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Abstract
Objective—Children with hydrocephalus
are characterised by slow linear growth in
prepuberty, accelerated physical matura-
tion during puberty, and reduced final
height. We aimed to study the possible
roles of growth hormone, insulin-like
growth factor-I (IGF-I), and IGF binding
protein-3 (IGFBP-3) in this growth
pattern.
Study design—One hundred and fourteen
patients with shunted hydrocephalus (62
males) aged 5 to 20 years, of whom 17 had
spina bifida (six males), and 73 healthy
controls (38 males) were studied. Anthro-
pometric measures, body mass index, and
body fat mass were assessed and the stage
of puberty was determined. Serum growth
hormone and plasma IGF-I and IGFBP-3
concentrations were measured.
Results—The patients comprised 44 (26
males) who were prepubertal and 70 (36
males) pubertal or postpubertal, while 32
of the controls (19males) were prepubertal
and 41 (19 males) pubertal or postpuber-
tal. The prepubertal children with hydro-
cephalus had lower IGF-I (p = 0.002) and
IGFBP-3 concentrations (p< 0.001) than
the controls, and the pubertal children had
four times lower basal growth hormone
concentrations (p< 0.001). There was a
correlation between height SD score and
IGF-I levels in the total patientpopulation
(r = 0.23; p = 0.01). Peripheral IGF-I con-
centrations peaked at pubertal stages 2–3
in the female patients and at stage 4 in the
controls. The prepubertal patients on
antiepileptic treatment, carbamazepine in
most cases (73%), had higher IGF-I
(p = 0.01) and IGFBP-3 concentrations
(p = 0.03) than those who had never been
treated with antiepileptic drugs, but still
lower IGFBP-3 levels than the controls
(p = 0.01).
Conclusion— Based on these findings, it
can be concluded that reduced growth
hormone secretion may contribute to the
pattern of slow linear growth and reduced
final height observed in these patients.
(Arch Dis Child 1997;77:32–37)
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Short stature and either advanced or delayed
bone age have been reported previously in
children with spina bifida and associated
hydrocephalus.1–3 There are only a few reports
on growth in children with hydrocephalus of an
aetiology other than spina bifida, however. In
the survey of Kaiser et al, 60% of the patients
with shunted hydrocephalus without spina
bifida (54/90) had abnormal endocrinological
findings, including dwarfism, abnormal pro-
portions, obesity, sexual precocity, or various
combinations of these.4 Growth retardation
(relative height below −2 SD scores) was
present in 32% of the subjects (29/90). In our
recent report on hydrocephalic children we
observed that they experienced slow linear
growth in prepuberty compared with controls
and that their bone age was retarded,5 but that
they had an earlier adolescent growth spurt and
their bone age was advanced at that stage. The
combination of retarded prepubertal growth
and an early pubertal growth spurt resulted in
reduced final height.
The short stature observed among these

children has been attributed to various causes,
for example shorter lower limbs and spinal
deformities, including scoliosis.2 They may also
have a risk of growth hormone deficiency as a
consequence of various associated brain mal-
formations. In a recent review, Rotenstein and
Reigel report on 22 children with spina bifida,
out of whom nine had maximal stimulated
growth hormone values below 10 µg/l, includ-
ing two, who did not have hydrocephalus as
well.6 There are also reports on growth
hormone treatment of children with spina
bifida,7 and a few other observations have been
made of decreased growth hormone secretion8

and peripheral insulin-like growth factor-I
(IGF-I) concentrations9 in hydrocephalic chil-
dren with spina bifida.
Since previous studies on growth hormone

release in children with hydrocephalus have
focused mainly on patients with spina bifida,
there is a lack of information on cases with
some other aetiology. We provide here data on
basal growth hormone, IGF-I, and IGF factor
binding protein-3 (IGFBP-3) concentrations
in 114 patients with shunted hydrocephalus
(62 males) in relation to 73 healthy controls
(38 males). The possible impacts of the slit
ventricle syndrome (SLVS) and antiepileptic
drugs on these parameters are also evaluated.
Our working hypothesis was that disturbed
growth hormone secretion may contribute to
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the pattern of slow linear growth and reduced
final height observed in these patients.

Subjects and methods
The initial series consisted of 212 shunted
hydrocephalic children aged 5 to 20 years who
had undergone their primary operation at the
Department of Paediatrics, Oulu University
Hospital, Oulu, Finland, during a 26 year
period from 1966 to 1991. Patients with
tumours (n=24) or achondroplasia (n=3) were
excluded, as also were patients with an
intelligence quotient below 50 (n=26), as
factors other than the hydrocephalus itself may
influence growth and pubertal development in
such cases. Fourteen patients had moved to
another university hospital district, and 30 had
died. One patient refused to participate. Thus
the final population comprised 114 patients
(62 males), including 17 with spina bifida (six
males) and 97 without (56 males). The mean
age in the total patient population was 11.8
years (range 5.0–19.9 years). Thirty eight chil-
dren without spina bifida (23 males) were pre-
pubertal, and 59 (33 males) were pubertal
(n=54) or postpubertal (n=5). Six out of the 17
subjects with spina bifida were prepubertal and
11 pubertal or postpubertal.
The control subjects were recruited from

among the appropriate age groups at neigh-
bouring child welfare clinics and schools. They
were invited to participate after thorough con-
sultation with the child and their parents. One
girl with diabetes and another 10.5 year old girl
diagnosed in the course of this work as having
coeliac disease were excluded, resulting in a
final series of 73 controls (38 males), of whom
32 (19 males) were prepubertal and the
remaining 41 (19 males) pubertal (n=36) or
postpubertal (n=5). Their mean age was 12.0
years (range 5.1–19.7 years).
The clinical evaluation was carried out at the

Department of Paediatrics, Oulu University
Hospital. Informed consent was obtained from
the subjects and/or their parents, and the
research was conducted according to the Dec-
laration of Helsinki. The median age of the
hydrocephalic patients at the first operation
had been 0.5 years (range 0.0–14.2 years), the
females having been operated on earlier than
the males (median 0.2 (range 0.0–8.6) v 0.7
(range 0.0–14.2) years; p = 0.01). The mean
duration of the shunting period had been 10.0
(0.4) years. Most of the shunts were ventricu-
loperitoneal (n=90), the remainder being ven-
triculoatrial (n=24). An antisiphon device had
been installed in 46 cases. The median number
of shunt revisions was two per patient (range
0–14).
The aetiology was assessed according to a

modification of the classification proposed by
Amacher and Wellington,10–12 excluding
neoplastic tumours as a possible aetiological
condition (table 1). Magnetic resonance
imaging was performed on a subgroup of 61
patients at the final evaluation and their aetio-
logical diagnosis was based on these findings.13

The disease was congenital in almost 70% of
the cases and acquired in one fourth, while

the remaining cases were of miscellaneous
aetiology.5

Forty three patients were taking antiepileptic
drugs at the time of the final evaluation, while
44 out of the 71 not doing so had never taken
such drugs. Of the patients on anticonvulsive
treatment, 33 were receiving monotherapy and
10 polytherapy. Carbamazepine was the most
commonly used preparation, being taken as the
only drug by 26 patients and in combination
with at least one other antiepileptic drug by six
patients.
All the patients and controls were examined

by one of the authors (TL). Height was meas-
ured to the nearest 1.0 mm with a Harpenden
wall mounted stadiometer and weight to the
nearest 0.1 kg on electronic scales. Height SD
score was assessed from Finnish growth
charts.14 Body mass index (BMI) was calcu-
lated as the ratio between weight (kg) and
height squared (m2). BMI SD score was
assessed according to Finnish age and sex
matched references.15 The triceps and sub-
scapular skinfolds were measured to the
nearest 0.1 mm with a Harpenden skinfold
caliper,16 and body density was calculated from
the combined result according to Parizkova.17

The percentage of body fat was calculated by
the method described by Keys and Brozek.18

Waist and hip circumferences were measured
to the nearest 1.0 mm with a metallic tape
measure.19 All the anthropometric measure-
ments were made three times and the mean
value calculated for subsequent use. The stage
of puberty was assessed according to Tanner
and Whitehouse.20 Patients at stage 1 were
classified as prepubertal and those at stage 5 as
postpubertal.
SLVS associated with overdrainage of the

cerebrospinal fluid may cause clinical symp-
toms such as low pressure headache, nausea,
vomiting, disturbances in consciousness,
haemiparesis, and epileptic seizures and in-
crease the risk of further shunt complications.
SLVS was considered to be present when
apatient had paroxysmal activity in an
electroencephalograph12 and clinical symptoms
in addition to slit-like ventricles in computed
tomography or magnetic resonance imaging.

LABORATORY METHODS

All blood samples were taken in the morning
after an overnight fast. Serum growth hormone
concentrations were measured radioimmuno-
logically in duplicate using commercial rea-
gents (Pharmacia Diagnostics, Uppsala, Swe-

Table 1 The aetiology of hydrocephalus in the patients
studied

No (%)

Congenital
Infantile obstructive hydrocephalus 33 (28.9)
Intracranial cerebrospinal fluid cysts 20 (17.5)
Other intracranial anomalies 6 (5.3)
Spina bifida 17 (14.9)

Acquired
Perinatal (asphyxia and/or intracranial
haemorrhage) 25 (21.9)

Infectious 3 (2.6)
Miscellaneous 10 (8.8)
Total 114 (100)

Growth hormone, insulin-like growth factor-I and binding protein-3 in shunted hydrocephalus 33
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den). Values below the limit of sensitivity,
which was 0.3 µg/l, were considered to be 0.3
µg/l. The intra-assay and interassay coefficients
of variation were 7% and 12%, respectively.
Plasma IGF-I concentrations were analysed
with a specific radioimmunoassay using com-
mercial reagents (Incstar Corporation, Stillwa-
ter, Minnesota, USA) after extraction of the
plasma samples with acid ethanol. The sensi-
tivity was 1.0 nmol/l and the intra-assay and
interassay coeYcients of variation were 5% and
less than 12%, respectively. Serum IGFBP-3
concentrations were determined radioimmu-
nologically (Diagnostic Systems Laboratories
Inc, Texas, USA), a method which has a sensi-
tivity of 30 µg/l, an intra-assay coeYcient of
variation less than 5% and an interassay
coeYcient of variation less than 9%.

STATISTICS

The results were analysed statistically by (a)
cross tabulation and ÷2 statistics when compar-
ing qualitative data between the patients and
the controls; (b) Student’s t test when compar-
ing quantitative data between the two groups;
and (c) Mann-Whitney U test in cases of
skewed distribution or ordinal variables. Cov-
ariance analysis was used to adjust for age
where appropriate. Logarithmic transforma-
tion of continuous variables was performed to
normalise their distribution if necessary. The

results are expressed as mean (95% confidence
interval) unless otherwise indicated.

Results
Both the prepubertal and pubertal patients
were significantly shorter than their controls,
while the waist-hip ratio was increased in both
groups of patients. The pubertal patients also
had increased BMI, BMI SD score, and body
fat mass compared with the controls (table 2).
The basal growth hormone concentrations

were significantly lower in the hydrocephalic
patients without spina bifida than in the
controls (1.90 (1.28 to 2.53) v 5.68 (3.87 to
7.50) µg/l; p = 0.00), and they also tended to
have lower IGF-I (15.5 (13.8 to 16.6) v 17.4
(15.6 to 19.2) nmol/l; p = 0.09), and
significantly reduced IGFBP-3 (3.6 (3.3 to
3.8) v 4.0 (3.8 to 4.2) mg/l; p = 0.005).
There were no significant diVerences in basal

growth hormone between the prepubertal
patients without spina bifida and their controls
(table 3), whereas the pubertal patients, the
males in particular, had significantly reduced
basal growth hormone concentrations. Both
IGF-I (9.3 (8.0 to 10.6) v 12.4 (10.8 to 13.9)
nmol/l; p = 0.002) and IGFBP-3 concentra-
tions (2.6 (2.2 to 2.9) v 3.7 (3.4 to 4.0) mg/l;
p < 0.001) were lower in the prepubertal
patients than in the controls, both these diVer-
ences being significant in the boys but only that
in peripheral IGFBP-3 concentrations in the
girls (figs 1 and 2). There were no significant
diVerences in IGF-I or IGFBP-3 levels be-
tween the pubertal patients and the controls,
but peak plasma IGF-I was observed to occur
at pubertal stages 2–3 in the hydrocephalic
females but at stage 4 in the controls (fig 2A).
The 17 patients with spina bifida tended to
have lower basal growth hormone concentra-
tions (data not shown), and there was a signifi-
cant diVerence on this parameter between the
pubertal patients with spina bifida and the
pubertal controls (table 4). Both the prepuber-
tal and pubertal spina bifida patients had
reduced peripheral IGF-I, while IGFBP-3
concentrations were lower in the prepubertal
patients with spina bifida, but not in the puber-
tal ones.
Height SD score was correlated with periph-

eral IGF-I concentrations (r = 0.23; p = 0.01)
in the total patient population, while its associ-
ation with IGFBP-3 remained non-significant
(r = 0.14; p = 0.13). The correlation with
IGF-I levels was closer in the males (r = 0.37;
p = 0.003) than in the females (r = 0.21; p =
0.13), although it was significant among the

Table 2 Anthropometric measures of the prepubertal and pubertal patients with hydrocephalus and their controls. The values are means (95% confidence
interval)

Prepubertal Pubertal

Patients (n=44) Controls (n=32) p Value Patients (n=70) Controls (n=41) p Value

Age (years) 7.65 (7.04 to 8.25) 8.04 (7.33 to 8.75) 0.41 14.4 (13.8 to 15.1) 15.0 (14.2 to 15.8) 0.28
Height (cm) 122.0 (118.0 to 125.9) 129.6 (125.3 to 133.9) 0.01 159.1 (155.4 to 162.8) 165.9 (162.0 to 169.8) 0.02
Height (SD score) −0.78 (−1.2 to −0.35) 0.26 (−0.07 to 0.59) 0.001 −0.30 (−0.79 to 0.08) 0.46 (0.12 to 0.80) 0.01
Weight (kg) 25.5 (22.8 to 28.2) 27.3 (25.1 to 29.5) 0.10 56.1 (52.3 to 60.0) 53.9 (50.2 to 57.6) 0.41
BMI (kg/m2) 16.8 (15.9 to 1.7) 16.0 (15.5 to 16.6) 0.53 22.0 (20.6 to 22.9) 19.4 (18.6 to 20.2) 0.01
BMI (SD score) 0.14 (−0.32 to 0.61) −0.28 (−0.58 to 0.02) 0.30 1.05 (0.59 to 1.51) −0.11 (−0.42 to 0.21) 0.001
Waist-hip ratio 0.88 (0.87 to 0.90) 0.84 (0.82 to 0.85) 0.001 0.84 (0.82 to 0.85) 0.77 (0.75 to 0.78) 0.001
Body fat mass (%) 18.8 (17.5 to 20.2) 17.4 (16.2 to 18.7) 0.14 21.7 (19.9 to 23.6) 16.8 (14.4 to 19.2) 0.002

Table 3 Basal growth hormone concentrations (µg/l) in 97 patients with hydrocephalus
without spina bifida and 73 healthy controls. The values are mean (95% confidence
interval)

Patients No Controls No p Value

Age (years) 7.8 (7.1 to 8.4) 38 8.0 (7.3 to 8.8) 32 0.54
Prepubertal 2.1 (0.9 to 3.2) 38 2.1 (0.8 to 3.5) 32 0.99
Males 2.0 (0.3 to 3.7) 23 2.9 (0.7 to 5.2) 19 0.37
Females 2.2 (0.5 to 3.9) 15 1.0 (0.2 to 1.8) 13 0.20
Age (years) 14.3 (13.6 to 15.0) 59 15.0 (14.2 to 15.8) 41 0.17
Pubertal 1.8 (1.1 to 2.5) 59 8.5 (5.6 to 11.3) 41 0.001
Males 0.5 (0.3 to 0.6) 33 10.3 (5.2 to 15.3) 19 0.001
Females 3.4 (2.0 to 4.7) 26 6.9 (3.7 to 10.1) 22 0.19

Table 4 Basal growth hormone (µg/l), IGF-I (nmol/l), and IGFBP-3 (mg/l)
concentrations in 17 spina bifida patients with hydrocephalus and 73 healthy controls. The
values are mean (95% confidence interval)

Patients Controls p Value

Prepubertal (n=6) (n=32)
Age (years) 7.0 (4.6 to 9.3) 8.0 (7.3 to 8.8) 0.17
Basal growth hormone 1.0 (−0.70 to 2.8) 2.1 (0.8 to 3.5) 0.81
IGF-I 5.2 (3.1 to 7.4) 12.4 (10.8 to 13.9) 0.001
IGFBP-3 1.9 (1.2 to 2.7) 3.7 (3.4 to 4.0) 0.001

Pubertal (n=11) (n=41)
Age (years) 15.1 (12.8 to 17.4) 15.0 (14.2 to 15.8) 0.96
Basal growth hormone 2.7 (−0.87 to 6.2) 8.5 (5.6 to 11.3) 0.02
IGF-I 15.9 (10.8 to 21.0) 21.3 (19.1 to 23.6) 0.03
IGFBP-3 4.1 (2.6 to 5.5) 4.3 (4.0 to 4.6) 0.33
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pubertal girls (r = 0.39; p = 0.02) but not
among the boys (r = 0.17; p = 0.32). There was
a positive correlation between IGFBP-3 levels
and BMI (r = 0.37; p = 0.009) and the
proportion of body fat (r = 0.35; p = 0.01)
among the prepubertal patients, and those cor-
relations remained significant in a multiple
regression analysis with age as the other
dependent variable. There were no correlations
between IGF-I or IGFBP-3 concentrations
and anthropometric measures among the
pubertal subjects.
Thirty five patients (31%) fulfilled the crite-

ria for SLVS.No significant diVerences in basal
growth hormone or peripheral IGF-I concen-
trations were found between those with SLVS
and those without, even when the two groups
were split according to sex or pubertal stage
(data not shown), but the males with SLVS
(n=22) had significantly higher IGFBP-3 con-
centrations than those without SLVS (n=40)
(4.2 (3.5 to 5.0) v 3.0 (2.7 to 3.4) mg/l;
p = 0.01). A higher proportion of the patients
with SLVS (21/35, 60%) were being treated
with antiepileptic drugs than of those without
SLVS (22/79, 28%; p = 0.001).
The patients being treated with anticonvul-

sive drugs had basal growth hormone concen-

trations of the same magnitude as those who
had never received them (data not shown).
Both circulating IGF-I (10.9 (8.6 to 13.2) v 7.7
(6.5 to 9.0) nmol/l; p = 0.01) and IGFBP-3
concentrations (3.0 (2.2 to 3.8) v 2.1 (1.7 to
2.4) mg/l; p = 0.03) were higher in the prepu-
bertal patients on anticonvulsive drugs (n=16)
than in those never treated with them (n=21),
but no such diVerences were observed among
the pubertal patients. Serum IGFBP-3 concen-
trations (3.0 (2.2 to 3.8) v 3.7 (3.4 to 4.0) mg/l;
p = 0.01) were still lower in the prepubertal
patients treated with anticonvulsive drugs than
in the prepubertal controls, while there was no
significant diVerence between these two groups
in IGF-I concentrations (10.9 (8.6 to 13.2) v
12.4 (10.8 to 13.9) mg/l; p = 0.28). The
prepubertal patients who had never been
treated with antiepileptics did not diVer in
relative height from those currently taking
them (−0.5 (−1.2 to 0.2) v −1.3 (−2.0 to −0.5)
SD scores; p = 0.16) nor was there any diVer-
ence among the pubertal patients in this
respect (−0.2 (−1.1 to 0.8) v −0.3 (-1.0 to 0.3)
SD scores; p = 0.77).

Discussion
Growth hormone exerts many of its biological
eVects by stimulating the production of IGF-I
in the liver and other target tissues.21 IGF-I is
the main mediator of the growth promoting
actions of growth hormone, and its circulating
concentrations are regulated by growth hor-
mone and reflect the endogenous secretion of
the latter.22 Peripheral IGF-I concentrations in
childhood increase with age and pubertal
development,23 so that girls have their maximal
IGF-I levels around the age of 14.5 years and
boys about one year later, that is almost two
years later than the average age for peak height
velocity. By that time testosterone concentra-
tions have increased in boys to approximately
the levels seen in adult males.24 Peripheral
IGF-I concentrations decrease after puberty,
and this trend continues throughout adult-
hood. In addition to growth hormone, periph-
eral concentrations of IGF-I are aVected
by nutritional status and hepatic function.22

The large molecular weight binding protein
IGFBP-3 (150 kilodaltons) binds approxi-
mately 90% of the circulating IGF-I.25 Peri-
pheral IGFBP-3 concentrations, which appear
to reflect integrated growth hormone secretion
over several days and are low in patients with
growth hormone deficiency,26 may oVer a
potential screening tool for growth hormone
deficiency, as there seems to be less overlap
between growth hormone deficient children
and those with normal growth hormone secre-
tion in the case of IGFBP-3 than for IGF-I
concentrations.27–29

The present results suggest that both prepu-
bertal and pubertal children with shunted
hydrocephalus have indications of reduced
growth hormone secretion. The prepubertal
children with hydrocephalus had basal growth
hormone concentrations similar to those seen
in the control subjects but decreased IGF-I and
IGFBP-3, while the pubertal children with
hydrocephalus had clearly reduced basal

Figure 1 Plasma IGF-I (A) and serum IGFBP-3 (B) concentrations in the male
hydrocephalic patients without spina bifida and their controls by stage of puberty. Each box
plot represents the median (thick black band) and the 25th and 75th centiles. The error
bars represent the smallest and largest observed values that are not outliers (+). The
prepubertal patients had significantly reduced IGF-I and IGFBP-3.
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growth hormone. A single basal growth hor-
mone concentration provides very limited
information on individual growth hormone
secretory capacity, and it was unfortunately not
possible for us to perform pituitary stimulation
tests on all 114 patients. We have studied
almost a half of the patients more closely, how-
ever, and have observed that about one third
had a reduced peak growth hormone response
(<10 µg/l) in an arginine-insulin test,30 con-
firming insuYcient growth hormone secretion
in a substantial proportion of these patients.
Basal concentrations may reflect diVerences in
growth hormone secretion between groups of
individuals, especially in puberty, when day-
time growth hormone pulses become more
frequent,28 and from that point of view it is not
surprising that we could not detect any signifi-
cant diVerences in basal growth hormone con-
centrations between the patients with hydro-
cephalus and the controls in prepuberty,
although the patients definitely had reduced
IGF-I and IGFBP-3. On the other hand, the
hydrocephalic patients had conspicuously re-
duced basal growth hormone in puberty in
spite of there being no significant diVerences in
peripheral IGF-I and IGFBP-3 concentrations
between the groups. IGF-I concentrations vary

markedly with pubertal stage,31 and reach a
peak at an earlier stage in patients with hydro-
cephalus, especially in females. This pattern
may reflect accelerated pubertal development
in patients with hydrocephalus,32 obviously
induced by enhanced gonadotrophin secretion,
resulting in activation of the gonads. The
increased release of sex steroids may then lead
to growth hormone independent stimulation of
hepatic IGF-I and IGFBP-3 synthesis.33

It has been demonstrated that growth
hormone synthesis and secretion are reduced
in the presence of obesity,34–36 whereas the
influence of the latter on peripheral IGF-I lev-
els is controversial, with reports of increased,37

normal,38 or even low levels39 compared with
age matched controls. Even so, Juul et al did
not find any correlation between serum IGF-I
concentrations and BMI in a large survey of
877 healthy prepubertal children.23 Likewise,
no correlation was seen between circulating
IGF-I concentrations and BMI, triceps skin-
fold thickness, waist-hip ratio, height, or weight
in 11–15 year old girls.40 The present prepuber-
tal patients were not overweight and yet they
still had reduced IGF-I and IGFBP-3 concen-
trations. The pubertal patients were obese
compared with the controls, and this may
partly explain their lower growth hormone
levels.
Our findings fit well into the growth pattern

described for hydrocephalic children in our
previous report,5 with retarded linear growth in
prepuberty but an earlier adolescent growth
spurt, resulting in decreased final height. The
reduced growth hormone secretion in prepu-
berty is likely to contribute to the slow growth
at that stage, while that in puberty may result in
a suboptimal adolescent growth spurt, at the
same time as accelerated physical maturation
leads to early fusion of the epiphyses.
Anticonvulsive drugs may have adverse

endocrine eVects in adults.41 42 It has recently
been shown that women treated with car-
bamazepine have increased circulating concen-
trations of IGF-I and IGFBP-3, probably as a
consequence of the direct hepatocellular eVect
of the drug.43 So far, no information has been
available on the possible eVects of anticonvul-
sive drugs on peripheral IGF-I or IGFBP-3
concentrations in children and adolescents, but
the present observations indicate that car-
bamazepine may induce an increase in circulat-
ing IGF-I and IGFBP-3 levels, as the prepu-
bertal patients on antiepileptics had higher
concentrations than those who had never been
treated with these drugs and more than 70% of
the children receiving anticonvulsive treatment
were taking carbamazepine. In addition, the
male patients with SLVS had higher IGFBP-3
concentrations than those without SLVS,
which may reflect the higher frequency of anti-
convulsive treatment among children with this
syndrome.
The results show that both prepubertal and

pubertal children with hydrocephalus have
signs of reduced growth hormone secretion,
and that this is probably partly responsible for
the growth pattern characteristic of such
patients, including slow prepubertal growth, a

Figure 2 Plasma IGF-I (A) and serum IGFBP-3 (B) concentrations in the female
hydrocephalic patients without spina bifida and their controls by stage of puberty. Each box
plot represents the median (thick black band) and the 25th and 75th centiles. The error
bars represent the smallest and largest observed values that are not outliers (+). The
prepubertal patients had significantly lower IGFBP-3.
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suboptimal pubertal growth spurt and defi-
cient final height. One can speculate that these
findings may be a consequence of unphysio-
logical increases or decreases in intracranial
pressure.
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Key messages
x Prepubertal children with shunted hydro-
cephalus have reduced circulating IGF-I
and IGFBP-3 concentrations

x Pubertal children with shunted hydro-
cephalus have reduced basal serum growth
hormone concentrations

x Reduced growth hormone secretion may
contribute to slow linear growth and
reduced final height in hydrocephalic chil-
dren

x Carbamazepine treatment may increase
IGF-I and IGFBP-3 concentrations in the
peripheral circulation
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