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Abstract Unilateral spatial neglect (USN) is a frequent con-
sequence of acquired brain injury, especially following right
hemisphere damage. Traditionally, unilateral spatial neglect is
assessed with cancellation tests such as the Bells test.
Recently, a new cancellation test, the Apples test, has been
proposed. The present study aims at comparing the accuracy
of'these two tests in detecting hemispatial neglect, on a sample
of 56 right hemisphere stroke patients with a diagnosis of
USN. In order to evaluate the agreement between the Apples
and Bells tests, Cohen’s kappa and McNemar’s test were used
to assess differences between the two methods of evaluation.
Poor agreement and statistically significant differences
emerged between the Apples and Bells tests. Overall, the
Apples test was significantly more sensitive than the Bells test
in detecting USN. Based on these results, the use of the
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Apples test for peripersonal neglect assessment is therefore
highly recommended.
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Introduction

According to Heilman [1], unilateral spatial neglect (USN) is
commonly defined as the “failure to report, respond, or orient
to novel or meaningful stimuli presented to the side opposite a
brain lesion, when this failure cannot be attributed to either
sensory or motor defects”. It often occurs as a consequence of
unilateral brain lesion, typically involving the inferior and
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superior parietal lobes, some portions of the frontal lobe [2, 3],
and the white matter which links these parietal and prefrontal
regions [4—-6], especially of the right hemisphere. USN may
affect different senses (e.g. vision, hearing, touch, propriocep-
tion) and different portions of space (e.g. personal neglect of
the body, peripersonal neglect within arm’s length and
extrapersonal neglect of more distant targets) [7]. Visual ne-
glect is nevertheless generally considered to be a reliable in-
dex of outcome, considering the importance of visual-
perceptive ability in the relationship between subject and the
external world.

Symptoms associated with USN may severely impair every-
day life activities. For example, patients may consider only the
right half of the plate, shave only the right side of their face or
forget to look left before crossing the street [8]. Consequently,
patients often need continuous care which implies a significant
loss of quality of life. Furthermore, several researchers have
highlighted that neglect syndrome predicts poorer functional
recovery compared to aphasia [9, 10]. The presence of USN
interferes with both motor and cognitive rehabilitations [11].
The outcome can be significantly worse when anosognosia
(deficit of self-awareness in which a person with some disabil-
ity seems unaware of its existence) co-occurs with USN, and
the combination of the two reduces the compliance of the pa-
tient to the rehabilitative treatment [12, 13].

Depending on the study, the incidence of USN varies con-
siderably from 12 to 95% of right hemisphere stroke patients
(for a comprehensive summary, see Robertson and Halligan
[14]). Critically for our purpose here, some authors have
highlighted that this huge difference in reports may depend
upon the assessment tools used in the studies [15]. Due to the
severe impact of USN on the recovery in right brain-damaged
patients, it is important to assess carefully this syndrome, in
order to plan adequate and tailored rehabilitation programmes.

As USN has different manifestations, and there is no shared
guideline on the correct way to assess the syndrome, clinicians
usually adopt clinical and neuropsychological tools on the basis
of their own experience, in order to distinguish patients with-
USN from those without-USN. Specific neurological examina-
tions, such as extinction signs or gaze deviation; typical perfor-
mance at different cancellation tasks; reading, writing, and
drawing tests; specific behaviours in daily activities; and TC
scan evidence of lesion in the right side of the brain, are taken
into account in order to correctly diagnose neglect [16, 17].

Peripersonal neglect is often assessed using cancellation
tests, where patients are required to tick a series of written
stimuli-ignoring distractors scattered among targets (e.g.
[18]). Patients with USN typically fail to identify the stimuli
distributed in the space located on the opposite side of the
damaged hemisphere. Numerous studies have explored the
variables that may affect performance in this kind of task, both
in healthy and impaired subjects. It has been reported that
several factors such as attention demand [19-22], similarity
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between target and distractor stimuli [23], prominence of the
targets [24], number and density of stimuli [25, 26], and the
relationship between target and distractor stimuli [27] may
affect the performance. In the presence of more than one of
these variables, USN becomes particularly evident and specif-
ic features of the task seem to affect the sensitivity of the
cancellation tasks to detect symptoms of neglect.

Among the different tools normally used to assess the ne-
glect syndrome, the Bells test has a long international history
and has become one of the most useful standard tests for
diagnosing USN [28, 29]. The Bells test is a cancellation task
where patients select and tick 35 bells from 280 distractors. It
is simple to administer and allows clinicians to understand
quickly pathological behaviour of patients. Moreover, the
Bells test shows a low level of learning effect, so it can be
used also for the follow-up evaluations, even when conducted
after just few days.

Recently, a new cancellation test has been created: the
Apples test [30, 31]. This test enables the detection of both
egocentric neglect (patients fail to find stimuli on the left side
with respect to egocentric coordinates) and allocentric neglect
(patients leave targets with respect to coordinates centered on
the object, but independent of the side of space). The Apples
test is too a cancellation task, in which patients mark up to 50
apples from 100 distractors, consisting of incomplete apples
that can be open on the right or on the left.

The main aim of the present study was to compare the
diagnostic accuracy of these two widespread tests often used
to assess USN, the Apples and Bells tests, in the assessment of
the egocentric aspect of neglect, in patients with right hemi-
sphere stroke.

Methods
Sample

The paper is a retrospective study based on the neuropsycho-
logical assessment conducted on a consecutive series of right
hemisphere stroke patients admitted from September 2014 to
December 2016 in three different Italian rehabilitation centres.

The inclusion criteria were patients aged between 18 and
85 years, with right hemisphere stroke (ischemic or hemor-
rhagic), with a diagnosis of neglect documented through
neurological evaluation, in acute or post-acute phase, evi-
dence for CT scan and behavioural signs of neglect. All
patients had a silent anamnesis for neurological and psychi-
atric disturbances. Each patient completed both the Apples
and Bells tests.

A total of 56 stroke patients that met these criteria (mean
age 65; range 42-85; SD 13) were selected. Nineteen of them
had hemorrhagic stroke, whereas 37 had ischemic lesions.
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Table 1
damage, LHD left hemisphere damage

Demographic characteristics of the sample. Centre: 1—Fontanellato (Parma); 2—Montevarchi (Arezzo); 3—Verona. RHD right hemisphere

N Actiology RHD Actiology LHD
Ischemic Hemorrhagic Mean age Ischemic Hemorrhagic Mean age
Centre 1 26 16 63 (DS 12) 2 3 50 (DS 16)
Centre 2 32 13 68 (DS 14) 7 3 71 (DS 13)
Centre 3 21 9 4 64 (DS 9) 7 1 71 (DS 5)

In order to assess the pattern of results of patients without
visual explorative deficit in the two tests, we also recruited a
control group of 23 left hemisphere stroke patients without
symptoms of right USN (mean age 66; range 27-87; SD
14.4), 16 with an ischemic lesion and 7 with a hemorrhagic
lesion. Table 1 presents the demographic characteristics of
both groups (right hemisphere and left hemisphere stroke).

Procedure

In our sample, all the patients from the three different rehabil-
itation centres were diagnosed based on a specific neurologi-
cal examination conducted by expert clinicians, who observed
specific neurological signs of neglect. The diagnostic consid-
erations took into account: (1) behavioural presentations in-
cluding trunk, head and/or gaze deviation through the affected
side, specific posture in bed or in the wheelchair, visual or
tactile extinction signs, and typical behaviour in daily living
activities, such as ignoring the left half of the plate; (2) neu-
ropsychological tests, such as neglecting the stimuli on the

Fig. 1 Bells test
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left-hand side of the paper or reading the only right-hand side
of'a newspaper title; and (3) computed tomography (CT) scan
showing vascular lesions in the frontal, parietal or temporal
areas of the right-hand side of the brain.

All the patients included in this study carried out both the
Bells test and the Apples test.

The Bells test consists of 315 stimuli randomly distributed
on a A4-sized sheet. The patient was required to identify and
tick the scattered 35 bells from 280 distractors (common small
figures such as for instance houses, horses etc.). In the sheet,
the stimuli are pseudo-randomly organized in seven columns
containing five bells each, three on the left-hand side, one in
the middle and three on the right. The piece of paper was
placed exactly in front of the subject. The patient is allowed
a maximum of 5 min to finish the task. Omissions of targets,
cancelled distractors (false alarms) and the difference between
the omission on the left three columns and the right three
columns are scored. The diagnosis of USN was based on the
patient’s performance on the final measure which is called
“asymmetry score”. Bells test is presented in Fig. 1.
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Fig. 2 Apples test
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The Apples test is a cancellation task in which outline
drawings of 150 apples are shown pseudo-randomly
scattered over an A4 sheet presented in a landscape orien-
tation, presented in an upright position. One-third of the
apples are complete (50 targets) and two-thirds are open,
either on the left- or the right-hand side (distractors).
Targets and distractors are evenly distributed; the page is
divided into a grid of two rows and five columns. The pa-
tient was given 5 min to cross out all the complete apples.
Patients with allocentric neglect tend to ignore the
controlesional side of the items, regardless of where they
appear with respect to the viewer, while patients with
egocentric neglect omit more stimuli presented in the
controlesional side of the sheet. Score takes into account
the total number of crossed-out targets. The asymmetry
score for allocentric neglect corresponds to the difference
between the total number of distractor apples cancelled with
a left opening (boxes 1 to 4 of the ten boxes of the paper
sheet), and the number of distractors cancelled with a right
opening (boxes 7 to 10). Positive values indicate left neglect
and negative values indicate right neglect. The Apples test is
presented in Fig. 2. For this study, we have taken into ac-
count only the egocentric score that is the outcome of the
Bells test too.

Statistical analyses

In order to assess the agreement between the Apples and Bells
tests, we calculated the Cohen’s kappa statistic, x, on the total
sample. In this statistical test, complete agreement corre-
sponds to k = 1; no agreement between the two tests corre-
sponds to x < 0. In addition, McNemar’s test of equality of
paired proportions was used to find out the difference between
the two evaluation methods.
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Furthermore, since the sample includes both acute and
chronic patients, the same statistical analysis was repeated
with sample divided, according to Nijboer [5], into acute
phase (< 98 days from onset) and post-acute phase
(> 98 days from onset), to verify whether there was a
discrepancy in different phases of the illness. Statistical
analyses were performed using SPSS Statistics Program
software.

Results
Right hemisphere stroke patients

In order to assess the agreement between the Apples test
and Bells test in detecting the neglect syndrome, we cal-
culated the Cohen’s kappa statistic. For this reason, we
designed a classification matrix for the binary data
(Table 2).

The Cohen’s & coefficient ( = Z\@Pr

ge) ) ok! showed poor

1-Pr(e
agreement between the Apples test and Bells test (k = 0.13).
The non-parametric test, McNemar’s test, (k = (Z;‘c)z ) was

statistically significant, showing a difference between the
two methods in detecting the neglect syndrome (p = .00).
The percentage of true positive (pathological patient test-
positive) was statistically higher in the Apples test than in
the Bells test. Twenty-nine patients with neglect were de-
tected as positive to the Apples test, but not to the Bells
test, revealing higher sensitivity to the Apples test. Six
patients were false negative (pathological patient test-
negative) for both tests. The percentage of agreement
was 48% [(21 + 6)/56]
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Table 2  Classification matrix of the performance of the sample to the
Apples test and Bells test

Table 4  Classification matrix of performance to the Apples test and
Bells test in the post-acute-phase sample

Bells test Bells test
+ - + -
Apples test + 21 29 50 Apples test + 10 15 25
- 0 6 6 - 0 2 2
21 35 56 10 17 27

Right hemisphere stroke patients: acute versus post-acute
patients

Twenty-nine of the patients were in an acute phase, with a
mean time from the onset of 40 days (SD 24), and 27 patients
were in the post-acute phase, with a mean time from the onset
of 596 days (SD 855). No significant differences were found
concerning the average age (group 1: mean age 64.8; group 2:
mean age 65.2; £ < 1). We then created the two classification
matrices both for acute-phase and post-acute-phase patients
(see Tables 3 and 4).

Cohen’s analysis showed that agreement between the
Apples test and the Bells test was higher in the acute sam-
ple (k = 0.17) compared to the post-acute sample
(k = 0.09). In both samples, however, the difference be-
tween the two methods of evaluation in detecting neglect
syndrome was statistically significant (both p = .00), with a
percentage of true positive (pathological patient test-
positive) statistically higher for the Apples test, compared
to the Bells test. Fourteen patients in the acute sample and
15 in the post-acute sample were found to be impaired to
the Apples test, but not to the Bells test. The percentage of
agreement for acute patients was 51% [(11 + 4)/29], while
for post-acute patients was 44% [(10 + 2)/27].

Left hemisphere stroke patients

Of the 23 left brain-damaged patients, no one presents a
significant asymmetry score both for the Apples and Bells
tests. Pathological scores were nevertheless registered in
total omissions, both for the Apples test (6/23, 26%) and
Bells test (10/23, 43%).

Table 3  Classification matrix of performance to the Apples test and
Bells test in the acute-phase sample

Bells test
+ _
Apples test + 11 14 25
- 0 4 4
11 18 29

Discussion and conclusion

The aim of this study was to compare the accuracy of two
widely used cancellation tests (the Apples test and the Bells
test) which detect peripersonal USN, using a sample of right
hemisphere stroke patients.

Our results show that the Apples test appears to be more
sensitive than the Bells test. Out of the 56 patients with USN,
the Apples test detected 50 patients (89.2%), while the Bells
test detected only 21 patients (37.5%) among patients with
right brain lesion.

We also studied a sample with left brain lesion without
symptoms of USN. As expected, neither the Apples test nor
the Bells test presented significant asymmetry scores. Both
tools detected nevertheless in some cases scattered omission
errors, as index of attention disorder. These findings provide
useful information for clinical neuropsychological assessment.

In our right hemisphere stroke sample, we included both
acute and post-acute patients, since the timing from onset did
not represent a significant variable. Indeed, statistical analysis
comparing these two groups highlighted the absence of sig-
nificant differences between them. The discrepancy between
the Apples test and the Bells test in detecting patients affected
by neglect syndrome seems therefore to be unrelated to dis-
tance from the onset time. However, the discrepancy appears
to be more likely to be dependent on the characteristics of the
tests themselves. Indeed, both tasks show several differences.
First, they are different in the density of stimuli. The Bells test
presents a total of 315 shapes, while the Apples test only 150,
both on a sheet of equal dimensions: the density of stimuli for
the Bells test is therefore greater. Secondly, the ratio of targets
to distractors is 35/315 (1 over 9) in the Bells test and 50/150
(1 over 3) in the Apples test. Thirdly, they are different in
targets/distractors similarity. In the Apples test, the distractors
are more similar to the target stimuli than in the Bells test, and
the prominences of the target are therefore lower. The high
degree of similarity between targets and distractors seems to
have a significant weight with respect to density, number and
ratio of target to distractor. This makes the Apples test certain-
ly harder and more demanding in terms of attention.

Our study presents nevertheless several limitations. The
sample is composed of narrowly defined right hemisphere
brain-damaged patients. Future investigations should include
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a perspective multicentric study with a broad sample of pa-
tients, including also left lesions. Moreover, the characteristics
of the damage (e.g. severity) should be further investigated, as
well as sociodemographic property (e.g. age), to find correla-
tions with the accuracy of the two tests.

In conclusion, our preliminary results suggest that com-
pared to the Bells test, the Apples test is preferred for
peripersonal neglect assessment, where the detection of the
syndrome is crucial to inform treatment and rehabilitation.
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