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Abstract
Objective—To compare the accuracy of common clinical tests for left neglect with that of a
computerized reaction time Posner test in a stroke population.

Design—Neglect measures were collected longitudinally in stroke patients at the acute (≈2wk)
and chronic (≈9mo) stage. Identical measures were collected in a healthy control group.

Setting—Inpatient and outpatient rehabilitation.

Participants—Acute stroke patients (n=59) with left neglect, 30 of whom were tested
longitudinally; healthy age-matched controls (n=30).

Interventions—Not applicable.

Main Outcome Measures—A receiver operating characteristic analysis, ranking the measures'
sensitivity and specificity using a single summary statistic.

Results—Most clinical tests were adequately accurate at the acute stage, but many were near
chance at the chronic stage. The Posner test was the most sensitive test at both stages, the most
sensitive variable being the reaction time difference for detecting targets appearing on the left
compared to the right side.

Conclusions—Computerized reaction time tests can be used to screen for subtle but potentially
clinically relevant left neglect, which may not be detectable by conventional clinical tests,
especially at the chronic stage. Such tests may be useful to assess the severity of the patients'
deficits and provide more accurate measures of the degree of recovery in clinical trials than
established clinical measures.
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Hemispatial neglect is a tendency to miss or ignore stimuli on the side opposite the brain
lesion, frequently associated with nonspatially selective deficits in attention, such as slower
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processing detection speed in both hemifields1,2. Neglect occurs in roughly 20 to 30% of
patients with acute stroke1,3,4 and is more common for right-sided lesions1,3,4,5. Symptoms
often attenuate with time but can persist into the chronic stage6, with a prevalence of about
10% to 15% a year of more after stroke according to some studies.7-10

Neglect contributes significantly to disability following stroke and has been identified as a
predictor of poor rehabilitation outcome.11,12 Sensitive screening tests for neglect are
important, as this deficit may be less obvious to patients, families, and the medical team than
physical symptoms such as hemiparesis. One recent study estimated that 61% of cases of
acute neglect go undetected.13

The most common standardized screening tests in the clinical setting are paper-and-pencil
tests and other tabletop tests involving simulation of everyday activities.14 These tests may
be more sensitive than a nonstandardized bedside screening,13 but there is insufficient
evidence of the reliability, validity, and sensitivity of such tests. Agrell,15 Lindell,16

Bailey,17 and colleagues reported detection rates of 46%, 41%, and 75% for the BIT Star
Cancellation Subtest, respectively, in right hemisphere stroke patients with neglect about 9
to 11 weeks poststroke. In general authors have recommended using a battery of tests to
increase diagnostic accuracy, at the expense of increased diagnostic burden.

Paper-and-pencil tests may be especially poor at detecting neglect in the chronic stage. After
learning compensatory strategies or partially recovering, patients may be able to pass a test
in which they have unlimited time to identify static targets while they may still be impaired
in reacting promptly to briefly presented targets.

One longitudinal study found that only 6 out of 27 patients with left neglect at the acute
stage (<7d poststroke) continued to show neglect at 3 months according to the BIT8, while
another found that 8 of 14 patients with left neglect at the subacute stage (<3mo) continued
to show neglect at 6 months according to the BIT.18 However, it is unknown how many of
the patients with “recovered” neglect may have still had neglect symptoms undetectable by
the BIT.

Computerized RT tests offer a promising alternative approach for neglect screening.19-21 RT
tests can capture deficits in speed of response, identifying subtle but significant neglect that
a static paper and pencil test might miss. Deouell et al,21 for instance, found that a
computerized RT test was more sensitive to neglect than paper-and-pencil tests in subacute
(≈7wk poststroke) right hemisphere stroke patients in a rehabilitation hospital. Fifty percent
of patients who passed the BIT nevertheless showed signs of neglect on the RT test. One
noteworthy case report within this study profiled a patient followed after discharge from the
hospital. The patient returned to driving and “was involved in 9 car accidents, all concerning
the left side of his car.” This patient tested positive for neglect on the RT test but passed the
BIT. To date, however, no study has assessed the performance of an RT neglect test
longitudinally in a group of patients with stroke.

In the present study, we compare longitudinally the accuracy of an RT test with a battery of
clinical tests, using ROC analysis. The clinical tests are representative of those commonly
used in investigational settings22 and in clinical practice.23 The battery included tests of both
personal and peripersonal neglect as well as scores for both lateralized performance
(difference in performance between the left and right hemispaces) and nonlateralized
(overall performance across both left and right hemispaces) performance. For the RT test we
selected the Posner cueing paradigm,24 as it was designed to measure both delays in
detecting targets in the contralesional space and difficulty disengaging from stimuli on the
ipsilesional side, 2 processes hypothesized to be impaired in neglect.24,25
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We hypothesized that the reaction time test would be more accurate in detecting neglect than
the clinical tests, at both the acute and chronic stages.

Methods
Patients

Patients with stroke met the following inclusion criteria: (1) 18 years of age or older; (2)
single acute right hemisphere cerebrovascular lesion; (3) awake, alert, and able to consent to
enrollment and complete the study tests; and (4) clinically significant left neglect as reported
by treating physician or therapist. We defined clinically significant left neglect as impaired
self-care or difficulty with higher-level activities such as reading or navigating the
environment due to decreased attention to the left, including asomatognosia, visual, sensory,
or motor neglect. Clinician diagnosis of left neglect at the acute stage was then the criterion
standard used in defining the presence of neglect in our analysis.

Exclusion criteria were as follows: (1) CT or MRI evidence of other lesions, although we
allowed up to 2 clinically silent lacunae with a diameter less than 15mm and evidence of
periventricular white matter disease up to grade 5 on Longstreth's classification 28 (as a
higher level of disease has been found to be significantly associated with cognitive decline);
(2) pre-existing neurologic or psychiatric conditions, such as dementia, schizophrenia, or
previous stroke or brain injury; (3) visual problems such as macular degeneration or
homonymous hemianopsia (although patients with quadrantanopsia were included, because
we were always able to position the stimuli outside their field cut), evaluated clinically by
the study physician; and (4) score of 9 or greater on the Short Blessed Test,29 a brief
dementia screen.

We recruited 59 patients with left neglect after stroke from Barnes-Jewish Hospital and the
Rehabilitation Institute of St. Louis. Patients provided informed consent according to
procedures approved by the Washington University Institutional Review Board. Thirty
healthy, age-matched subjects served as controls. The latter group comprised elderly
participants who volunteered to undergo yearly neurologic and cognitive assessment as part
of an ongoing, longitudinal study of age-related cognitive changes.

Mean time from stroke onset to acute testing was 16±11 days (mean ± SD). We invited all
patients to return 6 to 9 months later. Thirty patients completed testing in the chronic stage.
Patients who did not return for chronic testing, due to a change in medical status, relocation,
or other reason, did not differ significantly from those who did return in stroke severity, age,
or neglect severity at the acute stage. Mean time from stroke onset to chronic testing was
39±16.7 weeks.

All patients had a first-ever right hemisphere stroke (55 ischemic, 4 hemorrhagic),
diagnosed by a neurologist and confirmed with head CT or MRI. Lesions included right
hemispheric cortical and subcortical lesions; a map of the group-wise lesion overlap for 30
of the patients is shown in figure 1. (The patients who returned for chronic testing had an
anatomical MRI.)

Mean age was 60.5±15.2 years, and 49% of the patients were women. Most patients were
right handed (88%) per the Edinburgh Handedness Inventory.26 All patients underwent
acute inpatient or outpatient rehabilitation. Overall stroke severity ranged from mild to
severe as measured by National Institutes of Health Stroke Scale score27, assessed within 24
hours of admission. Average National Institutes of Health Stroke Scale was 11.7±5.9
(moderate severity).
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Mean age ± SD of the control group was 63.2±15.6 years, and 53% were women.

Procedures
Patients completed a 1-hour testing session in a quiet room at the Rehabilitation Institute of
St. Louis.

Clinical tests—Tests had no time limits. The examiner presented stimuli at midline and
provided no feedback other than to ask “Are you finished?” after the patient stopped
working.

Line cancellation30—A pseudo-random array of 40 diagonal lines, presented in
peripersonal space. We measured “nonlateralized spatial attention” as the total number of
misses and “lateralized spatial attention” as the difference between the number of left and
right misses (L-R difference).

Behavioral Inattention Test: star cancellation subtest31—A pseudo-random array
of 54 targets with 52 distracters, presented in peripersonal space. We recorded total misses
and L-R difference.

Mesulam Test: random array symbol cancellation subtest32,33—A pseudo-
random array of 60 target symbols with several hundred distracters, presented in
peripersonal space. We recorded total misses and L-R difference.

Behavioral Inattention Test: Article reading subtest31—A 3-column article,
presented in peripersonal space, to be read out loud. We recorded total words missed and L-
R difference.

Clock drawing test—Patients were to draw the face of a clock and set the time. We rated
drawings using the 15-point scale devised by Freedman.34

Baking tray test35—A functional test of neglect, presented in peripersonal space. Patients
were to place 16 plastic “cookies” on a tray as if they were going to bake them. Each cookie
placed left or right of midline counted for 1 point, up to 16 points per side. Next, the
examiner placed the cookies in a symmetric pattern and asked patients to replicate the
pattern. We recorded before and after demonstration total misses and L-R difference.

Shape test36—This test is intended to identify patients whose neglect might be due to
difficulty disengaging their attention from the ipsilesional field. Patients were to touch 16
colored wooden shapes arrayed on a felt board, presented in peripersonal space, under 4
randomly-ordered conditions. In the first, the examiner removed each shape as the patient
touched it (“visually-guided with removal”). In the second, the shapes were not removed
(“visually-guided without removal”). In the third and fourth, patients were blindfolded
(“tactilely-guided with removal” and “tactilely-guided without removal”). We recorded total
misses and L-R difference.

Fluff test37—A test of personal neglect. The examiner attached 6 targets to the blindfolded
patient's left arm, leg, and trunk. Patients were to remove the targets with their right hand.
We recorded misses.
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Computerized Reaction Time Test: Posner Cueing Paradigm
Stimuli were generated by an Apple Power Macintosh computer and displayed on a 17 inch
Apple Monitor. Behavioral responses were acquired through a Carnegie Mellon button box
interfaced with the computer. The experimenter visually screened for eye movements and
encouraged visual fixation whenever a fixation break occurred. The display contained a
central fixation cross and two eccentric, square frames (side 1 degree, center of frame at 3.3°
from the fixation cross) positioned along the horizontal meridian to the left and right of
fixation. For the 2 patients with a quadrantanopsia, we presented stimuli in the visible part of
the field on symmetrically opposite positions across the vertical meridian. The onset of a
new trial was signaled by a color change, from red to green, of the fixation cross. Then
800ms later an arrow cue pointing left or right appeared at fixation for 2360ms. Following a
delay ranging from 1000 to 2000ms the target (an asterisk) appeared for 300ms within 1 of
the 2 frames (left or right). On 75% of the trials, the target appeared at the location indicated
by the cue (valid condition), while on 25% of the trials it appeared at the opposite location
(invalid condition). Patients had to detect the target as quickly as possible with a right hand
keypress. The RTs were recorded. An intertrial interval of 2360ms separated subsequent
trials. Blocks contained 40 trials (30 valid, 10 invalid). Each patient completed 2 blocks. The
test took a total of 15 minutes to administer, including a practice block.

We measured lateralized spatial attention (Posner L-R difference) as relative delay in RTs
for targets presented in the left versus right visual field. Because most patients with stroke
missed many trials in the left field, the longest possible RT (2000ms) was substituted for
missed trials in order to create a unified index that took into account both accuracy and
speed. No patient missed every trial for any condition. We measured nonlateralized spatial
attention (average RT) as the average of the RTs across all 4 conditions.

Data Analysis
Previous research has assessed the accuracy of neglect tests by comparing scores of neglect
patients to those of healthy control subjects. The cut-off scores for classifying a patient as
having neglect are typically set using high confidence intervals,17,28,31,32 which ensures
high specificity (the ability to minimize false positives), at the cost of low sensitivity (the
ability to minimize false negatives). Rather than comparing sensitivities of different scores
given an arbitrary level of specificity, we used an ROC-based analysis which combines
sensitivity and specificity into a single variable, to quantify the accuracy of the different
instruments in differentiating between test and control groups.

The ROC analysis trades-off sensitivity and specificity. The curve plots the estimated false
negative rate, using a given score as a cut-off, against the false positive rate for the same cut-
off score. The curve is traced by varying the cut-off score over the range of possible score
values. The AUC is a direct measure of the diagnostic power of the test. An AUC of 1.0
indicates a perfect test, that is all patients with neglect are classified as such while none of
the subjects without neglect is diagnosed as having neglect, while an AUC of 0.5 indicates a
test that does no better than chance at differentiating patients with neglect from participants
without neglect.39

Because the AUC is not a normally distributed variable, conventional parametric procedures
cannot be used. In order to establish whether tests for neglect differed in their diagnostic
accuracy, we used a nonparametric method based on a bootstrap resampling procedure.40

This procedure allows one to test the significance of the difference between the AUCs for 2
different tests. The procedure involved the following steps. First the scores were
transformed into ordinal values. Thus the worst score was given a value of 1, the second
worst score a value of 2 and so forth. This had no affect on the AUCs, because the AUC
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only depends on the ordinal relationship between the scores in the patient and control group.
Second, on each iteration, paired pseudo-samples were created by sampling with
replacement the joined set of scores. Each of the 2 samples thus obtained contained ordinal
values obtained from both scores. The significance for the 2-tailed, paired comparison was
obtained by computing the proportion of iteration, in which the absolute value of the
difference between the AUC computed from bootstrapped samples was greater that the
absolute value of the difference between the AUCs computed from the original data. To
ensure that we could accurately estimate the p-value to the second decimal position, that is,
at a significance level of 0.01, estimates of the p-value were based on 100,000 iterations.

Results
As shown in tables 1 and 2, almost all tests showed worst mean performance for acute
patients (most missed targets or slowest RTs), intermediate mean performance for chronic
patients, and best mean performance for control subjects. Each neglect patient scored below
the cut-off published in the test manual or original paper on at least one clinical test at the
acute stage (see table 3 for cut-off scores), and 27 of 30 scored below cut-offs on at least 1
test at the chronic stage.

Figure 2 displays the AUC for the tests at the acute and chronic stages. All tests had higher
than chance accuracy at the acute stage (chance=0.5), but only some did at the chronic stage.
The Posner L-R RT score had the highest AUC at both stages. Interestingly, the AUC was
greater for total scores than L-R scores for all the clinical tests except the Baking tray test,
while for the Posner task the L-R RT AUC score was slightly greater than the average RT
AUC score.

Table 4 shows the statistical significance of the differences between the AUC scores based
on the Posner L-R RT and Posner average RT, and the AUC scores based on the L-R misses
or total misses on the other tests at both acute and chronic stage. The Posner test showed
significantly better sensitivity than most traditional tests at the acute stage with the exception
of the Mesulam and BIT stars. At the chronic stage, the Posner average score was similar to
the Mesulam total score, and not significantly better than several other pencil-and-paper
scores emphasizing detection in both visual fields (Stars total, Clock, Baking tray after total,
Shapes total misses with and without removal). However, the Posner L-R index was
significantly superior to all pencil-and-paper except the Mesulam total score. The 2 Posner
indexes (average and L-R) showed similar sensitivity.

Discussion
Our analysis suggests that using an RT test may provide a more efficient and accurate
assessment of neglect than clinical tests, particularly at chronic time points when some
recovery has occurred.

The ROC analysis indicated that the clinical tests varied in accuracy, with rankings in a
similar order to those found in previous reports.1,16,17,41,42 Interestingly, all clinical tests
were mildly to moderately accurate at the acute stage, with BIT stars (total and L-R),
Mesulam (L-R), BIT total reading, clock, and Baking tray (total and L-R) being the most
accurate. The Mesulam and BIT total scores, with AUC values approximately .90 consistent
with high sensitivity, performed comparably to the Posner cueing task. These tests should
therefore be first choice for the accurate diagnosis of hemispatial neglect at the acute stage.
The highest sensitivity of the total scores emphasize the clinical importance to take in
consideration bilateral deficits in hemispatial neglect.
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Accuracy dropped from the acute to the chronic stage, with some tests near or below chance
at the chronic stage. Because patients were classified based on the presence of significant
clinical left neglect at the acute stage, one could argue that the clinical tests picked up fewer
cases of chronic neglect simply because the symptoms had recovered. However, our finding
that most subjects at the chronic stage continued to score below cut-offs on at least one
clinical test suggests that recovery is a graded phenomenon and that only a few had fully
recovered.

Importantly, the high accuracy of the Posner test in discriminating controls from chronic
patients also indicates that even in the chronic stage many patients had neglect, and further
suggests that RT measures are a sensitive indicator of chronic neglect. Conversely, a
clinician would fail to pick up neglect in many cases by using just pencil-and-paper tasks. A
notable exception is the Mesulam test where the total miss score seems to have the same
accuracy at the chronic stage as the Posner cueing RT task. Previous studies20,21 in small
groups of patients with chronic stroke have indicated that an RT test may pick up neglect
symptoms undetectable by clinical tests. Our longitudinal analysis confirms the persistence
of relatively impaired performance on the neglected side in a group of 30 stroke patients.
Clinical trials comparing the effectiveness of rehabilitative interventions for neglect and
clinics that treat a high volume of patients with stroke and brain injury may consider
investing in equipment capable of reaction-time tests.

Study Limitations
A limitation of our study is that the results of our bootstrap resampling procedure did not
account for the inflation of the significance value introduced by multiple comparisons.
However, while multiple comparison corrections ensure that a few of the many comparisons
reported will not be significant by chance, in the present case, many of the reported
comparisons between the RT measures and the traditional measures were significant.
Therefore, the present conclusion concerning the overall superiority of the Posner RT
measure in comparison to traditional tests was well supported by the results.

Our study compared subjects with and without stroke. Differences between these groups
may be attributable to generalized effects of brain damage rather than neglect-specific
impairment, thus inflating the value of the AUCs. We speculate, however, that lateralized
RT measures, which showed slightly higher accuracy than average RT in classifying neglect
patients at the acute and chronic stages, may be significantly more accurate than average RT
as well as traditional tests in discriminating stroke patients with neglect from stroke patients
suffering other types of symptoms than total RT measures. It would be interesting in future
work to examine this hypothesis.

This study did not attempt to correlate performance on the RT task with real-life
performance of visual attention tasks. It would have been beneficial to compare clinician
assessment at the chronic stage with the RT task. We intended to use the Catherine Bergego
Scale42, 43 for this purpose as it systematically classifies clinical impression of severity of
neglect and has been shown to be more sensitive than paper-and-pencil measures.
Unfortunately, at the chronic time point nearly all patients had been discharged from
therapies, either because of insurance limitations or because they were deemed recovered, so
we had no way to catalogue clinical impression of the treating therapist at this stage. It is
possible that some patients had neglect on the RT task that was insignificant in their daily
lives, while other patients may have had meangingful symptoms undetectable by clinical
tests. Future research to determine the clinical relevance of given L-R RT differences would
be helpful in applying this type of test.
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Finally, it should be noted that the RT test was limited to the exploration of visual neglect.
Because neglect is a complex phenomenon that can involve tactile, auditory, and motor
systems as well as visual perception, it is possible that this type of RT test is insensitive to
some types of neglect. It would be valuable to study the interactions among different types
of neglect in association with a visual RT task.

Conclusions
While most commonly-used clinical tests of left neglect are sensitive in the florid acute
stage, they may be insensitive to subtle neglect, especially at the chronic stage as patients
acquire compensatory strategies. We found that a single, rapidly-administered reaction time
test showed the highest accuracy of all the tests we evaluated in classifying patients with
neglect at both acute and chronic stages, and this accuracy was significantly better than that
of many clinical tests at the chronic stage. Therapists should consider using a RT test rather
than a paper-and-pencil test especially when assessing patients for ability to return to higher-
level tasks such as driving.
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Fig 1.
Horizontal slices of anatomical MRI standardized in Talairach atlas showing the lesion
distribution for 30 representative patients, obtained at the chronic testing session. The color
scale represents the number of patients with damage in a specific voxel.
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Fig 2.
Displays the Area Under the Curve (x-axis) for each test (y-axis) for acute and chronic
patients.
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Table 3
Clinical Tests, Published Cut-Off Scores

Maximum misses or errors Cut-off score

Lines total misses 40 2

Stars total misses 54 3

Mesulam total misses 60 2

Reading total misses 153 13

Clock errors 15 3

Fluff L misses 6 1

Baking, ratio of contra:ipsi misses 16:0 9:7

Shapes test 16 None available

Note. Displays the cut-off scores for each clinical test as published in the test's manual or in a paper (Lines total misses30, Stars total misses31,

Mesulam total misses33, Reading total misses31, Clock errors34, Fluff L misses37, Baking, ratio of contra:ipsi misses35, Shapes tests36).
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Table 4
P Values of the 2-Tailed Comparisons Between the Posner and Clinical Tests

Acute Chronic

Posner Average RT Posner L-R Difference Posner Average RT Posner L-R Difference

Lines total misses <.01* <.01* <.01* <.01*

Lines L-R difference <.01* <.01* <.01* <.01*

Stars total misses <.01* 0.06 0.07 0.01*

Stars L-R difference <.01* <.01* <.01* <.01*

Mesulam total misses 0.08 0.91 0.61 0.31

Mesulam L-R difference <.01* 0.06 <.01* <.01*

Reading total misses <.01* <.01* 0.01* <.01*

Reading L-R difference <.01* <.01* <.01* <.01*

Clock errors <.01* 0.02* 0.17 0.01*

Fluff L misses <.01* <.01* 0.01* <.01*

Baking before total misses <.01* <.01* <.01* <.01*

Baking before L-R difference <.01* <.01* 0.01* <.01*

Baking after total misses <.01* 0.01* 0.06 0.02*

Baking after L-R difference <.01* <.01* <.01* <.01*

Shapes v/nr total misses <.01* 0.02* 0.18 0.04*

Shapes v/nr L-R difference <.01* <.01* <.01* <.01*

Shapes v/r total misses <.01* <.01* 0.11 0.01*

Shapes v/r L-R difference <.01* <.01* <.01* <.01*

Shapes t/nr total misses <.01* <.01* <.01* <.01*

Shapes t/nr L-R difference <.01* <.01* <.01* <.01*

Shapes t/r total misses <.01* <.01* <.01* <.01*

Shapes r/r, L-R difference <.01* <.01* <.01* <.01*

Posner average RT . 0.06 . 0.53

Posner L-R difference 0.06 . 0.53 .

Note. Displays the significance of differences between the Posner test and the clinical tests for acute and chronic patients. For the Shape test,
v=visual, t=tactile, r=removal of touched targets, nr= no removal of touched targets.

*
P<.05.
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