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Abstract
Objectives—This study describes educational placement of school-aged children after
spontaneous intracerebral hemorrhage (ICH) and examines whether educational placement is
associated with severity of neurological deficits.
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Methods—Children with spontaneous ICH presenting from 2007 to 2013 were prospectively
enrolled at 3 tertiary children’s hospitals. The pediatric stroke outcome measure (PSOM) and a
parental questionnaire gathered information about neurological outcome, school attendance, and
educational placement.
Results—The cohort of 92 enrolled children included 42 school-aged children (6–17 years) with
ICH. Four died; 1 was excluded due to preexisting cognitive deficits. Thirty-seven completed 3month follow-up, and 30 completed 12-month follow-up. At 12 months, 14 (46.7%) received
regular age-appropriate programming, 12 (40%) attended school with in-class services, 3 (10%)
were in special education programs, and one child (3.3%) received home-based services due to
ICH-related deficits. Of 30 children with 3-month and 12-month follow-up, 14 children (46.7%)
improved their education status, 13 (43.3%) remained at the same education level, and 3 (10%)
began to receive in-class services. Increasing PSOM score predicted the need for educational
modifications at 3 months (OR 3.3, 95% CI 1.4–7.9, p=0.007) and at 12 months (OR 2.1, 95% CI
1.1–3.9, p=0.025).
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Conclusions—Most children returned to school within a year after ICH and many had a
reduction in the intensity of educational support. However, a great need for educational services
persisted at 12 months after ICH with fewer than half enrolled in regular age-appropriate classes.
Worse deficits on the PSOM were associated with remedial educational placement.
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Stroke occurs in 2–13/100,000 children per year in developed countries and is as common as
brain tumors in childhood.1,2 Approximately half of strokes in children are hemorrhagic,
most of which are spontaneous intracerebral hemorrhage (ICH).1 However, there are few
studies on pediatric ICH. More than 50% of children with ICH have neurological
disabilities, and up to 50% have cognitive dysfunction.3,4 One report from the United
Kingdom of 49 children with arterial ischemic stroke found that at a mean of 6 months after
stroke about 20% of children had state funded individual support in mainstream classes and
that over half were on a state funded special education register.5 In this study, patient, parent,
and teacher-reported measures of health-related quality of life in the school domain were
significantly lower than comparative norms. While one study about health status after
childhood stroke included children with ICH6, virtually no information exists regarding the
educational needs and placement of children who have had ICH.

Author Manuscript

Schooling is a critical part of any child’s life, both educationally and socially. Therefore
understanding the educational needs of children who have suffered ICH may help parents
and schools in planning for a child’s effective assimilation into the school environment.
Also, improving reintegration strategies and school support could lead to improved schoolrelated quality of life in some children. This report aimed to describe the educational
placement of school-aged children with ICH from a prospective cohort of children with
spontaneous ICH. We also sought to determine whether degree of neurological dysfunction
at 3 months and 12 months was associated with category of school placement.

Methods
Subjects
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Children with spontaneous (non-traumatic) intracerebral hemorrhage who presented from
2007 to 2013 were prospectively enrolled at 3 tertiary children’s hospitals (Monroe Carell Jr.
Hospital at Vanderbilt, Children’s Hospital of Philadelphia, Johns Hopkins Children’s
Center). Only school-aged children (ages 6–17 years) without preexisting cognitive deficits
were included in this sub-study. At 3 months and 12 months post-ICH, neurological deficits
were assessed with the Pediatric Stroke Outcome Measure (PSOM).7 Hemorrhage pattern
was described as isolated intraparenchymal (IPH), isolated intraventricular (IVH), or
intraparenchymal with intraventricular extension (IPH+IVH). Intraparenchymal hemorrhage
volume was measured using the ABC/XYZ method which estimates hemorrhage volume as
a percent of total brain volume.8,9 The study was approved by each site’s institutional review
board, and informed consent and child/adolescent assent, when applicable, were obtained for
all subjects.
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Educational Placement and Neurological Outcome
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For each subject, parents were asked whether the child had an individualized education plan
(IEP) or 504 plan in place. An IEP is a written document that is developed for a student in
public school who requires special education. An IEP is typically prepared by a team that
includes teachers, therapists, and the child’s parents. A 504 plan typically is reserved for
children who require educational accommodations but who do not require special education
(e.g., extra time to walk between classes due to motor impairment). Both IEPs and 504 plans
are typically reviewed annually. At the 3 month and 12 month visits, parents were asked
whether or not their child was attending school. If the child was attending school, the parent
was asked whether the child was attending school in regular age-appropriate grade level
programming, attending school at grade level with in-class services, attending school below
grade level in a self-contained special education program, or receiving home-based
academic services. If the child was not attending school, the parent was asked whether the
child was not attending school due to ICH-related deficits or due to medical illness. For the
purpose of examining the possible association between neurological outcome and
educational placement, educational placement was dichotomized as “normal” defined as
attending school in regular age-appropriate grade level programming and “educational
modifications” defined as all other categories.
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The PSOM is based on the neurological examination and includes 5 subscale scores:
sensorimotor left, sensorimotor right, expressive language, receptive language, and
cognition/behavior. The subscales are scored as 0 for no deficit, 0.5 for a mild deficit that
does not interfere with function, 1 for a moderate deficit that interferes with function, and 2
for a severe deficit. Thus the total PSOM score range is 0 to 10. A “poor neurological
outcome” was defined as a total PSOM of ≥1 which indicates moderate deficits or worse.10
This definition has previously been used in the pediatric stroke literature.4,11
Statistical Analysis
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STATA 12.0 (StataCorp, College Station, TX) was used for all statistical analyses.
Descriptive statistics including counts and percentages for categorical variables and medians
with interquartile ranges (IQR) for non-normally distributed continuous variables were used.
The Wilcoxon rank-sum test was used to determine if PSOMs at 3 months were different
between those with and without 12 month follow-up. The Fisher’s exact test was used to
determine whether an association was present between poor neurological outcome and
educational modifications. Additionally, logistic regression was used to determine whether
the need for educational modifications was associated with total PSOM score when PSOM
was treated as a continuous measure or with hemorrhage volumes as a percent of total brain
volume. In addition, exploratory analyses were performed to evaluate any association
between the need for educational modifications and total scores on the three major
categories of the PSOM [sensorimotor (left sensorimotor and right sensorimotor collapsed
into a single category), language (expressive and receptive collapsed into a single category),
and cognitive/behavior (a single category)]. A probability value of ≤0.05 was considered
statistically significant.
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Results
Of 92 subjects enrolled, 50 were excluded for this study because they were not school-aged
(<6 years). Of 42 school-aged subjects, four died, and 1 with preexisting cognitive
impairment and special education needs due to Trisomy 21 was also excluded. The
remaining 37 were included. All 37 completed 3-month follow-up, and 30 (81.1%) had 12month follow-up. Table 1 provides subjects’ demographics and hemorrhage characteristics.
At 3-month follow-up, median total PSOM score was 2 (IQR 0.5–3, range 0–6), and 26
children (70.3%) had a total PSOM ≥1 (poor neurological outcome). At 12-month followup, median total PSOM score was 0.75 (IQR 0.5–3, range 0–5), and 15 children (50%) had a
total PSOM ≥1. There was no significant difference in the 3-month total PSOM scores of the
children who did and did not have 12-month follow-up (p=0.48, Wilcoxon-rank sum).
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At 3 months, 12 (32.4%) had an IEP. At 12 months, 17 (56.7%) had an IEP and 1 had a 504
plan. Twenty-five children (67.6%) had educational modifications at 3 months, and 16
(53.3%) had educational modifications at 12 months. Table 2 describes the subjects’
educational placement. Of 30 children with both 3-month and 12-month follow-up, 14
children (46.7%) improved their education status, 13 children (43.3%) remained at the same
education level, and 3 children (10%) began to receive in-class services.
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Greater deficits on the PSOM correlated with the need for educational modifications at 3
months and 12 months post-ICH. At 3 months, 4 of 26 (15.4%) with a total PSOM ≥1 and 8
of 11 (72.7%) with total PSOM <1 were enrolled in an age-appropriate grade level school
program (p=0.001, Fisher’s exact). At 3 months, for every additional 1 point on the total
PSOM score, the odds of requiring educational modifications increased 3.3-fold [95%
confidence interval (CI) 1.4–7.9, p=0.007]. Intraparenchymal hemorrhage volume as a
percent of total brain volume was not associated with the need for educational modifications
at 3 months.
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At 12 months, 4 of 15 (26.7%) with total PSOM ≥1 and 10 of 15 (66.7%) with total PSOM
<1 were enrolled in an age-appropriate grade level school program (p=0.066, Fisher’s
exact). At 12 months, for every additional 1 point on the total PSOM score, the odds of
requiring educational modifications increased 2.1-fold [95% CI 1.1–3.9, p=0.025]. Figure 1
shows the median PSOM score for each educational placement level at 3 months (A) and at
12 months (B). Tables 3 and 4 show the exploratory analyses that examine educational
placement by PSOM category at 3 months and 12 months after ICH, respectively.
Intraparenchymal hemorrhage volume as a percent of total brain volume was not associated
with the need for educational modifications at 12 months.

Discussion
In this three-center prospective cohort of children with ICH, while almost all children were
able to attend school after ICH, we found that at 3 months, nearly 70% of children had
educational modifications. Many children’s educational needs decreased between 3 and 12
months after ICH, but at 12 months after ICH, over half still required modifications to their
school programs. These results are similar to a study of children from the United Kingdom
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with arterial ischemic stroke in which almost 60% were on a state special needs register at 6
months after the stroke.5 To our knowledge, there are no previous descriptions of school
placement after pediatric ICH; however, most pediatric quality of life and health status
measures include domains that relate to school because school is an integral part of most
children’s lives. While some groups have found that school-related quality of life is not
diminished after childhood stroke12, other groups have reported decreased school-related
quality of life.5,11,13,14 O’Keefe et al found that school-related quality of life was the lowest
rated domain by childhood arterial ischemic stroke survivors, their parents, and their
teachers.5 Similarly, Friefeld et al found that among 100 children with ischemic stroke, both
parents and children rated the school function domain the poorest.13 The strongest predictor
of the social domain and school function domains of the quality of life measure was the
cognitive/behavioral subscale of the PSOM. In a separate study of over 100 children with
ischemic stroke, nearly one third had poor quality life in the “becoming” domain, which
includes productive capabilities that are required for school performance. The lowest score
on the quality of life measure was that for school and play.11 Comparisons of these quality
of life studies5,11,13,14 with the current study are limited because the current study did not
directly measure qualify of life. However, the finding that so many children require
educational modifications, which is in consistent with studies in pediatric ischemic stroke5,
may be related to poor school-related quality of life found in several pediatric stroke
studies5,11,13,14.
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In the present study, increasing scores on the PSOM were associated with the need for
educational modifications. In exploratory analyses, poor outcome (PSOM ≥1) on the
sensorimotor subscale of the PSOM was associated with educational modifications at both 3
months and 12 months. Smith et al reported that among 59 children with unilateral stroke of
whom 12 had ICH, children with hemiparesis had worse parent-reported and child-reported
health status on the school scale of the PedsQL Cerebral Palsy Module compared with
children who did not have hemiparesis.6 While the current study cannot be directly
compared to that of Smith et al because health status was not measured, it is possible that
difficulties with motor functions that affect writing or typing contribute to both worse
school-related quality of life and the need for educational modifications, at least in some
children. Poor outcome on the combined expressive and receptive language subscale was
associated with educational modifications at 12 months. Surprisingly, poor outcome on the
cognitive/behavioral subscale of the PSOM was not associated with the need for educational
modifications at 3 or 12 months. While it is possible that the power to find an association
was different for the cognitive/behavioral subscale than for the language or sensorimotor
subscale in which two categories were collapsed, the majority of the children with poor
sensorimotor outcome had only unilateral deficits so collapsing the right and left motor
scores should not have increased the PSOM subscale for most children with poor outcome
on this measure.
There are several limitations to this study. Systematic, formal neuropsychological or
cognitive testing was not available in this cohort, so it was not possible to describe the
cognitive domains affected by ICH or to explore which types of deficits might most closely
relate to school modifications. Additionally, no standardized quality of life assessments were
performed. Therefore, we were unable to assess whether the needs for educational
Pediatr Neurol. Author manuscript; available in PMC 2017 August 01.
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modifications or the degree of educational modifications needed were correlated with
school-related quality of life measures. Furthermore, educational placement was based on
parental report and was in most cases not independently confirmed by the study
neurologists. Children were enrolled in many school districts in 3 states, so there was likely
variable implementation of educational modifications based on resources available in
various geographic regions, differences in school staff expertise in recognizing cognitive
deficits, and uncertainties about the persistence of deficits. Thus the association of the
PSOM and school placement may be influenced by non-medical factors that were not
assessed in this study. While ICH volume was not associated with educational modifications
in this sample, the ability to examine this factor is limited by sample size and by the
potential variability in which educational services are implemented. Despite its limitations,
we believe that this work is helpful because it reflects the educational needs of children with
ICH in clinical practice. Additional work is needed to understand the long-term learning
difficulties that children with ICH face and to quantify these children’s cognitive and
neuropsychological profiles. Future studies should attempt to gather information on
neurological function (e.g., PSOM scores), educational placement and modifications, and
health status and quality of life measure in order to characterize outcomes of children with
spontaneous ICH fully. Also, future studies with a larger sample should examine whether the
discharge PSOM or 3-month PSOM is associated with educational modifications at 12
months.
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This study highlights the need for educational services for children with intracerebral
hemorrhage. While rehabilitation programs often center on motor and language function,
attention must also be placed on careful assessments of educational needs and reintegration
into the school environment. A partnership among medical professionals, parents, and
educators is likely required.
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Figure 1.

A. Median PSOM Score and Educational Placement at 3 months.
B. Median PSOM Score and Educational Placement at 12 months.
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Subject Demographics and Hemorrhage Characteristics (N=37).
N (%)
Age in years, median (IQR, range)
Male

13.0 (9.9–14.9, 6.4–17.7)
23 (62.2%)

Race and ethnicity
White

22 (59.5%)

African American

15 (40.5%)

Hispanic

0 (0%)

ICH pattern
IPH

19 (51.4%)

IVH

2 (5.4%)

IPH+IVH

16 (43.2%)

Author Manuscript

ICH etiology
Arteriovenous malformation

19 (51.4%)

Cavernous angioma

4 (10.8%)

Aneurysm

3 (8.1%)

Arteriovenous fistula

1 (2.7%)

Developmental venous anomaly

1 (2.7%)

Coagulopathy

1 (2.7%)

Unknown

8 (21.6%)

ABC//XYZ, median (IQR, range)

1.2% (0.4–2.7%, 0.006–6.5%)

N=number, IQR=interquartile range, ICH=intracerebral hemorrhage, IPH=intraparenchymal hemorrhage, IVH=intraventricular hemorrhage.

Author Manuscript
Author Manuscript
Pediatr Neurol. Author manuscript; available in PMC 2017 August 01.

Hawks et al.

Page 10

Table 2

Author Manuscript

Educational Placement at 3 Months (N=37) and 12 Months (N=30) after ICH.
3 Months

12 Months

Educational Placement
N (%)

N (%)

Regular classes

12 (32.4%)

14 (46.7%)

In-class services

9 (24.3%)

12 (40%)

Below grade level

1 (2.7%)

3 (10%)

Home based

8 (21.6%)

1 (3.3%)

Not attending

7 (19%)

0 (0%)

12 (32.4%)

17 (56.7%)

Accommodation plan
IEP
504 plan
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None
Unknown

0 (0%)

1 (3.3%)

23 (62.2%)

12 (40%)

2 (5.4%)

0 (0%)

N=Number, IEP=Individualized Education Plan.
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18/19

1/19

2/14

2/13

Absent

11/18

10/23

10/24

<0.001

0.08

0.15

P-value±

Fisher’s exact test.

±

Poor neurological function defined at PSOM subscale score ≥1 for specific function (moderate or severe disability). 8/14 with poor language function had scores >0 on the total of the expressive language
and the receptive language subscales. 3/19 with poor sensorimotor function had scores >0 on sensorimotor right and sensorimotor left.

*

7/18

13/23

14/24

Present

Absent

Neurologic Function
Good

Educational Modifications

PSOM=Pediatric Stroke Outcome Measure.

12/14

Language

11/13

Present

Sensorimotor

Cognitive/behavioral

PSOM Subscale

Neurologic Function
Poor*

Educational Modifications by PSOM Subscale Category 3 Months after ICH.
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7/8

1/8

1/9

4/12

Absent

13/22

13/21

10/18

0.039

0.017

0.28

P-value±

Fisher’s exact test.

±

Poor neurological function defined at PSOM subscale score ≥1 for specific function (moderate or severe disability). 5/9 with poor language function had scores >0 on the total of the expressive language
and the receptive language subscales. 1/8 with poor sensorimotor function had scores >0 on sensorimotor right and sensorimotor left.

*

9/22

8/21

8/18

Present

Absent

Neurologic Function
Good

Educational Modifications

PSOM=Pediatric Stroke Outcome Measure.

8/9

Language

8/12

Present

Sensorimotor

Cognitive/behavioral

PSOM Subscale

Neurologic Function
Poor*

Educational Modifications by PSOM Subscale Category 12 Months after ICH.
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