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Swedish cohort study found that half of the girls with shunted
hydrocephalus had precocious or early puberty
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Abstract

Aim: We aimed to evaluate the occurrence of, and risk factors for precocious and early

2 . .
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University, Uppsala, Sweden puberty in a retrospective cohort study of girls with shunted infantile hydrocephalus.

Methods: The study population comprised 82 girls with infantile hydrocephalus, born
Correspondence

Margareta Dahl, Department of Women's
and Children's Health, Uppsala SE-751 85,
Sweden.

Email: margareta.dahl@kbh.uu.se

between 1980 and 2002, and treated with a ventriculoperitoneal shunt. Data were
available for 39 girls with myelomeningocele and 34 without. Medical records were
analysed regarding clinical data and timing of puberty. Precocious and early puberty

was defined as the appearance of pubertal signs before 8years and O months and
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8years and 9 months, respectively.

Results: Median age at last admission was 15.8years (range 10.0-18.0). In total, 15
girls (21%) had precocious puberty, and another 21 (29%) had early puberty. Three
or more shunt revisions had been performed in 26/36 girls with early or precocious
puberty and in 3/37 girls without (p=0.01). The number of shunt revisions corre-
lated negatively with age at the start of puberty in the girls with myelomeningocele
(Spearman's correlation coefficient=-0.512, p=0.001).

Conclusion: Girls with shunted infantile hydrocephalus have a high risk of preco-
cious or early puberty. Repeated shunt revisions seemed to be associated with early

puberty.
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1 | INTRODUCTION

Hydrocephalus can be defined as an increase of cerebrospinal fluid
within the skull.! If untreated, it results in ventricular dilatation and
high intracranial pressure. Insertion of a ventriculoperitoneal shunt
reduces intracranial pressure and decreases the risk of brain damage.

Hydrocephalus may appear prenatally, perinatally or postnatally
as a consequence of Chiari- or other cerebral malformations, cerebral
haemorrhages, infections or tumours.> With infantile hydrocephalus

we mean hydrocephalus, necessitating shunt operation, present at
birth or during the first year of life.

Precocious or early puberty has been reported in patients with
hydrocephalus.?™ Kaijser et al. investigated 90 children (46 female)
with shunted hydrocephalus without spina bifida. They found that
four girls and four boys had precocious puberty.6 In a Swedish
prospective population-based study, 68 term children (40 male)
with infantile hydrocephalus were followed up until a mean age of
11.25years. Precocious puberty was reported in five girls and six
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boys.” In a cross-sectional study Lépponen et al evaluated puber-
tal development and peripheral concentrations of gonadotropin
and sexual hormones in 114 patients (62 male), 5-20years, with
shunted infantile hydrocephalus, and 73 age-matched healthy con-
trols.® They found that both girls and boys with hydrocephalus had
advanced pubertal development. The girls had significantly earlier
time for menarche in comparison both with their mothers and con-
trols. The prepubertal patients had higher sexual hormones than the
controls. Three girls and two boys had precocious puberty.8

Early puberty was also demonstrated in patients with myelome-
ningocele, particularly in those with associated hydrocephalus.” ! In
a retrospective analysis Trollmann et al. investigated growth and pu-
bertal development in 109 patients: (52 male), median age 8.9 years,
with myelomeningocele and hydrocephalus. They found that 5/27
(19%) of pubertal girls had precocious puberty.12 In a retrospec-
tive population-based study on 32 girls with myelomeningocele we
found that 20 girls had early puberty. We also pointed out that a
perinatal increase in intracranial pressure was a strong predictor of
early puberty in these girls.*°

In general, precocious and early puberty is more common in girls
than in boys.13 In a population-based retrospective study of boys
with myelomeningocele, early puberty was found in 21%. However,
it was also observed that data on pubertal development in medical
records were missing more often for the boys than for the girls.**

Central precocious puberty is caused by the activation of the hy-
pothalamic-pituitary-gonadal axis.> Precocious and early puberty
in girls is usually idiopathic but may occur as a result of cerebral
lesions and genetic syndromes.*® Even though the detailed mech-
anisms behind the start of puberty are not fully known, increased
hypothalamic production of kisspeptins appears critical for the
process.t’

Little information is available on the mechanism behind the ef-
fect of increased intracranial pressure on the hypothalamic-pitu-
itary-gonadal axis, leading to early or precocious puberty.w’19

Most earlier studies of children with hydrocephalus of other
causes than myelomeningocele were performed on selected pa-
tients.*72921 |t is therefore difficult to draw conclusions regarding
occurrence of precocious or early puberty, and possible risk factors
for these conditions.

The aim of this study was to define the occurrence of precocious
and early puberty in female patients with infantile hydrocepha-
lus operated with a ventriculoperitoneal shunt. To the best of our
knowledge, this is the first population-based investigation on unse-
lected patients. We also aimed to identify factors associated with

early puberty.

2 | PATIENTS AND METHODS

The present investigation was a retrospective cohort study. The
study population comprised all 82 girls with infantile shunted hy-
drocephalus, born between 1980 and 2002, in our catchment area
of about 2 million inhabitants. There were 39 girls with and 42

Key Notes

e Precocious and early puberty has been demonstrated in
girls with hydrocephalus, but population-based studies
are lacking.

e Precocious puberty was found in 15/73 girls (21%) and
another 21/73 (29%) had early puberty.

o All girls with shunted infantile hydrocephalus should be
routinely monitored for pubertal development.

without myelomeningocele. The patients had been admitted to the
Department of Pediatric Surgery at Uppsala University Children's
Hospital for insertion of a ventriculoperitoneal shunt.

Medical record data, sufficient for evaluation of pubertal devel-
opment, were available for 73 girls: 39 with myelomeningocele and 34
without. The cause of hydrocephalus in the non-myelomeningocele
group was perinatal intraventricular haemorrhage, cerebral malfor-
mation, and cerebral infection for 17, 11 or three girls, respectively.
The cause was unknown for the three girls.

Medical records from hospitals and paediatric habilitation centres
were reviewed by one of the authors (MD). Data on age and intraven-
tricular pressure at shunt insertion were collected, as well as informa-
tion on medical, and functional problems. All data on puberty in the
medical records were collected. Puberty was assessed in connection
to regular follow-up at paediatric outpatient clinics. The assessments
were performed according to Tanner stages by paediatric neurol-
ogists.?? In addition, data on weight and length at birth and up to
15years of age were collected. Body mass index was calculated, and
converted to standard deviation scores.?® Early puberty was defined
as the appearance of pubertal signs before 8years and 9 months.?*
Precocious puberty, representing a subgroup of early puberty in this
study, was defined as the appearance of pubertal signs before 8years
of age. The appearance of Tanner stage B2 was not recorded in the
medical records for the three girls. For these patients, the age at onset
of pubertal growth spurt, defined by the intersection of the prepuber-

tal and pubertal linear growth trajectories, was used.?®

2.1 | Statistics

Continuous variables are presented as median and ranges, and
categorical variables as numbers or proportions. Statistical differ-
ences were calculated by means of Fisher's exact test for categorical
variables. For continuous variables, Student's t-test for independent
variables was used for parametric variables, and the Mann-Whitney
U test for non-parametric variables. Calculation of Spearman's cor-
relation coefficient was used to reflect the relationship between age
at onset of puberty, and the number of shunt revisions for girls with
myelomeningocele. The statistical analysis was performed, using
SPSS, statistics, version 28 (IBM Corp, New York, USA).
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2.2 | Ethics

The study was approved by the Regional Ethical Review Board of
Uppsala (2015/085). Informed consent was not considered neces-
sary since no information on the identity of the individual patients
could be obtained from the data presented.

3 | RESULTS
3.1 | Clinical characteristics

As can be seen in Table 1 most of the children in the study were non-
functional ambulators, meaning they could not walk. Many patients were
diagnosed with mental retardation and epilepsy. One-third were born
prematurely. Five of these were born before 28 weeks of gestation.

Shunt operations were performed before 14days for 16 girls
(22%), between 14 and 100days for 33 girls (45%), and after 100days
for 24 girls (33%).

The children without myelomeningocele were more often func-
tional ambulators than those with myelomeningocele (Table 1).
Premature birth was recorded for 17 of the children without myelo-
meningocele (50%). Shunt insertions were performed at an age of
more than 100days for 17 (50%) of the children without myelome-
ningocele compared with seven (18%) of the children with myelome-
ningocele, (p=0.006). Eight girls with myelomeningocele (21%) and
seven of those without myelomeningocele (21%) had undergone at

least three shunt revisions.

3.2 | Occurrence of precocious and early puberty

In the total material, 15 girls (21%) had precocious puberty, and an-
other 21 girls (29%) had early puberty. Median age at pubertal onset
was 8years and 9 months, range of 5-13years.

Early puberty was found in 21 (54%) of the girls with myelome-

ningocele, and in 15 (44%) of those without. Precocious puberty was

TABLE 1 Clinical data for girls with and without myelomeningocele.

Variable Total

Gestational age weeks, median (min-max) 37.5(23-43)
Birth weight grams, median (min-max) 3060 (675-4475)
Age at the insertion of the VP® shunt, days 31 (1-2100)
Intracranial pressure cm H,O, median (min-max) 17.0 (5.5-43.0)
Age at last admission, years, median (min-max) 15.8(10.0-18.0)
Non-functional ambulation, n (%) 42 (58)
Mental retardation, n (%) 28 (38)
Epilepsy, n (%) 19 (26)
Cerebral palsy, n (%) 10 (14)

Myelomeningocele.
bComparison between girls with and without MMC.
“Ventriculoperitoneal.
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found in 7 (18%) and 9 (26%) of the children with and without myelo-

meningocele, respectively.

3.3 | Factors associated with early puberty

As shown in Table 2, more children with precocious or early puberty
had undergone three or more shunt revisions, as compared to those
with normal puberty. Also, more of those with precocious or early
puberty were unable to walk. There were no differences between
the patients with early and those with normal puberty with respect
to gestational age, weight, height, or body mass index up to 6years
of age. Neither were any differences found regarding, intracranial
pressure, nor for the time of shunt insertion.

In the group of children with myelomeningocele, those with
early puberty had undergone more shunt revisions, than those with
normal puberty (median 2.0, range 0-5 versus median 0.5, range
0-2, p=0.028). The number of revisions correlated negatively
with age at the start of puberty (Spearman's correlation coeffi-
cient=-0.512, p<0.001) (Figure 1). No risk factors associated with
precocious or early puberty were found in the children without

myelomeningocele.

3.4 | Treatment of precocious and early puberty

Treatment with gonadotropin-releasing hormone analogue was
given to 33 girls (45%): ‘22 with and 11 without myelomengocele’.
Five girls with myelomeningocele were treated even though they did
not fulfil the criteria for early puberty.

4 | DISCUSSION

To the best of our knowledge, the present study is the first to report
pubertal development in a large, and unselected population-based

cohort of girls with infantile hydrocephalus.’? The main findings

MMC? (n=39) Non-MMC (n=34) p-value®
38.0 (29-42) 37.5(23-43) NS
3338 (1295-4456) 3060 (675-4475) 0.013
21 (1-180) 31 (1-2100) <0.001
16.0 (5.5-26.0) 17.0 (5.5-43.0) NS
15.8 (10.0-18.0) 15.8 (10.0-18.0) NS
30(77) 12 (35) <0.001
14 (36) 14 (41) NS
7 (18) 12 (35) NS
0(0) 10 (30) <0.001
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TABLE 2 Girls with precocious or early puberty compared to girls with normal puberty onset.
Variables Early puberty (n=36) Normal puberty (n=37) p-value
Gestational age weeks, median (min-max) 38(23-42) 37 (25-43) NS
Birth weight grams, median (min-max) 3315 (675-4475) 3032 (700-4340) NS
Insertion VP? shunt days, median (min-max) 42 (1-1500) 28 (1-2100) NS
Intracranial pressure cm, median (min-max) 17.3 (10.0-40.0) 17.0 (5.5-43.0) NS
Age at last admission years, median (min-max) 15.9 (10.0-18.0) 15.7 (10.0-18.0) NS
No. of shunt revisions, median (min-max) 2 (0-5) 1(0-7) NS
Non-functional ambulator, n (%) 26(72) 16 (43) 0.018
Mental retardation, n (%) 16 (44) 12 (32) NS
Epilepsy, n (%) 12 (33) 7 (19) NS
Cerebral palsy, n (%) 6(17) 4(11) NS
Shunt revisions, 3 or more, n (%) 12 (33) 3(8) 0.01

Ventriculoperitoneal.

Scatter Plot of Age at onset of puberty by No of shunt revisions

14.0

FIGURE 1 Number of shunt revisions
in relation to age at the start of puberty
for children with MMC.
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were the high occurrence of precocious or early puberty, and the
association of early puberty and repeated shunt revisions.

We found a high occurrence of precocious or early puberty
among the patients studied. The proportion of precocious or early
puberty in our material was 50 per cent. This figure is higher than
those reported in previous studies.?” This may be due to differences
in study populations.

The number of shunt revisions in the children with myelome-
ningocele was positively associated with early puberty, a finding in
agreement with previous data reported by Lopponen et al.in their
study of boys and girls.3 The authors speculated that even small
variations in intracranial pressure may affect the activation of the
hypothalamic-pituitary-gonadal axis.® However, in contrast to our
own results in a previous study of girls with myelomeningocele,10
early high intracranial pressure was not associated with precocious,
or early puberty.

Neither timing nor intracranial pressure at shunt insertion were
associated with early puberty in the total study sample. However, it is
difficult to draw conclusions from these results, since the underlying

causes of hydrocephalus were heterogeneous. In addition, the lack
of data from nine children with myelomeningocele might influence
the results.

Patients with precocious puberty are at risk of short stature
due to premature closure of the epiphyses.16 In addition, psycho-
social consequences of early maturation must be considered.?
Gonadotropin-releasing hormone analogues are used for the treat-
ment of central precocious puberty, halting physical as well as skele-
tal maturation, and postponing menarche.*®?”28 The majority of the
patients with precocious or early puberty, with or without hydro-
cephalus, obtained such treatment. In addition, in order to postpone
menarche four girls with the start of puberty at 9 years and one at
9years and 7 months were also treated.

Even though treatment with gonadotropin-releasing hormone

2728 prolonged treatment

analogues is generally considered safe,
may result in weight gain and impaired bone mineralization. These
effects are particularly disadvantageous for non-ambulant girls and
should be kept in mind when treatment is considered, as well as

during follow-up of treatment.
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Since patients with hydrocephalus are already afflicted by their
condition, early pubertal maturation may present an additional
burden.?® Girls with a shunted hydrocephalus should therefore be
routinely monitored for linear growth and physical development, in
order to identify signs of precocious or early puberty. This can be
ascertained by determining age at Tanner stage B2, and by defining
the age at the intersection of the prepubertal and pubertal linear
growth trajectories.?®

One strength of the study is that it represented all children with
shunted hydrocephalus in our referral area, born during a 22-year
period. Another strength is that it was possible to evaluate pubertal
development in a high proportion of the patients (73/82).

In addition, medical data concerning the prenatal, perinatal,
and postnatal periods, were collected for all children. The lack of
pubertal data in the records of nine patients without myelomenin-
gocele represents a study limitation. This may be due to the ab-
sence of pubertal signs, or incomplete physical investigation. Even
though the age at onset of pubertal growth was used to identify
the start of puberty only in three girls, the difficulty of measuring
height in patients with non-functional ambulation may represent

another limitation.

5 | CONCLUSIONS

The major finding in this population-based study was the high
frequency of precocious or early puberty, found in the girls with
shunted infantile hydrocephalus. Girls with myelomeningocele and
repeated shunt revisions are at particular risk of precocious or early
puberty.

Early detection of precocious or early puberty is important,
since it may add another burden in terms of practical, and psycho-
logical problems for girls with shunted hydrocephalus. When indi-
cated, this condition may be alleviated by postponing the pubertal
development, by treatment with gonadotropin-releasing hormone

analogues.
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