in persons with aphasia, it is important to be
cognizant of previous findings and to use that knowledge to inform our decisions. However,
ethical analysis and decision making in conducting clinical research need to be made with
consideration not only of the scientific data, but also of the individual and his or her personal
situation. We present the case of Mr. C to highlight the practical and ethical considerations
that were addressed during his participation in our research protocol with tDCS. Some
decisions were made when developing the experimental protocol, whereas others were made
at the point of service during the research study. In all cases, the course of action was
selected by the entire research team following extensive dialogue. Having the knowledge
and experience of persons representing a variety of disciplines and viewpoints allowed a
more comprehensive discussion of the issues, potential solutions, and consequences to the
individual participant, future participants, and the outcomes of the research study.
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Methods
Participant

Mr. C was a 63-year-old right-handed man who had suffered an embolic stroke 17 years
prior to beginning our study. Although he was born in China and was a native Cantonese
speaker, he reportedly was fluent in English premorbidly, having studied it for 3 years in
high school prior to moving to the United States in his late 20s. He had worked as a chef and
a jewelry designer. He was a talented sketch artist, and had learned to draw well with his left
hand since his stroke.

Following a comprehensive consenting process (which will be described later), a baseline
assessment of language and communication skills was conducted. Mr. C presented with a
severe mixed non-fluent aphasia.31 The Aphasia Quotient on the Western Aphasia Battery-
Revised (WAB-R)32 was 27.1/100, and language output was limited to a few single words
interspersed with non-words. Performance was good on nonverbal measures including the
Construction subtest of the WAB (89/100) and the Spatial Span subtest of the Wechsler
Memory Scales, third edition (WMS-III)33 (standard scores were 13 for Forward and 15 for
Backward; 10 is average). Mr. C also performed in the above average range on measures of
attention (omission and commission) on the Connors Continuous Performance Test II.34

When asked to rate his communication skills and confidence on 2 questionnaires, Mr. C
gave himself a score of 33.75/100 on the Communicative Effectiveness Index (CETI)35 and
25/40 on the Rehabilitation Institute of Chicago’s Communication Confidence Rating Scale
for Aphasia (CCRSA).36,37 Mr. C’s wife also completed the CETI, rating Mr. C ‘s
communication skills as more impaired at 18.5/100. Table 2 shows the pretreatment test
results. All language and communication assessments were conducted by a clinician who
remained blind throughout the study to the location and type of modulation given to Mr. C.

Functional MRI
A functional MRI (fMRI) was conducted on a Siemens 3.0 Tesla Tim Trio (Malvern,
Pennsylvania) whole-body system with a 32-channel head coil, before and after the 6 weeks
of therapy. The pretreatment scan was used to determine eligibility, establish an imaging
baseline, and identify the site of stimulation for the tDCS. The posttherapy scan was used to
assess functional changes associated with therapy.

Three speech-language tasks were performed during the fMRI: (1) a semantic decision task;
(2) a word reading task; and (3) imitation of consonant-vowel syllables. In the semantic
decision task, 2 words were displayed simultaneously on the screen: a category name (eg,
flower) and, underneath, an object label (eg, rose or chair). Mr. C indicated whether or not
the object belonged to the category by pressing the yes or no buttons on a fiber-optic device,
using his unimpaired left hand. In the word reading task, a 3- to 5-word sentence appeared
on the screen. In half of the sentences, a content word changed from white to red print. Mr.
C was instructed to read the word aloud if it turned red, but to remain silent if it did not
change. For the third task, Mr. C. watched a video of a woman saying the syllables pa, fa, ta,
and θa. He was asked to imitate the syllables. All 3 tasks were pretrained at the end of the
language evaluations, then retrained just prior to Mr. C entering the MRI scanner. The
Appendix includes details of how the fMRI images were analyzed. Figure 1 shows the
pretreatment images that were obtained on each task.

Identifying site and type of stimulation
The fMRI scans were reviewed by all the investigators to determine placement of the
electrodes and polarity. It was predetermined that the intersection of activation between any
2 tasks would be the preferred site for placement of the active electrode. Table 3 illustrates
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the options regarding selection of anodal or cathodal stimulation to the right or left
hemispheres. For Mr. C, modulation of the left hemisphere was not an option given the
extent of the lesion and minimal activity in the remaining perilesional areas. Prior research
with rTMS had shown that inhibition of right hemisphere activity in persons with severe
chronic aphasia resulted in improved naming skills.38–41 Therefore, cathodal stimulation to
“hot spots” in the right hemisphere was selected, although there was trepidation regarding
the possibility of inhibiting the activity of areas of the brain that supported both the language
recovery that Mr. C had made to date and his preserved artistic abilities.

The fMRI images were co-registered with specific external bony markers using a
neuronavigation eXimia image-guidance system (software version 4.3; Nexstim Ltd,
Helsinki, Finland). The system identifies the scalp coordinates overlying the target cortex
and then maps the computerized picture of the scalp to the physical location on the person’s
head. The electrode location was marked on Mr. C’s scalp with small ink spots. Figure 2
shows the location for placement of the electrode and illustrates how 2 fMRI hot spots were
incorporated into 1 electrode location with the proper orientation. The electrode was placed
horizontally to facilitate stimulation of both spots.

Manual measurements were taken using external markers (eg, ears, nose) so that the target
location could be reliably identified on treatment days without further use of the
neuronavigation system. This was especially important because the ink spots were not
permanent and could be removed with washing. For Mr. C, we measured from the external
occipital protuberance at the back of the head to the nasion (the distinctly depressed area
directly between the eyes, just superior to the bridge of the nose). From the mid-point of this
measurement on the scalp, we identified the center of the electrode placement site as 6.5 cm
medially to the right along the interaural line projected through the vertex between the
tragus of each ear. To ensure inter- and intra-clinician reliability in daily placement of the
electrodes, the treating clinician double-checked placement initially and throughout the first
week against that of another investigator’s measurements and placement. Validation of the
electrode placement site by the clinician with the neuronavigation system also occurred after
the first week of the intervention.

Intervention: tDCS
tDCS (1mA for 13 minutes) was delivered using a constant current stimulator (Dupel
Iontophoresis System, Empi, Minnesota) via an 8 cm2 oblong saline-soaked sponge cathode
(Dupel B.L.U.E.; Empi, St. Paul, Minnesota) placed over the previously identified scalp
location on the right temporal area. The density of the stimulation (voltage divided by the
size of electrode pad) was 125 µA/cm2 and the charge density was 96 mC/cm2. A self-
adhesive carbonized reference anode (48 cm2) was placed on the forehead above the
contralateral orbit. These electrode sizes were chosen to enhance focality of the stimulation
over target cortices and to minimize cortical effects under the reference electrode.42

During the first weeks of therapy, Mr. C complained of an itching/burning sensation at the
reference electrode site during the ramping up of the tDCS and continuing throughout the
application of the tDCS. The discomfort increased in intensity over days, and Mr. C would
wince and attempt to touch or scratch at the reference electrode site. Therefore, in the second
week we replaced the self-adhesive reference electrode with a round 28 cm2 saline-soaked
electrode pad, which reduced the discomfort considerably.

At each treatment session, the 13 minutes of tDCS was applied concurrent with 15 minutes
of speech-language treatment. The electrodes were then removed and Mr. C completed an
additional 75 minutes of speech-language treatment. Therefore, Mr C received 90 minutes of
daily language therapy in conjunction with 13 minutes of tDCS, 5 days a week for 6 weeks.
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The daily language treatment time was selected because results from motor studies indicated
that the depolarization effects of 13 minutes of tDCS continue for 90 minutes after
termination of tDCS.16 In another study, 1.5 mA tDCS was applied for 7 minutes, 5 times
per week for 6 weeks without raising any safety concerns.43 By using a lower current for a
longer period per session, we expected tDCS to be a safe and effective technique for
modulating language area excitability.

To monitor the safety of the tDCS treatment, vital signs (blood pressure, heart rate, and
temperature) and self-reported physical feelings/side effects were checked 3 times during
each treatment session: immediately before the tDCS was initiated, 15 minutes later after
completion of the tDCS had prior to the removal of the electrodes, and at the end of the
entire session. We developed aphasia-friendly pictograms and drawings to assist Mr. C in
expressing his feelings/side effects. Pictograms represented good, headache, dizzy, itchy on
scalp, tired, nausea, dry mouth, and uncomfortable under electrodes. If Mr. C identified any
side effects, he used a rating scale (ranging from 0 to 10) to express its severity.

Intervention: Language treatment
The speech-language treatment was a computer version of Oral Reading for Language in
Aphasia (ORLA) in which the person with aphasia repeatedly reads aloud sentences and
paragraphs, first in unison with the virtual therapist on the screen and then
independently.44,45 Mr. C worked with sentences that were 3 to 5 words long. ORLA has
been shown to be efficacious when delivered either by a clinician or via computer.46,47

Administration via computer ensured fidelity of treatment from session to session.

Treatment probes
Language probes were taken 3 times during the week prior to the start of treatment (baseline
probes), once a week during the 6-week treatment period, and at both the posttreatment and
follow-up assessments. Three probe tasks were used: picture naming, oral reading of trained
stimuli, and oral reading of untrained stimuli. For the naming probe, picture stimuli were
randomly chosen from a group of 50 simple line drawings. For the oral reading probes,
sentences were randomly chosen from groups of trained ORLA sentences, untrained
sentences of the same length, and untrained sentences at the next level of difficulty (ie, 10
trained 3- to 5- word sentences, 10 untrained 3- to 5-word sentences, and 10 untrained 8- to
10-word sentences). Probe tasks were selected based on preliminary information, suggesting
that ORLA may improve oral reading accuracy and rate in individuals with nonfluent
aphasia,45,46 while tDCS has been shown to improve naming.21,22,24,26,27

Probe task performance was audiotaped, timed, and scored using the following 5-point scale
for each word: 5 = accurate and immediate response; 4 = accurate but delayed or self-
corrected response; 3 = appropriate and intelligible response but with a minor error, 2 =
semantic or verbal paraphasia (table for chair), or apraxic errors in half the word; 1 =
unintelligible or unrelated response, or apraxic errors in over 50% of the word; 0 = no
response. Confrontation naming was scored as percent accuracy. For oral reading of
sentences, measures were obtained for accuracy and rate of production of recognizable
words (ie, words obtaining a score of 3 or greater).

Results
Behavioral results

Standardized test results are shown in Table 2. There was a 4.7-point improvement on Mr.
C’s WAB AQ from baseline (T1) to post treatment (T2), which is just shy of the 5-point
change considered clinically significant.48 However, the WAB AQ score at follow-up
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testing (T3) was 1.1 points lower than at T1. Although a small, steady improvement in the
Auditory Comprehension subtest was noted from T1 (3.95) to T3 (4.8), Naming subtest
scores decreased from 2.5 at T1 to 1.7 at T3.

Performance on the Raven’s Progressive Matrices, the Conners' Continuous Performance
Test II, and the Spatial Span subtest of the Wechsler Memory Test was examined from pre
treatment to post treatment to determine whether there was any decrease in performance that
may be attributable to deleterious effects from the prolonged and repetitive tDCS. Most
scores remained stable across testing times (eg, block design) or even increased from
pretreatment (T1) to follow-up (T3) (eg, Ravens Progressive Matrices), supporting the
notion that the prolonged and repetitive tDCS was not harmful to these nonlinguistic
functions. However, it should be noted that the drawing score on the WAB-R decreased at
each successive test session.

With regard to probe data collected at each assessment and then weekly during treatment,
small but negative effect sizes were obtained for naming accuracy. From pre treatment to
post treatment, generally positive but small effective sizes were obtained for oral reading of
trained sentences and longer, untrained sentences. From pre treatment to the 6-week follow-
up, effect sizes were overall negative for trained sentences but positive for untrained
sentences of increased length. Table 4 shows these effect sizes, which were calculated using
the formula recommended by Beeson and Robey.49

fMRI results
Table 5 shows the number of activated voxels in the right and left hemispheres at pre
treatment and post treatment. Following cathodal tDCS to the right hemisphere, there was an
increase in the number of activated voxels in the left hemisphere on every task, with much
of the increase occurring perilesionally. At the same time, the number of activated voxels in
the right hemisphere also increased in 2 of the 3 tasks. The pre-post scans for each task are
included in Figure 1.

Safety
Mr. C’s vital signs were within normal limits for blood pressure, heart rate, and temperature
throughout the 6 weeks of treatment. As mentioned previously, Mr. C reported itching/
burning sensation at the reference electrode site, perceived on the severity scale ranging
from 5/10 to 7/10. After this electrode was replaced with a saline-soaked electrode, the
itchy/burning sensation decreased to between 1/10 and 3/10, and there were no more
attempts to scratch at the electrode site. Mr. C also reported occasional tiredness; on further
discussion, it was determined that this was related to poor sleep during the night, a problem
that had been ongoing prior to starting the research project. Intermittently, Mr. C reported
dry mouth from the repeated oral productions required during ORLA, and water was
provided during each session. Once, on separate occasions, he reported dizziness (2/10) and
headache (4/10), but these discomforts did not continue beyond mentioning on these
occasions.

To monitor potential side effects after the end of the treatment period, we conducted weekly
phone calls to Mr. C for 6 weeks. He was asked to respond to the same questions using the
same pictograms that he was familiar with from his treatment sessions. We asked that his
wife be on the phone call to verify his pointing responses and relate them to us. Mr. C
reported feeling good each week with no side effects or discomfort. He also was asked about
his perception of changes in talking, understanding, reading, and writing (ie, whether they
improved, decreased, or stayed the same), and he responded using pictograms. During
several weeks (weeks 2, 3, 4, 5, and 6), he indicated his reading was better and his writing
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was better (weeks 2, 3, 5, and 6). Talking and understanding were the same each week
during the 6-week follow-up period.

Discussion
Several ethical issues and practical concerns arose at each step of the research protocol.
Table 6 summarizes the key concerns related to each stage of Mr. C’s participation in this
research study. Although these concerns were specific to Mr. C, they will need to be
addressed in any study investigating the application of tDCS in persons with aphasia.

Informed consent
The first step with any research participant is the consenting procedure. Given the nature of
deficits with aphasia, we instituted additional measures to ensure comprehension of the
consent form and understanding of the research protocol.19 The consenting clinician slowly
read each paragraph of the consent form aloud as Mr. C followed along with the written text.
Supportive conversation techniques such as drawing and writing key words were
implemented as needed to facilitate comprehension. Mr. C’s wife was present during the
consenting process. She asked many questions, which were answered by extensive
discussion and explanations. The clinician ensured that Mr. C was included in these
discussions and that he understood the information conveyed in the responses. The
evaluation procedures were carefully explained (approximately 3–4 hours of testing) as well
as potential risks such as fatigue and frustration with tasks that might be difficult. Common
concerns with fMRI procedures (ie, claustrophobia, extended time period without moving)
were also explained. Treatment procedures were discussed, and Mr. C was shown the tDCS
device as well as the ORLA program. Mr. C was shown pictograms illustrating potential
risks. It was repeatedly emphasized that this was a research study and that there may not be
any direct benefit to participating in the study. It was also emphasized that participation was
voluntary and that Mr. C could withdraw at any time. Based on our modifications to create
an informed consent procedure that was “aphasia-friendly” (see Table 7), we felt Mr. C had
a good understanding of the research protocol and its associated risks and could make an
informed and autonomous decision. To further ensure that this decision was Mr. C’s and not
his wife’s, Mr. C was asked again about his willingness to participate when his wife was not
present; he was given the opportunity to withdraw, which he declined.

Throughout the consenting process, we highlighted the risks and disadvantages of
participating in the research study in an attempt to avoid any therapeutic misconception.
Although there is still disagreement about the concept of therapeutic misconception, it has
been defined by the National Bioethics Advisory Commission as “the belief that the purpose
of a clinical trial is to benefit the individual patient rather than to gather data for the purpose
of contributing to scientific knowledge.”50 Lack of understanding of the risks of research
participation and failure to differentiate their consequences from those of regular treatment
raise an ethical concern; subjects may be motivated to take part in a research study because
of their beliefs that they will be receiving individualized care and that they are meant to
benefit from the study, even though the consent form might indicate differently.51 To
minimize the potential for therapeutic misconception, Kimmelman52 recommends that
studies be designed to ensure maximum therapeutic benefit for enrolled subjects. In view of
this recommendation, we designed our study to provide a behavioral speech-language
therapy (ORLA) that has been shown to be efficacious in persons with aphasia.44–47

Furthermore, even though selection of the therapy was not individualized for Mr. C, the
level of difficulty could be assigned according to his ability (ie, 3- to 5-word sentences
rather than 8- to 10-word sentences). Although the therapeutic outcome of the tDCS was
uncertain, the fact that it was administered concurrently with an evidence-based behavioral
treatment maximized the possibility that Mr. C would benefit, regardless of the type of tDCS
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he would receive. Rather than therapeutic misconception, Mr. C and his wife displayed
“therapeutic optimism,” which is considered to be acceptable “because hope does not
compromise the autonomy of a decision to participate in research.”53(p12)

Probably the most important ethical questions we grappled with were related to selection of
location and type of stimulation (ie, anodal or cathodal stimulation to the left or to the right
hemisphere), given the conflicting data in the literature on tDCS treatment and aphasia. As
discussed previously and illustrated in Table 3, the fMRI scans showed that there was little
activity in the left hemisphere during the language tasks, precluding modulation of this
hemisphere. The decision of whether to use anodal or cathodal stimulation to the right
hemisphere was based on prior studies that found that down-regulation of right hemisphere
activity that may be maladaptive improved naming skills in persons with severe chronic
aphasia.38–41 Our major concern related to the harm that could occur if the homologous right
hemisphere language areas were indeed supporting the little language skills that Mr. C had
recovered. Further, we were concerned about harming right hemisphere areas that were
responsible for Mr. C’s retained artistic skills. It was necessary to carefully consider the
risks to Mr. C in the context of this being a research study that was not necessary for his
care. After lengthy discussions and review of the literature on rTMS, tDCS, and aphasia, the
research team chose to provide cathodal modulation to the right hemisphere. In reaching this
decision, the team members were cognizant of their motivation to enroll Mr. C as a research
subject for the benefit of the study and the professional benefits to them as researchers. They
carefully weighed benefits to the study as a whole with the potential risks to Mr. C before
coming to a final decision.

To reduce risk, procedures to monitor physical side effects together with careful observation
of language skills were implemented as described previously. These safety monitoring
procedures were important because the dose and duration of the tDCS were greater than
what had been given in prior studies. Over the 6 weeks, Mr. C. received a total of 390
minutes of 1mA tDCS (13 minutes, 5 times a week for 6 weeks). Other published studies
provided between 150 and 300 cumulative minutes of tDCS. As described, Mr. C reported
only minimal side effects during the treatment period and no side effects during the 6-week
follow-up period. This is consistent with previous studies that have indicated that tDCS is a
relatively safe procedure.54,55

Not only did Mr. C receive more tDCS than participants of other studies, but he also
received more language therapy – both concurrent with the tDCS (on-line) and immediately
after (off-line). The research team considered this to be a benefit to Mr. C, with fatigue
being the only risk. To address this, Mr. C was given a 10-minute rest break during the
ORLA treatment to walk around, get a drink, or use the bathroom. Although additional
breaks could be taken as needed, Mr. C did not indicate a need for additional rest breaks
during the program.

Even though the tDCS was deemed to be safe for Mr. C, the results of the study were
generally disappointing. Objective language testing showed some improvement from pre
treatment to post treatment, but these gains were not maintained during the 6-week follow-
up. The language gains from pre treatment to post treatment were accompanied by increased
left hemisphere activity, which we hypothesized would occur based on previous studies.
There was also increased right hemisphere activity on 2 of the 3 language tasks, mostly in
the same regions that had been active before treatment. It is difficult to interpret whether
these changes in cortical activation were positive or negative. Furthermore, we could not
ascertain whether the change in cortical activation was temporary or permanent because we
did not repeat the fMRIs at the 6-week follow-up time. In summary, the objective data show
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that while Mr. C may not have benefitted from participating in the research, neither did he
experience any harm.

We can only speculate on the reasons why the standardized test results were disappointing.
The selected outcome measures may not have been sensitive enough to capture important
clinical change. Alternatively, there may not have been any important change because Mr. C
was not a good candidate for this treatment approach (eg, considering severity of aphasia,
time post onset) or the dosing of the tDCS and/or behavioral treatments may not have been
optimal. Regardless of the reasons, the key question is whether further investigation of tDCS
with other persons with aphasia is warranted.

The patient-reported data tell a somewhat different story. Mr. C’s self-ratings on the CETI
indicated an increase of almost 13 points from pre treatment to the 6-week maintenance.
Similarly, his communication confidence, self-reported on the CCRSA, improved from pre
treatment to follow-up. We attribute these increases in self-report scores to his perceived
improvements in reading and writing skills reported during the weekly phone calls. Mr. C’s
wife also reported gains, albeit much smaller, on the CETI from pre to post-treatment. From
Mr. C’s perspective, he benefitted from participating in the treatment study. However, the
confounding influence of a placebo effect (ie, the expectation of a positive result) cannot be
ruled out without also administering a period of “sham” tDCS and comparing the results.

Scientific questions regarding tDCS in aphasia treatment abound, and scientific
investigations are continuing.56 Scientific integrity must extend beyond the mere collection
and interpretation of valid and reliable data. We must consider the participants who
willingly volunteer in research studies. As we move forward with additional research, the
case of Mr. C reminds us of the challenges we face to ensure sound ethical practices,
including those of participant autonomy, nonmaleficence, and beneficence.
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APPENDIX

fMRI Analyses
T1-weighted anatomical images were acquired with the following parameters: voxel size,
1×1x1 mm; TR/TE, 2300/2.97 ms; flip angle = 9°; matrix resolution, 176 256 × 256. During
the functional tasks, high-resolution gradient echo echo-planar imaging (EPI) data were
acquired with the following parameters: TR/TE, 2200/20 ms; flip angle = 80°; in-plane
matrix resolution, 128 116; voxel size, 1.721.723 mm; and a total of 37 slices for whole
brain coverage. The duration of each task varied slightly with 284 volumes collected during
the category task, 230 volumes for the oral reading task, and 285 volumes for the imitation
task.

The first 6 volumes of each run were discarded to allow the MR signal to reach equilibrium.
Images were analyzed using SPM8. Functional images were realigned with the first volume,
resliced, co-registered to the T1 anatomical image, spatially smoothed with an 6-mm full-
width at half-maximum Gaussian kernel, and high-pass filtered (cutoff period was 256 s for
category and oral reading task and 128 s for imitation task). Fixed effects analyses were
conducted on each task using a generalized linear model. Each acquisition block was
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modeled independently and convolved with the canonical hemodynamic response function
combined with time and dispersion derivatives. Individual activation maps (F-contrast) for
the category and imitation tasks were contrasted between baseline and task; for the oral
reading task, activation maps were contrasted between overt and covert conditions. P < .05
with family-wise error (FWE) correction was considered significant activations.

The number of activated voxels was counted for both left and right hemispheres using
FSLSTATS (part of FSL; http://www.fmrib.ox.ac.uk/fsl/). The manually segmented lesion
masks based on anatomical images were spatially transformed to the individual’s functional
space using FLIRT toolbox (part of FSL). Perilesional masks were created by dilating the
lesion masks using a 4 mm Gaussian kernel. Activated voxels within the perilesional masks
on the left hemisphere were obtained to indicate the level of perilesional brain activation.
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Figure 1.
Pretreatment and posttreatment fMRI scans
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Figure 2.
Determination of electrode placement using fMRI and the neuronavigation system. The
electrode was placed horizontally to facilitate stimulation of 2 areas in the right hemisphere
that were identified as areas of activation that intersected on 2 tasks.
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Table 2

Baseline, posttreatment, and follow-up test scores

Baseline assessment
(T1)

Post treatment
(T2)

6-week follow-up
(T3)

Western Aphasia Battery

    Spontaneous Speech 5/10 7/10 4/10

    Auditory Comprehension 3.95/10 4/10 4.8/10

    Repetition 2.1/10 2.9/10 2.5/10

    Naming 2.5/10 2/10 1.7/10

  Aphasia Quotient 27.1/100 31.8/100 26/100

    Reading 37/100 39/100 32/100

    Writing 48/100 49/100 48.5/100

  Language Quotient 26/100 28.7/100 25.5/100

    Praxis 44.00 43.00 40.00

    Construction Total 89/100 95/100 91.5/100

    Ravens Progressive Matrices 30/37 35/37 36/37

  Cortical Quotient 42.23/100 45.37/100 41.67/100

Boston Naming Test 1/60 3/60 2/60

Wechsler Memory Scale III

  Spatial Span Forwarda 13 12 12

  Spatial Span Backwarda 15 10 10

CETI (self-report) 33.75/100 37.44/100 46.5/100

CETI (caregiver-report) 18.5/100 21.5/100 21.81.100

CCRSA 25/40 23/40 29/40

Note: CCRSA = Rehabilitation Institute of Chicago’s Communication Confidence Rating Scale for Aphasia; CETI = Communicative Effectiveness
Index.

a
Standard scores.
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Table 3

Selecting tDCS type and location: options and consequences of modulating each hemisphere

Left hemisphere Right hemisphere

Anodal stimulation The lesion was large with almost no
activity on any of the tasks; it would
be difficult to locate an area of activity
to modulate.

• Right hemisphere activity may be maladaptive in that it
suppresses/inhibits the normal activity of the left hemisphere;
therefore we would not want to increase maladaptive activity.

• If the right hemisphere is now contributing significantly to his
language recovery and supporting his level of communication,
further up-regulation of right hemisphere activity could lead to
improvements.

Cathodal stimulation The lesion was large with almost no
activity on any of the tasks; it would
be difficult to locate an area of activity
to modulate.

• Previous research with rTMS has shown that down-regulating
right hemisphere activity can lead to improvements.

• The right hemisphere may be contributing significantly to
language recovery and may be supporting the level of
communication that has been achieved, as well as artistic
abilities; therefore inhibiting this activity could negatively
impact current language, communication, and artistic skills.
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Table 6

Research-related procedural decisions and associated ethical consideration

Time period Procedure Questions/decisions Ethical principles/ considerations

Pre enrollment Obtaining informed consent - Does Mr. C comprehend the
information in the consent
form including procedures
and risks?

- Is he fully aware that his
consent is voluntary and that
he can withdraw from the
study at any time?

- Is Mr. C, himself, deciding to
participate in the study or is
his wife making the decision
for him?

- Is Mr. C fully aware that
there may be no benefit from
participating in the study?

Autonomy Therapeutic misconceptions

Assessment Determining tDCS procedures - Where do we stimulate (ie, R
or L hemisphere) and where
within the hemisphere?

- How do we stimulate (ie,
anodal vs cathodal)?

- What are the stimulus
parameters (ie size of
electrodes, amplitude, and
duration of current)?

- Where do we place the
reference electrode?

- What is the dosage of the
tDCS (ie, how long is each
tDCS session, how many
days a week, and for what
length of time)?

Nonmaleficence

Treatment tDCS treatment Behavioral
treatment

- Should the tDCS be
concurrent with the
behavioral therapy (on-line)
or given before the behavioral
therapy (off-line)?

- What is the dosage of the
tDCS (ie, how long is each
tDCS session, how many
days a week, and for what
length of time)?

- Is the electrode location
identified reliably for each
treatment session?

Beneficence

tDCS treatment Behavioral
treatment

- What should the behavioral
therapy be?

- What dosage of the
behavioral therapy (ie, how
long is each session, how
many days a week, and for
what length of time) should
be given?
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Time period Procedure Questions/decisions Ethical principles/ considerations

Safety monitoring Short-term monitoring: during
the treatment sessions

- What do we monitor and how
often?

- How do we respond if side
effects are noted (eg, burning
sensation under reference
electrode)?

Nonmaleficence

Long-term monitoring: during
the follow-up period

- What do we monitor and how
often?

- How do we respond if side
effects are noted?

Post treatment Reviewing and interpreting
results

- Do imaging results show
positive change?

- Do behavioral results show
positive change?

- Are there patient-reported
(and caregiver-reported)
changes?

- Considering risks and
benefits, is continued
investigation of tDCS
warranted?

Therapeutic misconception

Note: L = left; R = right; tDCS = transcranial direct current stimulation.
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Table 7

Aphasia-friendly consent process

Modify presentation • Schedule sufficient time to complete this process (about ½ hour).

• Show research participant the consent form.

• Read it out loud, pointing to text, with participant following along.

• Read at a slow pace.

• Include family member in the process.

• To ensure that consent is participant’s decision and not that of the family member, ask for
consent again when family member is not present.

Emphasize and repeat important
points

• Amount of time the study will take

• “There may be no direct benefit to you.”

• “Your participation may help others with aphasia in the future.”

• Potential side effects

• “You are free to choose not to be in the study, or to stop being in the study at any time.”

Use supported conversation
techniques

• On a separate sheet(s) of paper:

– Write key words.

– Draw calendar of total time commitment.

– Draw timeline of procedures; subjects have demonstrated better understanding
when this is done during the discussion rather than ahead of time (eg, drawing the
schedule rather than having it pre-printed).

– Use pictograms to illustrate key ideas (eg, potential side effects).

• Use rating scales and yes/no cards.

• Verify your understanding of the participant’s intent.

Probe understanding frequently • Ask “do you understand?” following each paragraph.

• Ask “do you have any questions?” following each topic (eg, “Do you have any questions
about the testing?”).

• Provide rating scales and yes/no cards for participant to use.

• Repeat and discuss thoroughly, as necessary.

• In Mr. C’s case, his wife repeated some points, and asked if he understood, in Cantonese.
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