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Behavioral outcome in congenital shunted
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Abstract. Neuropsychiatric disease is often prevalent in white matter disorders. Hydrocephalus, for example, causes a disruption
of white matter pathways. While research has shown that emotional and behavioral problems are prevalent in myelomeningocele
(MMC) associated hydrocephalus, it is less clear if this is true in hydrocephalus due to other etiologies. The present study
compared 30 children with early onset communicating shunted hydrocephalus with 18 healthy controls (age range 6-16 years)
with regard to parent rated behavior and emotional functioning, controlling for intelligence quotient differences between groups.
Results indicated that children with communicating hydrocephalus have a higher incidence of clinically significant reported
behavioral/emotional difficulties (30%) compared with controls (11%). Internalizing problems were significantly more common
in patients compared to controls. These findings underscore the importance of monitoring behavioral and emotional adjustment
in children with hydrocephalus and intervening as appropriate. In addition, these observations show that MMC children with
hydrocephalus and congenital hydrocephalus patients have similar emotional difficulties implying that it is hydrocephalus and

not other MMC-associated brain anomalies that affect emotional outcome.
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1. Introduction

Neuropsychiatric conditions such as depression,
anxiety, and apathy are often associated with white mat-
ter diseases. Multiple sclerosis, acute disseminated en-
cephalomyelitis, neurosarcoidosis, systemic lupus ery-
thematosus, and vascular dementia have a higher preva-
lence of psychiatric disorders than seen in the gener-
al population and other non-white matter diseases [1].
While a reactive state may be playing a role, there is
a growing body of evidence that white matter patholo-
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gy is directly associated with occurrence of these neu-
ropsychiatric states [1].

Congenital hydrocephalus is a neurologic condition
resulting in excessive buildup of cerebral spinal flu-
id which disrupts white matter tract development and
myelination [2,3]. Therefore, in theory, children with
hydrocephalus are at increased risk for neuropsychi-
atric disorders. Research has in fact shown that chil-
dren with myelomeningocele (MMC) associated hy-
drocephalus have been found to have higher rates of
behavioral problems on standardized rating scales [4].
Connell and McConnel [5] found 44% of their hetero-
geneous sample of children with congenital shunted
hydrocephalus met criteria for a psychiatric disorder
based on parent ratings and interviews, while Donders
et al. [6] found a rate of 16% based on the Personal-
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ity Inventory for Children-Revised in a heterogeneous
sample including 27% with MMC-associated hydro-
cephalus. Recently, Lindquist et al. [7] found that par-
ents of amixed group of children with MMC-associated
hydrocephalus or infantile hydrocephalus reported that
at least 75% their children suffered from at least one be-
havioral problem based on the Conner’s Rating Scale.
While learning problems were seen in almost half, con-
duct problems (17%), hyperactivity (32%), inattentive-
ness (17%), psychosomatic issues (29%), and anxiety
(12%) were also elevated compared to healthy peers.
The authors noted that these rates are much higher than
seen in epidemiologic studies, where only 7% of chil-
dren were labeled as having a psychiatric disorder and
3 to 5% with attention deficit disorder [8].

While it is apparent that the rates of behavioral prob-
lems are higher in MMC-associated hydrocephalus,
it is less clear if this is true in patients with hydro-
cephalus associated with other etiologies. Swartwout
et al. [9] found that children with aqueductal steno-
sis performed better on tests of attention compared to
children with spina bifida suggesting that there may
be different symptoms based on etiology. Given that,
the majority of patients participating in these studies
have MMC it is important to recognize that the MMC
child has his/her own unique brain morphology that
includes anatomical anomalies. While hydrocephalus
may play a role in overall outcome, neural tube defects
such as MMC directly impact brain development. The
neuroembroyogenesis has been shown to adversely im-
pact development of the corpus callosum, midbrain,
and cerebellum [4], all structures that can play a role in
neurobehavioral development [10]. Additionally, chil-
dren with MMC also experience unique motor diffi-
culties that may impact emotional status that are not
encountered by children with hydrocephalus without
spinal cord involvement.

While Fletcher et al. [11] found that group difference
in etiology did not influence the presence of behav-
ioral problems; the defined groups were heterogeneous
and small. For example, nine of the 19 patients de-
fined as “prematurity hydrocephalus group” were not
shunted and there were only nine children in the aque-
duct stenosis sample. While not finding any statistical-
ly significant influence of etiology on outcome, 44%
of the children with aqueductal stenosis compared to
26% of children with MMC-associated hydrocephalus
were viewed by their parents as displaying psychiatric
symptoms, primarily internalizing behaviors.

In the Lindquist et al. [7] study, etiology was also
unclear within the group described as “infantile hy-

drocephalus” simply defined as “not associated with
MMC”. Hydrocephalus can be due to many causes
(e.g., aqueductal stenosis, cysts, periventricular hem-
orrhage, and trauma) and subtle differences in etiology
may impact functional outcome in these studies. In
fact, Lindquist et al. [7] found that the children with
infantile hydrocephalus tended to display more hyper-
activity while those with MMC displayed more pas-
sive/inattentive behaviors.

Along with issues of etiology, the impact of intel-
lect is sometimes considered and other times ignored in
studies. Research has consistently shown that children
with hydrocephalus display limitations in intellect [4,
12]. Furthermore, Lindquist et al. [7] found that in-
tellect impacted endorsement of behavioral problems
in children, with lower intellect related to greater en-
dorsement of behavioral difficulties.

The purpose of this study was to further our under-
standing of the incidence and type of psychiatric dys-
function associated with hydrocephalus by examining
a homogeneous group of children, without MMC, with
early shunted hydrocephalus controlling for intellec-
tual functioning. Based on prior research noting in-
creased rates of depression, anxiety, attention, and ap-
athy associated with white matter diseases [1], it was
hypothesized that children with early shunted commu-
nicating hydrocephalus in the absence of other disease
(e.g., MMC) will demonstrate higher rates of these psy-
chiatric disorders than seen in peers or general popula-
tion. Alternatively, the null hypothesis for the current
study would be that children with hydrocephalus would
have statistically equivalent rates of parent rated behav-
ior and emotional difficulties in comparison to healthy,
same age peers.

2. Materialsand methods

After Institutional Review Board approval, partic-
ipants were recruited through the Pediatric Neuro-
surgery Service at The University of Chicago. All par-
ticipants provided their assent and their legal guardians
provided informed consent following a full explana-
tion of the study procedures. The participants included
30 children with hydrocephalusand 18 healthy children
without hydrocephalus that served as a control group.
The control group consisted of typically developing,
healthy siblings and friends of the children in the pa-
tient group. The control group contained 12 males and
six females and had a mean age of 135 + 34 months
(range 76—190 months). The hydrocephalus group had
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amean age of 116 + 43 months (range 73-192 months)
and was composed of 20 males and 10 females. All
subjects within the hydrocephalus group presented with
communicating (absorptive) hydrocephalus from either
documented or presumed pre- or perinatal intraventric-
ular hemorrhage. Other causes of absorptive hydro-
cephalus (i.e., meningitis) or anatomic anomalies as-
sociated with absorptive hydrocephalus (i.e., Dandy-
Walker cyst) were excluded. All children with hydro-
cephalus were shunted in the first year of life with a
non-siphoning valve shunt system that was placed in a
ventriculoperitoneal position. For preterm infants re-
quiring shunting, shunts were not placed until children
attained a weight of 1750 g or greater with lumbar
puncture used to control hydrocephalus until that time.
External drainage devices were not used in the cohort
presented in this study. Children born at term requir-
ing shunting were shunted immediately. Children who
developed hydrocephalus within their first year requir-
ing shunting were also shunted immediately. Patients
were excluded if they had a history of shunt infection
or revision in the year prior to study participation. Six
participants had a history of distant shunt infection and
each of those six had more than three shunt revisions
(21%).

Additionally, children with full scale intelligence
quotient (FSIQ) (as measured by the Wechsler Intel-
ligence Scale for Children-Third Edition) scores less
than 70 were also excluded due to concerns that the be-
havioral and emotional rating scale would be less valid
in children with intellectual disability. Of the partici-
pants with hydrocephalus, 11 (36.7%) were born pre-
mature, six (20%) who were born at term had visible
pre-or post-natal brain hemorrhage, and five (16.7%)
had a history of having a seizure without ongoing
epilepsy.

Behavioral and emotional adjustment was assessed
using the Parent Rating Scale of the Behavior Assess-
ment Scales for Children (BASC, 13). The BASC
assesses the presence and severity of a range of be-
havioral and emotional difficulties by comparing re-
sponses of an individual parent about their child to a
large, age-matched, normative sample. A total of nine
clinical scales are included: Hyperactivity, Aggres-
sion, Conduct Problems, Anxiety, Depression, Soma-
tization, Atypicality, Withdrawal, and Attention Prob-
lems. Social skills and leadership qualities are also rat-
ed as an assessment of adaptive functioning. Compos-
ite scores can be derived for externalizing and internal-
izing problems as well as adaptive skills and an over-
all Behavioral Symptom Index. Scores on all scales

and composites are interval level data and have a mean
of 50 and a standard deviation of 10. Higher scores
on the clinical scales, internalizing and externalizing
composite scores, and behavioral symptoms index in-
dicate worse behavioral functioning. In contrast, high-
er scores on the adaptive scales and adaptive compos-
ite indicate better adaptive functioning. Conventional
cut-off scores [13] were used, with a T-score of 60—
69 indicating difficulties in the “at-risk” range and T-
scores of greater than or equal to 70 indicative of “clin-
ically significant” difficulties for the clinical scales and
composite scores. For the adaptive scales and adaptive
composite, “at-risk” corresponded to T-scores of 31-40
while “clinically significant” corresponded to T-scores
of less than or equal to 30.

Participants also received a comprehensive assess-
ment battery at the same visit as parents completed
the Parent Rating Scale of the BASC, including as-
sessment of intelligence (Wechsler Intelligence Scale
for Children-Third Edition, WISC-I11), which was later
used as a covariate in selected analyses.

The data derived from parent ratings was normally
distributed, with no significant skew or kurtosis, thus,
independent samples ¢-tests were used to compare the
hydrocephalus and control groups in age and FSIQ,
while a Chi-square test was used to evaluate possible
differences between groups on gender distribution. In
order to assess for differences between groups on be-
havioral and emotional adjustment, independent sam-
ples t-tests were used to compare groups across the
clinical scales and composites. ANCOVA’s were also
used to examine differences between groups on behav-
ioral ratings while using FS1Q as a covariate. Addition-
ally, the incidence of clinical scales falling in the “at
risk” and “clinically significant” range were compared
between groups using a Chi-square test.

3. Results

The participants with hydrocephalus and the control
group did not differ with regard to gender distribution
or age at the time of study. The groups did, however,
differ with regard to FSIQ (t [46] = 4.1, P < 0.01).
Though both groups were within the broad average
range of intelligence, the hydrocephalus group had a
significantly lower FSIQ (91 + 11) compared with the
control group (108 + 18).

Participants with hydrocephalus were compared to
controlsacross the nine clinical scales, two adaptive be-
havior scales, and four composite scores on the BASC.
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Table 1
Comparison of Behavior Assessment Scales for Children results (T-
scores) between groups

Features Normal controls Hydrocephalus
(n = 18) (n = 30)
Mean + SD Mean + SD
Clinical scales
Hyperactivity 425+73 46.8 = 7.7
Aggression 49.6 £ 9.5 48.2 £10.5
Conduct problems 47.1+8.3 498 +11.4
Anxiety 449+ 6.9 47+79
Depression 439 £ 7.6* 50 +11.5*
Somatization 453 + 8.8* 52.8 £ 11.2*
Attention problems 48.2 £ 11.3* 55 + 9.5*
Withdrawal 49.1 + 133 50.8 +10.5
Atypicality 48.2 +£11.3* 55 + 9.5*
Adaptive scales
Social skills 489+9.9 48.14+9.9
Leadership 49.3+9.7 45.6 +10.6
Composites
Internalizing 435+ 6.9* 49.8 £9.7*
Externalizing 458 £ 8.4 48.1+£9.4
Behavioral symptoms index 43.3 £+ 7.1* 485 + 8.3*
Adaptive composite 485+7.8 50.2 £10.1

*P <0.05.

Results revealed significant differences (P < 0.05)
across several clinical scales and composites, with hy-
drocephalic patients rated as having significantly more
difficulty than controls (Table 1).

With regard to the BASC clinical scales, participants
with hydrocephalus had worse parent-rated depression
(t [46] = —1.98, P < 0.05), somatization (t [46] =
—2.45, P < 0.05), atypicality (t [46] = —2.41, P <
0.05), and attention problems (t [46] = —2.22, P <
0.05). Additionally, the internalizing composite score
(t [46] = —2.38, P < 0.05) and overall behavioral
symptoms index (t [46] = —2.24, P < 0.05) were
also significantly higher in children with hydrocephalus
compared to controls. No differences were observed
between groups across adaptive scales (Social Skills t
[46] = 0.295, P = 769; Leadershipt [46] = 1.22, P =
228) or the adaptive composite (t [46] = 657, P =
514).

Given the significant difference between groups on
the FSIQ measure, univariate ANCOVA's, controlling
for FSIQ, were used to compare groups across clinical,
adaptive, and composite scores. FSIQ was not a signif-
icant predictor across these analyses with the exception
of the depression clinical scale. Inclusion of FSIQ as
a covariate in that analysis resulted in increasing the
magnitude of the significant difference between hydro-
cephalus participants and controls (F [2, 48] = 7.605,
P < 0.01).

Additionally, the incidence of “at-risk” and “clin-
ically significant” behavior and emotional difficulties

were calculated for both groups (Table 2). Despite the
fact that “at-risk” scores fall below the standard clinical
cut-off for the BASC, the decision was made to include
them in order to provide a more dimensional view of
behavioral and emotional adjustment in this sample as
well as because it provides an opportunity to compare
the current results with other studies that have used a
lower cut-off (i.e., T = 65, 10). Within the control
group, a minority (11%) of children were found to have
“clinically significant” elevations on at least one of the
scales and composites. “Clinically significant” eleva-
tions on at least one scale were observed in 30% of the
hydrocephalus group. Also, “at-risk” range difficulties
with attention and withdrawal as well as “clinically sig-
nificant” conduct problems were more likely in the hy-
drocephalus group compared with controls. Adaptive
skills were rated quite similarly between controls and
children with hydrocephalus.

4. Discussion

The current study sought to examine the incidence
and pattern of behavioral and emotional difficulties in
a homogeneous sample of children with early shunted
hydrocephalus when compared with a control group of
healthy, typically developing children who were statis-
tically equivalent with regard to age at time of testing
and gender distribution. None of the patients were di-
agnosed with MMC. Based on prior research indicat-
ing intelligence may be compromised in this popula-
tion [12] and may impact ratings of emotional prob-
lems [7], intelligence was used as a covariate in appro-
priate analyses.

Results revealed an increased incidence of clinically
significant behavioral and emotional difficulties in chil-
dren with non-MMC-associated hydrocephalus when
compared to the control group (30% vs. 11%). Exam-
ination of the significant differences between patients
and controls revealed that children with early shunt-
ed congenital hydrocephalus had higher parent ratings
on several scales including depression, somatization,
atypicality, and attention problems. Unlike the study
of Lindquist et al. [7] finding of a trend toward in-
creased hyperactivity in her sample of “infantile” hy-
drocephalus (38%) compared to MMC-associated hy-
drocephalus (23%), none of our patients with early
shunted communicating hydrocephalus were reported
by parents as hyperactive. While there was a significant
finding between our groups on atypicality which may
suggest autism spectrum symptoms, this was driven by
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Incidence of behavioral and emotional difficulties across groups

Features Normal controls (n = 18) Hydrocephalus (n = 30)
“At risk” “Clinically “Atrisk”  “Clinically
n (%) significant” n (%) significant”
n (%) n (%)
Clinical scales
Hyperactivity - - - -
Aggression 1(5.6) 1(5.6) 2 (6.7) 2 (6.7)
Conduct problems 2(11.1) - 2 (6.7) 4 (13.3)
Anxiety - - 2 (6.7) -
Depression 1(5.6) - 3 (10) 2(6.7)
Somatization 2(11.1) - 2 (6.7) 3 (10)
Attention problems 2(11.1) 1(5.6) 9 (30) 2 (6.7)
Withdrawal 1(5.6) 2(11.1) 6 (20) 1(3.3)
Atypicality - - 1(3.3) -
Adaptive scales
Sacial skills 4(22.2) - 3(10) 2(6.7)
Leadership 3(16.7) 1(5.6) 6 (20) 3 (10)
Composites
Internalizing - - 2 (6.7) 2(6.7)
Externalizing 1(5.6) - 5 (16.7) -
Behavioral symptoms index 1 (5.6) - 2 (6.7) -
Adaptive composite 2(111) - 2(6.7) 1(3.3)

one patient in the at-risk category (3%) compared to
Lindquist et al. [7] finding of 20%. Linquist’s group
was defined as a “hydrocephalus with a wider spectrum
of underlying pre, peri, or early postnatally acquired
brain lesions” and thus this may account for the find-
ing of more severe behavioral problems in that sam-
ple. Additionally, Lindquist et al. [7] use of a lower
cut-off to determine “clinically significant” difficulties
(T > 65 versus T > 70) may have also contributed to
the differences between their findings and the current
study.

Consistent with the trend of higher parent report of
internalizing behaviors in certain groups [11], the cur-
rent sample documented that parents reported a higher
rate of internalizing behavior compared to age matched
peers, even when controlling for intelligence. This pat-
tern of findings is consistent with previous research.
Internalizing problems, such as depression, are more
commonly seen in white matter diseases [14] and now
across etiologies of hydrocephalus. Finally, attention
problems were found in the current study and have
been commonly reported both in studies using parent
report [15] and in research that utilizes direct cognitive
testing [16]. Inthe present study, the somatization scale
may have been rated more highly in the hydrocephalus
group due to the use of a healthy, typically developing
control group, rather than children with other medical
difficulties.

Overall, this finding is consistent with past research
suggesting that individuals with hydrocephalus are at

a higher risk of developing difficulties compared with
healthy controls [17] as well as children with other
medical difficulties [11]. Review of the patterns of in-
cidence of “at risk” and “clinically significant” behav-
ioral and emotional difficulties reported by the parents
in the present study, though exploratory in nature, re-
vealed a wide variability in the presentation of chil-
dren with this form of hydrocephalus. Though inter-
nalizing difficulties such as withdrawal (i.e., “prefers to
be alone”, “avoids other children”) were significantly
more common in the hydrocephalus group compared
with controls, a wide variety of both internalizing and
externalizing problems were endorsed at clinically sig-
nificant levels across the sample. This is consistent with
Donders et al. [6] finding of wide variability in their
sample as well. Of note, only two of the children in our
hydrocephalus group had elevations on more than one
of the clinical scales, thus underscoring the variability
in presentation across this sample.

These findings may be related to several factors. In
the present study, children in the patient group were
compared with age comparable healthy peers. Itis like-
ly that some of the elevation in behavioral and emo-
tional difficulties may be related to children with hy-
drocephalus being forced to cope with multiple factors,
including the challenge of feeling or looking different
than peers, the process of undergoing multiple medical
procedures, and the limitations on involvement in age-
typical activities. Population based research has sug-
gested that these types of factors continue to influence
adjustment into adulthood [18].
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However, similar incidences and patterns of behav-
ioral and emotional difficulties have been found even
when comparing children with MMC-associated hy-
drocephalus to children with other chronic neurologi-
cal difficulties [11]. Thus, biological changes specific
to hydrocephalus may also underlie the increased in-
cidence of emotional difficulties. Specifically, hydro-
cephalus significantly impacts white matter function-
ing and development [19,20]. Also, there is signifi-
cant evidence in adults that white matter changes or
subcortical injuries are related to the development of
depression [21,22]. The finding in the present study
that children with hydrocephalus are at a higher risk
for displaying internalizing problems, may therefore
be related to the disruption of white matter pathways
during development. The attention problems reported
in the present study and in the broader literature re-
gardless of etiology of hydrocephalus may also be tied
to alterations in fronto-subcortical circuits important
for executive functioning. Future longitudinal imaging
studies would be required to more carefully evaluate
the impact of brain changes on behavior and emotional
adjustment.

Several limitations are present in the current study.
First, behavioral and emotional adjustment were mea-
sured solely based on parent report. Future research
could also include self and teacher ratings in order to
more comprehensively identify children with areas of
difficulty. A second limitation is the relatively small
sample size. Due to this factor, a number of interest-
ing hypotheses were not possible to address statistical-
ly due to concerns about limited power. This includ-
ed examining whether the presence of certain medical
complications (i.e., seizures, shunt revisions) places in-
dividuals with hydrocephalus at greater risk for devel-
opment of behavioral or emotional difficulties.

Taken as a whole, the results of the present study
suggest that children with hydrocephalus are at an in-
creased risk to develop difficulties with behavioral and
emotional adjustment. Internalizing problems and at-
tentional difficulties are the most commonly reported
difficulties, though a wide variety of clinically signif-
icant externalizing and internalizing difficulties were
also seen. Our results, when compared with other
studies reporting consistent findings in mixed popula-
tions [7,11], suggest that the emotional/behavioral dif-
ficulties seen are related to the hydrocephalus and/or
its treatment, rather than any associated anomalies (i.e.,
MMC). As such, the underlying anatomic substrate for
these behavioral issues is more likely effects of the hy-
drocephalus (e.g., while matter stretch and injury) than
the etiology of the hydrocephalus.

Future research, utilizing longitudinal designs, is
necessary to further examine the development of these
difficulties over time and to identify specific factors
that may either protect individuals or increase the risk
for development of behavior and emotional problems.
Careful imaging studies of these populations will help
elucidate the underlying anatomical anomalies that may
accompany these behavioral changes.
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