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Use of Bells Test in the Evaluation of the
Hemineglect Post Unilateral Stroke

Abstract

The Bells Test is a cancellation task with distractors that requires visual
exploration. It can evaluate visual hemineglect. The aim of this study was to
compare performance between groups (right brain damage, left brain damage
and healthy controls) in the Bells Test, as well as to evaluate and characterize the
evaluation of hemineglect through this instrument. Forty-six stroke patients and
46 healthy controls were evaluated with Bells Test. In general patients with right
brain damage had more omissions than those with left brain damage and healthy
controls in left (p = 0.06) and right columns (p = 0.06), and total of omissions
(p = 0.02). They also took longer to complete (showed a long time to perform)
the task (p < 0.001). In addition, we identified 22% of the right brain damage
sample with signs of hemineglect, greater prevalence of disorganized strategies
and a cancellation starting pattern more to the right field. The Bells Test showed
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Introduction

Hemineglect (HN), unilateral HN or hemi-inattention is a complex
set of symptoms in which the patient ignores or does not
respond to stimuli contralateral to the brain lesion [1]. HN occurs
frequently in patients who suffered unilateral stroke, being more
prevalent in individuals with right brain damage (RBD) [2,3].
It is well known that right hemisphere is widely considered as
dominant to spatial selective attention, orientation. Inferior
parietal lobule, superior temporal cortex and inferior frontal
gyrus are regions most frequently lesioned in neglect patients
[4]. The right hemisphere distributes attention evenly in the
both sides of the extra-personal space [5]. The incidence of HN
ranges from 10 to 82% of the RBD patients and from 15 to 65% in
patients with left brain damage (LBD) [2,6,7].

Many different subtypes of HN were reported, and they can
occur in different forms such as visual-spatial, tactile and
auditory. The most common pattern of HN in chronic patients
is neglect of space near the body (peripersonal) and occurs in
approximately 30% of the adults with RBD. Another common
pattern is the association between peripersonal and personal
HN. There are also dissociations between motor HN (difficulty
concerning direction towards the left side of the body) and
attention-perception HN (failure to perceive objects and events
in the contralesional side) [8]. Besides the comorbidities of the
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different types of HN, other sequelae can be related to the HN
syndrome, such as anosognosia (being uncapable of recognizing
his/her own disease). The components of these symptoms can be
associated and dissociated in different ways [9].

HN can be classified as mild, moderate or severe. The level of
impairment is classified based on the patient performance on
the standard battery [10]. The detection of mild HN is more
complicated than severe HN. In such cases, combining different
tests in which quality (coverage of all significant forms of HN)
and quantity (not tiresome for the patients to undergo and cost
effective to the health center), can be a challenge for researchers
regarding the selection of the appropriate instruments [9].

In view of the complexity of HN manifestations and its association
with a worse prognosis of functional recovery and difficulties
in daily activities [11], its diagnosis based on performance
instruments has been the subject of many studies. Several tools
were developed for the assessment of HN over the past decade.
Most are pencil and paper tasks that assess the performance
related to the peripersonal space. Tasks such as line bisection
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(participants are required to bisect a number of lines in half
with varying lengths), figure copying (participants are required
to copy some figures as square, cube, flower) and cancellation
tasks, generally with distractors (participants are required to
cross out all the targets, for example, bells), are used to detect
and quantify the symptoms of visual-spatial and peripersonal HN.
One of the most traditional instruments used for the assessment
of this type of HN is line crossing developed by Albert in 1973
[12], Albert’s Test. In this test, patients must cross out lines that
are placed in random orientations on a piece of paper; however,
this test does not detect mild cases of HN because of the lack of
distractors.

Some authors claim that a single test may not be sensitive to
a particular type of HN in a given patient, since the instrument
selected may not assess the impaired modality, contributing to
the occurrence of false negative results [13]. Thus, a complete
neuropsychological assessment should involve tasks for
indirect investigation of HN such as language (reading and
writing subtests), mathematics and praxis (figure copying) and
behavioral observation. Therefore, although these tests are not
specific for HN assessment, the specialist can make inferences on
the syndrome throughout the neurocognitive diagnosis process.

Nevertheless, the routine in medical offices, outpatient units and
bedside assessments make it impossible to perform several tasks
to assess the same function. Thus, the Bells Test (BT) in which
the cancellation paradigm was developed for assessment of HN,
inspired in the same principles of Albert’s Test was developed.
This is the most sensitive test with distractors mixed with targets
in a pseudo-random fashion, which is also easy to perform
[14,15], the test will be further explained on methods section.

In Brazil imaging tests are quite expensive and difficult to obtain,
such a test would help in identification of important deficits post-
stroke as HN. Besides, there is a lack of research that compares
the performance of patients with unilateral stroke in BT.
Therefore, the present study aimed to compare the performance
on BT among stroke groups and healthy controls (HC), as well
as to evaluate and characterize the assessment of hemineglect
through this instrument. We assume that patients with unilateral
stroke will have worse performance compared to controls on
BT. More specifically, patients with RBD will demonstrate worse
outcomes than patients with LBD and controls.

Method

Participants

The participants were 46 adult patients with diagnosis of stroke
confirmed on hospital routine neuroimaging; of these, 23 RBD
and 23 LBD. There were also 46 HC. Participants were matched
for age, schooling and frequency of reading and writing habits
(FRWH). The FRWH was evaluated using an inventory which
includes questions about reading (magazines, newspapers, book
and other materials) and writing (text messages, letters and other
materials) habits, and the frequency of each activity was scored
as follows: 4 points for every day, 3 for several days a week, 2
for once a week, 1 for rarely and 0 for never, with a maximum
frequency score of 28 points. In this sample, 14 points band was
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regarded as median. Scores higher and lower than 14 were thus
denominated high FRWH or low FRWH, respectively [16].

Stroke patients who had a psychiatric history or other neurological
impairment besides stroke, use of antipsychotics and/or illicit
drugs, left-handedness according to the Edinburgh Handedness
Inventory [17], sensory disorders (uncorrected auditory and visual
disorders) were excluded. The same exclusion criteria were used
for the controls, except for the presence of stroke. Moreover,
signs of cognitive impairment were measured by scores of the
Mini-Mental State Examination (MMSE) where cutoff scores of 22
and 24 were used for participants with 5 to 8 years and 9 or more
years of formal schooling, respectively [18]. The patients were
selected in hospitals, outpatient centers and by convenience
sample; controls, in turn, were selected by convenience in peer
groups. Table 1 shows the sociodemographic characteristics
of the three groups such as the scores in MMSE, in depression
scales e.g. the reduced version of the Geriatric Depression Scale
— GDS-15 [19,20] administrated to clinical groups, and Beck’s
Depression Inventory — BDI [21,22] administrated to HC group,
and post-injury time in months.

According to the information in Table 1, the only variable that
distinguished the groups was MMSE score. This finding was
expected because of the type of neurological impairment; since
this screening test was designed to measure cognitive aspects,
performance tends to be lower due to neuropsychological
sequelae.

Procedures

Patients were invited to participate in this study after selection by
the physician or analysis of medical records in public and private
hospitals of Rio Grande do Sul, Brazil. The participants who
agreed to participate signed a free informed consent form and
were individually assessed in lighted, clean and well-ventilated
rooms. The instruments were administered in one session, lasting
approximately one hour. However, patients who demonstrated
signs of fatigue were evaluated in two 30-minutes sessions.
Administration, recording and scoring of tests was conducted by
neuropsychologists or graduate students in psychology rigorously
trained. After analysis of the results of each testing, the results
were returned to the participants who expressed their wish and
all the necessary steps were taken. Concerning the selection
of the healthy participants, these were recruited from the BT
standardization database [23]. This study was approved by the
Research Ethics Committee of Pontifical Catholic University of Rio
Grande do Sul (humber 09/04908).

Instruments

The BT [14] is an instrument with distractors that requires visual
exploration in a horizontally disposed A4 sized sheet of paper.
The test consists of 315 stimuli, with 280 distractors, familiar
figures such as houses, horses, among others, and 35 target
stimuli, which are bell figures. The stimuli are pseudo-randomly
organized in seven columns containing five bells each. These
columns are positioned in the sheet of paper as follows: three
on the left side, one in the middle and three on the right side of
the page. In the version adapted to Brazil by Fonseca et al. [24],
the participant is asked to cross out all the bells found. There
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Table 1 Socio-demographic and clinical characterization.
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Post hoc

Age (years) 55.65 14.37 55.87 12.54 55.37 14.47 0.01 0.99
Sex Female/Male 12/11 - 12/11 - 33/13 - 0.15 0.15
Education (years) 10.65 5.10 10.17 3.41 10.41 4.00 0.08 0.93
Reading and writing 12.65 6.85 13.78 7.60 13.48 5.24 0.20 0.82
MMSE 2491 3.68 25.78 1.98 27.91 1.95 12.82 <0.001 (RBDHZ,I;ED) <
Post-injury time 19.90 20.42 18.25 16.04 - - 2.13 0.77
n % n % Fisher’s Exact Test p
General lesion site
Cortical 8 34.80 8 34.80 - -
Subcortical 6 26.10 12 52.20 - -
; ; 1.60 0.45
Cortical and subcortical 3 13.00 2 8.70 - -
Not reported 6 26.10 1 4.30 - -
Depressive symptoms*
Minimal 12 52.17 16 69.57 42 91.30
Mild 4 17.39 2 8.70 4 8.70
19.18 0.28
Moderate 3 13.04 4 17.39 0 0.00
Severe 4 17.39 1 4.35 0 0.00

Note. RBD = Right Brain Damage group; LBD = Left Brain Damage group; HC = Healthy Control group; MMSE = Mini-Mental State Examination; * =
Stroke patients were evaluated with GDS-15 and healthy controls with BDI; ** = p < 0.001

are two periods of observation of target search and cancellation:
1) before the clue and 2) after the clue. In the first period, the
participants indicate that they have done the task; then, they are
asked if they have marked all the bells, which is a clue. After this
clue, the second period is added to the first period to form the
total execution time.

The quantitative variables of BT investigated in comparative
analyzes in the first time were: number of omissions in each
column (1, 2,3, 4,5, 6and 7), to the left (total in columns 1, 2 and
3); in central column (column 4); to the right (total in columns 5, 6
and 7); score of omissions in the left visual field minus omissions
in the right visual field; total score of distractors (figures others
than bells, ie, errors) in each one of the columns and the total
number of distractors (errors). In the second moment/period
after the clue: “Are you sure you have marked all the bells?”, left,
middle and right omission were observed; a score of left minus
right omissions, as well as the existence or non-existence of
cancelled distractors on the left, in the middle column and on the
right of the page. Also, the time spent in task execution before
the clue and the total time spent in the task were assessed. The
categorical or qualitative variables of BT include the column
where the first bell was cancelled and the type of strategy used
for search (organized or chaotic).

Data analysis

Based on One-Way ANOVA analysis, with post-hoc Bonferroni,
sociodemographic data and quantitative dependent variables
of BT were compared among the groups. The significance level
considered was p < .05, and SPSS 17.0 program was used. For
analysis of frequency of deficits and associations/dissociations
between the cases, calculation of z score for each case was
used, based on quantitative and qualitative analyzes for scores

©Copyright iMedPub

of errors, omissions and time (mean of the normative group —
patient score/ standard deviation of the normative group), using
the cut-off point <-1.5 for scores of correct answers and > 1.5 for
errors and time suggested in the literature [25]. The percentages
of deficits among the groups were compared by Chi-square test,
except for distribution regarding depression levels that was
compared by Fisher’s exact test.

Results

Table 2 shows the mean scores in quantitative variables of BT by
group (RBD, LBD, and HC). The results of One-way ANOVA and
post-hoc tests are seen in the last columns.

According to Table 2, group effect was observed for just 10 of
the 25 scores evaluated by the BT, with the RBD group showing
a performance significantly lower than HC (p < .05 and p < .01).
However, in general, there were no significant differences
between the clinical groups, except in processing speed (total
time of BT). The sum of columns three, four and five was used
because a greater number of central omissions are suggestive
of more severe hemineglect [14]. Table 3 uses the frequency of
deficits for each assessed case for analysis of associations and
dissociations.

Most omissions of RBD patients were on the left columns, while
the LBD patients showed deficits in both sides. There is only one
occurrence of left HN among the cases of RBD and LBD (Table
3). 43% RBD patients were bilateral neglect, while approximately
twice this percentage was found in the cases of LBD, with greater
intensity in two patients with HN in the right visual field. In RBD
cases, there are three dissociations with HN only in the left side.
Thus, calculation of z scores of the total left minus right omissions
has made it possible to detect four cases of left HN syndrome and

3

Find this article in: www.jneuro.com



JOURNAL OF NEUROLOGY AND NEUROSCIENCE

2015

ISSN 2171-6625 Vol.7S: 124

Table 2 Comparison of mean and standard deviation between groups of the Bells test scores.

RBD LBD HC
E— F p Post hoc
M SD M SD M SD

Period before the clue

Omissions col 1 (L) 0.96 1.72 0.83 1.23 0.52 0.81 1.16 0.32
Omissions col 2 (L) 0.87 1.29 0.78 1.00 0.48 0.66 1.64 0.20
Omissions col 3 (L) 0.87 1.25 0.52 0.67 0.30 0.66 3.41 0.04 RBD > HC*
Omissions col 4 1.04 1.55 0.73 1.12 0.24 0.52 5.15 0.01 RBD > HC*
Omissions col 5 (R) 0.78 1.31 0.70 0.93 0.43 0.75 1.20 0.31
Omissions col 6 (R) 0.61 0.99 0.61 1.12 0.24 0.43 2.44 0.09
Omissions col 7 (R) 0.43 0.79 0.43 0.73 0.20 0.45 1.69 0.19
Omissions col 3+4+5 2.70 3.60 1.91 2.26 0.98 1.24 4.54 0.01 RBD > HC**
Omissions L 2.70 3.71 2.13 2.47 1.28 1.22 2.91 0.06
Omissions R 1.83 2.57 1.74 2.14 0.87 1.05 2.91 0.06
Omissions L-R 0.87 2.74 0.57 1.50 0.43 1.38 0.43 0.65
Total omissions 5.57 6.93 4.52 5.21 2.41 2.09 4.13 0.02 RBD > HC*
Errors L 0.04 0.21 0.04 0.21 0.00 0.00 1.01 0.37
Errors Middle 0.00 0.00 0.00 0.00 0.00 0.00
Errors R 0.00 0.00 0.00 0.00 0.00 0.00 . .
Errors L-R 0.04 0.21 0.04 0.21 0.00 0.00 1.01 0.37
Total erros 0.04 0.21 0.04 0.21 0.00 0.00 1.01 0.37
Period after the clue
Omissions L 1.91 3.63 0.78 1.31 0.39 0.83 4.43 0.01 RBD > HC*
Omissions Middle 0.52 1.24 0.26 0.62 0.02 0.15 4.05 0.02 RBD > HC*
Omissions R 0.91 1.73 0.83 1.27 0.26 0.57 3.30 0.04 -
Omissions L-R 1.00 3.32 0.04 .82 0.30 1.84 2.32 0.10 -
Total omissions 3.35 5.61 1.87 3.02 0.67 1.14 5.20 0.01 RBD > HC*
Execution time (seconds)
Before the clue 154.43 73.15 111.00 36.75 93.44 34.70 12.62 <0.001 (RBﬁ;*I;ED) >
After the clue 84.93 41.01 73.47 28.29 49.75 14.44 14.91 <0.001 (RBEE*L*ED) >
Total 245.77 82.33 186.21 58.82 143.10 41.72 22.16 <0.001 RBD >LBD> HC***

Note. RBD = Right Brain Damage group; LBD = Left Brain Damage group; HC = Healthy Control group; Col = Column; L = Left; R = Right; * = p <.05;

**=p<.01; ***=p<.001.

one case of right HN syndrome in patients with RBD, while in the
patients with LBD there were only two cases of left HN syndrome
and one case of right HN syndrome.

Discussion

In this study, three groups were analyzed for comparison and
clarification of the findings regarding lateralization and normal
attentional, visual-spatial and peripersonal performance as done
in the early studies on BT of Gauthier et al. [14]. These authors
compared the performance of 20 patients with RBD, 20 patients
with LBD and 19 controls, and concluded that the cut-off point
would be greater than four omissions on one side of the page,
since no control had reached this score. The study was replicated
by Vanier et al. [15] who concluded that this cut-off point should
be used. In this incipient Brazilian study, the findings corroborate
the traditional data obtained in clinical neuropsychology studies.
Regarding the performances of the participants, the maximum
number of bells omitted in the visual fields by the controls was
three. Thus, it can be said that more than four omissions may be
suggestive of HN in the corresponding visual side; so, this cut-off
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point should always be adjusted according to schooling and age
[26].

Moreover, according to Gauthier et al. [14], omissions of bells
in the first left or right columns suggest mild HN syndrome.
However, if omissions occur in more central columns, the
condition is considered more severe, which can be observed
in the worse performance of RBD patients in columns 3 on the
left and column 4, middle, as well as in the sum of omissions in
columns 3, 4 and 5.

In the study of Ferber and Karnath [27], the authors suggest that
a diagnosis of HN is considered when the minimum number of
omissions in a cancellation test ranges from 13 to 15% of the
targets to be cancelled, which is equivalent to five omissions
in BT. By assuming this cut-off point, the diagnosis of HN in
this sample was observed in five patients with RBD, which is
equivalent to 22% of the sample. The result is similar to the
findings of the Brazilian study conducted by Lopes et al. [28] who
assessed 102 cases and identified 22 patients with HN (21.56%)
through the Behavioral Inattention Test, which is composed of
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Table 3 Z Scores of omissions in the bells test for each stroke patient.

3{:]»)

Patients After the clue :

Left Right
Case 01 0.19 0.00
Case 02 0.19 0.00
Case 03 0.38 0.22
Case 04 0.57 0.53
Case 05 0.56 0.56
Case 06 0.45 0.00
Case 07 0.51 0.54
Case 08 0.32 0.31
Case 09 0.48 0.41
Case 10 0.32 0.31
Case 11 0.57 0.53
Case 12 0.57 0.53
Case 13 -0.45 0.45
Case 14 0.38 0.22
Case 15 -0.68 0.54
Case 16 -0.50 -0.95
Case 17 -0.68 -3.04
Case 18 -6.36 -1.33
Case 19 -6.36 -5.98
Case 20 -4.24 -4.19
Case 21 -6.00 -2.55
Case 22 -13.29 -0.40
Case 23 -27.38 -1.10

Note. RBD = Right Brain Damage group; LBD = Left Brain Damage group.

three cancellation tasks (Line Crossing, Letter Cancellation, Star
Cancellation). The study of Ferber and Karnath [27] showed that
the most sensitive instrument for assessment of HN were the
BT and Letter Cancellation; however, the second instrument has
distractors with strong linguistic components, which involves
information processing in the left hemisphere, while non-verbal
random figures are more strongly associated with the processing
of the right hemisphere [29]. On the other hand, no patient with
RBD had HN in the present study; nevertheless, in a study of Beis
et al. [2] with a sample of 89 patients who had LBD, 12.8% of
them had HN. The authors suggest that HN is generally two to
four times more frequent in adults with RBD than in the LBD. In
this study, the difference between the presence of HN in both
groups was five times.

Regarding the time spent in the execution of the task, the
performance of the clinical groups was worse than controls.
Patients with RBD had a lower performance than those with LBD.
Furthermore, RBD patients need more time to detect shapes than
patients with LBD; and HC are significantly faster than RBD and
LBD patients [30]. It is important to emphasize that patients with
RBD show slower reaction to targets on the left side and difficulty
to switch attention from one clue in the right hemispace to the
left hemispace when required by a task [29]. Thus, apparently
the differences between of the three groups showed RBD worst
performance, this data indirectly reinforces the accuracy deficit
in this clinical group. In addition to the deficits detected, the
study found that the clues helped many patients whose main

©Copyright iMedPub

LBD

Patients After the clue .

Left Right
Case 01 0.38 0.22
Case 02 0.57 0.53
Case 03 0.32 0.31
Case 04 0.48 0.41
Case 05 0.44 0.66
Case 06 0.38 .022
Case 07 0.19 0.00
Case 08 0.44 0.66
Case 09 0.45 0.00
Case 10 0.57 0.53
Case 11 0.32 0.31
Case 12 0.56 -1.20
Case 13 0.45 -1.10
Case 14 0.44 -0.95
Case 15 0.45 -0.32
Case 16 -0.50 0.66
Case 17 -1.16 -0.40
Case 18 -0.50 -0.95
Case 19 -4.57 0.41
Case 20 -1.44 -4.80
Case 21 -4.63 -3.19
Case 22 -4.89 -2.96
Case 23 -4.89 -6.48

deficits were attentional. Thus, the scores of those patients with
a real dysfunction were considered.

Based on analyzes of discrepancies and associations and
dissociations of the lateralization of deficits, it was found that
seven RBD patients who presented deficits, six presented HN
for the left side while four presented HN for the right side. On
the other hand, a higher number of LBD cases had bilateral
and ipsilateral deficits, and none of them were contralateral
to the damaged hemisphere. This result can be explained by
the association of spatial attention and right hemisphere that
generally causes damage to the side of space contralateral to the
damaged hemisphere [31].

Positron emission tomography in healthy adults shows that the
superior parietal cortex and the intraparietal sulcus are activated
during spatial and non-spatial search tasks [32], and cells of the
right parietal lobe are activated by swifts in the right and left visual
space, while activation in the left parietal lobe in the ipsilateral
side is weaker [33]. Hence, damage to the right parietal lobe
may affect not only the left hemispace but also areas in the right
hemispace to some degree. Areas on the left in spaces around
the target can also be benefitted by cells in the left hemisphere,
as well as by cells in the right hemispace. So, this data explain the
bilateral and more intense damage on the left side observed in
some patients with RBD.

The findings of the abovementioned study corroborate findings
of previous studies, suggesting a worse performance of patients
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with RBD in cancellation tasks, reinforcing the theory of
attentional bias [34]. On the other hand, the lack of differences
in accuracy variables between patients with LBD and controls, as
well as between the groups with LBD and RBD, may indicate that
the individuals in the group with LBD have more heterogeneous
profiles of HN, a hypothesis strengthened by the analysis of
distribution of deficits and associations/dissociations of cases.
Howeveritisimportantto consider the possibility of ssmple do not
present sufficient statistical power to detect group differences.
Moreover, the BT seems to be a very useful instrument to assess
attention and the HN syndrome, as it managed to distinguish
patients with RBD, LBD and HC quantitatively, and predominantly
qualitatively, based on signs of other cognitive elements of the
process.

Conclusion

Despite its incipient contributions to neuropsychology of HN
spectrum disease in Brazil, this study has some limitations that
deserve mention. Although there have been no differences
between the clinical groups regarding post-injury time, it was
very heterogeneous in both groups, which can make it difficult
to determine differences due to the heterogeneity between
acute and chronic conditions. The same can be said for the
heterogeneity of clinical syndromes of stroke. Finally, the use of
only one instrument to assess only one type of HN may not have
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been sufficient to detect all the true positives. Thus, we suggest
further studies that include comparisons of the performance
obtained by our participants in the BT with performances in
other tasks such as reading, writing, constructive praxis and other
cancellation tests, as well as the use of ecological tasks, such as
classification of currencies in the hotel task [35]. Besides, a larger
sample would allow a comparative analysis of clinical subgroups
of the larger group of patients with unilateral stroke, such as
syndromes of middle cerebral artery strokes vs anterior posterior
and of acute subgroups versus chronic subgroups. In general, the
use of BT proved to be important to distinguish the assessed
groups, and is a tool that can contribute in routine examinations
in outpatient units, medical offices and bed assessments, because
it is a quick procedure with a wide variety of clinical inferences.
Moreover, the inclusion of other clinical samples e.g. traumatic
brain injury and sensitivity in further studies for comparison will
help to improve the use of BT as a tool for assessing attention
and, more specifically, HN.
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