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Abstract
Objective-To evaluate pubertal develop-
ment and peripheral concentrations of
gonadotrophins and sex hormones in chil-
dren with shunted hydrocephalus com-

pared with healthy controls.
Study design-I 14 patients (52 females, 62
males) and 73 healthy controls (35 fe-
males, 38 males) aged 5 to 20 years were

analysed for stage of puberty, age at
menarche, testicular volume, basal serum
follicle stimulating hormone (FSH), lutei-
nising hormone (LH), sex hormone bind-
ing globulin (SHBG), testosterone and
oestradiol concentrations, and free andro-
gen index.
Results-Male gonadal and male and
female pubic hair development occurred
significantly earlier in the patients than in
the controls. The mean age at menarche
was significantly lower in the female
patients than in their controls (11.7 v 13.2
years; p < 0.001), and lower than it had
been for their mothers (v 13.1 years;
p < 0.001). Relative testicular volume was

higher in the male patients than in their
controls (1.2 standard deviation score

(SDS) v 0.2 SDS; p < 0.001). The prepu-
bertal patients had higher basal LH (0.13
UnI v 0.08 Unl; p < 0.001) and SHBG (132.3
nmoMl v 109.1 nmol/l; p < 0.01) than the
controls. Both the prepubertal and puber-
tal females had significantly higher basal
FSH than their controls (1.57 UIl v 1.03
UI;p < 0.05, and 4.0 U/Iv2.9 UIl;p < 0.01,

respectively).
Conclusions-Hydrocephalic children ex-

perience accelerated pubertal matura-
tion, reflected in a younger age at me-

narche in females and an increased
testicular volume in males. This may be
because of enhanced gonadotrophin se-

cretion, possibly resulting from unphysi-
ological variations in intracranial pres-
sure.
(Arch Dis Child 1996;74:490-496)

Keywords: hydrocephalus, puberty, gonadotrophins.

Most previous reports on endocrine disorders
in children with shunted hydrocephalus de-
scribe individual cases of sexual precocity.'
Close to 10% of the children with shunted
hydrocephalus studied by Kaiser et al (8/90
patients) developed sexual precocity.4 Preco-
cious puberty has especially been observed in
patients with meningomyelocele, but Mayer
and Landau found that 52 patients out of 79

with this disease had associated hydrocephalus'
and 6% of these had precocious puberty
(3/52), raised basal oestradiol and testosterone,
and raised peak luteinising hormone (LH) and
follicle stimulating hormone (FSH) responses

to gonadotrophin releasing hormone (GnRH).
The prevalence of cryptorchidism among boys
with meningomyelocele was observed to be
15% (7/45). In another survey all 45 patients
with meningomyelocele had hydrocephalus,6
and the various stages of puberty were reached
earlier than expected, indicating that puberty
advances more rapidly in children with this
disease. Precocious puberty was observed in
4% of the patients (2/45) and cryptorchidism
in one quarter of the boys. The age at
menarche varied from 9.4 to 11.9 years (n=4).

Since most previous reports on precocious
puberty in children with hydrocephalus con-

cern mainly meningomyelocele patients, there
is a lack of information on the average

timetable of sexual maturation in hydrocepha-
lic children and adolescents with an aetiology
other than meningomyelocele. We report here
on pubertal development, age at menarche,
and gonadotrophin and sex hormone concen-

trations in 114 patients with shunted hydro-
cephalus in comparison with 73 healthy
controls.

Methods
SUBJECTS
The initial series comprised 212 shunted
hydrocephalic patients aged 5 to 20 years who
had undergone their primary operation at the
Department of Paediatrics, University Central
Hospital, Oulu, Finland, during the 26 year
period 1966 to 1991. Patients with tumours
(n=24) or achondroplasia (n=3) were ex-

cluded, as were patients with an intelligence
quotient (IQ) below 50 (n=26), since factors
other than the hydrocephalus itself may have

Abbreviations
B = breast
BMI = body mass index
CNS = central nervous system
FAI = free androgen index
FSH = follicle stimulating hormone
G = genitals
GnRH = gonadotrophin releasing hormone
IQ = intelligence quotient
LH = luteinising hormone
PH = pubic hair
SDS = standard deviation score
SHBG = sex hormone binding globulin
SLVS = slit ventricle syndrome
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Accelerated pubertal development with shunted hydrocephalus

influenced their growth and pubertal develop-
ment. 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 (52
females, 62 males), including 17 with spina
bifida (11 females, six males) and 97 without
(41 females, 56 males). Thirty eight children
without spina bifida (15 females, 23 males)
were prepubertal, while 59 (26 females, 33
males) were pubertal (n=54) or postpubertal
(n=5). Six of the 17 subjects with spina bifida
were prepubertal and 11 pubertal or postpu-
bertal.
The clinical evaluation was carried out at the

Department of Paediatrics, University Central
Hospital, Oulu, Finland. Informed consent
was obtained from the subjects or their parents
or both. The research was conducted accord-
ing to the Declaration of Helsinki. The mean

age of the patients at the final evaluation was

11.8 years (range 5.0 to 19.9 years) and that of
the controls 12.0 years (range 5.1 to 19.7
years). The median age of the hydrocephalic
patients at the first operation had been 0.5
years (range 0.0 to 14.2 years), the females
having been operated on earlier than the males
(median 0.2 years (range 0.0 to 8.6 years) v 0.7
years (range 0.0-14.2 years); p < 0.03). The
mean duration ofthe shunting period had been
10.0 years (range 1.3 to 19.8 years). Most of
the shunts involved in the final evaluation were
of the Hakim-Cordis type (n=74), but Orbis-
Sigma shunts had been used more often
recently (n=26). There were still some patients
operated on earlier who had received a Pudenz
shunt (n= 14). Most of the shunts were
ventriculoperitoneal (n=90) and a minority
ventriculoatrial (n=24). An antisiphon device
had been installed in 46 patients. The median
number of shunt revisions was two per patient
(range 0 to 14).
The aetiology was assessed according to a

modification of the classification proposed by
Amacher and Wellington, excluding neoplastic
tumours as a possible aetiological condition.7
Magnetic resonance imaging was performed
on a subgroup of 61 patients at the final evalu-
ation and their aetiological diagnosis was based
on these findings.'0 The aetiology was congeni-
tal in 76 cases (66.7%), with the following sub-
groups: infantile obstructive hydrocephalus
(n=33; 28.9%); intracranial cerebrospinal cysts
(n=20; 17.5%); other intracranial anomalies
(n=6; 5.3%); and spina bifida (n=17; 14.9%).
Twenty eight patients (24.6%) had acquired

hydrocephalus, including 25 (21.9%) with a

perinatal aetiology (asphyxia or intracranial
haemorrhage or both) and three (2.6%) with
an infectious aetiology. Ten patients (8.8%)
were included in the group of miscellaneous
aetiology.
The control children were recruited among

the appropriate age groups from neighbouring
child welfare clinics and schools. They were

invited to participate after thorough informa-
tion to the child and the parents. One girl with
diabetes and another 10.5 year old girl, who
was diagnosed in the course of this investiga-
tion as having coeliac disease, were excluded,
resulting in a final series of 73 controls (35
females, 38 males), of whom 32 (13 females,
19 males) were prepubertal and the remaining
41 (22 females, 19 males) pubertal (n=36) or

postpubertal (n=5).

PROCEDURES
All the patients and controls were examined by
one of us (TL). The anthropometric measure-

ments were made three times and the mean

value was calculated for subsequent use.

Height was measured to the next succeeding
1.0 mm with a Harpenden wall mounted stadi-
ometer and weight to an accuracy of 0.1 kg
with an electronic scale. The relative height
and the relative weight were assessed from
Finnish growth charts." The body mass index
(BMI) represents the ratio between weight (kg)
and height squared (m'). The waist and the hip
were measured to the next succeeding 1.0 mm
with a metallic tape measure.'2 The biceps, tri-
ceps, and subscapular skinfolds were measured
to an accuracy of 0.1 mm with a Harpenden
skinfold caliper (John Bull, British Indicators
Ltd, St Albans, Herts, UK)." Body density was
calculated from the combined results of triceps
and subscapular skinfold thickness according
to Parizkova."4 The percentage of body fat was
calculated by the method described by Keys
and Brozek."5
The stage of puberty was assessed according

to Tanner and Whitehouse.'6 If there were no

signs of puberty (GIPHI or BiPHi), the sub-
jects were classified as prepubertal. Subjects
with full sexual maturation (G5PH5 or

B5PH5) and adult bone age were classified as

postpubertal. True precocious puberty was

recorded in males if they reached stage 2 in
genital development before the age of 9.5 years
or stage 2 in pubic hair before 10.0 years and in
females if they reached stage 2 in breast devel-
opment before 8.0 years and stage 2 in pubic

Table 1 Anthropometric measurements in prepubertal and pubertal male patients with hydrocephalus and their controls; values are mean
(95% confidence interval)

Prepubertal Pubertal

Patients (n=26) Controls (n=19) p Patients (n=36) Controls (n=19) p

Age (years) 8.1 (7.2 to 8.9) 8.7 (7.8 to 9.7) 0.30 14.7 (13.9 to 15.6) 15.4 (14.5 to 16.3) 0.26
Height (cm) 124.2 (119.1 to 129.4) 133.0 (127.4 to 138.6) 0.02 165.2 (160.5 to 169.9) 172.6 (166.9 to 178.3) 0.04
Relative height (SDS) -0.81 (-1.36 to -0.27) 0.12 (-0.32 to 0.56) 0.01 0.13 (-0.31 to 0.57) 0.52 (0.03 to 1.01) 0.20
Weight (kg) 27.1 (23.2 to 31.1) 29.1 (26.2 to 32.0) 0.29 56.9 (51.7 to 62.1) 59.2 (53.4 to 65.0) 0.55
Relativeweight(%) 108.2 (100.8to 115.7) 100.3 (96.1 to 104.5) 0.15 107.3 (101.5to 113.1) 99.7 (92.9to 106.5) 0.05
BMI (kg/m2) 17.2 (15.9 to 18.5) 16.3 (15.6 to 17.0) 0.68 20.5 (19.4 to 21.7) 19.8 (18.5 to 21.0) 0.47
Waist-hip ratio 0.89 (0.88 to 0.91) 0.84 (0.82 to 0.86) 0.001 0.86 (0.84 to 0.88) 0.80 (0.79 to 0.82) 0.001
Body fat mass (%) 17.8 (15.8 to 19.8) 15.6 (14.4 to 16.9) 0.18 17.2 (15.0 to 19.3) 11.6 (8.2 to 15.0) 0.001

SDS = standard deviation score.
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Table 2 Anthropometric measurements in prepubertal and pubertalfemale patients with hydrocephalus and their controls; values are mean
(95% confidence interval)

Prepubertal Pubertal

Patients (n=18) Controls (n=13) p Patients (n=34) Controls (n=22) p

Age (years) 7.1 (6.2 to 8.0) 7.1 (6.1 to 8.0) 0.84 14.1 (13.1 to 15.2) 14.7 (13.3 to 16.1) 0.51
Height (cm) 118.6 (112.4 to 124.9) 124.7 (118.0 to 131.3) 0.17 152.6 (147.5 to 157.7) 160.2 (155.9 to 164.4) 0.02
Relative height (SDS) -0.74 (-1.5 to 0.0) 0.47 (-0.1 to 1.0) 0.01 -0.76 (-1.66 to 0.14) 0.41 (-0.10 to 0.92) 0.05
Weight (kg) 23.1 (19.7 to 26.6) 24.6 (21.2 to 28.1) 0.41 55.3 (49.3 to 61.2) 49.3 (45.0 to 53.6) 0.32
Relative weight(%) 103.0 (95.9 to 110.1) 98.5 (93.7 to 103.3) 0.52 127.1 (116.2 to 138.1) 100.0 (94.7 to 105.4) 0.001
BMI (kg/M2) 16.1 (14.9 to 17.3) 15.7 (14.8 to 16.5) 0.63 23.7 (21.5 to 25.8) 19.1 (18.0 to 20.1) 0.01
Waist-hip ratio 0.87 (0.83 to 0.90) 0.84 (0.81 to 0.86) 0.09 0.81 (0.78 to 0.84) 0.74 (0.72 to 0.76) 0.001
Body fat mass (%) 20.3 (18.9 to 21.7) 20.0 (18.2 to 21.9) 0.62 26.6 (24.4 to 28.8) 21.3 (19.4 to 23.2) 0.002

SDS = standard deviation score.

hair before 9.0 years. Testicular lengths and used. The relative testicular volume was
widths were measured manually in millimetres assessed according to Zachmann et al and
three times at the time of clinical evaluation expressed in standard deviation score (SDS).15
and the mean was calculated. Testicular Information on the age at menarche and the
volume was calculated according to Hansen first day of the last period for the patients and
and With [0.52 x length (cm) x width2 (cm)].' controls was collected using a questionnaire.
The mean value for both testicles was used, but Data on the age of the mothers at menarche
in the case of anorchia or an undescended tes- was collected by means of a questionnaire.
tis the volume of the only measurable testis was Bone age was evaluated from an x ray of the left

hand and wrist by the method of Greulich and
1 Pyle."9 Six patients and five controls had

A Genitals C0 reached adult bone age.
5 00 + '0 A blood sample was taken in the morning

after fasting for a minimum of 10 hours. Basal
I serum FSH and LH concentrations were

4 000o Q5Q D 0 analysed with time resolved fluoroimmunoas-
says using commercial reagents from Wallac

I l (Turku, Finland). Serum testosterone and
3o 00 oestradiol-17,B concentrations were quantified

3 - * radioimmunologically using commercial re-
agents from Farmos Diagnostica (Orion Cor-

I poration Farmos, Oulunsalo, Finland). Serum
2-0 aO2" * sex hormone binding globulin (SHBG) con-

centrations were also measured with a com-

mercially available time resolved fluoroimmu-
<ncrna=) nmoi? noassay (Wallac). Free androgen index (FAI)

1- _ was calculated from the formula
FAI= 1 00xserum testosterone (nmol/l)/serum
SHBG (nmol/l).

0 I I I I I I The slit ventricle syndrome (SLVS) was
5 7 9 11 13 15 17 19 considered to be present when a patient had

paroxysmal activity in electroencephalograph9
B Pubic hair I

0 0 and clinical symptoms in addition to slit-like
6

0 ventricles in computer tomography or mag-
netic resonance imaging.

00*0*4p* 0

l 0
0

0a) 0

5 7 9 11 13 15
Age at evaluation (years)

17 19

STATISTICS
The results were analysed statistically by (a)
cross tabulation and X2 statistics; (b) Student's
t test in case of a normal distribution; and (c)
the Mann-Whitney U test in the case of a
skewed distribution or ordinal variables. The
relation between the number of shunt revisions
and signs of early puberty was evaluated with
the Spearman non-parametric correlation
analysis (r). The Mantel-Haenszel X2 for
trends was used when comparing the distribu-
tion of specific age groups by stage of puberty.
The results are expressed as means (95% con-
fidence intervals) unless otherwise indicated.

Results
Both the male and female prepubertal patients
had reduced relative height (tables 1 and 2),
whereas there was no significant difference in
weight or relative weight between them and
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Figure 1 Stage ofpuberty in the males according to Tanner and Whitehouse: (A) genitals
(G 1-5) and (B) pubic hair (PH 1-6) in relation to chronological age: 0 =patients and
(D0=patients with spina bifida, *=controls, =mean ages ofpatients and controls at each
pubertal stage.
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Table 3 Mean age at menarche in hydrocephalic girls with and without spina bifida and in their mothers, compared with
the control girls and their mothers; values are mean (95% confidence interval)

I. Hydrocephalic girls II. Hydrocephalic p Value
without spina bifida girls with spina III. Control girls
(n=16) bifida (n=7) (n=14) I v III II v III

Mean age at menarche (years) 11.9 (11.2 to 12.6) 11.1 (10.0 to 12.2) 13.2 (12.6 to 13.8) 0.008 0.002
Maternal mean age at menarche (years) 13.1 (12.1 to 14.0) 13.6 (12.4 to 14.8) 12.6 (11.9 to 13.4) 0.45 0.14
p Value 0.01 0.02 0.12

their controls, except that the male prepubertal
patients had an increased waist-hip ratio. The
pubertal patients were shorter than their
controls, had an increased relative weight,
especially the females, and an increased waist-
hip ratio and body fat mass. The pubertal
female patients had also a higher BMI than the
control girls.
Gonadal development occurred on an average

earlier in the hydrocephalic males than in the
controls (Tanner G2-5), the same trend being
seen for pubic hair (Tanner PH2-6) (fig 1). In the
age group from 12 to 14 years two thirds of the

A Breast o 0oooogQ,%*p

cD0 0 00 0

male patients had reached stage 4 or 5 in gonadal
development, while only one quarter of the con-
trols had reached the same stages (p=0.04). A
similar difference was seen for pubic hair, with
two thirds of the male patients aged 12-14 years
being at stage 4 or 5, whereas the correspond-
ingly proportion among the controls was one
quarter (p=0.05). Breast development occurred
in general earlier in the hydrocephalic females
than in their controls and was accelerated at all
stages (Tanner B2-5). A similar trend was seen
for pubic hair (Tanner PH2-6) (fig 2). Two thirds
ofthe female patients in the age group from 1 1 to
13 were at stage 4 or 5 for breast development,
whereas none of the controls had reached those
stages (p=0.09). Among the females half of the
patients 13-15 years of age but none of the con-
trols had reached stage 5 or 6 for pubic hair
(p=0.05). Among the patients with spina bifida,
pubertal development had occurred earlier than
in the controls in the case of the females but not
the males (data not shown).I

3 * * The mean age at menarche was significantly
lower in the female patients (n=23) than in

l their controls (n=14) (11.7 years (11.1 to
2 0+4 0 12.2) v 13.2 years (12.6 to 13.8); p < 0.001)WYY)* (table 3 ). The age of the patients at menarche

l ll was also significantly lower than that of their
£[w%0 ai Co ° mothers at that stage (11.7 years v 13.2 years;1 _5' +~ ~* p < 0.001), while there was no such difference

l in the control families (13.2 years v 12.6 years;
p=O. 12).

0 I I I I The relative testicular volume was signifi-5 7 9 11 13 15 17 19 cantly greater in the male patients than in the
controls (1.2 SDS (0.7 to 1.6) v 0.2 SDS (-0.2

B Pubic hair O to 0.5); p < 0.001), especially among the
6 - pubertal patients (1.3 SDS (0.7 to 1.8) v 0.1

SDS (-0.4 to 0.6); p < 0.01). The proportion

Lo00CX)OOO RV CRt of patients with a relative testicular volume of
more than 2 SDS was higher than that in the

Il controls (17/62 v 3/38; p < 0.05), and relative
4L 00 Q0.OW o testicular volume was increased both in the

* males with spina bifida (1.1 SDS (-1.0 to 3.2)
l ll v 0.2 SDS (-0.2 to 0.5); p=0.16) and in those

3 a without (1.2 SDS (0.7 to 1.6) v 0.2 SDS (-0.2
to 0.5); p < 0.001), although the difference

l between the patients with spina bifida and the
2 _ controls was not significant, probably because

of the small number of spina bifida patients
l (n=6).

iC Xi) < 4 In the male patients there was a significant
l correlation between the number of shunt revi-

I I I I II I sions and the relative testicular volume
5 7 9 11 13 15 17 19 (r,=0.34; p < 0.008). The relative testicular

Age at evaluation (years) volume was significantly larger among the
pubertal male patients, who had had shunt

!2 Stage ofpuberty in thefemales according to Tanner and Wlhitehouse: (A) breast (B revision for rasonsas oiat dwit i sed
nd (B) pubic hair (PH 1-6) in relation to chronological age. O =patients and revisions for reasons associated with mcreased
tients with spina bifida, *=controls, =mean ages ofpatients and controls at each intracranial pressure (n=26) compared to
alstage. those with no such revisions (n=10) (1.7 SDS
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Table 4 Serum gonadotropin, testosterone, oestradiol, and SHBG concentrations and FAI in prepubertal patients with hydocephalus and their controls;
values are mean (95% confidence interval)

Males Females

Patients (n=26) Controls (n=19) p Patients (n=18) Controls (n=13) p

FSH (U/1) 0.85 (0.53 to 1.17) 0.72 (0.57 to 0.86) 0.44 1.57 (1.15 to 1.99) 1.03 (0.69 to 1.37) 0.05
LH (U/1) 0.14 (0.10 to 0.18) 0.08 (0.05 to 0.10) 0.01 0.11 (0.10toO.13) 0.08 (0.05 to 0.10) 0.02
Testosterone (nmolJl) 0.43 (0.28 to 0.59) 0.49 (0.34 to 0.64) 0.25 0.54 (0.40 to 0.69) 0.45 (0.31 to 0.58) 0.31
Oestradiol (nmolIl) 0.040 (0.03 to 0.05) 0.036 (0.03 to 0.04) 0.11 0.044 (0.04 to 0.05) 0.039 (0.03 to 0.05) 0.22
SHBG (nmol/l) 134.9 (115.2 to 154.6) 115.2 (99.8 to 130.5) 0.15 130.1 (108.2 to 152.1) 100.3 (80.3 to 120.2) 0.04
FAI 0.52 (0.12 to 0.92) 0.49 (0.33 to 0.66) 0.14 0.49 (0.33 to 0.65) 0.49 (0.32 to 0.66) 0.72

Table 5 Serum gonadotropin, testosterone, oestradiol, and SHBG concentrations and FAI in pubertal and postpubertal patients with hydocephalus and
their controls; values are mean (95% confidence interval)

Males Females

Patients (n=36) Controls (n=19) p Patients (n=34) Controls (n=22) p

FSH (U/i) 3.73 (2.97 to 4.48) 3.14 (2.35 to 3.92) 0.23 4.25 (3.45 to 5.05) 2.61 (1.90 to 3.33) 0.005
LH (U/I) 2.83 (2.29 to 3.38) 2.65 (1.96 to 3.35) 0.74 3.90 (2.60 to 5.21) 2.85 (1.34 to 4.36) 0.12
Testosterone (nmol/1) 15.9 (12.7 to 19.1) 16.1 (10.4 to 21.8) 0.94 1.9 (1.5 to 2.3) 1.5 (1.2 to 1.8) 0.26
Oestradiol (nmol/l) 0.06 (0.05 to 0.07) 0.08 (0.06 to 0.10) 0.08 0.21 (0.15 to 0.27) 0.23 (0.14 to 0.31) 0.73
SHBG (nmol/1) 41.8 (33.6 to 50.0) 44.5 (35.4 to 53.6) 0.44 61.3 (45.1 to 77.6) 77.8 (50.9 to 104.6) 0.06
FAI 48.0 (36.9 to 59.2) 45.2 (28.4 to 62.0) 0.56 4.8 (3.0 to 6.6) 2.3 (1.8 to 2.9) 0.095

(1.3 to 2.1) v 1.1 SDS (0.9 to 1.3), p=0.04). In especially in the postovulatory phase of their
the female patients there were no significant menstrual period (5.2 U/I (2.3 to 8.2) v 1.5 U/I
relation between the number of shunt revisions (0.9 to 2.0) in the controls; p=0.02), whereas
and age at menarche. the difference in the LH concentrations
Only two male patients (3.2%; 2/62) were between the two groups was not significant

found with a unilateral undescended testis, one (4.3 U/I (1.9 to 6.6) v 2.9 U/I (-0.9 to 6.8);
of whom was a 6 year old boy with meningo- p=0.08). SHBG concentrations tended to be
myelocele, who had congenital anorchia on the lower in the pubertal and postpubertal girls
other side. Another 5 year old boy with menin- with hydrocephalus than in the controls, while
gomyelocele also had unilateral anorchia. Thus the FAI tended to be higher. There were no
the prevalence of congenital anorchia among differences in oestradiol or testosterone con-
the males with meningomyelocele was 33.3% centrations between the patients and controls,
(2/6). A third male patient had a unilaterally nor were there any statistically significant
hypoplastic testis. None of the control boys differences in gonadotrophin, sex hormone, or
(n=38) had undescended testes or anorchia. SHBG concentrations between the pubertal
Two hydrocephalic boys who had been and postpubertal boys with hydrocephalus and
shunted at under 1 year of age (aged 10.8 and their controls.
15.9 years at the final evaluation) had commu- Based on retrospective data there were five
nicating hydrocele diagnosed for the first time patients with true precocious puberty in this
at this clinical examination and subsequently population (table 6), giving a frequency of
treated surgically. Both of them had a ventricu- 4.4% (5/114). Two of these were boys.
loperitoneal shunt.
The prepubertal girls with hydrocephalus Discussion

had significantly higher basal FSH, LH, and The relation between pubertal development
SHBG concentrations than the control girls and chronological age has been evaluated pre-
(table 4), while the prepubertal boys had viously in hydrocephalic patients with menin-
significantly higher LH concentrations than gomyelocele,6 but not in subjects with hydro-
the control boys but no other statistically cephalus of other aetiologies. We observed in
significant differences in endocrine variables. this cross sectional study that pubic hair devel-

Basal FSH in pubertal and postpubertal oped significantly earlier in the hydrocephalic
hydrocephalic girls was significantly higher patients than in the controls and that genital
than in control girls (table 5). The female development in the males also occurred signifi-
patients had increased FSH concentrations, cantly earlier.

Table 6 Patients with precocious puberty

Atfinal evaluation
Age at First Age at
first reported first sign Relative Age at
operation sign of ofpuberty Age Bone age height Stage of menarche

Case No Sex (years) puberty (years) (years) (years) (SDS) puberty (years) Revisions SLVS Aetiology

1 F 0.03 Menarche 8.7 18.1 18.0 -5.0 B5PH5 8.7 6 Yes Meningomyelocele
2 F 3.2 B2-3 7.9 13.9 16.0 -0.7 B4PH4 9.0 1 No Cysta of foramen

Monro
3 F 0.2 PH2 8.7 19.4 Adult -2.5 B5PH5 10.7 9 Yes Porencephaly
4 M 2.6 G3 8.8 13.0 17.0 3.8 G5PH5 8 No Aqueductal stenosis
5 M 0.2 G3PH3 10.1 14.3 17.0 1.3 G5PH5 12 Yes Purulent meningitis,

aqueduct stenosis

SDS = standard deviation score.
SLVS = slit ventricle syndrome.
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Accelerated pubertal development with shunted hydrocephalus

The age at menarche varied from 9.4 to 11.9
years in the girls with meningomyelocele
examined by Greene et al,6 but the number of
menstruating girls in that series was small-
only four. Dalton and Dalton studied the mean
age at menarche in 37 girls with neural tube
defects20 and obtained a figure of 10.5 years,
but there is no information on how many of
these girls had hydrocephalus as well. The
other groups of girls included were ones with
asthma, cerebral palsy, epilepsy, retinoblas-
toma, and other chronic diseases, and their
mean ages at menarche varied from 10.8 to
13.5 years. Thus it was the girls with neural
tube defects who had the youngest mean age at
menarche in that survey.
The mean age at menarche among Finnish

girls in general in 1982 was 13.3 years, while
that of their mothers had been 13.6 years.2'
There has been a secular trend towards an ear-
lier menarche over the past century, with a
decrease of about 3-4 months per decade, and
the average age at menarche in the United
Kingdom, for example, is currently 12.8
years.22 The present hydrocephalic girls, how-
ever, experienced their menarche an average of
1.5 years earlier than the control girls and 1.5
years earlier than their mothers, confirming
that factors other than genetic ones are respon-
sible for the earlier manifestation of the
menarche in girls with hydrocephalus.
What factors determine the age at me-

narche? Numerous phenomena act in combi-
nation, including genetic influences, socioeco-
nomic conditions, general health and
wellbeing, nutritional status, and regular,
intensive physical exercise, since athletics,
gymnastics, and ballet, for instance, have been
associated with delayed maturation and me-
narcheal age.22 The genetic impact does not
seem to be crucial in the present series, and the
same general health and wellbeing may be said
to apply to both the patients and the controls.
Likewise, there were no subjects in either
group who took part in competitive sports. In
terms of nutritional status, the pubertal hydro-
cephalic girls had a significantly greater relative
weight than the control girls.2' Adipose tissue is
an important source of oestrogen, and its
amount has an influence on oestrogen metabo-
lism. There is a hypothesis concerning a
threshold weight for height and a critical
proportion of body fat required before the

22menarche can occur. A change in body com-
position is known to occur during the adoles-
cent growth spurt, so that the ratio of lean body
weight to fat is on an average 5:1 at the initia-
tion of the growth spurt and decreases to 3:1
before the menarche, when about 22% of the
body weight is fat. We calculated the ratio of
lean body weight to fat in the prepubertal
hydrocephalic girls relative to that in the
controls and could not detect any differences
in this or in age, weight, or relative weight,
whereas the pubertal and postpubertal hydro-
cephalic girls had a higher absolute and relative
weight2" and their lean body weight ratio to fat
was lower, although their mean age did not dif-
fer from that of the control girls. Overweight
becomes more severe later in puberty, however,

and accordingly it can hardly explain the
younger age at menarche alone.

Previous reports on pubertal development in
patients with hydrocephalus concern mainly
girls, but the present series also included boys
and compared them with age matched con-
trols, upon which the patients were found to
have significantly larger relative testicular
volumes. The number of male patients with
anorchia, hypoplastic testis, cryptorchidism,
and communicating hydrocele indicates that
the genitalia of boys with hydrocephalus
should be examined initially at diagnosis and
subsequently at regular intervals, especially in
cases with ventriculoperitoneal shunts.
An increase in pulsatile LH secretion plays a

crucial role in the induction of puberty, and
circulating LH concentrations are a sensitive
indicator of pubertal development.24 The
emergence of regular daytime LH pulses is
closely related to the onset of breast develop-
ment in girls25 and there is also an increase in
LH pulse frequency associated with the initia-
tion of puberty in boys.25 The present prepu-
bertal children with hydrocephalus were found
to have higher basal gonadotropin concentra-
tions, particularly LH levels, than the controls,
indicating a central stimulus before any clinical
sign of puberty can be detected. Pubertal
female patients had increased FSH concentra-
tions, especially in the postovulatory period.
Neely et al have shown in a recent study2" that
spontaneous serum gonadotropin concentra-
tions are more specific for the evaluation of
precocious puberty than stimulated LH and
FSH concentrations.
Gonadotropin releasing hormone (GnRH)

is secreted mainly from the medial basal hypo-
thalamus in episodic bursts into the
hypothalamic-pituitary portal system and
thereby to the anterior pituitary. The variation
in the frequency of its pulsatile secretion affects
the amount of LH and FSH released. The
postnatal decrease in gonadotropin secretion
during childhood before the onset of puberty,
the juvenile pause, appears to be mediated by
the central nervous system (CNS). Damage to
the CNS may release the inhibition and bring
about premature pubertal development.28
The reasons for the increased gonadotropin

secretion in the prepubertal patients with
hydrocephalus remain to be defined, but one
can assume that it may be due to increased
intracranial pressure or unphysiological varia-
tions in this pressure. There was a significant
correlation between the number of shunt revi-
sions and relative testicular volume in hydro-
cephalic males. The relative testicular volume
was also larger in those prepubertal male
patients who had shunt revisions associated
with increased intracranial pressure, and the
enlargement of the testes is the first sign of
puberty in males.
Although SHBG concentrations were higher

in the prepubertal patients with hydrocephalus
than in the controls, the present data do not
provide information on whether this is a
primary phenomenon or secondary to en-
hanced gonadotropin secretion. In the latter
case they would reflect an attempt to counter-
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act the effects of increased peripheral gonadot-
ropin concentrations by reducing the circulat-
ing concentrations of free sex hormones.29 If
primary, the high SHBG in combination with
decreased free sex hormone concentrations
may stimulate pituitary gonadotropin release
and by that mechanism contribute to the
induction of early puberty. Accelerated sexual
maturation would then result in decreased
concentrations of SHBG in pubertal subjects
with hydrocephalus. Another factor contribut-
ing to low SHBG in such subjects is the
increased frequency of obesity among them.23
The prevalence of precocious puberty ob-

served here was of the same magnitude as in
previous reports.1-5 In addition, several patients
were identified with early puberty that did not
fulfil the criteria of true precocious puberty.
The results show that patients with hydro-

cephalus experience early puberty, which is
reflected in an early menarche in girls and an
increased testicular volume in boys. This accel-
erated physical maturation does not seem to be
due to genetic factors. Based on our observa-
tions, one can speculate that the increased
gonadotropin concentrations observed espe-
cially in prepubertal patients may be a
consequence of unphysiological increases or
decreases'0 in intracranial pressure.
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