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Alertness Training Improves Spatial Bias
and Functional Ability in Spatial Neglect

Thomas Van Vleet, PhD ,1 Paolo Bonato, PhD,2,3 Eric Fabara, MD,3 Sawsan Dabit, BA ,1

Sarah-Jane Kim, MA,1 Christopher Chiu, BA,4 Antonio Luigi Bisogno, MD,5

Michael Merzenich, PhD,1,6 Maurizio Corbetta, MD,5,7,8

and Joseph DeGutis, PhD9,10

Objective: We conducted a multisite, randomized, double-blinded, controlled trial to examine the effectiveness of a
digital health intervention targeting the intrinsic regulation of goal-directed alertness in patients with chronic
hemispatial neglect.
Methods: Forty-nine participants with hemispatial neglect, who demonstrated significant spatially biased attention
after acquired brain injury, were randomly assigned to the experimental attention remediation treatment or the active
control group. The participants engaged with the remotely administered interventions for 12 weeks. The primary out-
come was spatial bias on the Posner cueing task (response time difference: left minus right target trials). Secondary
outcomes included functional abilities (measured via the Catherine Bergego scale and Barthel index), spatial cognition,
executive function, quality of life, and sleep. Assessments were conducted before and immediately after participation
in the experimental intervention or control condition, and again after a 3-month no-contact period.
Results: Compared with the active control group, the intervention group exhibited a significant improvement in the
primary outcome, a reduction in spatially biased attention on the Posner cueing task (p = 0.010, Cohen’s d = 0.96), in
addition to significant improvements in functional abilities as measured on the Catherine Bergego and Barthel indices
(p = 0.027, Cohen’s d = 0.24).
Interpretation: Our results demonstrate that our attention training program was effective in improving the debilitating
attention deficits common to hemispatial neglect. This benefit generalized to improvements in real-world functional
abilities. This safe, highly scalable, and self-administered treatment for hemispatial neglect might serve as a useful addi-
tion to the existing standard of care.

ANN NEUROL 2020;88:747–758

Introduction
Nearly one-third of all patients suffering unilateral brain
injury exhibit a debilitating array of attention deficits known
as hemispatial neglect.1–4 Although signs of neglect can vary
greatly in presentation and severity,5–7 the most widely recog-
nized deficit is failure to attend or respond to stimulation
presented to the side of space opposite the lesion (ie,

contralesional).8–13 Pronounced biases in spontaneous
orienting and motor initiation typically resolve in the post-
acute phase of recovery, whereas deficits in goal-directed spa-
tial attention (eg, searching in an array of stimuli; or shifting
attention from stimuli in the ipsilesional to the contralesional
visual field [disengagement]) can persist for several years
postinsult.14–16 Patients with neglect consistently score lower
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at both admission and discharge on established measures of
functional ability and activities of daily living.17–19 Further-
more, the presence of neglect is associated with poor motor
recovery, higher rates of disability and poor response to reha-
bilitation compared with other patient groups with similar
lesion extent;7,20–22 a condition made worse by higher rates
of denial (anosagnosia23) or apathy towards these deficits rel-
ative to patients with similar lesions but without neglect, fur-
ther complicating recovery and treatment.

Deficits in nonspatially lateralized attention24–27 are
fundamental to the persistence of neglect beyond the
acute phase of recovery. Lesions associated with persistent
neglect often involve damage to the right ventral attention
network (VAN), which supports nonspatially lateralized
attention.28–30 The ensuing functional disconnection
between spatial and nonspatial neural systems has been
shown to be closely associated with deficits in nonspatially
lateralized attention,31–33 including decreased physiological
arousal,34 poor sustained attention,35 inefficient updating
of visual working memory,25,27 poor temporal resolution,36

and slow speed of processing.37 Crucially, these deficits
bias the deployment of spatial attention38–40 and under-
mine more complex cognitive functions, such as short-term
memory and executive control, resulting in impairments in
functional abilities.41 Notably, the severity of nonspatial
deficits in neglect and associated VAN lesions have been
shown to be a stronger predictor of the chronicity of
neglect than the spatially lateralized deficits.25,26,42–44

Thus, addressing these deficits is crucial to improving
long-term outcomes in neglect.

The current treatment standard for neglect is time-
limited sessions of therapist-guided leftward cueing.45

Although voluntary cueing improves the trained task,46 it
has limited generalization and can easily be overcome by
stimuli that automatically attract attention to the right in
the presence of a left neglect. Furthermore, therapist-
administered behavioral treatments that rely on adequate
recall of a new strategy (eg, “look left”)38,47 might not be
well suited to patients with limited awareness of their def-
icits.48 Pharmacotherapies, which are often administered
in parallel, can boost alertness and nonspatial attention.
However, they have been generally less effective than
behavioral treatments and have shown mixed outcomes,
in addition to producing potentially negative side effects
(eg, detrimental interactions with other medications).7,49

In the past decade, computerized behavioral training
methods that target nonspatial deficits in neglect have
taken a distinctly different approach, providing systematic
and adaptive challenges tailored to the specific deficits of
the patient. This bottom-up approach to treatment (ie,
no explicit strategy required) provides many hundreds to
several thousands of learning trials presented across

multiple virtual contexts to engage mechanisms of learn-
ing and generalization more fully.50

In the present study, we used a computerized interven-
tion that targets both tonic (sustained) and phasic (moment-to-
moment) alertness, referred to as tonic and phasic alertness
training (TAPAT). Unlike many treatment approaches for
neglect, TAPAT does not require deployment of spatial atten-
tion. Instead, TAPAT was designed to challenge the ability of
patients to sustain nonspatially lateralized attention intrinsically
via prolonged training epochs (multiple �10-minute blocks
per session), jittered interstimulus intervals (ISIs),51,52 and con-
tinual and successive signal resolution of stimuli presented at
central fixation.53 The design of the TAPAT intervention was
inspired by seminal studies conducted by Ian Robertson and
colleagues, in which phasic40,54 or tonic manipulations of alert-
ness38,54,55 were shown to decrease deficits and reduce spatial
bias, albeit transiently. In TAPAT, patients are required to
respond via button press to frequent and centrally presented
images, while actively inhibiting their prepotent motor response
when an infrequent and randomly presented target image is
shown (a new target image was committed to memory before
each �10-minute training epoch). This attention remediation
approach, relative to an active control (AC) condition, has been
effective in reducing or eliminating spatial bias in all but 2 of
20 patients with neglect in two prior preliminary TAPAT
training trials.56,57 Furthermore, in these studies, improvements
in target accuracy (ie, inhibitory control/phasic alertness) were
significantly correlated with improvements in sensitive measures
of spatial attention.56,57

To examine the efficacy of TAPAT training to
improve spatial attention and functional outcomes in patients
with neglect, we conducted a definitive multisite, random-
ized, double-blinded, controlled clinical trial, which was
referred to as the REmediation of SPatial NEglect trial or
RESPONSE trial (clinicaltrials.gov NCT01965951). Relative
to prior studies that have examined the effects of TAPAT in
patients with neglect, we increased the total training time
from �6 to �12 hours, incorporated functional outcome
measures, included a broader array of spatial bias measures
and used a previously validated active control condition.58

Most importantly, we used a sensitive measure of spatial bias,
the Posner cueing task, as the primary outcome measure,
because of its demonstrated ability effectively to capture spa-
tial bias associated with neglect in the chronic phase of recov-
ery, in addition to its demonstrated sensitivity and specificity
relative to other commonly used measures of neglect.59

Patients and Methods
Trial Registration and Data Access
This trial was preregistered at clinicaltrials.gov
(NCT01965951).
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Design
This was a multisite, randomized, double-blinded, con-
trolled trial conducted at Washington University, St Louis,
MO; VA Boston Healthcare System, Boston, MA; and
Spaulding Rehabilitation Hospital, Boston, MA.

Protocol
The RESPONSE protocol was reviewed and approved by
the Western Institutional Review Board (IRB Protocol
20132014) and funded by the US National Institutes of
Health (NIH; NINDS R44NS071780). The study proto-
col and analysis plan was published60 before completing
participant enrollment. The following amendment to the
protocol was made by an independent external advisory
committee before unblinding. Specifically, owing to tech-
nical problems with the administration of an adapted con-
junction search task, which prohibited the use of this
measure, the Posner cueing task was specified as the pri-
mary outcome measure (response time [RT] difference for
detecting targets appearing on the left compared with the
right side).59

Inclusion and exclusion criteria were chosen to iden-
tify participants with chronic spatial neglect. Inclusion
criteria were ≥3 months after acquired brain injury that
resulted in spatial neglect (ICD-10-CM R41.4) defined as
deficient performance on ≥2 of 4 common measures of
spatial attention, including: the Mesulam cancellation
task61 (ages 50 years and younger >0 omissions;
51–80 years > 4 omissions); a tone counting task26 (<94%
total accuracy); landmark task57 (deviation from objective
center as determined by the 95% confidence interval);
and a spatial dual task62 (>19% difference in accuracy for
right–left target trials). For the dual task, if accuracy to
correctly identify the symbol in the initial task was <50%,
the assessment was repeated once. If accuracy to cor-
rectly identify the symbol did not improve to ≥50% in
the second administration, inclusion was based on per-
formance consistent with neglect in all the remaining
measures. Additional inclusion criteria were ≤8 on the
Blessed scale-short form63 (ie, no residual cognitive
impairment or dementia), aged ≥18 years, fluent English
speakers, and intact sensorimotor capacity to use the
computerized intervention.

Exclusion criteria were complete primary visual field
deficit (score of 3 on the NIH Stroke Scale visual field
subscale64), a diagnosis of an illness or condition with
known cognitive consequences (eg, schizophrenia, bipolar
disorder, cancer, or multiple sclerosis; however, common
comorbidities following brain injury, including post-trau-
matic stress disorder, mild to moderate depression, and
chronic pain were not exclusion criteria), major depression
(Beck Depression Inventory, second edition; BDI-II

≥ 29), or evidence of active suicidal ideation or behavior
within 1 month of consent on the Columbia-Suicide
Severity Rating Scale Scale,65 (C-SSRS). Participants who
appeared to be intoxicated or under the influence of a
controlled substance on any day of assessment were
rescheduled or discontinued. Participants were also
excluded for participation in a concurrent clinical trial that
could affect the outcome of this one. Participation in stan-
dard treatments, such as occupational therapy or use of
prescribed medications (eg, anticoagulant) were not exclu-
sion criteria. Recruitment took place through general
internal medicine and neurology clinics at Washington
University, Boston VA, and Spaulding Rehabilitation
Hospital, in addition to the surrounding communities of
St Louis and Boston.

Procedures
Institutional review board approval was obtained at the
coordinating center (Posit Science) and at each local site.
Participants were reimbursed for their participation; those
completing all training and assessment visits could earn
$435.00. Written informed consent was obtained from all
participants.

The 49 eligible participants were randomized after
baseline assessment. Randomization stratified participants
based on their age (adults 18–64 years of age or
seniors ≥ 65 years of age) and severity of spatial neglect
symptoms based on performance on a computerized sea-
rch task (mild–moderate or severe defined as <621 or
>620 milliseconds difference in detection of left–right tar-
gets, respectively); controlling balance based on random
permuted blocks within strata, and blocked according to
site.66 Sites requested randomization allocation by e-mail,
and a single coordinating center staff member fulfilled
requests through a concealed randomization allocation
sequence (Sealed Envelope, London, UK).

Participants and clinician raters were blinded, and
participants were reminded regularly not to discuss their
training with these clinicians. To maintain the participant
blind, consent forms described the study as comparing
two distinct types of cognitive training, and study staff
described the hypothetical benefits of each type. Site staff
who interacted with participants directly during training
were not blinded but were instructed with scripts to
describe the features of each program as potentially
beneficial.

The protocol specified 39 sessions of cognitive train-
ing, intended to be delivered in 30-minute sessions over
12 weeks. Participants were given the opportunity (but not
required) to extend their participation by ≤4 weeks at the
end of the 12-week period to make up missed sessions. Par-
ticipants trained at home, and an unblinded treatment
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coach was available by telephone for technical assistance or
to answer questions. Assessments (see Table 1 and Table S1)
were performed at baseline before randomization (V1), after
the completion of training (�3 months after randomization;
V2), and again after a 3-month no-training/no-contact
follow-up period (V3).

Conditions
Experimental Treatment (ET). The experimental cognitive
training program was a commercially available cognitive
training exercise (Freeze Frame; BrainHQ, Posit Science,
San Francisco, CA) and was based on the TAPAT training
approach,57 with the goal of improving spatial attention
and cognitive functions affected by spatial neglect. The
exercise targeted sustained goal-directed attention-to-
response and inhibitory control (executive function).

Active Control (AC). The active control program was
designed to provide an experience that was matched to the
experimental treatment program in intensity and duration,
while plausibly engaging cognitive systems to maintain the
patient blind. Previously vetted58 off-the-shelf computer games
were selected (eg, boggle, mahjong) and were delivered with a

schedule identical to the experimental treatment. Crucially,
the active control games did not specifically target tonic and
phasic alertness or aspects of sustained attention.

Outcomes
Primary Outcome. The primary outcome was the Posner
cueing task:59 RT difference for detecting targets that
appeared on the left compared with the right side. The
results of a receiver operating characteristic analysis ranking
sensitivity and specificity59 of common spatial bias measures
in patients with acute and chronic neglect demonstrated
that the Posner cueing task RT difference metric had the
highest area under the curve (0.916) and was significantly
superior in diagnostic accuracy. Furthermore, the high accu-
racy of the Posner test in discriminating controls from
chronic patients indicated that even in the chronic stage
many patients had neglect, and further suggests that RT
measures are a sensitive indicator of chronic neglect.

Developed by Posner (1984),67 the task requires par-
ticipants to detect visual stimuli at attended or unattended
peripheral locations while maintaining central fixation.
This task has been used widely in studies of spatial
neglect, owing to its sensitivity to detect mild cases. A

TABLE 1. Baseline Demographic and Inclusion Measures

Parameter ITT group (n = 49) ET group (n = 24) AC group (n = 25)

Demographic

Age (yr) 58.8 � 13.9 60.5 � 12.9 57.1 � 14.9

Education (yr) 14.7 � 5.2 15.0 � 6.0 14.3 � 4.2

Biological Sex (% male) 66 66 66

Ethnicity (% Caucasian) 77 68 79

Time since ABI (yr) 2.3 � 2.2 2.3 � 2.3 2.3 � 2.2

NIH stroke scale (total score) 5.9 � 4.0 6.2 � 4.3 5.5 � 3.7

Short Blessed test (weighted) 2.5 � 3.4 3.0 � 4.0 2.0 � 2.8

Lesion volume (voxels) 154,210 � 218,126 145,530 � 162,707 162,891 � 267,392

Partial hemianopsia (%) 53 50 54

Full hemianopsia (%) 11 8 17

Screening/inclusion

Mesulam cancelation (omissions) 13.7 � 16.0 13.5 � 15.2 13.9 � 17.0

Dual task (left trials accuracy) 0.549 � 0.364 0.602 � 0.360 0.480 � 0.370

Tone counting task (accuracy) 0.617 � 0.222 0.647 � 0.210 0.585 � 0.235

right 0.072 � 0.196 0.049 � 0.196 0.095 � 0.196

Mean � 1 standard deviation or percentage of variable. Active Control (AC); Aquired Brain Injury (ABI); Experimental Treatment (ET); Intent To
Treat (ITT); National Institutes of Health (NIH).
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relative RT delay for targets presented in the contra-
lesional visual field compared with the ipsilesional visual
field indexes a lateralized deficit in visual perception and
attention. To capture a valid reflection of participants’
performance, independent of criterion shifts or trade-offs
between speed and accuracy,68 we used an inverse effi-
ciency scoring approach.69 Mean RTs were divided by the
proportion of correct trials responded to in each specific
condition (eg, valid and invalid cue × side). This helps to
account for potential differences in accuracy across left-
and right-cued trials.

Secondary Outcomes. Secondary outcomes included a
composite measure of spatial cognition, composed of per-
formance on the grayscales task70 and a spatial working
memory task.71 The composite score was used to preserve
statistical power and avoid multiple comparisons and was
calculated by remapping the intent-to-treat (ITT) popula-
tion scores for each test to z-scores, which were averaged
within each secondary domain (eg, spatial cognition).
These measures have been validated empirically in this
population and capture components of spatial cognition,
including spatial working memory, representational
neglect, and saccade bias. The grayscales task captures per-
ceptual bias by presenting two mirror-reversal objects pro-
gressively darkened on opposite ends of the object.
Participants with spatial neglect can show a bias in judging
the object darkened on the ipsilesional side as “darker” than
its mirror-reversed analog. The spatial working memory task
is a computerized vertical variant of the Corsi task,72 in
which sequences of spatial locations in a vertical column are
displayed, and participants are required to judge verbally
(yes/no) if a single location (probed visually) had been in the
preceding sequence.71 The composite measure was calculated
as an average of z-scores, calculated for each measure, from
performance of the entire study cohort at baseline.

Participants also completed two measures of func-
tional performance ability, the neglect-specific Catherine
Bergego (CB) scale73 and the Barthel index,74 which were
combined into a single composite measure of functional
performance ability. The composite score was used to pre-
serve statistical power and avoid multiple comparisons and
was calculated by remapping the ITT population scores
for each test to z-scores, which were averaged within each
secondary domain (eg, functional performance ability).
The Barthel index was chosen to facilitate comparison of
treatment effects with the larger medical literature, and
the CB scale was thought to provide sufficient sensitivity
to the features of spatial neglect.73

Additionally, participants completed a set of assess-
ments that composed an executive function composite,
including measures of working memory, inhibitory

control, and switching.75 Working memory was evaluated
via the Wechsler Adult Intelligennce Scale, fourth edition
(WAIS-IV) Digit Span subtest, backward span (eg, partici-
pant is read a sequence of numbers and is required to
recall the numbers in reverse order). This measure was
chosen owing to the difficulty of using visual analogs in
this population (ie, unsuitable owing to spatially
lateralized stimulus arrays); thus, examining the putative
verbal workspace was considered more appropriate. Like-
wise, to capture fluency and switching abilities, we used
the Delis-Kaplan Executive Function System (DKEFS)
verbal fluency subtest. This task required participants to
produce words spontaneously and rapidly in response to
phonemic and semantic cues, and to alternate between
two category-based cues. Lastly, inhibitory control was
assessed using a continuous performance measure with
sound psychometric properties, good validity and general-
izability across settings, and adaptability for trials in
patients with spatial neglect.71 The task required sustained
engagement (ie, no intertrial break), frequent responses,
and inhibitory control to overcome the preponent motor
response when presented with an infrequent target item.
As stated above, the composite score was used to preserve
statistical power and avoid multiple comparisons and was
calculated by remapping the ITT population scores for
each test to z-scores, which were averaged within each sec-
ondary domain (eg, executive function).

Finally, outcomes included a measure of health-
related quality of life (Short-Form 12 [SF-12v2]), as a
measure of the impact of program use on the participants’
own view of their impairment and function (ie, quality of
life);76 and quality of sleep, as measured by performance
on the Pittsburg sleep quality index. This measure has
been used in many outcomes studies, including a prior
study of TAPAT outcomes in participants with post-trau-
matic stress disorder (J DeGutis, A Rosenblatt, R
McGlinchey, W Milberg, T Van Vleet, in preparation), in
which it effectively captured improvements in sleep qual-
ity post-training compared with a waitlist control group.

Train-to-Task-Related Measure. A computerized assess-
ment targeting the cognitive operations inherent in the
experimental treatment program was used as positive con-
trol for task learning and target engagement and was
administered at baseline (V1) and immediately after the
completion of training (V2). The task consisted of a con-
tinuous visual presentation of spatial locations located
along the vertical axis, above and below central fixation.41

After the continuous presentation of several spatial loca-
tions, participants were required to determine whether a
location-probe matched one of the previously presented
stimulus locations.
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Statistical Analysis
A predefined analysis plan specified sample size, various
study populations including the ITT population, and the
statistical approach (clinicaltrials.gov NCT01965951).
The ITT population included all randomized partici-
pants who completed their first training session. The
trial was powered to test a clinically significant effect size
of 0.5 (Cohen’s d) at 2-sided α level of 0.05. The pri-
mary outcome measure was performance on the Posner
cueing task (RT difference: left–right target trials59),
evaluated at the post-training assessment (V2) time point
relative to baseline (V1); the key value for significance
was the group-by-time interaction factor for the linear
mixed effects model.

Baseline data were compared with Student t tests
or the χ2 test Outcome measures were evaluated using
linear mixed effects models. Missing data were
accounted for using iterative full-information maximum
likelihood estimation. Each model included treatment
group and time as fixed factors and site as a random fac-
tor. An interaction term (training group × time) esti-
mated the effect of the experimental intervention on
outcome measure change. Planned comparisons were
performed on the fully evaluated populations using Stu-
dent t tests of difference scores.

Sensitivity analysis were conducted to account for
participant drop-out. Missing values were substituted
based on the available measurements for participants at
other visits, and a multiple monotone imputation method
was used to generate five iterations, which were averaged
and entered into the linear mixed model.

Results
Participants
Of the 96 participants assessed for eligibility, 51.0% quali-
fied for the study and were randomized (Fig 1), yielding
an ITT sample of 49 participants (ET, 24; AC, 25).
Achieved power to detect an effect size of 0.5 was 0.593
with this sample size. Recruitment began in June 2014;
the final participant completed follow-up assessment in
February 2017.

Pretraining demographic and baseline measures are
shown in Table 1. Scores on the screening measures, the
primary (Posner cueing task) and secondary spatial atten-
tion/cognition measures (grayscales, spatial working mem-
ory task) indicated significant spatial bias in attention and
perception (see Table 1 and Table S1). The participants’
average CB scale score of 5.9 (5.2) with a range of 0–25
(maximal score of 30) was significantly lower than the
assessors’ average score of 9.1 (6.2) with a range of 0–23
(t69 = −2.079, p = 0.04), indicating significant prevalence
of anosognosia8,77 in the ITT population. The average
Barthel index scores of 77.5 (20.8), with a range of
20–100, indicated meaningful levels of perceived disability
in the ITT population (no significant difference between
ET and AC groups). Average performance in the short
Blessed test of 1.16 (1.62) did not reveal evidence of cog-
nitive impairment or dementia in the ITT population,
and the average BDI score of 10.5 (8.6) indicated a mini-
mal level of depressive symptoms. Likewise, the average
performance in the SF-12 mental component of
39.8 (12.3) indicated that mental health issues contrib-
uted to minimal restrictions on everyday activities; and

FIGURE 1: Consolidated Standards of Reporting Trials (CONSORT) table. Experimental Treatment (ET); Active Control (AC); V2
(second visit; post-training assessment); V3 (third visit; follow-up assessment).
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the average SF-12 physical component score of
53.2 (10.4) indicated moderate contributions of physical
issues to restrictions in everyday life.

After randomization, there were no significant differ-
ences between the ET and AC groups. Notably, there was no
difference in average lesion volume (voxels) between partici-
pants in the ET group (145,530.353 [SD = 162,707.098])
versus the AC group (162,891.47 [SD = 267,392.24]), (t32 =
−0.229, p = 0.821), nor any difference in lesion location
between groups (p = 0.632; see Fig 2). Regarding the source
of acquired brain injury, 46 of the 49 participants enrolled
suffered a first-time stroke involving the right hemisphere;
3 suffered traumatic brain injury (TBI); 2 of the 3 participants
with TBI experienced brief loss of consciousness and both
scored 15 on the Glasgow coma scale.

After program set-up and orientation, in the ET
group 9 participants dropped out/withdrew and 15 partic-
ipants completed the final assessment, and in the AC
group 9 dropped out/withdrew and 16 participants com-
pleted the final assessment. Drop-out/withdrawal rates
were not significantly different between the two groups
(p = 0.554, χ2). There were no significant differences
between the population that did not complete the
final assessment (the drop-out/withdrawal population,
n = 18) and those that went on to complete the post-
training assessment (the fully-evaluable [FE] population at
V2, n = 31), nor between the ET and AC drop-out/with-
drawal groups. Notably, there was no difference between
the ET and AC groups in the incidence of anosognosia8 at
baseline (p = 0.549, χ2): 12 of 16 participants in the ET
group (in which both a participant and a care-giver com-
pleted the CB assessment) versus 13 of 20 participants in
the AC group. Also, there was no difference between
groups in those participants who withdrew or were
removed from the study. Only three participants were lost
to follow-up between V2 and V3 (AC, n = 2; ET, n = 1).
Reasons for drop-out/withdrawal were typically the time
commitment of study participation (50% of drop-outs),

change in life circumstances (eg, relocation, surgery, death;
40% of drop-outs), or lost to follow-up (10% of drop-
outs). Finally, within the FE-V2 group, 15 of 15 partici-
pants in the ET group were considered fully trained, as
were 16 of 16 participants in the AC group (completing
100%, 39 of a potential 39 sessions).

Effects of Training on Outcome Measures
Within-group change scores, between-group difference
scores, and significance for ET and AC comparisons in the
ITT group are reported in Table S1. First, on the train-to-
task measure (a positive control for task learning), adminis-
tered before and after training, the ET group showed a sig-
nificant advantage (33% improvement) over the AC group
(4% worse) at the post-training time point (p = 0.007,
Cohen’s d = 1.15). For the primary outcome measure
(Fig 3), the ET group showed a significant advantage
(228.57 milliseconds less rightward bias) over the AC group
(288.33 milliseconds more rightward bias) at the post-

FIGURE 2: Frequency map shows normalized computed tomography (CT) images and magnetic resonance imaging (MRI) scans
(normalized via SPM 12) created via FSL software. The color bar indicates in absolute terms the number (n) of lesions affecting a
particular area. Six participants were excluded owing to low-quality neuroimaging or faulty Digital Imaging and Communications
in Medicine (DICOM) files.

FIGURE 3: Primary outcome. Index of spatial bias based on
performance on the Posner cueing task (left–right target
detection latency)
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training visit (p = 0.010, Cohen’s d = 0.96) and demon-
strated a positive trend at the follow-up visit (p = 0.16,
Cohen’s d = 0.54; ET = 153.92 milliseconds less rightward
bias and AC = 148.22 milliseconds more rightward bias).
On a within-group basis, improvement in the ET group
was 1.8 times larger than that of the AC group at post-
training, and 2.0 times larger at follow-up (Table S1).

An analysis of the magnitude of change pre- versus
post-training, in which we adopted two criteria (+0.2 stan-
dard deviations of the pretraining scores based on recom-
mendations for a minimally clinically important difference

in cognitive function78 and +1.0 standard deviations, as a
representative large effect) demonstrated that the partici-
pants in the ET group showed reliable changes > three-
fold relative to the AC group at both criteria levels (+0.2:
25% in the ET group vs 7% in the AC group; +1.0: 13%
in the ET group vs 0% in the AC group).

Preplanned secondary regression analyses showed
that the magnitude of spatial bias at baseline was corre-
lated with the magnitude of improvement in the primary
outcome in the ET group at the post-training (r =
−0.769, n = 16, p = 0.001) and follow-up visits (r =

FIGURE 4: Forest plot of effect sizes and 95% confidence intervals. Individual tests that form composite outcome measures are
shown in gray. Cohen’s d effect size was computed for each measure based on the change in performance from post-training
minus pretraining (top), and follow-up minus pretraining (bottom). Left (L); Right (R); CB (Catherine Bergego Scale); WM
(Working Memory); SF (Short Form); MH (Mental Health); PH (Physical Health); PSQI (Pittsburgh Sleep Quality Index); QOL
(Quality of Life); Experimental Treatment (ET); Active Contorl (AC).
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−0.928, n = 13, p = 0.0001); participants with greater
spatial bias at baseline improved the most. Although the
magnitude of spatial bias has previously been shown to be
correlated with the degree of anosognosia,6,77 in the pre-
sent study the magnitude of denial relative to improve-
ment in the primary outcome reached only trend level at
post-training (r = −0.528, n = 16, p = 0.09) and was not
correlated at follow-up (p = 0.31).

Finally, to address other potential factors that might
have contributed to the outcome, we evaluated regression
to the mean via a between-groups analysis of covariance
comparing performance on the primary outcome measure
at post-training (V2), while controlling for performance at
baseline (V1), for the FE AC versus ET groups; this analy-
sis failed to reveal a meaningful contribution of regression
to the mean (F28 = 5.96, p = 0.021). Given the drop-out
rate, we also conducted a sensitivity analysis, in which we
substituted missing values based on the available measure-
ments for participants at other visits using a multiple
monotone imputation method (five iterations). Imputed
values were included in the model, and the results were
consistent with the initial analysis, in that the crucial
time × group interaction was significant (p = 0.011,
Cohen’s d = 0.443). Although the beneficial effect of ET
on the primary outcome was robust, a shorter initial train-
ing period, with follow-up booster training sessions as
needed, might improve acceptability and retention.

Regarding the secondary measures, the ET group
showed a significant advantage over the AC group
(p = 0.027, Cohen’s d = 0.24) in the functional composite
measure (CB scale; Barthel index) when comparing the
pre- versus post-training visit (3.13 points of improvement
in the Barthel and 1.06 points improvement in the CB
for ET, versus no change in the Barthel and 0.14 points
worsening in the CB for the AC group). There was no
between-group difference in the functional abilities com-
posite at the follow-up visit (p = 0.65). The ET group also
showed a significant advantage over the AC group when
comparing the pre- versus post-training visit in the spatial
cognition composite measure (p = 0.007, Cohen’s
d = 0.71); a positive trend favoring the ET group was
shown at the follow-up visit (p = 0.12, Cohen’s d = 0.46).
Notably, between-group analyses of the FE population
showed that the ET group demonstrated a significant
5.4% increase in performance accuracy in the spatial
working memory task (t13 = 2.38, p = 0.02), relative to a
7.0% decrease in the AC group (Cohen’s d = 0.87) at
post-training; and a significant 8.0% improvement in spa-
tial working memory in the ET group (t13 = 2.49,
p = 0.02) versus a worsening in the AC group of 2.0% at
follow-up (Cohen’s d = 0.94). Finally, there was no signif-
icant between-group difference in the quality-of-life

measures (SF-12 Mental Health and Physical Health
scales), sleep measure (Pittsburg Sleep Quality Index), or
the executive function composite measure for either com-
parison (the pre- vs post-training visit or pre- vs the
follow-up visit). A forest plot of effect sizes and 95% con-
fidence intervals for all outcome measures, including indi-
vidual tests composing the functional ability, spatial
cognition, and executive function composite measures, is
shown in Fig 4.

Preplanned secondary regression analyses examined
predictors of change in the primary outcome (Posner bias
change score) and revealed a significant correlation with
change in spatial working memory span (as span increased,
bias was reduced) at the post-training assessment (r =
−0.358, n = 29, p = 0.05). However, this relationship did
not reach significance at the follow-up visit (p = 0.19).
Regression analyses conducted to examine the relationship
between the primary and secondary outcomes revealed a
trend level association between improvements in spatial
bias (primary outcome measure) and physical health at
post-training, as reported on the secondary health-related
quality of life SF-12v2 measure (r = 0.324, n = 31,
p = 0.076).

Ten adverse events were recorded during the study
period (ET, 5; AC, 5) and were related to falls, medical
management of co-occurring disorders (eg, diabetes, heart
disease), and one death. All incidents were reviewed and
determined to be unrelated to participation in the study.

Discussion
The RESPONSE study was a randomized controlled clini-
cal trial of a cognitive training program in participants with
hemispatial neglect after an acquired brain injury that met
American Academy of Neurology standards for a class I
randomized controlled trial. Improvements in spatial atten-
tion (the primary outcome) favoring the experimental treat-
ment group (ET) were statistically significant compared
with the active control group (AC), with a meaningfully
large effect size 1.8–2.0 times larger in the ET versus the
AC group. Likewise, improvements in several common
measures of neglect (eg, secondary outcome, spatial cogni-
tion) favoring the ET group were also statistically significant
compared with the AC group when comparing perfor-
mance pre- versus post-training. Improvements in real-
world functional performance favoring the ET group were
also statistically significant compared with the AC group at
post-training. In fact, benefits in the ET group included
improvements in deficits common to neglect, as reflected in
performance on the CB scale.

The significant correlation between improvements in
training (inhibitory control or reduction in commission
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errors) and spatial working memory suggests that the inter-
vention also improved the efficiency of visual working mem-
ory updating25,27 and speed of successive signal resolution;36

benefits that might indicate a mechanism of action of the
treatment. Specifically, improvements in the updating of
spatial locations might enable patients to mitigate the gross
attention deficits in neglect that bias the deployment of spa-
tial attention.38–41 Reduction of these deficits might also
benefit functional abilities, as demonstrated in the within-
group improvements.

The present results can be compared with common
clinical interventions for neglect, which typically involve
therapist-administered “top-down” self-cueing strategies
(eg, “look left”) that typically rely on adequate recall of
the behavioral strategy (an approach that might not be
conducive for patients with deficit awareness issues)48 and
experimental interventions, which have largely applied
“bottom-up” approaches (eg, optokinetic stimulation,
repetitive transcranial magnetic stimulation, prism adapta-
tion). Although a lack of shared methods in neglect
research has prevented one-to-one comparisons between
interventions (eg, 50 different outcome measures were
used in a variety of combinations across 20 studies
included in a recent meta analysis79), notable improve-
ments have been demonstrated across several
therapies.45,79–83 A recent review of intervention trials for
neglect80 found 7 of 15 randomized controlled trials with
statistically significant between-group differences in favor
of the experimental group, but only 4 studies84–87 that
showed large effect sizes (Cohen’s d > 0.80). Notably, the
approaches in these 4 studies required a therapist-
administered device (virtual reality goggles, transcutaneous
electrical nerve stimulation, mirrors, or optokinetic stimu-
lator), and no intervention was amenable to self-
administration at home, as in the present trial.

In addition to the uniquely accessible approach,
other strengths of the present study addressed commonly
cited concerns regarding methodology45 and included a
well-defined participant population, multisite execution,
good match between the expectation of benefit between
the intervention and active control group, use of a follow-
up assessment after a no-contact period, and use of an a
priori statistical plan with an ITT analysis. Weaknesses of
the study are that it did not achieve its enrollment goal,
and the associated lack of power necessary to explore
mechanistic formulations.

In summary, the treatment of individuals who suffer
an acquired brain injury or stroke and exhibit neglect is
often complicated by patients’ gross loss of awareness and
highly comorbid denial of deficits (eg, anosognosia). Not
surprisingly, these patients exhibit poorer outcomes rela-
tive to patients with a similar extent of injury but without

neglect. The results of the present trial provide strong evi-
dence that this specific form of self-administered,
plasticity-based cognitive training can be incorporated as
part of an evidence-based treatment plan to improve
awareness, mitigate spatial bias, and improve functional
abilities in people with hemispatial neglect after acquired
brain injury.
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