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Abstract

Background. Patients with neglect ignore or respond slower to contralesional stimuli. Neglect negatively influences
independence in activities of daily living (ADL). Prism adaptation (PA) is one of the most frequently studied treatments,
yet there is little evidence regarding positive effects on neglect behavior in ADL. Objective. To assess whether PA in the
subacute phase ameliorates neglect in situations of varying complexity. Methods. A total of 70 neglect patients admitted
for inpatient stroke rehabilitation received either PA or sham adaptation (SA) for 2 weeks, with full access to standard
treatment. There were 7 time-dependent measurements (baseline and 1-4, 6, and 14 weeks after start of treatment). The
primary outcome was change of neglect as observed during basic ADL with the Catherine Bergego Scale (CBS). Secondary
outcomes were changes in performance on a dynamic multitask (ie, the Mobility Assessment Course [MAC]) and a static
paper-and-pencil task (ie, a shape cancellation task [SC]). Results. In all, 34 patients received PA and 35 SA. There were
significant time-dependent improvements in performance as measured with the CBS, MAC, and SC (all F> 15.57; P <.001).
There was no significant difference in magnitude of improvement between groups on the CBS, MAC, and SC (all F < 2.54;
P > .113]. Conclusions. No beneficial effects of PA over SA in the subacute phase poststroke were observed, which was
comparable for situations of varying complexity. Heterogeneity of the syndrome, time post—stroke onset, and the content
of treatment as usual are discussed. Basic knowledge on subtypes and recovery patterns would aid the development of
tailored treatment.
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The current neglect treatment is mainly visual scanning
training, a compensatory treatment with emphasis on top-
down strategies.” Its effectivity, however, remains

Introduction

A frequent poststroke disorder in lateralized attention is
visuospatial neglect (neglect). Patients with neglect
ignore—or respond slower to—contralesional stimuli,
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without being aware of it."? Of all stroke patients, 20% to
80% show neglect, depending on the moment and task
used.’ Generally, spontaneous recovery occurs within the
first 3 months post-stroke onset, but in 40% of neglect
patients, the disorder is still present 1 year later.* Neglect
patients need more help in activities of daily living (ADL)
compared with patients without neglect and are less likely
to be discharged home.™® Adequate treatment of neglect is,
therefore, of great importance.
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unproven.® Additionally, several restorative treatments
have been developed, of which prism adaptation (PA) is the
most frequently studied (ie, 16 randomized controlled trials
[RCTs]).”** The PA paradigm was developed by Rossetti
et al,’ and their PA procedure is used in most studies. During
PA, patients wear prism glasses that produce an ipsilesional
lateral shift of the visual field. Adaptation to this optical
shift requires a set of successive visuomotor pointing move-
ments. When the prisms are removed, attention is automati-
cally shifted contralesionally. Of RCTs that included
neuropsychological neglect tasks,”'*'>** in 60%, PA dimin-
ished neglect as measured with at least 1 of these pen-and-
paper tasks.”!*1#1317:1824 There i, however, little evidence
regarding whether PA diminishes neglect in ADL because
paper-and-pencil tasks lack the dynamics and complexity of
daily life.”> Of RCTs that included measures at the level of
(basic) ADL,'*"1%213 in only 33% did neglect behavior
decrease more after PA compared with no or control treat-
ment.'"” This inconsistency between results is probably a
result of the lack of comparability between studies (eg,
treatment procedure, intensity, tasks) or a general lack of
methodological quality (eg, small groups [11-43], no right-
sided neglect, measures of ADL in only 38% of studies,
follow-up measurements in only 25% of studies). In sum, it
is uncertain whether PA should be implemented in rehabili-
tation. The effectiveness of other rehabilitation interven-
tions (eg, limb activation training, optokinetic stimulation,
eye patching) also remains unproven.® More high-quality
(ie, adequate statistical power, randomization, ADL mea-
sures, follow-up), pragmatic RCTs in a clinical setting are
needed.®*

We conducted an RCT in which the aforementioned
issues were considered. Our primary aim was to determine
whether treatment with PA in the subacute phase amelio-
rated neglect behavior in basic ADL (as measured with the
Catherine Bergego Scale [CBS]) to a larger extent com-
pared with sham adaptation (SA). In addition, to eliminate
the influence of compensation strategies, we used the
Mobility Assessment Course (MAC), a dynamic multi-
task. Finally, a cancellation task was included, which is a
widely used measure for neglect.”” We included stroke
patients with left- and right-sided neglect. Patients with
right-sided neglect have not been included in prior trials.
Finding a treatment for this group of patients is, however,
necessary because consequences of left- versus right-sided
neglect in ADL are largely comparable.”®

We included patients in the subacute phase poststroke. A
general consideration for early treatment is the plasticity of
the brain. Spontancous neurobiological recovery occurs
within all domains and lasts around 90 days.** The main
part of recovery during this critical period is likely driven
by spontaneous recovery, and the effects of rehabilitation
interventions are much smaller. They may, however,
improve or extend the duration of neuroplasticity.>' A

more specific consideration is that patients with neglect
ignore one side of their body or space in the acute phase
poststroke and learn not to use this side of the body or hemi-
field. Early treatment might minimize this learned nonuse,
and larger effects of PA could potentially be obtained."

Methods

Research Design

A single-center, randomized, double-blind (ie, regarding the
primary outcome), parallel-group study with an allocation
ratio of 1:1 (ie, an equal number of patients was allocated to
each group) was conducted (for the trial protocol, see Ten
Brink et al*®). A rehabilitation physician was consulted by
the investigator regarding the inclusion and exclusion crite-
ria (see below). Patients gave written informed consent. The
nurses, physical therapist, and occupational therapist who
filled in the CBS were blinded to the treatment conditions.
The investigator (AFTB) who treated and tested the patients
regarding the secondary outcomes was not blinded to the
treatment because she had to put on the goggles. If possible,
tests were computerized to increase objectivity. Patients
could not be (completely) blinded to the treatment because
they had to wear the goggles. However, patients were not
explicitly told which treatment they received, and none of
them expressed any awareness of assigned condition (after
informal enquiry). Patients were tested at baseline and after
1,2, 3,4, 6, and 14 weeks from the start of treatment. The
MAC was assessed at baseline and after 2, 4, and 14 weeks.

The study was conducted according to the principles of
the Declaration of Helsinki (64th WMA General Assembly;
October; Fortaleza, Brazil) and in accordance with the
Medical Research Involving Human Subjects Act (WMO).
The study was approved by the Medical Ethical Committee
of the University Medical Centre Utrecht.

Participants

Stroke patients with a clinical diagnosed symptomatic
stroke (first or recurrent, ischemic, or intracerebral hemor-
rhagic lesion) admitted consecutively to De Hoogstraat
Rehabilitation Centre in Utrecht, the Netherlands, were
considered for inclusion. Patients had to be aged between
18 and 85 years and have sufficient comprehension and
communication skills. Patients were not included in case of
interfering psychiatric disorders or substance abuse, when
they were physically or mentally unable to participate, or
when the expected discharge was <3 weeks.

Neglect Screening

All patients were screened for neglect per usual care within
the first 2 weeks after admission. Patients could enroll when
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they showed neglect on the shape cancellation task (SC), line
bisection, or CBS (see subsection “Primary outcome”; a CBS
score of 6 was used as a threshold for neglect™). The SC
(see subsection “Static task—SC”) and line bisection were
administered on a computer monitor.* The line bisection task
consisted of 3 horizontal lines (22° long, 0.2° thick') that
were presented at upper right, at lower left, and in the hori-
zontal and vertical center. The stimulus presentation was
approximately 19° wide and 5.7° high'. Patients had to mark
the midpoint.

The thresholds for neglect were based on the mean plus
3 SDs of 28 healthy individuals.** The SC omission differ-
ence score ranged from 0 to 1.05, resulting in a threshold of
>2. The line bisection deviations ranged from —0.77 to
0.81°, —0.85 to 0.48° and —0.89 to 0.42°** for the 3 lines,
respectively. A deviation outside normal range on >2 lines
was used as a threshold.

Apparatus

The treatment and the SC were administered using a 22-inch
interactive WACOM (PL2200) tablet screen (1920 x 1080),
with a screen size of 477.64 x 268.11 mm.” The tablet
screen was oriented horizontally and slightly tilted (angle of
18 degrees) with an adjustable stand. Patients had to respond
to stimuli by drawing on or pointing at the screen with a
digital stylus. DiagnoselS (developed by Metrisquare,
Netherlands) was used to program the SC. The tablet was
controlled by a laptop (Samsung NP300ESA-SOINL).

Intervention

The PA procedure was adapted from Rossetti et al.” Patients
wore a pair of goggles fitted with wide-field point-to-point
prismatic lenses, inducing an ipsilesional optical shift of
10° (PA) or goggles with plain lenses (SA). Exposure con-
sisted of £100 fast pointing movements to 3 stimuli (red,
yellow, blue) presented on a horizontal axis at a distance of
+65 cm.” The left and right stimuli were located 10° away
from the body midline. The investigator indicated which
stimulus was the target. A board was held under the chin to
prevent viewing of the hand at its starting position but
allowing an unobstructed view of the targets and terminal
errors. The coordinates of the touch responses were
recorded.

Immediately after ending the adaptation phase (either PA
or SA), the after effect of adaptation was measured. The
goggles were removed, and patients were instructed to look
at the central visual target. After a few seconds, patients had
to point to the central target with closed eyes to prevent
online adjustment of the pointing movement resulting from
visual feedback. For successful PA, a contralesional shift of
+3 cm from the target was required. For patients in the PA

group, the procedure was repeated once with +50 pointing
movements when the aftereffect was <3 cm.*

The treatment was performed in the rehabilitation center
once a day, each working day, for 2 weeks in addition to
usual care. Usual care differed per patient and contained +4
to 6 therapies (eg, physical, occupational, speech; 30-60
minutes) per working day. Neglect treatment consisted of
psychoeducation and visual scanning training (ie, search
tasks and reading), 1 hour per week, 1 to 6 weeks (3 on
average). In addition, during the other therapies and during
ALD, patients were occasionally stimulated to attend their
neglected side.

Randomization

Before the start of the study, the investigator put 70 printed
cards with the treatment condition (35 PA and 35 SA) in
envelopes. After completion of the baseline assessment, the
investigator opened an envelope and allocated the patient
based on the treatment written on the card.

Primary Outcome

The CBS is an observation scale for neglect behavior in
ADL . Neglect severity was scored for each of 10 items on
a scale of 0 (no neglect) to 3 (severe neglect) by a nurse, phys-
ical therapist, and occupational therapist. Items that were
impossible to score (eg, because patients were unable to inde-
pendently perform the activity or the situation was not
observed) were considered invalid and were not included in
the total score. For the first 4 items, the score provided by the
nurse was used; for the last 6 items, the average score of the 3
disciplines was used. The total score was the sum of the
(weighted) item scores, divided by the number of valid items,
multiplied by 10 (resulting in a total score ranging from 0 to
30).**% In case 5 or fewer items were observed, the total score
was considered not reliable and therefore a missing value.

Secondary Outcomes

Dynamic Task: MAC. Patients were instructed to walk or
navigate their wheelchair independently at a leisurely pace
through a corridor, without stopping or turning back (see
Ten Brink et al*® for a detailed description). Meanwhile,
patients had to point out targets (12 per side, yellow, 10 x
10 cm). It was emphasized that there was no time limit, and

*In the PA group, 12 patients obtained an aftereffect of less than 3
cm in >50% of sessions (despite the 50 additional pointing move-
ments). In the SA group, 1 patient pointed more than 3 cm next to
the target in >50% of sessions.

**Degrees (°) depict visual degrees.
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finding all targets was the main goal. Task assessment
lasted approximately 5 minutes. The asymmetry score was
computed as the absolute difference between the number of
omissions, left versus right.

Static Task: SC. The SC consisted of 54 small targets, 52
large distractors, and 23 words and letters.*® Patients were
instructed to cancel all targets. No time limit was given. The
absolute difference in the number of omissions between the
left and right sides of the stimulus field (asymmetry score)
was computed.

Patient Characteristics

We reviewed the patient’s medical record and captured
demographic (age, gender) and stroke-related characteris-
tics (date stroke, stroke history, stroke type, lesion side).
Global cognitive functioning was screened with either the
Mini-Mental State Examination (MMSE)*’ or the Montreal
Cognitive Assessment (MoCA).*® We converted MMSE
scores into MoCA scores to create a single, pooled MoCA
score ([1.124 x MMSE] — 8.165).% Quality of communica-
tion was determined with the Stichting Afasie Nederland
test,"” an observation scale for language communication.
Muscle strength was measured by the Motricity Index, a
short task to assess the loss of strength in the arm and leg.*!
Independence in ADL was assessed using the Barthel
Index.”? Independence in walking was evaluated with the
Functional Ambulation Categories.*

Data Analyses

Power. An effect size of 0.70 SDs was used to estimate the
necessary sample size. To identify a difference with a power
of 80% and a of .05 (2-sided), 35 patients per group (70
patients in total) were required for sufficient statistical
power.*

Demographic and Stroke-Related Characteristics. Nonpara-
metric Mann-Whitney and ¥* tests were used to compare
demographic and stroke-related characteristics between
groups. Baseline neglect variables were compared with a
t-test when data were normally distributed and with a Mann-
Whitney test when data were not normally distributed.

Outcome Analyses. The analyses were conducted by the
available-case, intention-to-treat method; that is, all data
were included in the analysis, and the data were analyzed
with all patients remaining in the treatment group to which
they were initially randomized. A linear mixed-effects
model analysis was performed in IBM SPSS Statistics
(version 23)* for each outcome measure separately. We
choose this approach because it is appropriate for repeated
measures in a heterogeneous group; the variable time is

treated as a continuous measure (which is an advantage
because intervals differed between measurements); patients
with missing data are included; and covariates can be intro-
duced.® The linear mixed-effects model used a heteroge-
neous first-order autoregressive covariance structure and
included a random intercept for each patient. Missing data
were handled by a maximum likelihood algorithm under
the assumption that the missingness was random. The pre-
dictors of theoretical interest were the effects of time and
group and the interaction between time and group. These
predictors were included in the basic model. The quadratic
relation of time, baseline score, number of days poststroke,
gender, and age were introduced as potential covariates
(fixed effects). This was regardless of whether or not these
variables differed between groups, to enhance the fit of the
model. To statistically compare the fit of each new model
with the old model, the change in —2 log-likelihood (X‘ZChange
= 72LL01 0 [*2LLneW]) was assessed in light of 4t6he number
of additional parameters (d Change k01 0 kNew). The coef-
ficients of the best-performing model were reported (thus,
the included covariates could differ between final models,
depending on their significance). Significance was set to
P=.05.

Secondary analyes were performed in subgroups of
patients with right-sided brain damage and moderate to
severe neglect on the given task (resulting in different sub-
groups per task) to compare current results with prior stud-
ies and to correct for possible ceiling effects in the outcome
measures. Moderate to severe neglect was defined as a CBS
baseline score of >7,' MAC asymmetry score of >3, and
SC asymmetry score of >4.%* Finally, analyses were repeated
with the size of the absolute aftereffect (average of all ses-
sions) as factor, instead of group.

Results

Patient Characteristics

Recruitment to the trial was carried out from November
2013 to November 2016; the final follow-up measurement
took place in March 2017. A total of 581 stroke patients
were admitted to the rehabilitation wards during the period
of recruitment (Figure 1). A total of 70 were included in the
study, among whom 1 patient quit during the baseline mea-
surement and was neither randomized nor treated. Two
patients in the PA group did not complete the treatment as a
result of illness or early discharge (both after 5 sessions).
The groups were comparable with respect to patient char-
acteristics (Table 1; see Supplementary Table 1 for charac-
teristics of patients with right brain damage). Because
patients could be included based on abnormal performance
on one of neglect tasks (Supplementary Table 2), not all
patients showed neglect on all outcome measures when they
entered the trial. SC scores at baseline were not normally
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Assessed for eligibility
(n=1581)

y

Excluded (n=511)
- Did not meet inclusion criteria (n = 469)
Expected discharge < 4 weeks (n = 15)
Declined to participate (n = 27)

‘ Evaluated at baseline (n = 70) ]

v

[ Withdrew from study (n = 1)
—>|

Declined to participate (n = 1)

‘ Randomised (n = 69) ]

v

- N
Allocated to PA group (n = 34)
Satisfied entire protocol (n = 32)
Did not finish entire treatment (n = 2)
Untimely discharge (n = 1)
\_ Illness (n=1) Y,

I

'

i
Allocated to SA group (n = 35)
Satisfied entire protocol (n = 35)

!

Analysed (n = 34)

Analysed (n = 35)

Figure 1. Participant flow through the study.

distributed, so a nonparametric test was used. Overall, scores
on neglect measures at baseline were comparable between
groups. Raw mean scores for separate patient groups (ie,
overall group, right-sided lesions, and left-sided lesions) are
depicted in Table 2. Within the right-sided lesions group,
patients in the SA group obtained higher baseline CBS
scores compared with patients in the SA group.

Primary Outcome: Influence of PA on Basic ADL

CBS scores could not be obtained after 14 weeks because
most patients were discharged home. The final model
included baseline score, days poststroke, and gender as con-
founders (Table 3). Overall, CBS scores improved over
time [F(1, 239) = 38.90; P < .001]. There was no main
effect of experimental condition [F(1, 148) = 2.54; P =
.113], indicating that the effects of PA and SA on the CBS
scores were comparable. Additionally, no interaction effect
[F(1, 239) = 2.28; P = .133] was observed, indicating that
the pattern of improvement through time was comparable
for PA and SA (Figure 2).

Subanalyses for patients with right-sided brain damage
and moderate to severe neglect (n = 21 in the PA group,

n =21 in the SA group), with aftereffect as factor, resulted
in similar findings (Supplementary Tables 3 and 4).

Secondary Outcomes: Influence of PA on
Lateralized Attention

The final model for the MAC included the confounder
baseline score (Table 4). Overall, patients improved over
time with regard to MAC scores [F(1, 110) = 17.53; P <
.001]. No effect of experimental condition was found [F(1,
129) =0.70; P = .406], indicating that the effects of PA and
SA on the MAC scores were comparable. In addition, no
interaction effect was seen [F(1, 110) = 0.04; P = .851],
indicating that the pattern of improvement on MAC scores
through time was comparable between groups. Comparable
results were obtained when analyses were performed for
patients with right-sided brain damage and moderate to
severe neglect (n = 15 in the PA group, n = 20 in the SA
group) and with aftereffect as factor (Supplementary Tables
5 and 6).

The final model for the SC included the confounder
baseline score (Table 5). Overall, scores on the SC improved
over time [F(1,311)=15.57; P <.001]. There was no effect
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Table I. Median (IQR) Demographic and Stroke-Related Characteristics at Admission, and Mean (SD) Neglect Variables at Baseline,

Split Per Group.”

n PA, Median (IQR)

n SA, Median (IQR) Comparison

Age, years 34 59.31 (14.45) 35 61.48 (13.37) U=1594.0,z=-0.012, P=.990
Sex, percentage male 34 74 35 69 x*(1, N =69) =021, P = .650
Time post—stroke onset (at baseline), 34 41.50 (39.00) 35 37.00 (37.00) U =1566.0,z=-0.348, P =.728
days
Length of stay, days 34 89.50 (55.00) 35 99.00 (50.00) U=4975,z=-1.170, P = 242
Stroke history, percentage first 32 84 29 90 (I, N=61)=037,P=.542
Stroke type (%) 28 29 x*(1, N =57) = 123, P = 541
Ischemic 68 76
Intracerebral hemorrhage 29 17
Subarachnoid hemorrhage 4 7
Lesion side (%) 34 33 x2(1, N =67) =040, P = 819
Left 21 21
Right 77 73
Bilateral 3 6
Neglect side, percentage left 34 82 35 77 x*(1, N =69) = 0.29, P = 591
MoCA (0-30) 27 19.94 (6.80) 29 18.81 (5.60) U =383.0,z=-0.140, P = .889
SAN (1-7) 28 6.00 (2.00) 32 6.00 (2.40) U = 389.5,z=-0.905, P=.366
Barthel Index (0-20) 28 7.75 (6.00) 32 7.00 (7.00) U =409.0,z=-0.579, P = .562
Motricity Index arm (0-100) 25 39.00 (76.00) 28 0.00 (75.00) U=3125,z=-0712,P= 476
Motricity Index leg (0-100) 26 72.00 (83.00) 29 52.00 (75.00) U =345.5,z=-0.542, P=.588
Functional Ambulation Categories (0-5) 33 2.50 (2.00) 35 3.00 (1.50) U=536.5,z=-0.512, P=.609
Neglect variables at baseline
SC, absolute asymmetry 34 2(7) 35 1 (12) U=5775,z=-0.214,P = .831
Mean (SD) Mean (SD)
CBS 34 12.83 (6.62) 34 15.43 (7.54) t(66) = —-1.51,P=.136
MAC, absolute asymmetry 33 391 (3.52) 33 5.30 (3.49) t(64)=-1.61,P=.112

Abbreviations: CBS, Catherine Bergego Scale; IQR, interquartile range; MAC, Mobility Assessment Course; MoCA, Montreal Cognitive Assessment;
PA, prism adaptation; SA, sham adaptation; SAN, Stichting Afasie Nederland; SC, shape cancellation task.

*Group sizes differ among measures because of missing data.

of group [F(1, 105) = 0.19; P = .661], indicating that SC
scores did not differ between patients who received PA
compared with SA. Furthermore, no interaction effect was
seen [F(1,311)=3.65; P=.057], indicating that PA and SA
had no differential effects on the pattern of improvement.
Similar results were found when analyses were performed
for patients with right-sided brain damage and moderate to
severe neglect (n = 12 in the PA group, n = 14 in the SA
group) and with aftereffect as factor (Supplementary Tables
7 and 8).

Discussion

In the current study, 69 stroke patients received 10 sessions
of either PA or SA during their admission for inpatient reha-
bilitation. We measured neglect behavior in situations of
varying complexity. Overall, a time-dependent improve-
ment of neglect behavior was observed on all measures (ie,
CBS, MAC, and SC), but no differences were found

between PA and SA groups. Comparable results were found
when we subsequently performed subanalyses including
only patients with moderate to severe neglect and right
hemisphere lesions or with aftereffect as a factor.

How do these results relate to earlier findings? We evalu-
ated 5 RCTs (of which 2 are recent)**** that were compa-
rable to ours regarding the time post-stroke onset (1-2
months on average), intensity of the treatment (4 to 20 ses-
sions), and inclusion of a control group (SA).!316.1922.24
Only 2 of these used the CBS to measure neglect behavior
in ADL. In these studies, no beneficial effects of PA over
SA were reported.“"’19 These results should, however, be
interpreted with caution because it was estimated by Turton
et al'® that inclusion of at least 32 patients in total is neces-
sary to observe clinically relevant treatment effects on the
CBS, which was not the case in these studies. In our study—
with a larger sample of patients (n = 69)—however, no
treatment effects were found either. Two prior studies used
the Functional Independence Measure. Here, long-term
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Table 3. Fixed-Effect Predictors and Covariates for Predicting
the CBS Total Score Across Weeks | to 6 (n = 69).

Predictor B SE13 95% CI P

Group (PA)* 1.81 .14 -0.44 to 4.05 113
Time -0.53 -0.16 -0.83to-0.22 .001
Time x Group —-0.34 0.22 -0.78 t0 0.10 133
Baseline CBS 0.74 0.06 0.61 to 0.86 <.001
Days poststroke 0.04 0.02 0.00 to 0.07 .024

Gender (male) -1.98 098  —3.92 to -0.02 .047

Abbreviations: CBS, Catherine Bergego Scale; PA, prism adaptation.
*The B coefficient for the predictor “Group” indicates that the predicted
CBS score is on average 1.81 points higher for the PA group compared
with the SA group, although this effect is not significant.

Mean predicted CBS

30 4

25 4

20 4

10

1 2 3 4 5 6
Week

----Prism ——Sham

Figure 2. The average model-predicted CBS scores and Cls
across assessment sessions for each group: PA (dashed line)
and SA (solid line). The assessment session in week | occurred
after | week of treatment, and the assessment session in week
2 occurred after 2 weeks of treatment. Lower scores indicate
less severe neglect. Note that scores were corrected for the
confounders in the model, including the baseline CBS score.
The linear mixed-effects model analysis takes into account the
underlying model of the data, correcting for covariates (eg,
baseline score and days poststroke) and missing data; therefore,
reporting these data points are preferred over observed means.
Abbreviations: CBS, Catherine Bergego Scale, PA, prism adaptation; SA,
sham adaptation.

positive effects of PA were seen in 1 study (for mild neglect
only),"”” but not in another.* Although all early studies
(including ours) reported improvement in basic ADL over
time, it is uncertain to what extent this change is related to

Table 4. Fixed-Effect Predictors and Covariates for Predicting
the MAC Asymmetry Score Across Assessment in Weeks 2, 4,
and 14 (n = 69).

Predictor B SEB 95% ClI P

Group (PA)* 0.45 0.54 -0.62 to 1.53 406
Time =0.11 0.04 -0.18 to —0.04 .003
Time x Group -0.01 0.06 -0.12t0 0.10 .851
Baseline MAC 0.65 0.06 0.53 to 0.77 <.001

Abbreviations: MAC, Mobility Assessment Course; PA, prism adaptation.
*The B coefficient for the predictor “Group” indicates that the predicted
MAC asymmetry score is on average 0.45 points higher for the PA

group compared with the SA group, although this effect is not significant.

Table 5. Fixed-Effect Predictors and Covariates for Predicting
the SC Asymmetry Score Across Weeks | to 14 (n = 69).

Predictor B SEB 95% ClI P

Group (PA)? -0.42 0.95 -2.29to |1.46 661
Time -0.27 0.06 -0.38 to —0.15 <.001
Time x Group 0.17 0.09 -0.01 to 0.35 .057
Baseline SC 0.50 0.06 0.38 to 0.62 <.001

Abbreviations: PA, prism adaptation; SC, shape cancellation task.

*The B coefficient for the predictor “Group” indicates that the predicted
SC asymmetry score is on average 0.42 points lower for the PA group
compared with the SA group, although this effect is not significant.

an actual improvement of the core deficit in neglect: lateral-
ized inattention. Because only basic activities are observed
with the CBS and FIM, improvement could relate to the use
of compensatory strategies, especially because many of
these basic activities are practiced daily during inpatient
rehabilitation. In all 5 studies, the lateralized attention defi-
cit was also measured with (different) neuropsychological
neglect tasks. In general (with the exception of positive
findings on a few tasks), no beneficial effects of PA were
found directly after treatment'®"” or during follow-up com-
pared with SA.'*'1°222* With cancellation tasks, in which
no time limit is provided, compensation strategies are quite
easily incorporated. Results on dynamic multitasks in a
daily life environment, such as the MAC in our RCT, have
not been reported yet. Visual search while moving (MAC)
is not used in daily routines, such as basic ADL, and it is
more dynamic in nature compared with neuropsychological
tests.”> Nevertheless, no difference was seen between
groups on MAC performance in the current study. Because
it is a fairly new test, it remains to be seen to what extent
this task is insensitive to compensation strategies or leaves
less room for compensation. In sum, in most early-onset
RCTs, few beneficial effects of PA over SA are reported.
This is in sharp contrast to the RCTs in the later and/or
chronic phase, in which positive effects of PA compared
with SA (or no treatment) were reported on at least 1 out-
come measure in all studies’''*'"'® but one.”” Note
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that this is a rough comparison because studies differed
regarding treatment characteristics, such as intensity.
However, looking at studies with low (1 session in total)”!"4’
versus high (5 sessions per week)'®? intensity does not
suggest that a higher intensity results in better outcome.

It has been argued that SA (the control treatment) is a form
of visuomotor training and could, therefore, also diminish
neglect.'® The SA procedure requires the patient to plan and
perform a series of movements toward stimuli in the ipsile-
sional and contralesional fields. Half of the movements (ie,
toward contralesional stimuli) might train the orientation of
the sensorimotor system toward the neglected side. The study
of Serino et al,'* however, indicated that patients wearing
sham goggles improved only a little, whereas their perfor-
mance on neuropsychological tests greatly improved when
they subsequently received PA. In several other studies, no
improvement was found in the SA group, whereas the PA
group improved.”'""'” It seems, therefore, more likely that
other factors led to recovery of patients receiving SA.

Timing of treatment, therefore, seems to be the crucial
factor for significant beneficial effects of PA. In the first 3
months poststroke, a neglect patient group is more hetero-
geneous compared with a later stage. There are 2 important
mechanisms that may enhance the heterogeneity: first,
spontaneous neurobiological recovery in the first 3 months
post-stroke onset is variable between patients.*** About
half of patients with neglect in the first week poststroke do
not show neglect as measured with a cancellation task 12
weeks later.* Second, treatment responsiveness on the exist-
ing multidisciplinary rehabilitation program could differ
between patients. In particular, the visual scanning training
may have the largest impact on the use of compensation
strategies to avoid impairment during (simple) activities in
daily living resulting from the lateralized attention deficit
(see above). In the chronic phase, therefore, the group is
more homogeneous compared with the early phase because
quick-recovering patients are not included.

Evaluating intervention effects (of PA or other interven-
tions) for neglect on a group level in such a heterogeneous
group might not be the most appropriate approach. Future
studies should focus on tracing factors that determine indi-
vidual differences between patients (eg, data-driven [clus-
ter] analyses) and, hence, patterns of recovery at the
subgroup level (eg, van Mierlo et al*’). Subsequently, the
choice of treatment could be based on this knowledge (sev-
eral examples exist in the literature on drug treatment®).
Such studies are needed in rehabilitation research too
because data-driven analyses allow the generation of new
hypotheses. This is necessary because the current approach
has not resulted in evidence—or evidence only to a limited
extent—on beneficial effects of neglect treatment in the
subacute phase post—stroke onset.

Alternatively, a theory-driven approach could be used to
diminish heterogeneity of the syndrome when the focus of

the study is aimed at specific subtypes of neglect, such as
region-specific neglect,”*>' or distinctions between percep-
tual awareness versus neglect in action planning and
execution.”**” In addition, patients who are likely to benefit
from PA could be differentiated based on brain properties.
Lesion data or data regarding brain networks could be used
in both a theory-driven approach, because different neglect
subtypes likely have a different neuroanatomical bases, as
well as in a data-driven approach, based on patterns of
recovery in patients with different lesion locations.'***"** For
example, lesions in the cerebellum® or (wide) lesions in the
occipital lobe'* seem to limit the effect of PA. Notwithstanding
the theoretical importance of such distinctions, analyzing
smaller subgroups was currently not feasible statistically.
Future trials should include measures that allow differentia-
tion between such subtypes and/or lesion sites to reveal
which patients benefit from the studied treatment.

Finally, because neglect is a multifaceted disorder, the
best treatment might involve combinations of different ther-
apeutic techniques.’®>’ A review study regarding this topic
concluded that combined treatments led to larger beneficial
effects compared with individual treatments (the phase of
treatment was not specified).”’” However, more basic knowl-
edge on the best timing of neglect treatment and individual
recovery patterns is needed first to aid the development of
evidence-based tailored treatment.

Strengths and Limitations

A large number of neglect patients were included, and
almost no patient dropped out during treatment or was lost
to follow-up. This can be considered a strength because the
treatment should eventually be integrated within the current
rehabilitation program. This was the first study in which
patients with right-sided neglect after left hemisphere
lesions were included. The strength of the study (ie, all
neglect patients in the subacute phase were included) is,
however, at the same time a limitation because the hetero-
geneity of the group could have prevented us from finding
(subtle) effects of PA. Patients were tested only for neglect;
thus, visual field defects were not detected. Positive effects
of PA on neglect in patients with comorbid hemianopia,
however, have been reported.13 In addition, because patients
were randomized, we did not expect comorbid visual field
defects to affect our results.

An important drawback of a study that is performed as
part of an existing rehabilitation program is the lack of con-
trol regarding other treatments. In the current rehabilitation
center, neglect treatment consisted of 1 hour of visual scan-
ning training per week, in combination with efforts made by
the complete team during every day, throughout the admis-
sion (eg, physical and occupational therapists as well as
nursing staff trying to enhance attention for the neglected
side). The intensity of the usual care might, therefore, differ
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between individual patients, depending on the severity of
neglect and treatment sessions (physical, occupational, etc)
per day. At the group level, however, estimations are that
the groups received largely comparable amounts of neglect
training and feedback on a daily basis.

A final limitation is the difference between SA and PA
groups at baseline for patients with right-sided lesions.
Patients in the SA group obtained higher CBS scores (indi-
cating more severe neglect) compared with patients in the
PA group. SA patients had, therefore, more potential for
rehabilitation, which could, possibly, have affected our
results. To minimize this effect, we have corrected for the
baseline score in our models.

Conclusions

No time-dependent beneficial effects were found in a large
sample of neglect patients after PA compared with SA in the
subacute phase poststroke. Possibly, PA is no effective treat-
ment for neglect in the subacute phase. It could, however,
also relate to the heterogeneity of the neglect syndrome,
enhanced by neurobiological recovery or standard treat-
ment effects. To conclude, we found no evidence that PA
should replace the current treatment for neglect in the sub-
acute phase poststroke.

Acknowledgments

We would like to thank all patients who participated in this study
and the nurses, occupational therapists, and physical therapists
who observed the patients throughout the study.

Authors’ Note
Trial registration Number: NTR3278.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The authors disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: Funded by
the Revalidatiefonds (R2012134) and Netherlands Organization for
Scientific Research (NWO; 451-10-013). The Revalidatiefonds
approved the design of the study. NWO and the Revalidatiefonds
have no other role regarding the data or manuscript.

References

1. Buxbaum LJ, Ferraro MK, Veramonti T, et al. Hemispatial
neglect: subtypes, neuroanatomy, and disability. Neurology.
2004;62:749-756.

2. Appelros P, Karlsson GM, Seiger A, Nydevik I. Neglect and
anosognosia after first-ever stroke: incidence and relationship
to disability. J Rehabil Med. 2002;34:215-220.

10.

11.

12.

13.

14.

15.

16.

17.

. Chen P, Chen CC, Hreha K, Goedert KM, Barrett AM.

Kessler foundation neglect assessment process uniquely
measures spatial neglect during activities of daily living.
Arch Phys Med Rehabil. 2015;96:869-876.e1. doi:10.1016/].
apmr.2014.10.023

. Nijboer TCW, Kollen BJ, Kwakkel G. Time course of visuo-

spatial neglect early after stroke: a longitudinal cohort study.
Cortex. 2013;49:2021-2027. doi:10.1016/j.cortex.2012.11.006

. Nijboer TCW, van de Port I, Schepers V, Post M, Visser-

Meily JMA. Predicting functional outcome after stroke: the
influence of neglect on basic activities in daily living. Front
Hum Neurosci. 2013;7:1-6. doi:10.3389/fnhum.2013.00182

. Katz N, Hartman-Maeir A, Ring H, Soroker N. Functional

disability and rehabilitation outcome in right hemisphere
damaged patients with and without unilateral spatial neglect.
Arch Phys Med Rehabil. 1999;80:379-384. doi:10.1016/
S0003-9993(99)90273-3

. Pizzamiglio L, Antonucci G, Judica A, Montenero P,

Razzano C, Zoccolotti P. Cognitive rehabilitation of the
hemineglect disorder in chronic patients with unilateral right
brain damage. J Clin Exp Neuropsychol. 1992;14:901-923.
doi:10.1080/01688639208402543

. Bowen A, Hazelton C, Pollock A, Lincoln NB. Cognitive

rehabilitation for spatial neglect following stroke. Cochrane
Database Syst Rev. 2013;(7):CD003586. doi:10.1002/
14651858.CD003586.pub3

. Rossetti Y, Rode G, Pisella L, et al. Prism adaptation to a

rightward optical deviation rehabilitates left hemispatial
neglect. Nature. 1998;395:166-169. doi:10.1038/25988
Frassinetti F, Angeli V, Meneghello F, Avanzi S, Ladavas E.
Long-lasting amelioration of visuospatial neglect by prism
adaptation. Brain. 2002;125:608-623.

Angeli V, Benassi MG, Ladavas E. Recovery of oculo-
motor bias in neglect patients after prism adaptation.
Neuropsychologia. 2004;42:1223-1234. doi:10.1016/j.neuro-
psychologia.2004.01.007

Serino A, Angeli V, Frassinetti F, Ladavas E. Mechanisms
underlying neglect recovery after prism adaptation.
Neuropsychologia. 2006;44:1068-1078. doi:10.1016/j.neuro-
psychologia.2005.10.024

Nys GMS, de Haan EHF, Kunneman A, de Kort PLM,
Dijkerman HC. Acute neglect rehabilitation using repeti-
tive prism adaptation: a randomized placebo-controlled trial.
Restor Neurol Neurosci. 2008;26:1-12.

Serino A, Barbiani M, Rinaldesi M, Ladavas E. Effectiveness
of prism adaptation in neglect rehabilitation: a controlled
trial study. Stroke. 2009;40:1392-1398. doi:10.1161/
STROKEAHA.108.530485

Saevarsson S, Kristjansson A, Halsband U. Strength in num-
bers: combining neck vibration and prism adaptation produces
additive therapeutic effects in unilateral neglect. Neuropsychol
Rehabil. 2010;20:704-724. doi:10.1080/09602011003737087
Turton AJ, O’Leary K, Gabb J, Woodward R, Gilchrist
ID. A single blinded randomised controlled pilot trial of
prism adaptation for improving self-care in stroke patients
with neglect. Neuropsychol Rehabil. 2010;20:180-196.
doi:10.1080/09602010903040683

Vangkilde S, Habekost T. Finding Wally: prism adaptation
improves visual search in chronic neglect. Neuropsychologia.



Ten Brink et al

1027

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

2010;48:1994-2004. doi:10.1016/j.neuropsychologia.2010.
03.020

Ladavas E, Bonifazi S, Catena L, Serino A. Neglect reha-
bilitation by prism adaptation: different procedures have
different impacts. Neuropsychologia. 2011;49:1136-1145.
doi:10.1016/j.neuropsychologia.2011.01.044

. Mizuno K, Tsuji T, Takebayashi T, Fujiwara T, Hase K, Liu

M. Prism adaptation therapy enhances rehabilitation of stroke
patients with unilateral spatial neglect: a randomized, con-
trolled trial. Neurorehabil Neural Repair. 2011;25:711-720.
doi:10.1177/1545968311407516

Mancuso M, Pacini M, Gemignani P, et al. Clinical appli-
cation of prismatic lenses in the rehabilitation of neglect
patients: a randomized controlled trial. Eur J Phys Rehabil
Med. 2012;48:197-208.

Priftis K, Passarini L, Pilosio C, Meneghello F, Pitteri M.
Visual scanning training, limb activation treatment, and
prism adaptation for rehabilitating left neglect: who is the
winner? Front Hum Neurosci. 2013;7:360. doi:10.3389/
fnhum.2013.00360

Rode G, Lacour S, Jacquin-Courtois S, et al. Long-term
sensorimotor and therapeutical effects of a mild regime of
prism adaptation in spatial neglect: a double-blind RCT
essay. Ann Phys Rehabil Med. 2015;58:40-53. doi:10.1016/j.
rehab.2014.10.004

Spaccavento S, Cellamare F, Cafforio E, Loverre A, Craca
A. Efficacy of visual-scanning training and prism adapta-
tion for neglect rehabilitation. App! Neuropsychol Adult.
2016;23:313-321. doi:10.1080/23279095.2015.1038386
Vaes N, Nys G, Lafosse C, et al. Rehabilitation of visuospa-
tial neglect by prism adaptation: effects of a mild treatment
regime. A randomised controlled trial [published online July
18, 2016]. Neuropsychol Rehabil. doi:10.1080/09602011.201
6.1208617

Ten Brink AF, Visser-Meily JMA, Nijboer TCW.Dynamic
assessment of visual neglect: The Mobility Assessment Course
as a diagnostic tool [published online May 14, 2017]. J Clin
Exp Neuropsychol. doi:10.1080/13803395.2017.1324562
Barrett AM, Goedert KM, Basso JC. Prism adaptation for spa-
tial neglect after stroke: translational practice gaps. Nat Rev
Neurol. 2012;8:567-577. doi:10.1038/nrneurol.2012.170
Machner B, Mah Y-H, Gorgoraptis N, Husain M. How reli-
able is repeated testing for hemispatial neglect? Implications
for clinical follow-up and treatment trials. J Neurol Neurosurg
Psychiatry.  2012;83:1032-1034.  doi:10.1136/jnnp-2012-
303296

Ten Brink AF, Verwer JH, Biesbroek JM, Visser-Meily
JMA, Nijboer TCW. Differences between left- and right-
sided neglect revisited: a large cohort study across multiple
domains. J Clin Exp Neuropsychol. 2017;39:707-723. doi:10.
1080/13803395.2016.1262333

Ramsey LE, Siegel JS, Lang CE, Strube M, Shulman GL,
Corbetta M.Behavioural clusters and predictors of performance
during recovery from stroke [published online February 17,
2017]. Nat Hum Behav. doi:10.1038/s41562-016-0038

Khan F, Amatya B, Galea MP, Gonzenbach R, Kesselring
J. Neurorehabilitation: applied neuroplasticity. J Neurol.
2017;264:603-615. doi:10.1007/s00415-016-8307-9

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Carey LM, Seitz RJ, Parsons M, et al. Beyond the lesion:
neuroimaging foundations for post-stroke recovery. Future
Neurol. 2013;8:507-527. doi:10.2217/fnl.13.39

Ten Brink AF, Visser-Meily JMA, Nijboer TCW. Study pro-
tocol of “Prism adaptation in Rehabilitation”: a randomized
controlled trial in stroke patients with neglect. BMC Neurol.
2015;15:5. doi:10.1186/s12883-015-0263-y

Ten Brink AF, Nijboer TCW, Van Beekum L, et al. De
Nederlandse Catherine Bergego schaal: een bruikbaar en
valide instrument in de CVA zorg. Wet Tijdschr Ergother.
2013;(6):27-36.

Van der Stoep N, Visser-Meily J, Kappelle L, et al. Exploring
near and far regions of space: distance-specific visuospatial
neglect after stroke. J Clin Exp Neuropsychol. 2013;35:799-
811. doi:10.1080/13803395.2013.824555

Smit M, Van der Stigchel S, Visser-Meily JIMA, Kouwenhoven
M, Eijsackers ALH, Nijboer TCW. The feasibility of com-
puter-based prism adaptation to ameliorate neglect in sub-
acute stroke patients admitted to a rehabilitation center. Front
Hum Neurosci. 2013;7:353. doi:10.3389/fnhum.2013.00353
Azouvi P, Marchal F, Samuel C, et al. Functional conse-
quences and awareness of unilateral neglect: study of an
evaluation scale. Neuropsychol Rehabil. 1996;6:133-150.
doi:10.1080/713755501

Folstein MF, Folstein SE, McHugh PR. “Mini-mental
state”: a practical method for grading the cognitive state of
patients for the clinician. J Psychiatr Res. 1975;12:189-198.
doi:10.1016/0022-3956(75)90026-6

Nasreddine ZS, Phillips NA, Bédirian V, et al. The Montreal
Cognitive Assessment, MoCA: a brief screening tool for mild
cognitive impairment. J Am Geriatr Soc. 2005;53:695-699.
doi:10.1111/j.1532-5415.2005.53221.x

Solomon TM, DeBros GB, Budson AE, Mirkovic N, Murphy
CA, Solomon PR. Correlational analysis of 5 commonly
used measures of cognitive functioning and mental status: an
update. Am J Alzheimers Dis Other Demen. 2014;29:718-722.
doi:10.1177/1533317514534761

Deelman B, Koning-Haanstra M, Liebrand W, van den
Burg W. Stichting Afasie Nederland—de SAN-Test. Lisse,
Netherlands: Swets & Zeitlinger; 1981.

Collin C, Wade D. Assessing motor impairment after stroke:
a pilot reliability study. J Neurol Neurosurg Psychiatry.
1990;53:576-579. doi:10.1136/jnnp.53.7.576

Collin C, Wade D, Davies S, Horne V. The Barthel ADL
index: a reliability study. Disabil Rehabil. 1988;10:61-63.
doi:10.3109/09638288809164103

Holden MK, Gill KM, Magliozzi MR, Nathan J, Piehl-Baker
L. Clinical gait assessment in the neurologically impaired:
reliability and meaningfulness. Phys Ther. 1984;64:
35-40.

IBM Corp. IBM SPSS Statistics for Windows, Version 23.0.
Armonk, NY: IBM Corp; 2015.

Goedert KM, Boston RC, Barrett AM. Advancing the sci-
ence of spatial neglect rehabilitation: an improved statistical
approach with mixed linear modeling. Front Hum Neurosci.
2013;7:211. doi:10.3389/fnhum.2013.00211

Field A. Discovering Statistics Using IBM SPSS Statistics. 4th
ed. London, UK: Sage Publications; 2013.



1028

Neurorehabilitation and Neural Repair 31(12)

47.

48.

49.

50.

51.

52.

Saevarsson S, Halsband U, Kristjansson A. Designing reha-
bilitation programs for neglect: could 2 be more than 1+1?
Appl Neuropsychol. 2011;18:95-106. doi:10.1080/09084282
.2010.547774

Winters C, van Wegen EEH, Daffertshofer A, Kwakkel G.
Generalizability of the maximum proportional recovery rule
to visuospatial neglect early poststroke. Neurorehabil Neural
Repair. 2017;31:334-342. doi:10.1177/1545968316680492
van Mierlo M, van Heugten C, Post MWM, Hoekstra T,
Visser-Meily A.Trajectories of health-related quality of life
after stroke: results from a one-year prospective cohort study
[published online March 13, 2017]. Disabil Rehabil. doi:10.1
080/09638288.2017.1292320

Leyens L, Reumann M, Malats N, Brand A. Use of big data for
drug development and for public and personal health and care.
Genet Epidemiol. 2017;41:51-60. doi:10.1002/gepi.22012
Aimola L, Schindler I, Simone AM, Venneri A. Near and
far space neglect: task sensitivity and anatomical substrates.
Neuropsychologia. 2012;50:1115-1123. doi:10.1016/j.neuro-
psychologia.2012.01.022

Goedert KM, Chen P, Boston RC, Foundas AL, Barrett
AM. Presence of motor-intentional aiming deficit predicts

53.

54.

55.

56.

57.

functional improvement of spatial neglect with prism adap-
tation. Neurorehabil Neural Repair. 2014;28:483-493.
doi:10.1177/1545968313516872

Chen P, Goedert KM, Shah P, Foundas AL, Barrett AM.
Integrity of medial temporal structures may predict better
improvement of spatial neglect with prism adaptation treat-
ment. Brain Imaging Behav. 2014;8:346-358. do0i:10.1007/
s11682-012-9200-5

Redding GM, Rossetti Y, Wallace B. Applications of prism
adaptation: a tutorial in theory and method. Neurosci Biobehav
Rev. 2005;29:431-444. doi:10.1016/j.neubiorev.2004.12.004
Gossmann A, Kastrup A, Kerkhoff G, Lopez-Herrero C,
Hildebrandt H. Prism adaptation improves ego-centered
but not allocentric neglect in early rehabilitation patients.
Neurorehabil Neural Repair. 2013;27:534-541. doi:10.1177/
1545968313478489

Kerkhoff G, Schenk T. Rehabilitation of neglect: an update.
Neuropsychologia. 2012;50:1072-1079. doi:10.1016/j.neuro-
psychologia.2012.01.024

Fasotti L, van Kessel M. Novel insights in the rehabilitation
of neglect. Front Hum Neurosci. 2013;7:780. do0i:10.3389/
fnhum.2013.00780



