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Abstract

BACKGROUND—Children with peri-natal stroke may show evidence of contralateral spatial
neglect. The goal of this study was to determine whether a clock drawing task commonly used in
adults to identify neglect would be effective in detecting neglect in children with peri-natal stroke.

METHODS—Thirty-eight individuals (age range 6-21 years) with left hemisphere (LH) or right
hemisphere (RH) peri-natal onset unilateral lesions and one hundred seventy-nine age-matched
controls were given the free-drawn Clock Drawing Task (CDT) in a cross-sectional design. An
adapted scoring system that evaluated right- and left-sided errors separately was developed as part
of the investigation.

RESULTS—Children with LH lesions made a greater number of errors on both the right and left
sides of the clock drawings in all age subgroups (6-8 years, 9-14 years, and 15-21 years)
compared to controls. Children with RH lesions showed greater left and right errors in the younger
groups compared to controls, with significantly poorer performance on the left at 6-8 years,
suggestive of contralateral neglect. However, by ages 15-21 years, the RH lesion subjects no
longer differed from controls.

CONCLUSIONS—Clock drawing can identify spatial neglect in children with early hemispheric
damage. However, brain development is a dynamic process, and as children age, spatial neglect
may no longer be evident. These findings demonstrate the limitations of predicting long-term
outcome after peri-natal stroke from early neuro-cognitive data. Children with peri-natal stroke
may require different neural pathways to accomplish specific skills or to overcome deficits, but
ultimately they may have “typical” outcomes.
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Introduction

Methods

Drawing is a task that involves complex neurological, psychological, and motor actions and
can therefore be used to investigate both motor and cognitive functions of patients in clinical
settings. The Clock Drawing Test (CDT) was originally used to evaluate visuo-constructive
abilities, and is now broadly used to assess cognitive impairments in adults. -3 The CDT
has been used as a clinical indicator of spatial dysfunction and unilateral neglect in adults.
Spatial neglect is a neuropsychological syndrome occurring after damage to one hemisphere
of the brain that involves a deficit in attention to stimuli, generally in contralesional

space. 4 ® Adults with right hemisphere stroke have generally shown more severe and
persistent contralateral neglect than those with left hemisphere damage, leading to the
hypothesis that the right hemisphere may be dominant for spatial attention. 610 Clock
drawings in adults may demonstrate neglect of the contralateral half of extra- personal space
after stroke by omission of numbers, transposition of the numbers and hands from the
neglected side to the other, or improper spatial layout of numbers. In the most severe cases
of neglect, clock drawings may show all numbers drawn on the side of the clock ipsilateral
to the lesion. 411

Clock drawing has rarely been studied or used clinically in children. However, children do
learn to draw a clock in school at an early age; thus, the task should have applicability for
school-age children, both to assess constructional ability and to look for evidence of hemi-
spatial neglect in children with focal brain injury. Neglect of contralateral hemispace has
been demonstrated in children with peri-natal stroke, primarily using cancellation and search
tasks.® However, such tasks are relatively straightforward and may underestimate the extent
of neglect. Since clock drawing is more complex and requires several steps, it is possible
that clock drawing might detect more subtle impairments. Questions also remain regarding
whether evidence of neglect declines as the children get older, and whether the presence of
neglect might interfere with real-life activities. The current prospective study was designed
to compare clock drawings of children with peri-natal stroke to those of typically developing
controls in order to determine whether the CDT revealed evidence of hemi-spatial neglect in
children with focal lesions, and to delineate the effect of age on clock drawing skill and
spatial neglect.

Study Population

Two hundred seventeen subjects between the ages of 6 years and 21 years participated in
this study. Twenty-one subjects had LH lesions (12 males, 9 females; age range 619 years;
age M = 12 years, D + 4 years), seventeen subjects had RH lesions (11 males, 6 females;
age range 6-21 years; age M = 10 years, SD = 4 years), and one hundred seventy-nine
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subjects were typically developing controls with no neurological conditions (75 males, 104
females; age range 6-20 years; age M = 12 years, SD = 4 years).

All of the children in the focal lesion groups sustained a single, unilateral, peri-natal arterial
ischemic or hemorrhagic infarct, which was documented by medical history and neuro-
imaging (CT or MRI). Each lesion was coded for site (hemisphere and lobes involved) by a
clinical neuro-radiologist blinded to subject status. A severity score was assigned for each
scan based on a scoring system utilized in our previous studies2. Children were either
recruited in infancy from local neonatal intensive care units or through referrals from
pediatric neurology practices locally, and participated in longitudinal studies of cognitive
development over time. All children received a complete neurological examination that
documented, among other details, presence or absence of hemiparesis, visual fields to
confrontation, and sensory and motor functions.

Control children were recruited primarily through fliers placed in pediatricians’ offices and
local community centers, advertisements in parent magazines, and by word of mouth.
Control participants had no significant neurological or psychiatric history, and had normal
medical and developmental histories.

All children examined for the study were able to understand the procedure and perform the
task.

Informed consent was obtained for all participants prior to testing, in accordance with the
procedures of the University of California-San Diego Institutional Review Board.

Clock Drawing Task

Subjects were provided with a pen and a plain white 8-% x 11 inch sheet of paper. They
were asked to draw a clock and to put in the time at 10 minutes after 11, without any time
limit on performance. The center of the sheet was aligned with the subject’s midline and the
subject was instructed not to tilt or turn the paper.

Scoring System

An adapted scoring system was developed to identify errors including omissions, repetitions,
errors in spatial arrangement of numbers, reversals, incorrect placement of hands, and
perseveration (numbering beyond 12). For this purpose, different available scoring protocols
for rating the clock drawings were reviewed 13-16 and an adapted system for the CDT that
considered lateralized errors was designed (Table 1). This scoring system is comprised of a
25-point scale for an overall score of correct features. In addition to the total score, the
system quantified left-sided and right-sided errors, and combined them to calculate total
errors for each clock drawing. Two independent raters scored the CDTs separately and
compared the results. Disagreements in scoring were resolved following additional review
and discussion.

Statistical Analysis

Between group differences were analyzed using an ANOVA framework with Bonferroni-
corrected follow-up tests. The independent variables were group membership (LH lesion,
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RH lesion, control). The dependent variables were total score, total errors, left errors, and
right errors. Paired t-tests were used to examine within-group differences for left vs. right
errors for all three groups (LH, RH, and controls). Once the initial data were analyzed,
children in the focal lesion group were coded as either with neglect or without neglect based
on a calculation of lateralized errors (defined by us a priori as contralateral error — ipsilateral
error = 2). Existence of hemiparesis in the children with neglect compared to children
without neglect was analyzed using x2 tests. Alpha was set at .05 in all statistical analyses.

Location of the lesion within the hemisphere in children with and without neglect was
examined qualitatively because the numbers of subjects in some groups were too small for
meaningful statistical analyses.

The characteristics of the focal lesion group, including age, gender, lesion side and site, and
presence or absence of neglect and hemiparesis are displayed in Table 2.

Because of the wide age range of children in this study, we divided them into three
subgroups based on age (6 to 8 years, 9 to 14 years, and 15 years and older). The rationale
for this division is based on our observation that the total errors of our control group
dropped dramatically from ages 8 to 9, and then from 14 to 15. A previous study of typically
developing children also showed major changes in clock drawing ability after age 8.17

Figure 1 demonstrates representative clock drawings for LH, RH, and control children in
each age group. The means for total score, total errors, left errors and right errors for each
age subgroup of the Control, LH, and RH groups are displayed in Table 3 and Figure 2.
Children with either LH or RH lesions had lower total scores and made more errors than
those in the control group within each age subgroup, except for the oldest RH lesion group.

Between-group follow-up tests indicated that the LH lesion subjects made significantly more
errors on both the right and left sides compared with controls (all p values < 0.013) except at
the youngest age, where left-sided errors only approached significance (p=0.083). RH lesion
subjects made significantly more errors than the control group on both the left and right

sides in the two younger age groups, but were no different from controls in the oldest group.

Within group analyses revealed that significantly more left-sided than right-sided errors
were made by the youngest RH lesion children (p = 0.013; Figure 2). In the youngest LH
lesion subgroup, although more errors were made on the right side than on the left side, the
difference was not statistically significant.

No specific pattern of error type (e.g. only omission, only misplacement, etc.) was found in
any control or lesion group or age subgroup. The children within the focal lesion group (left
and right combined) were divided into neglect and non-neglect subgroups as described
above. Presence of hemiparesis in the children with neglect compared to children without
neglect was not qualitatively different. Location of the lesion within each hemisphere was
not found to be related to the presence or absence of neglect. For example, 57% of children
with left parietal involvement and 60% with left frontal involvement did not demonstrate
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neglect; 64% of children with right parietal involvement and 71% of children with right
frontal involvement did not demonstrate neglect.

Discussion

This study demonstrated several important findings. First, children with either right or left
brain damage acquired in the peri-natal period may show evidence of contralateral spatial
neglect, as had been demonstrated previously using cancellation and search tasks®. Second,
the clock drawing task can be used to identify spatial neglect even in young school-age
children with early focal brain damage. Third, neither hemiparesis nor location of the lesion
within the hemisphere appear to explain the neglect phenomenon, although only qualitative
analyses could be used for the latter data because of small numbers of children in each
group. The study further demonstrated that even 7- and 8-year-old typically developing
children can draw an accurate representation of a clock from memory, making this a useful
tool with which to assess possible hemi-neglect as well as constructional abilities in young
school-age children.

The results of this study show a pattern of spatial neglect in children with early focal brain
damage that is distinct from that which has been described in adults. The pattern of bilateral
errors seen in children with LH lesions is different from the pattern of mild and transient
contralateral neglect observed in adults with LH lesions. 810 On the other hand, the pattern
of contralateral inattention seen in children with RH lesions is consistent with what is seen
in adults, 510 but appears to be more pronounced in the younger age range and to largely
disappear by adolescence.

In a recent study from our laboratory, Thareja et al.® investigated the presence of spatial
neglect in school-age children with peri-natal stroke, using both a visual cancellation task
and manual exploration task. Although the clock drawing task integrates different
components including memory, constructional abilities, and the knowledge of time, that
require additional complexity compared with the tasks used by Thareja et al.5, our findings
are remarkably similar to their results. They found that children with LH lesions had
bilateral difficulties in performing both tasks. Using a very different task, we also found that
children with early LH damage performed more poorly on both left and right sides of their
clock drawings compared to controls throughout all age groups. This pattern of bilateral
inattention seen in children with LH damage is more often observed in adults with RH
lesions.18 Further, Thareja et al.6 showed that children with RH lesions demonstrated
contralateral neglect. Our study found similar results for the RH lesion group, but these
differences were significant only at the younger ages (6-8 years). The older RH lesion group
(15-21 years) performed at a similar level to controls.

One potential explanation could be the lack of sensitivity of the clock drawing test to
identify neglect at older ages. Another possibility is that the plasticity of the developing
brain allows for the development of compensatory pathways to diminish the consequences
of earlier focal brain injury.19 Using a spatial construction task, Stiles et al. 19 also found
that children with RH lesions performed more poorly than controls only at younger ages, but
were comparable to controls as they got older. The children in the Stiles study demonstrated
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considerable improvement in spatial construction ability over time. They concluded that
these children gained proficiency by developing task-specific compensatory strategies,
rather than general recovery of spatial skills. It is possible that in the clock drawing task, we
see similar compensatory changes over time in the RH lesion group. Children with LH
lesions do not, however, achieve age-appropriate clock drawing skills even into adolescence,
suggesting that their compensatory skills may be more limited than those of RH lesion
children. It is unclear why this difference exists. One possible explanation is the crowding
hypothesis 20, which suggests that when the left hemisphere is damaged, language moves to
other areas of the brain, “crowding out” other cognitive functions. Other potential
limitations to plasticity, including size and location of the lesion, may also play a role. We
did not, however, find any obvious effect of size or of lesion location within the hemisphere
as an indicator of neglect in the current study.

It is important to recognize that the type of scoring system utilized for clock drawing must
be considered in relation to the questions being asked. If constructional ability in general is
the goal of the test, there are a number of scoring systems already described for adults that
work well. If, however, spatial neglect is being studied, then a scoring system that evaluates
lateralized errors must be applied. To reduce evaluator bias, various clock drawing scoring
protocols have been developed for adults with spatial neglect 2 13. 14. 22 and other cognitive
impairments. 23-25 The first scoring system used for children with spatial neglect was
devised by Edmonds et al. (cited in Cohen et al.)17 but it has not been universally applied. In
the present study, a comprehensive scoring system was designed based on the published
adult literature as well as errors in clock drawings unique to children. Moreover, existent
scoring systems code predominantly for constructional ability and not neglect, so for this
study we designed a system that would be sensitive to neglect as well as overall
constructional ability. Following the characteristics of a scoring system that previous studies
have recommended,3: 14 25 the scoring system devised in this study is easy to administer and
quick to score and it can be applied easily by clinicians. On the other hand, we found that
scoring a clock drawing of a child can be subjective and requires some standard training to
be useful for this purpose.

In summary, the free-draw clock drawing task is able to detect differences between children
with peri-natal stroke and typically developing children. This test is able to identify neglect
in a subset of younger children with RH damage. It can identify constructional deficiencies
in both groups and it can track improvement over time. However, it may be most useful in
conjunction with other tests of spatial attention, such as a cancellation test.

Clock drawing can identify spatial neglect in children with early hemispheric damage.
However, brain development is a dynamic process, and as children age, spatial neglect may
no longer be evident. These findings demonstrate the limitations of predicting long-term
outcome after peri-natal stroke from early neuro-cognitive data. Children with peri-natal
stroke may require different neural pathways to accomplish specific skills or to overcome
deficits, but ultimately they may have “typical” outcomes.
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Appendix 1: Scoring System

Partial Score

L-Error

R-Error

Omission

2: all numbers present
1: one number omitted
0: more than one number omitted

1: for each omitted number
on the left side

1: for each omitted number
on the right side

Repetition

2: no number repeated

1: one number repeated
0: more than one number
repeated

1: for each repeated number
on the left side

1: for each repeated number
on the right side

Rotation

1: no number rotated more than
90 degrees

0: at least one number rotated
more than 90 degrees

1: for each rotated number
(greater than 90 degrees) on
the left side

1: for each rotated number
(greater than 90 degrees) on
the right side

Perseveration

1: no number beyond 12
0: numbers beyond 12

1: for each number beyond
12 on the left side

1: for each number beyond
12 on the right side

Misplacement

2: for each filled quadrant
1: for half quadrant
0: missing quadrant

2: for any quadrant missed
completely on the left side
1: for any quadrant missed
partially on the left side or
having less than 4 numbers
(including borders)

2: for any quadrant missed
completely on the right side
1: for any quadrant missed
partially on the right side or
having less than 4 numbers
(including borders)

12-6 Alignment

1: 12-6 directly opposite each
other

0: 12-6 not directly opposite
each other

1: if either 12 or 6 moved to
the right side

1: if either 12 or 6 moved to
the left side

3-9 Alignment

1: 3-9 directly opposite each
other

0: 3-9 not directly opposite each
other

1: if 3 is misplaced

1:if 9 is misplaced

Right Time

1: right time (11:10)
0: not the right time

Hand Switch

2: hands not switched
1: hands switched
0: wrong time

Hand Absence

2: both hands present
1: only one hand present
0: no hand present

Hour Hand Shift

1: hour hand shifted to the
right or absent

1: hour hand shifted to the
left or absent

Minute Hand Shift

1: minute hand shifted to
the right or absent

1: minute hand shifted to
the left or absent
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Partial Score

L-Error

R-Error

Distorted Circle

1: no major circle distortion
0: major circle distortion

1: major distortion or
omission of the circle on the
left side

1: major distortion or
omission of the circle on the
right side

Displacement

2: no displacement
1: 1 to 2 quadrants displaced
0: 3 to 4 quadrants displaced

1: for each displaced
quadrant on the left side
1: one or both quadrants
omitted on the left side

1: for each displaced
quadrant on the right side
1: one or both quadrants
omitted on the right side

Number Mirrored

1: no number mirrored
0: at least one number mirrored

1: for any mirrored number
on the left side

1: for any mirrored number
on the right side
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Clock Drawing Test

a) 1-Control b) 1-Control ¢) I-LH d) 1-RH
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¢) 2-Control 1) 2-Control h) 2-RH
&
i) 3-Control 1) 3-Control k) 3-LH 1) 3-RH

[ ‘1
2 W x
0 s
a 4
§ ¢
Figure 1.

Samples of clock drawings of children in age subgroup 1 (6-8 year old) on the top row (a—
d), age subgroup 2 (9-14 year old) on the middle row (e-h), and age subgroup 3 (15 year old
and older) on the bottom row (i—I).
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RH

Age 3u3g0wp

Mean number of left errors versus right errors made by control (n = 179), left hemisphere
(LH) lesion (n = 21), and right hemisphere (RH) lesion (n = 17) participants within each age

subgroup. Error bars represent standard error of the mean.

* designates statistical significance (p < .05) for lesion vs. control group comparison.
+ designates statistical significance (p < .05) for left error vs. right error comparison within

the lesion group.
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Partial Score

L-Error

R-Error

degrees

0: at least one number rotated more than

90 degrees

Omission 2: all numbers present 1: for each omitted number on the 1: for each omitted number on the
1: one number omitted left side right side
0: more than one number omitted

Repetition 2: no number repeated 1: for each repeated number on the 1: for each repeated number on the
1: one number repeated left side right side
0: more than one number repeated

Rotation 1: no number rotated more than 90 1: for each rotated number (greater 1: for each rotated number (greater

than 90 degrees) on the left side

than 90 degrees) on the right side

Perseveration

1: no number beyond 12
0: numbers beyond 12

1: for each number beyond 12 on
the left side

1: for each number beyond 12 on
the right side

Misplacement

2: for each filled quadrant
1: for half quadrant
0: missing quadrant

2: for any quadrant missed
completely on the left side

1: for any quadrant missed partially
on the left side or having less than 4
numbers (including borders)

2: for any quadrant missed
completely on the right side

1: for any quadrant missed partially
on the right side or having less than
4 numbers (including borders)

12-6 Alignment

2-6 directly opposite each other

1: if either 12 or 6 moved to the
right side

1: if either 12 or 6 moved to the left
side

1:1
0: 12-6 not directly opposite each other
1:3

1: hands switched
0: wrong time

3-9 Alignment —9 directly opposite each other 1:if 3 is misplaced 1:if 9 is misplaced
0: 3-9 not directly opposite each other

Right Time 1: right time (11:10)
0: not the right time

Hand Switch 2: hands not switched

Hand Absence

2: both hands present
1: only one hand present
0: no hand present

Hour Hand Shift

1: hour hand shifted to the right or
absent

1: hour hand shifted to the left or
absent

Minute Hand Shift

1: minute hand shifted to the right
or absent

1: minute hand shifted to the left or
absent

Distorted Circle

1: no major circle distortion
0: major circle distortion

1: major distortion or omission of
the circle on the left side

1: major distortion or omission of
the circle on the right side

Displacement

2: no displacement
1: 1 to 2 quadrants displaced
0: 3 to 4 quadrants displaced

1: for each displaced quadrant on
the left side

1: one or both quadrants omitted on
the left side

1: for each displaced quadrant on
the right side

1: one or both quadrants omitted on
the right side

Number Mirrored

1: no number mirrored
0: at least one number mirrored

1: for any mirrored number on the
left side

1: for any mirrored number on the
right side
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