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Normal growth curve of choroid plexus in children:
implications for assessing hydrocephalus due to choroid
plexus hyperplasia

Hiroaki Hashimoto, MD, PhD,"2 Osamu Takemoto, MD, PhD,' Keisuke Nishimoto, MD,’
Gento Moriguchi, MD,' Motoki Nakamura, MD,' and Yasuyoshi Chiba, MD, PhD'

'Department of Neurosurgery, Osaka Women'’s and Children’s Hospital, Izumi, Osaka, Japan; and ?Department of Neurological
Diagnosis and Restoration, Graduate School of Medicine, Osaka University, Suita, Osaka, Japan

OBJECTIVE Pediatric hydrocephalus requires evaluation while accounting for growth of the intracranial structures,

but information on choroid plexus growth in children is lacking. This study aimed to create normal growth curves for
intracranial volume, choroid plexus volume, and lateral ventricles volume. Additionally, the authors aimed to objectively
assess the degree of hydrocephalus caused by choroid plexus hyperplasia (CPH) and to examine the impact of surgical
procedures.

METHODS This retrospective study analyzed the head CT scans of pediatric patients with minor head trauma treated
at Osaka Women'’s and Children’s Hospital between March 2006 and May 2023. The study segmented and calculated
intracranial, choroid plexus, and lateral ventricles volumes. The study also calculated the correlation coefficients among
these 3 parameters. Patients aged 0 to 10 years were divided into 15 age-related clusters, and mean + SD values were
calculated for each cluster. Growth curves were created by plotting mean values sequentially. Volume obtained from
patients with CPH were z-normalized using mean and SD values and compared.

RESULTS A total of 229 CT scans (94 from females) were analyzed, and positive correlations were observed among
intracranial volume, choroid plexus volume, and lateral ventricles volume, with the strongest correlation between the
choroid plexus and lateral ventricles volumes. The growth rate of intracranial volume was rapid until approximately 20
months of age, while those of choroid plexus volume and lateral ventricles volume increased rapidly until approximately
1 year of age. Subsequently, choroid plexus volume and lateral ventricles volume plateaued at 1.5 ml and 10 ml, re-
spectively. Three patients with CPH were enrolled and quantitatively evaluated on the basis of the z-normalized volume.
Notable abnormal volumes of the choroid plexus (range z-normalized values 24.11-51.17) and lateral ventricles (46.78—
122.36) were observed. In 2 patients, improvements in the z-normalized values of intracranial volume and lateral ven-
tricles volume were observed after surgical interventions. Additionally, in 1 patient, choroid plexus volume was reduced
by approximately 24% (range z-normalized values 51.17-38.93) after bilateral endoscopic plexus coagulation.

CONCLUSIONS This study provides normal growth curves for intracranial volume, choroid plexus volume, and lateral
ventricles volume. Knowledge of these normal values holds the potential for objective assessment of abnormal values
associated with hydrocephalus and choroid plexus diseases such as CPH.
https://thejns.org/doi/abs/10.3171/2023.7.PEDS23218

KEYWORDS choroid plexus hyperplasia; choroid plexus volume; growth curves; intracranial volume; lateral ventricles
volume; hydrocephalus

pediatric and adult neurosurgical fields. The inci-
dence of congenital hydrocephalus in the United
States and Canada has been estimated at 68 per 100,000
births.! Hydrocephalus has been classically defined as any
increase in CSF within the skull? or as active distension

l l YDROCEPHALUS 1S a common disorder in both the

of the ventricular system of the brain resulting from inad-
equate passage of CSF from its point of production within
the cerebral ventricles to its point of absorption into sys-
temic circulation.? Therefore, there appears to be a close
relationship between ventricular size and CSF produc-
tion. Although recent research has raised doubts about the

ABBREVIATIONS BEC = bilateral endoscopic plexus coagulation; CPH = choroid plexus hyperplasia; EVD = external ventricular drainage; mPGCS = modified Pediatric
Glasgow Coma Scale; P1 = patient 1; VAS = ventriculoatrial shunt; VPS = ventriculoperitoneal shunt.
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concept of directed bulk-flow movement of CSF, which
involves flow from the choroid plexus into the ventricles
and across the arachnoid villi back into the blood,* the
choroid plexus is widely recognized as the source of CSF
production.’ In the neuroscience field, the production and
directional flow of CSF have been highlighted along with
the glymphatic concept.® In clinical situations, rare cases
of choroid plexus papilloma or choroid plexus hyperplasia
(CPH) have shown hydrocephalus due to an overproduc-
tion of CSF, which is treated with shunt procedures or mi-
crosurgical removal’

Normal growth curves related to head circumference
are well-established tools used by physicians to assess
abnormal growth patterns. Normal growth curves of in-
tracranial volume based on volumetry performed with
CT imaging have been reported,® and those of cerebral
ventricular volume have been revealed on the basis of
volumetry performed with MRI.? Normal thickness of the
choroid plexus has been reported in pediatric'® and adult
populations,'" and aging in adult population was associ-
ated with increased choroid plexus volume."? Recently,
the volume of the choroid plexus has been highlighted in
diseases such as psychotic spectrum disorder,'* Alzheimer
disease,” multiple sclerosis,” stroke,' and pediatric au-
tism."” However, normal pediatric choroid plexus volume
and how it increases in the pediatric population remains
unclear.

In this study, we enrolled pediatric patients with minor
head trauma who were previously healthy and underwent
head CT scans for measurement of intracranial volume,
choroid plexus volume, and lateral ventricles volume. We
investigated the relationship among these parameters and
created growth curves. Additionally, we evaluated the vol-
umes of these parameters in patients with CPH to assess
the degree of abnormality and the impact of surgical in-
terventions.

Methods

Patients and Study Setting

In this retrospective study, we enrolled patients who
underwent CT imaging for head trauma at Osaka Wom-
en’s and Children’s Hospital between March 2006 and
May 2023. Because a significant dose-response relation-
ship was observed between pediatric CT-related radia-
tion exposure and brain cancer,'® our institution follows
guidelines to determine whether CT is performed on chil-
dren with head trauma.'*?° Patients were excluded on the
basis of the following criteria: 1) suspicion of abuse, 2)
need for craniotomy for decompression within a few days
after head injury, 3) cranial depressed fracture requiring
a recovery operation, 4) obvious compression and appar-
ent deformation of the lateral ventricles due to hematoma,
5) Ommaya reservoir implantation or drainage surgical
procedures, 6) presence of complications such as cranio-
synostosis, tumor, epilepsy, autism, intracranial arachnoid
cyst, chromosomal abnormalities, cardiovascular disease,
endocrine disorders, etc., and 7) presence of cavum ver-
gae or cavum septum. Therefore, all subjects were healthy
prior to head injury, experiencing only minor trauma, and
did not require any surgical interventions.
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Multiple follow-up CT scans were conducted in some
cases due to medical necessity. However, not all scans
were included in the analysis because our primary focus
was to determine normal growth curves rather than to
correlate growth with head trauma. To select the appro-
priate scans, we established the following criteria: 1) for
patients younger than 1 year with multiple scans taken at
different ages (in months), one CT scan was evaluated for
each month; 2) for patients older than 1 year with multiple
scans taken at different ages (in years), one CT scan was
evaluated for each year; and 3) for patients with multiple
scans obtained at different ages (in months or years), we
evaluated only the scan with the least influence from the
head injury.

The Ethics Committee of Osaka Women’s and Chil-
dren’s Hospital, Izumi, Japan, provided ethical approval
for this study, which was conducted in accordance with
the Declaration of Helsinki guidelines for experiments in-
volving humans. Informed consent was obtained using the
opt-out method from our center’s website because of the
retrospective and noninvasive nature of the study.

Data Collection

We conducted a retrospective analysis of CT scans
and assessed various medical variables, including sex,
age, modified Pediatric Glasgow Coma Scale (mPGCS)
score,”’ and CT findings. For quantitative assessment of
intracranial volume, choroid plexus volume, and lateral
ventricles volume, DICOM CT data were imported to
MATLAB R2020b (MathWorks) and the target areas were
segmented manually using the Image Segmenter app in
MATLAB (https://www.mathworks.com/help/images/ref/
imagesegmenter-app.html). Representative segmentation
of intracranial volume, choroid plexus volume, and lateral
ventricles volume is shown in Supplementary Fig. 1.

The width of each DICOM slice was 5 mm. Choroid
plexus observed in the bilateral ventricles and at the fora-
men of Monro was assessed as a representation of intra-
cranial choroid plexus. The volume of the lateral ventricles
was measured as the volume of the bilateral ventricles.
These procedures enabled us to calculate the volume (in
milliliters) related to the abovementioned parameters, and
this method has been used in our other studies.???*

Statistical Analysis

Categorical data were presented as number (percent).
Continuous variables with a normal distribution were pre-
sented as mean + SD, whereas those with a nonnormal dis-
tribution were presented as median with 25%—75% quar-
tiles. Spearman correlation coefficients were calculated to
evaluate the correlations among parameters.

To account for the uneven age distribution, we as-
sessed the distribution and defined age-related clusters
for adjustment. Mean and 95% CI of the parameters were
calculated, and differences between age-related clusters
or sexes were compared by assessing overlapping or non-
overlapping CIs. Nonoverlapping CIs were considered an
indicator of statistical significance, whereas overlapping
CIs were interpreted as indicative of lack of statistical sig-
nificance.>* Additionally, the unpaired t-test was used to
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FIG. 1. Patient enroliment and CT scans investigated in this study. This flowchart illustrates the inclusion and exclusion criteria for
pediatric patients with head trauma who were investigated in this study. Initially, 277 patients were included, but 93 patients were
subsequently excluded. Among the remaining patients, only 1 patient was older than 11 years (specifically 13 years old) and was
therefore excluded. Consequently, a total of 183 patients were enrolled. On the basis of our criteria for selecting multiple CT scans,

a total of 229 CT scans were obtained for analysis.

compare age-related clusters, and Bonferroni correction
was applied for the correction of multiple comparisons.
The statistical difference between clusters was considered
significant at corrected p < 0.05.

The measurements of each parameter were plotted ac-
cording to months after birth, and the best-fitting loga-
rithmic curves were plotted. Statistical analyses were
performed using the Statistical and Machine Learning
Toolbox of MATLAB R2020b.

Choroid Plexus Hyperplasia

We collected data from patients with CPH who under-
went surgical procedures at our institution between March
2006 and May 2023. The volumes of the parameters were
calculated and z-normalized by subtracting the mean
values and dividing by the SD of the corresponding age-
related clusters.

Data Availability

All data in this study are available from the corre-
sponding author upon reasonable request and after addi-
tional ethics approval.

Results
Baseline Characteristics
A total of 277 patients were initially enrolled, but 93
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patients were subsequently excluded. Among the remain-
ing 184 patients, 1 patient aged 13 years was excluded as
an outlier, resulting in the inclusion of 229 CT scans from
183 patients younger than 10 years of age for evaluation
(Fig. 1). Of these CT scans, 94 (41.0%) were obtained
from female patients, and the median (range) time inter-
val after birth was 12 (6—43) months. Two CT scans were
performed in 40 patients (17 females [42.5%]), and 3 CT
scans were performed in 3 patients (0 female [0.0%)]).
The majority of the CT scans had an mPGCS value of
15, as observed in 195 scans (85.2%). mPGCS values of
14 were found in 28 scans (12.2%), and values between 9
and 13 were observed in 6 scans (2.6%). Fractures were
present in 107 scans (46.7%), including 99 linear fractures
(92.5%) and 8 depressed fractures (7.5%). Intracranial
bleeding was observed in 67 scans (29.3%), consisting
of 33 acute subdural hematomas (49.3%), 26 acute epi-
dural hematomas (38.8%), 13 subarachnoid hemorrhages
(19.4%), 3 intracerebral hematomas (4.5%), and 2 intraven-
tricular hemorrhages (3.0%). There were 6 cases of dupli-
cated data points and 2 cases of triplicated data points.

Correlation Analysis

Positive correlations were observed among 3 parame-
ters—intracranial volume, choroid plexus volume, and lat-
eral ventricles volume—in all 3 combinations (Fig. 2). No-
tably, the correlation coefficient between choroid plexus
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FIG. 2. Correlations between parameters. Scatter plots between intracranial volume and choroid plexus volume (A), intracranial
volume and lateral ventricles volume (B), and choroid plexus volume and lateral ventricles volume (C) are presented. The regres-
sion lines are indicated as red lines, and r represents the correlation coefficients. Figure is available in color online only.

and lateral ventricles volumes reached the highest value,
which was significant (r = 0.52, p = 2.58 x 10-"7) (Fig. 2C).

Age-Related Clusters

To account for the uneven distribution of the popula-
tion across different age groups, we categorized the CT
scans into 15 age-related clusters: O months, 1 month, 2-3
months, 4-5 months, 67 months, 8-9 months, 1011
months, 1 year—1 (i.e., age range 12—17 months), 1 year-2
(i.e., age range 18-23 months), 2 years, 3 years, 4 years,
5-6 years, 7-8 years, and 9-10 years. The number of CT
scans performed in each cluster for both males and fe-
males is presented in Fig. 3. The population distribution
between males and females was uneven due to a higher
frequency of CT scans for head trauma in males compared
with females.

Sequential Plots of Parameters

The mean values of each cluster, calculated from the
total number of CT scans, were plotted sequentially for
intracranial volume (Fig. 4A), choroid plexus volume
(Fig. 4B), and lateral ventricles volume (Fig. 4C). Intra-
cranial volume consistently increased step-by-step with
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each age-related cluster, whereas both choroid plexus and
lateral ventricles volume increased until approximately 1
year of age, after which the subsequent rate of increase
slowed down. Regarding intracranial volume, the 95% Cls
showed almost no overlap among clusters. However, re-
garding the choroid plexus and lateral ventricles volumes,
the 95% Cls after 1 year of age almost showed overlap.

The plots generated from males and females are shown
in the lower row of Fig. 4. Except for the error bars for
intracranial volume at ages 6—7 months, 8—9 months, and
7-8 years (Fig. 4D), the error bars of the males and females
showed overlap in each cluster. We noted that the 95% Cls
had negative values due to the small number of included
females (Fig. 4E-F). Therefore, in this study, we could not
determine any differences between males and females due
to the small sample sizes; in the following analyses, we
present the results obtained from all CT scans.

We plotted the sequential temporal volume changes
observed in each patient who underwent multiple CT
scans (Supplementary Fig. 2). We observed an increase
in intracranial volume over time. However, some patients
showed a decrease in choroid plexus and lateral ventricles
volumes.

[ Male
Female

I

Lo o W
‘l«‘bb‘foﬁ:«jbq,\@\

FIG. 3. Distribution of the population based on age-related clusters. Fifteen age-related clusters were defined, ranging from 0
months (m) to 9-10 years (y). The cluster labeled as 1y-1 corresponds to an age range of 12 to 17 months, and the cluster labeled
as 1y-2 corresponds to an age range of 18 to 23 months. Figure is available in color online only.
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CT scans in males and females (D—F). Error bars indicate 95% Cls. Figure is available in color online only.

Statistical Differences Among Age-Related Clusters

To compare the volumes between two different age-
related clusters for each parameter, we performed the un-
paired t-test. To account for multiple comparisons, we ap-
plied Bonferroni correction by multiplying the obtained p
values by 105, which was the total number of combinations
[,sC, = (15 x 14)/2]. The significant differences in volume,
with corrected p values less than 0.05, were presented as
a color-scaled matrix (Fig. 5). We observed significant
differences in intracranial volume between two different
age-related clusters with patients younger than 2 years of
age (Fig. 5A). However, except for the combinations of 0
months and the other age-related clusters, we found almost
no significant differences between clusters in terms of cho-
roid plexus and lateral ventricles volumes (Fig. 5B—C).

Growth Curve

Scatter plots against age in months were used to gener-
ate the best-fitting logarithmic curves: y = 196.99 log (x +
1) + 496.60 for intracranial volume (Fig. 6A), y = 0.20 log
(x + 1) + 0.71 for choroid plexus volume (Fig. 6B), and y =
0.90 log (x + 1) + 6.90 for lateral ventricles volume (Fig.
6C). For intracranial volume, the growth rate was faster
until approximately 20 months of age and then slowed
down after 20 months. However, for choroid plexus and
lateral ventricles volume, the growth rate slowed down
quickly by approximately 10 months of age.

Cases With CPH
Three cases with CPH were included in this study.
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Patient 1. Patient 1 (P1) presented to our department
at 3 years 4 months of age with abnormal head enlarge-
ment. Head CT revealed hydrocephalus and choroid
plexus enlargement. She underwent ventriculoperitoneal
shunt (VPS) placement and was diagnosed with trisomy
9p. Follow-up for 16 years showed no complications after
VPS placement. The size of the enlarged choroid plexus
remained unchanged on CT imaging, leading to the diag-
nosis of CPH.

Patient 2. Patient 2 (P2) was diagnosed with head en-
largement at 4 months after birth and was referred to our
department. Head CT imaging revealed hydrocephalus
and choroid plexus enlargement. At 5 months of age, she
underwent VPS placement. At 1 year of age, she devel-
oped refractory ascites and underwent external ventricular
drainage (EVD). Daily production of CSF was approxi-
mately 2400 ml. One week later, ventriculoatrial shunt
(VAS) placement was performed. Staged bilateral plexec-
tomy was conducted between 2 and 4 months later, with
pathological examination confirming CPH. The VAS was
removed after the procedure. She has been monitored for
8 years without any medical problems.

Patient 3. Patient 3 (P3), with trisomy 9p and partial
trisomy 9q, had been under the care of our hospital’s de-
partment of medical genetics. At 1 year of age, he was
referred to our department owing to hydrocephalus. Head
CT imaging revealed choroid plexus enlargement, leading
to the decision to perform VPS placement combined with
bilateral endoscopic plexus coagulation (BEC). Pathologi-
cal examination confirmed CPH. Supplementary Figure 3
displays CT and MRI scans obtained after the operations,

J Neurosurg Pediatr Volume 32 « December 2023 631
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FIG. 5. Color-scaled matrix of significant differences in volume. Differences among the age-related clusters in terms of intracranial
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showing similar volumes for the choroid plexus and lateral
ventricles. Two weeks later, the patient experienced sur-
gical wound dehiscence and developed meningitis. EVD
was performed, and meningitis was treated with antibiot-
ics. The daily production of CSF was approximately 2000
ml. After recovering from meningitis, he was transferred
to another hospital, where he underwent one-stage bilat-
eral plexectomy.

Their profiles are summarized in Table 1. The volumes
of the parameters were calculated and z-normalized using
the mean and SD values obtained from normal age—relat-
ed clusters (Supplementary Table 1). The results were plot-
ted over the plots calculated from the normal groups (Fig.
7A—C). The z-normalized values of the choroid plexus and
lateral ventricles volumes were notably larger than those
of intracranial volume.

Specifically, for P2 and P3, the changes in the z-nor-
malized values from the time of initial diagnosis of CPH

632 J Neurosurg Pediatr Volume 32 + December 2023

Brought to you by Osaka University | Unauthenticated | Downloaded 05/09/24 12:14 AM UTC

to the time of EVD are presented in Figs. 7D-F. The z-
normalized values of intracranial volume and lateral ven-
tricles volume decreased. In the case of P3, the z-normal-
ized choroid plexus volume decreased from 51.17 to 38.93
(23.9% decrease) due to BEC.

Discussion

Using CT scans from Japanese pediatric patients with
minor head trauma, we generated normal growth curves
for intracranial volume, choroid plexus volume, and lat-
eral ventricles volume. Positive correlations were observed
among these parameters. The growth rate of intracranial
volume was rapid until approximately 20 months of age,
while the growth rates of choroid plexus and lateral ventri-
cles volumes slowed down by approximately 1 year of age.
Subsequently, the volumes of choroid plexus and lateral
ventricles stabilized at around 1.5 ml and 10 ml, respec-
tively. We utilized z-normalization to objectively assess
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of approximately 1.2 ml in adult control groups,'® which
aligns with our findings. Moreover, because only one
evaluator (H.H.) segmented the choroid plexus, there was
consistency in our measurements. Additionally, a previous
MRI study indicated that the 50th percentile of ventricular
volume after 1 year of age was approximately 10 ml, with
rapid growth occurring in the st year of life.” This is con-
sistent with our results. Although we used CT scans with
a 5-mm slice width and had concerns about lower resolu-
tion, a previous CT study that employed a slice width of 2
mm or less reported normal pediatric growth curves for
intracranial volume,? similar to our findings. These consis-
tencies between previous findings and our results validate
our methodology and outcomes. However, it is important
to note that the use of CT is a limitation of this study.
Posttraumatic hydrocephalus, with an incidence rang-
ing from 0.7% to 50%, can develop after a brain injury.?$?°
In Supplementary Fig. 2, we show a temporal reduction in
choroid plexus and lateral ventricles volumes. This led us
to suspect that the initially enlarged ventricles after head
injury might return to a normal state. Previous studies have
reported a positive correlation between choroid plexus and
lateral ventricles volumes,'*'72?7 as we also found. However,
the causal relationship between these volumes remains un-
clear. Although it is natural for a large volume of choroid
plexus to induce a large volume of the lateral ventricles
in patients with CPH, larger ventricles could potentially
overestimate choroid plexus volume. Because the choroid
plexus is a soft tissue, its size is likely to vary depending
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on the size of the ventricles. Consequently, cases with larg-
er lateral ventricles, possibly due to head trauma, exhibited
larger choroid plexus volumes. In this study, we assumed
that minor head trauma had no impact on the growth of the
intracranial structures. Further research is needed to ex-
plore this relationship. It is important to acknowledge that
the inclusion of patients with head trauma is a significant
limitation of this study.

We categorized the pediatric patients into age-related
clusters and calculated volumes within each cluster. Mean
and SD values were obtained for each cluster (Supplemen-
tary Table 1), and these were used to calculate z-normalized
values. A z-normalization approach is commonly used to
compare groups with different baseline values, such as with
electroencephalogram-related frequency analysis.*® In the
field of pediatric neurosurgery, because the baseline val-
ues of intracranial volume vary among patients of different
ages, we found that z-normalization was useful for com-
paring volumes across different age groups. Adult studies
have assessed variability in head size. For example, choroid
plexus volume was corrected for intracranial volume,'> and
the 2-dimensional Evans index has been used to evaluate
normal pressure hydrocephalus. However, the limitations
of the Evans index have been noted,**? and the importance
of 3-dimensional assessment has been emphasized.” Our
study provides normal volume values, which are 3-dimen-
sional data and have the potential to enable assessment of
pediatric hydrocephalus while accounting for the growth
of intracranial structures. Specifically, because we demon-
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strated the rapid rate of growth of the choroid plexus and
lateral ventricles until 1 year of age, we believe that ac-
counting for normal growth is essential to the assessment
of pediatric hydrocephalus in patients younger than 1 year.

Although there are no established radiological criteria
for defining the dimensions of a normal choroidal plexus
or CPH,* thereby resulting in subjective diagnoses, we
aimed to provide an objective assessment of CPH. In the
case of P1, although the actual intracranial volume was
the highest among the 3 patients, its z-normalized value
was the lowest. In the case of P2, the z-normalized choroid
plexus volume increased due to growth after VPS treat-
ment, while the z-normalized intracranial volume and lat-
eral ventricles volume improved. In the case of P3, BEC
was added to VPS treatment, resulting in a reduction of ap-
proximately 24% in z-normalized choroid plexus volume
and improvement in z-normalized intracranial volume and
lateral ventricles volume. These changes likely reflected
the effect of VPS or BEC. Our findings have the potential
to provide an objective assessment of abnormal volumes in
hydrocephalus or choroid plexus disorders, such as CPH,
choroid plexus papilloma, and choroid plexus carcinoma.
However, further studies are needed to demonstrate the
usefulness of our normal growth curves for objective as-
sessment of the effects of surgery.

Our findings indicate that the choroid plexus exhibits
rapid growth until 1 year of age, reaching a volume of ap-
proximately 1.5 ml. After this point, it reaches a plateau.
Interestingly, a previous study reported a different trend,
with choroid plexus volume decreasing between the ages
of 5 and 10 years and then stabilizing."” Furthermore, the
calculated mean choroid plexus volume in the adult con-
trol groups was approximately 1.2 mlL'® and it has been
noted that choroid plexus volume increases with age after
50 years.!? These findings suggest that the growth rate of
choroid plexus volume is rapid until approximately 1 year
of age, averaging 1.5 ml, followed by a decrease to an av-
erage of 1.2 ml and subsequent stabilization. Additionally,
there may be a resurgence in the growth of choroid plexus
volume after the age of 50 years.

CPH is a rare pediatric disorder characterized by the
overproduction of CSF. Trisomy 9p and tetrasomy 9p
have been associated with CPH, as genes on chromosome
9p are likely involved in the regulation of choroid plexus
growth.® In our study, 2 of 3 patients in our study showed
trisomy 9p. Although VPS placement is the initial treat-
ment for most cases, nearly all CPH patients experience
complications such as refractory ascites, often necessitat-
ing additional procedures such as BEC or choroid plexus
removal.” CSF production exceeding 2000 ml daily has
been reported,**-3¢ and it has been suggested that hydro-
cephalus caused by villous hyperplasia of the choroid plex-
us can be resolved with a VAS if CSF production does not
exceed 1000 ml/day.’” In our study, 1 patient was success-
fully treated with VPS placement alone, while the other 2
patients with daily CSF production exceeding 2000 ml ex-
perienced complications. One of these patients developed
meningitis, which is known to decrease CSF absorption
due to an inflammatory response.?’ This may have wors-
ened the patient’s hydrocephalus and increased the daily
drained CSF volume. Considering the challenges that we
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encountered with VPS-related complications in CPH pa-
tients, it is crucial for neurosurgeons to identify factors that
render VPS ineffective for CHP-related hydrocephalus.

Although our study did not reveal significant differenc-
es between males and females, it is important to acknowl-
edge that our sample size, especially for females, may have
been insufficient to detect sex-related differences. The pro-
portion of females in our study was approximately 40%,
which could be lower than the proportion of males due to
the enrollment of children with head trauma. A previous
study that investigated head injury in individuals aged 15
to 79 years reported that females consisted of only 23% of
the study population.® These findings suggest that males
have a higher incidence rate of head trauma compared
with females in both pediatric and adult populations.
However, previous studies that evaluated adult or pediatric
ventricular volume reported no significant effect of sex!'?
or slightly lower ventricular volumes in females compared
with males.’ Therefore, it is possible that there may be no
statistical differences in the growth of intracranial volume,
choroid plexus volume, and lateral ventricles volume be-
tween sexes.

Our study had a few additional limitations. First, we
were unable to collect data on low-birth-weight infants,
which could have influenced the growth curves presented
in our study. Secondly, our study included data from only
Japanese children, so there is a possibility that racial dif-
ferences may have impacted our results. However, because
our findings were consistent with those from other popula-
tions,>!¢ we believe that these differences can be disregard-
ed. Lastly, our study provided only results for children as
old as 10 years of age, and the growth curves for children
older than 10 years are still unknown.

Conclusions

Our study, conducted on Japanese pediatric patients
with minor head trauma, provides normal growth curves
for intracranial volume, choroid plexus volume, and lateral
ventricles volume. Choroid plexus volume and lateral ven-
tricles volume demonstrated rapid increases until 1 year of
age, reaching approximately 1.5 ml and 10 ml, respective-
ly, and plateauing thereafter. Using z-normalization, we
demonstrated the potential for objective assessment of hy-
drocephalus severity in CPH patients and the evaluation of
surgical intervention effectiveness. Our findings contribute
to the objective evaluation of hydrocephalus and choroid
plexus—related disorders while considering the growth pat-
terns of children. Objective assessments have the potential
to unveil factors associated with complications after CPH
surgical procedures, providing crucial insights for neuro-
surgeons planning interventions for CPH patients.
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