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Central nervous system imaging
in girls with central precocious
puberty: when is necessary?
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ABSTRACT

The determinants of an increased risk of an organic pathology underlying central
precocious puberty (CPP) in girls remain contentious. The present study aimed to determine the
clinical and hormonal findings that can be used to differentiate organic and idiopathic CPP in girls as a
screening method so that only those considered likely to have organic CPP undergo cranial magnetic
resonance imaging (MRI). The medical records of 286 girls that received
GnRH agonist (GnRHa) therapy for CPP were retrospectively evaluated. Chronological and bone age,
height, pubertal stage, and basal/stimulated gonadotropin and estradiol (E,) levels, as well as cranial
MRI findings at the time CPP was diagnosed were recorded. Clinical and hormonal parameters that
can be used to differentiate between girls with organic and idiopathic CPP were identified using
ROC curves. Organic CPP was noted in 6.3% of the participants. Puberty started before age
6 years in 88.9% of the girls with organic CPP. Mean E, and peak luteinizing hormone (LH) levels
were higher in the girls with organic CPP than in those with idiopathic CPP that were matched for
pubertal stage, as follows: early stage puberty (Tanner 2 and 3): E,: 62.4 + 19.8 pg/mL vs. 29.1 + 9.5
pg/mL; peak LH: 16.8 + 3.2 IU/L vs. 12.2 + 3.7 IU/L; advanced stage puberty (Tanner 4): mean E,;:
87.6 + 3.4 pg/mL vs. 64.6 + 21.2 pg/mL; peak LH: 20.8 + 0.4 IU/L vs. 16.6 + 5.8 IU/L (P < 0.001 for all).
Thresholds for differentiating organic and idiopathic CPP in girls with early-stage puberty were 38.1
pg/mL for E, (100% sensitivity and 80.4% specificity) and 13.6 IU/L for peak LH (100% sensitivity and
66.4% specificity). Pubertal symptoms and signs generally begin before age 6 years and Correspondence to:
hormone levels are much higher than expected for pubertal stage in girls with organic CPP. Based on  pogys vurali ’
the present findings, cranial MRI is recommended for girls aged < 6 years, as the risk of diagnosing  Hacettepe University Medical School,
an orgar-lic pathology is r.lighest- in this age group. Hormone levels hi-gher than expfected for pubertal Biﬁ’;g;“sf”;;’;i:fr‘ijc'aérr']‘;zcrmlogy
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INTRODUCTION cranial MRI in girls with pubertal onset after age 6

rganic lesions are present in 5%-10% of girls with ~ YE31S is controversial (2-6). Only a few studies on the
O central precocious puberty (CPP) (1-3). Cranial clinical and hormonal factors that might be predictive

magnetic resonance imaging (MRI) can differentiate
between organic and idiopathic CPP; however, because published (1,7,8). Young age, rapid progression of i
idiopathic CPP is more common than organic CPP  puberty, and a high estradiol (E,) level are among
in girls, it remains unclear if cranial MRI is necessary the factors indicative of organic CPP (7). The present
in all cases. Cranial MRI is recommended in girls  study aimed to determine the clinical and hormonal

with pubertal onset before age 6 years. Neurological ~ findings that can be used to differentiate organic and
findings can suggest an organic cause of CPP, but  idiopathic CPP in girls as a screening method so that
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of an organic pathology in girls with CPP have been
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only those considered likely to have organic CPP
undergo cranial MRI.

SUBJECTS AND METHODS

The medical records of 286 girls that underwent GnRH
agonist (GnRHa) therapy due to CPP between 1999
and 2019 were evaluated retrospectively. Chronological
age, bone age, height, and pubertal stage, serum
tollicle stimulating hormone (FSH), serum luteinizing
hormone (LH), and serum E, levels, the peak LH
level during the GnRH stimulation test, and cranial
MRI findings at the time CPP was diagnosed were
evaluated. CPP was clinically diagnosed based on breast
development (Tanner stage > 2) before age 8 years, and
biochemically diagnosed based on a peak LH level > 5
IU/L during the GnRH test (9-12). The GnRH test
was performed, as previously described (13).

Body weight was measured using a digital body-
weighing scale, and height was measured in the standing
position using a Harpenden stadiometer. The height
standard deviation scores (SDSs) for chronological
age and bone age were calculated. Tanner staging was
used to determine pubertal stage (14). Bone age was
determined by a pediatric endocrinologist, according
to Greulich and Pyle (15).

Commercial immunochemiluminometric  assay
(ICMA) kits were used to measure FSH, LH, and E,
(ARCHITECT System, Abbott Laboratory Diagnostics,
USA) levels. Detection limits, and intra- and inter-assay
coefficients of variation were, respectively, 0.07 TU /L,
1.7%-3.1%, and 2.4%-3.9% for LH, 0.3 IU/L, 2.8%-
4.2%, and 3.3%-4.6% for FSH, and 10 pg/mL, 1.8%-
7.4%, and 1.7%-6.4% for E,.

All the girls underwent cranial /pituitary MRI with
contrast (gadolinium) material. Cases with cranial/
pituitary pathology were diagnosed as organic CPD.
Incidentalomas are lesions detected when imaging
methods are performed for other reasons, rather than
for identifying an excess or lack of secretion of pituitary
hormones (16). Girls with incidentalomas were considered
as idiopathic CPP. The best threshold values for basal E,
and peak stimulated LH for differentiating organic and
idiopathic CPP were identified using ROC curves.

Statistical analysis

Statistical analysis was performed using IBM SPSS
Statistics for Windows v.19.0 (IBM Corp., Armonk,
NY, USA). Continuous variables are shown as mean
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+ SD, and categorical variables are shown as number
and percentage. For analysis of differences between
independent groups Student’s t-test was used for
normally distributed data, whereas the Mann-Whitney
U test was for data not normally distributed. Categorical
variables were analyzed using the non-parametric chi-
square test. ROC curves were used to identify the
factors that best differentiated girls with organic and
idiopathic CPP. The level of statistical significance was
setat P < 0.05.

RESULTS

Organic CPP was diagnosed in 6.3% (n = 18) of
the 286 participants. In all, 11 of the 18 girls with
organic CPP were neurologically symptomatic and
had previously known CNS pathologies. Among the
11 girls that were neurologically symptomatic at the
time CPP was diagnosed, 9 were previously followed-
up for mental motor retardation and epilepsy, of which
3 had a developmental anomaly of the CNS, 3 had a
parenchymal injury based on cranial MRI, and 3 had
hydrocephalus. These 9 girls were aged 2-6 years at the
time CPP was diagnosed. Among the other 2 girls with
organic CPP that were neurologically symptomatic,
1 had neurofibromatosis type 1, with characteristic
cafe-au-lait spots and axillary freckles that were noted
during physical examination, as well as an optic pathway
glioma based on cranial MRI. This patient had loss of
visual acuity due to the tumor in the optic pathway and
had initiation of pubertal symptoms at age 6.5 years.
The other girl had clinical such findings as impaired
vision, developmental delay, intellectual disability,
and cranial MRI findings of optic nerve hypoplasia, as
well as agenesis of the septum pellucidum and corpus
callosum. In addition, she was diagnosed as septo-
optic dysplasia (SOD) and initiation of her pubertal
symptoms began at age 6.2 years.

The remaining 7 girls with organic CPP were
neurologically asymptomatic at the time CPP was
diagnosed. Organic lesions were detected in these
7 girls, as follows: hypothalamic hamartoma (n = 2);
suprasellar arachnoid cyst (n = 2); macroadenoma (n
= 2); optic glioma (n = 1) (Table 1). The 2 patients
with a hypothalamic hamartoma were diagnosed
as CPP before age 2 years, whereas the other 5 girls
with space-occupying lesions were diagnosed as CPP
between 2 and 6 years of age. The suprasellar arachnoid
cysts noted in 2 girls were > 5 cm in diameter and were
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causing hydrocephalus, and papilledema was observed
via neuro-ophthalmological examination. No other
neuro-ophthalmological signs or symptoms were
present in any of the remaining patients with space-
occupying lesions.

In all, 22 incidentalomas, including microadenomas
and millimetric pars intermedia cysts, were noted in
the 268 girls with idiopathic CPP (Table 1). In total,
4 of the 22 incidentalomas were diagnosed at age 2-6
years, whereas 18 of the 22 were diagnosed at age 6-8
years. In 88.9 % (16,/18) of the girls with organic CPP
pubertal findings began before age 6 years (Table 1).

CPP was diagnosed at an earlier age, bone age was
more advanced, the bone age-corrected height-SDS
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was lower, and sex steroid levels and the peak LH level
(GnRH test) were higher in the girls with organic CPP
than in those with idiopathic CPP (Table 2). Breast
development at the time CPP was diagnosed was
Tanner stage 2 (T2) in 35.3% (n = 101) of the 286
participants, T3 in 52.4% (n = 150), and T4 in 12.2%
(n = 35). Pubic hair at the time CPP was diagnosed was
T2 in 39.2% (n = 112) of the 286 participants, T3 in
51% (n =146), and T4 in 9.8% (n = 28). Pubertal stage
in the girls with idiopathic and organic CPP did not
differ significantly (Table 2). None of the 286 girls had
menarche prior to GnRHa treatment. In all, 53 of the
268 idiopathic CPP cases had a family history of early
puberty (Table 2). Family history of early puberty was

Table 1. Age of onset of pubertal findings in girls with organic and idiopathic CPP

Age at onset of pubertal findings

0-2yrs 2-6yrs 6-8yrs
n (%) n (%) n (%)
Idiopathic CPP 36 (72) 232 (99.1)
(4 incidentalomas: microadenoma and (18 incidentalomas: microadenoma and para
para intermedia cysts) intermedia cysts)
Organic CPP 2 (100) 14 (28) 2(0.9
e 2 Hypothalamic hamartomas e 2 suprasellar arachnoid cysts > 5¢cm e 1 optic glioma (NF 1)
in size and causing hydrocephalus e 1 septo-optic dysplasia
e 2 hemorrhagic macroadenomas
e 1 optic glioma
e 3 developmental anomaly of CNS
e 3 hydrocephalus
o 3 parenchymal injury, necrotic lesions
Total 2 (100) 50 (100) 234 (100)
Table 2. Clinical and hormonal characteristics in the patients with organic and idiopathic CPP
Girls
Organic (n = 18) Idiopathic (n = 268) P value
Chronological age at diagnosis (CA) (yrs) 47+12 79+09 < 0.001
Age at initiation of symptoms (yrs) 40+1.2 6.9+09 < 0.001
Bone age (BA) (yrs) 83+1.1 101 +0.8 < 0.001
BA advancement (BA-CA) (yrs) 36+12 22+09 < 0.001
Height-SDS 18+1.0 15+0.8 0.384
Height-SDS for BA -23+08 -0.7+07 < 0.001
Pubertal stage (Breast development) 0.582
T2 6 (33.3%) 95 (35.5%)
T3 10 (55.6%) 140 (52.2%)
T4 2 (11.1%) 33 (12.3%)
Basal FSH (IU/L) 37+141 43+16 0.525
Basal LH (IU/L) 1.5+09 1.4+1.0 0.422
Basal E, (pg/mL) 65.2 +22.4 28.6 +14.6 < 0.001
Peak stimulated LH (IU/L) 172+ 36 12.7+43 < 0.001
Family history of early puberty 0 53 (18.5%) < 0.001
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paternal in 16 whereas it was on the maternal side in 26
of 53 girls. In 11 girls both maternal and paternal side
had history of early puberty.

Comparison of hormone levels according to pubertal
stage showed that the basal E, and peak stimulated LH
levels were higher in the girls with organic CPP than
in those with idiopathic CPP (Table 3). Basal E, and
peak LH levels in the girls with organic CPP and early-
stage puberty (Tanner stage 2 and 3) were similar to
those in the girls with idiopathic CPP and advanced-
stage puberty (Tanner stage 4) (basal E,: 62.4 + 19.8
pg/mLvs. 64.6 + 21.2 pg/mL, P = 0.844; peak LH:
16.8 + 3.2 1U/Lvs. 16.6 £ 5.8 IU/L, P = 0.642).

The best cut-off points for differentiating girls
with organic CPP and idiopathic CPP with early-
stage puberty (Tanner stage 2 and 3) were basal E, of
38.1 pg/mL (100% sensitivity, 80.4% specificity) and
peak LH of 13.6 IU/L(100% sensitivity and 66.4%
specificity) (Table 4). Significant cut-oft points for
basal E, and peak stimulated LH that could be used to
differentiate girls with organic and idiopathic CPP and
advanced-stage puberty were not observed.

DISCUSSION

In the present study organic pathology was detected in
approximately 1 of every 3 girls with CPP aged < 6
years, whereas only 2 of 234 girls with CPP aged > 6
years had an organic pathology. A few recent studies that
classified girls with CPP according to age at diagnosis
as < 6 years and 2 6 years reported that 17.1%-26.9% of
girls diagnosed at age < 6 years had a CNS pathology,
versus 0%-1.9% of those diagnosed at age > 6 years

(2,8,17). Based on the present findings, with a high
probability of a CNS lesion in girls aged < 6 years, we
recommend cranial MRI, as reported earlier (18).

The use of cranial MRI in girls with CPP and pubertal
onset at age 6-8 years is a contentious issue (2-6,18,19).
Some studies suggest that routine cranial MRI should
not be performed in girls with pubertal onset at age >
6 years if they have normal neurological findings (2,4);
however, others report that MRI should be performed
in all girls, regardless of age, as a routine evaluation for
the possibility of an underlying CNS lesion, however
small it may be (3,5,6). Other studies suggest that
clinical and hormonal parameters lack the sensitivity
and specificity to predict an organic CNS lesion; thus,
cranial MRI should be performed in all girls diagnosed
with CPP, regardless of age of onset (1). One of the
constraints of these studies is that they included small
patient groups, in contrast to the present study, which
included a cohort of 286 girls with CPP. Cranial MRI
is expensive, and can sometimes require sedation and
intravenous gadolinium injection; therefore, it is useful
to differentiate girls at a high-risk for organic CPP,
which will require additional clinical studies.

Several analyzed various
biochemical factors that might predict intracranial
pathology in girls with CPP. Although organic causes
are rare in girls, some clinical and laboratory findings
point to an organic etiology for CPP. Clinically, the
probability of a CNS pathology is higher in girls aged
< 5 years that have rapid progression of puberty and
significant bone age advancement (5,20,21). Data
from studies that compared idiopathic and organic

studies clinical and

CPP published inconsistent findings. Some studies

Table 3. Hormone levels according to pubertal stage in the girls with organic and idiopathic CPP

Early pubertal stages

Advanced pubertal stages

(T2&T3) (T4)
Hormone levels |diopathic (n: 235)  Organic (n: 16) P value [diopathic (n: 33) Organic (n: 2) P value
Basal E, (pg/ml) 291+£95 62.4+19.8 <0.001 64.6+17.6 87.6+48 < 0.001
Peak stimulated LH (IU/L) 122 +37 16.8 +3.2 <0.001 16.6 + 4.8 20.8 0.6 < 0.001
Table 4. The best threshold values for differentiating organic and idiopathic CPP
Basal E, levels Peak stimulated LH
Cut-off Sensitivity Specifity Cut-off Sensitivity Specifity
(pg/mi) (%) w MEo () (%) w M
Organic vs idiopathic 38.1 100 80.4 0.945 <0.001 13.6 100 66.4 0.844  <0.001
CPP (early stages- 15.4 66.7 80.0
T2413) 19.1 333 100
594 Arch Endocrinol Metab. 2020;64/5



noted higher basal gonadotropin levels, stimulated LH
and FSH peaks, and basal serum E, levels in girls with
organic CPP, whereas others did not (6,17,19,22-25).
In the present study the girls with organic CPP had
carlier age of onset with advanced bone age and higher
sex steroid levels, as well as higher peak stimulated LH
levels than those with idiopathic CPP.

Among girls in the present study with a similar
pubertal stage, basal E, and peak stimulated LH levels
were significantly higher in those with organic CPP, as
compared to those with idiopathic CPP; therefore, we
recommend cranial MRI in such cases, as the possibility
of an underlying organic lesion increases hormone levels
higher than expected for pubertal stage are observed.

Chalumeau and cols. designed an evidence-based
diagnosis tree that can predict a CNS pathology in girls
with CPP (17). They showed that CPP onset before
age 6 years, lack of pubic hair, and a basal estrogen level
> 45 pmol /L were the most important parameters that
predict organic CPP. In the present study a basal serum
E, level > 38 pg/mL and a peak stimulated LH level >
13.6 IU/L were the best parameters for differentiating
organic and idiopathic CPP in girls with early-stage
puberty (Tanner stage 2 and 3), regardless of age. As
the present study included a small number of girls with
advanced-stage puberty, significant cut-off points for
differentiating organic CPP could not be observed.

Some cases of CPP are familial; also monogenic forms
of CPP are identified. Mutations in four genes have been
associated with monogenic forms of CPP. Monoallelic
gain-of-function mutations in the genes KISSI
(encoding kisspeptin) and KISSIR (encoding kisspeptin
receptor) were shown in some cases with familial CPP
suggesting an autosomal dominant inheritance (26-
28). Another important cause of familial CPP is loss-
of-function mutations in MKRN3 (encoding makorin
ring finger protein 3) (29). MKRN3, is an imprinted
gene (maternal silencing), only the paternal gene copy
is expressed. Thus, there is paternal inheritance with
an autosomal dominant pattern. Delta-like homolog 1
(DLK1) is another paternally expressed imprinted gene
that has a role in CPD.

Until now most of the monogenic cases involved
MKRN3 mutations, whereas other mutations appear
to account for very few cases (28,30). A study that
included 40 individuals from 15 families reported that
15 children and 5 families had MKRN3 mutations
(29). All cases with MKRN3 mutations had normal
cranial MRI. Latronico and cols. recommend that
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patients with a positive family history of CPP suggesting
paternal inheritance may be analyzed for MKRN3
mutations instead of cranial MRI (7). 10% of the girls
in the current study had a family history of paternal
side. However, it was not possible to perform genetic
testing in those patients.

Study limitations

Although the present study is among the largest in the
literature, in terms of the total number of cases and
the number of cases with organic CPP, the number of
organic CPP cases with advanced-stage puberty was
very low, which is considered a limitation.

In conclusion, pubertal symptoms in girls with
organic CPP generally begin before age 6 vyears.
In addition, hormone levels are much higher than
expected for pubertal stage in girls with organic CPP.
Accordingly, cranial MRI should be performed in all
girls aged < 6 years of age, as well as in those with
hormone levels higher than expected for pubertal
stage, regardless of age. Based on the present findings,
we do not suggest routinely performing cranial MRI in
girls aged > 6 years, unless they exhibit signs of organic
lesions, such as neurological findings or hormone levels
higher than expected for pubertal stage. In contrast,
cranial MRI should be performed in girls with early-
stage puberty (Tanner stage 2 and 3), and an E, level
>38 pg/mL and/or a peak LH level > 13.6 IU /L.

Statement of ethics: This study was approved by Hacettepe
University ethical committee with the approval number
16969557-911 and project number GO 19 /459-24.

Author contributions: conception or design of the work: Dogus
Vuralli, Alev Ozon. Acquisition, analysis or interpretation of data
for the work: Dogus Vuralli, Alev Ozon. Drafting the work or
revising it critically for important intellectual content: Dogus
Vuralli, Alev Ozon, Nurgun Kandemir, Ayfer Alikasifoglu, Nazli
Gonc. Final approval of the version to be published: Dogus Vuralli,
Alev Ozon, Nurgun Kandemir, Ayfer Alikasifoglu, Nazli Gonc.

Funding sources statement: the study did not receive any funding.

Disclosure: no potential conflict of interest relevant to this article
was reported.

REFERENCES

1. Mogensen SS, Aksglaede L, Mouritsen A, Sorensen K, Main KM,
Gideon P, et al. Pathological and incidental findings on brain MRI
in a single-center study of 229 consecutive girls with early or =
precocious puberty. PLoS ONE. 2012;7(1):e29829. S

595



Copyright® AE&M all rights reserved

CNS imaging in central precocious puberty

10.

1.

12.

13.

14.

15.

16.

596

Pedicelli S, Alessio P, Scire G, Cappa M, Cianfarani S. Routine
screening by brain magnetic resonance imaging is not indicated
in every girl with onset of puberty between the ages of 6 and 8
years. J Clin Endocrinol Metab. 2014;99(12):4455-61.

Cisternino M, Arrigo T, Pasquino AM, Tinelli C, Antoniazzi F,
Beduschi L, et al. Etiology and age incidence of precocious
puberty in girls: a multicentric study. J Pediatr Endocrinol Metab.
2000;13 Suppl 1:695-701.

Kaplowitz PB. Do 6-8 year old girls with central precocious
puberty need routine brain imaging? Int J Pediatr Endocrinol.
2016;2016:9.

Kornreich L, Horev G, Blaser S, Daneman D, Kauli R, Grunebaum
M. Central precocious puberty: evaluation by neuroimaging.
Pediatr Radiol. 1995;25(1):7-11.

Cacciari E, Frejaville E, Cicognani A, Pirazzoli P, Frank G, Balsamo
A, et al. How many cases of true precocious puberty in girls are
idiopathic? J Pediatr. 1983;102(3):357-60.

Latronico AC, Brito VN, Carel JC. Causes, diagnosis, and treatment
of central precocious puberty. Lancet Diabetes Endocrinol.
2016;4(3):265-74.

Chalumeau M, Hadjiathanasiou CG, Ng SM, Cassio A, Mul D,
Cisternino M, et al. Selecting girls with precocious puberty for
brain imaging: validation of European evidence-based diagnosis
rule. J Pediatr. 2003;143(4):445-50.

Kane LA, Leinung MC, Scheithauer BW, Bergstralh EJ, Laws
ER Jr, Groover RV, et al. Pituitary adenomas in childhood and
adolescence. J Clin Endocrinol Metab. 1994;79(4):1135-40.

Neely EK, Hintz RL, Wilson DM, Lee PA, Gautier T, Argente J, et
al. Normal ranges for immunochemiluminometric gonadotropin
assays. J Pediatr. 1995;127(1):40-6.

Neely EK, Wilson DM, Lee PA, Stene M, Hintz RL. Spontaneous
serum gonadotropin concentrations in the evaluation of
precocious puberty. J Pediatr. 1995;127(1):47-52.

Carel JC, Lahlou N, Roger M, Chaussain JL. Precocious puberty
and statural growth. Hum Reprod Update. 2004;10(2):135-47.
Rosenfield RL CD, Radovick S. Puberty and its disorders in a
female. In: Sperling MA, editor. Pediatric Endocrinology. 3rd ed.
Philadelphia: WB Saunders; 2008. p. 573-90.

Marshall WA, Tanner JM. Variations in pattern of pubertal changes
in girls. Arch Dis Child. 1969;44(235):291-303.

Milner GR, Levick RK, Kay R. Assessment of bone age: a
comparison of the Greulich and Pyle, and the Tanner and
Whitehouse methods. Clin Radiol. 1986;37(2):119-21.

Molitch ME, Russell EJ. The pituitary “incidentaloma” Ann Int
Med. 1990;112(12):925-31.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Chalumeau M, Chemaitilly W, Trivin C, Adan L, Breart G, Brauner
R. Central precocious puberty in girls: an evidence-based
diagnosis tree to predict central nervous system abnormalities.
Pediatrics. 2002;109(1):61-7.

Carel JC, Eugster EA, Rogol A, Ghizzoni L, Palmert MR, Antoniazzi
F etal. Consensus statement on the use of gonadotropin-releasing
hormone analogs in children. Pediatrics. 2009;123(4):e752-62.
Ng SM, KumarY, Cody D, Smith CS, Didi M. Cranial MRI scans
are indicated in all girls with central precocious puberty. Arch Dis
Child. 2003;88(5):414-8.

Cacciari E, Zucchini S, Carla G, Pirazzoli P, Cicognani A, Mandini M,
et al. Endocrine function and morphological findings in patients
with disorders of the hypothalamo-pituitary area: a study with
magnetic resonance. Arch Dis Child. 1990;65(11):1199-202.

Cassio A, Cacciari E, Zucchini S, Balsamo A, Diegoli M, Orsini
F Central precocious puberty: clinical and imaging aspects. J
Pediatr Endocrinol Metab. 2000;13 Suppl 1:703-8.

Lebrethon MC, Bourguignon JP. Management of central isosexual
precocity: diagnosis, treatment, outcome. Curr Opin Pediatr.
2000;12(4):394-9.

Chemaitilly W, Trivin C, Adan L, Gall V, Sainte-Rose C, Brauner R.
Central precocious puberty: clinical and laboratory features. Clin
Endocrinol. 2001;54(3):289-94.

Lyon AJ, De Bruyn R, Grant DB. Isosexual precocious puberty in
girls. Acta Paediatr Scand. 1985;74(6):950-5.

Ng SM, KumarY, Cody D, Smith C, Didi M. The gonadotrophins
response to GnRH test is not a predictor of neurological lesion in
girls with central precocious puberty. J Pediatr Endocrinol Metab.
2005;18(9):849-52.

Teles MG, Bianco SD, Brito VN, Trarbach EB, Kuohung W, Xu
S, et al. A GPR54-activating mutation in a patient with central
precocious puberty. N Engl J Med. 2008;358(7):709-15.

Silveira LG, Noel SD, Silveira-Neto AP, Abreu AP, Brito VN, Santos
MG, et al. Mutations of the KISS1 gene in disorders of puberty. J
Clin Endocrinol Metab. 2010;95(5):2276-80.

Shin YL. An update on the genetic causes of central precocious
puberty. Ann Pediatr Endocrinol Metab. 2016;21(2):66-9.

Abreu AP, Dauber A, Macedo DB, Noel SD, Brito VN, Gill JC, et al.
Central precocious puberty caused by mutations in the imprinted
gene MKRN3. N Engl J Med. 2013;368(26):2467-75.

Bessa DS, Macedo DB, Brito VN, Franca MM, Montenegro LR,
Cunha-Silva M, et al. High Frequency of MKRN3 Mutations
in Male Central Precocious Puberty Previously Classified as
Idiopathic. Neuroendocrinology. 2017;105(1):17-25.

Arch Endocrinol Metab. 2020;64/5



