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MRI evaluation of cranial
pathologies in rapidly
progressive early puberty
cases aged 8-9
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Seçil Çakır Gündoğan1, Ayşe Seçil Ekşioğlu2

and Mehmet Boyraz1

1Ankara Bilkent City Hospital, Pediatric Endocrinology Clinic, Ankara, Türkiye, 2Ankara Bilkent City
Hospital, Pediatric Radiology Clinic, Ankara, Türkiye
Purpose: The aim of this study was to investigate the frequency and

distribution of intracranial pathologies in female patients between 8 and 9

years of age who were diagnosed with early puberty (rapidly progressive)

through the evaluation of MRI images.

Materials and methods: A total of 74 female patients diagnosed with

central precocious puberty (CPP) (6-8 years) and rapidly progressive early

puberty (RPEP) (8-9 years) were included in the study. The patients were

categorized into two groups, normal and abnormal, based on the findings

from their MRI scans. Recent literature has classified abnormal MRI findings

into three groups: pathological findings, findings with a questionable

relationship to CPP, and incidental findings. Furthermore, the patients

were divided into four groups based on their MRI findings and whether

they had CPP or RPEP : CPP (6-8 years) +Normal MRI, RPEP (8-9 years) +

Normal MRI, CPP (6-8 years) +Abnormal MRI, RPEP (8-9 years)

+Abnormal MRI.

Results: Out of the 74 girls included in the study, 54% (n=40) showed

normal MRI results, while abnormal MRI findings were detected in 46%

(n = 34) of the cases. No malignant lesions were identified among cases

with abnormal MRI findings. The occurrence of abnormal MRI findings was

observed in 46% of the PP group and 45% of the RPEP group. Incidental

findings were the most common MRI findings in both groups. The

proportion of cases with pathological findings and findings with a

questionable relationship to CPP was similar in both groups (p = 0.06).

Basal luteinizing hormone (LH) concentration was found to be higher in the

RPEP (8-9 years) +Abnormal MRI group compared to the CPP (6-8 years)

+Normal MRI group (p = 0.01).
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Conclusion: Our study is the first to investigate MRI findings in cases of

rapidly progressive early puberty in the age range of 8–9 years. Our study

demonstrates that there is no difference in terms of intracranial findings

between cases of precocious puberty at the age of 6–8 years and cases of

rapidly progressive early puberty aged 8-9.
KEYWORDS

early puberty -rapidly progressive, abnormal MRI findings, intracranial pathologies,
incidental findings, exaggerated LH response
1 Introduction

Precocious puberty refers to the early onset of puberty in girls

before the age of 8 years, while early puberty is characterized by

puberty onset between the ages of eight and nine (1, 2). Children

with central precocious puberty (CPP) experience the onset of

puberty at an early age due to the premature activation of the

hypothalamic-pituitary-gonadal (HPG) axis. The use of

Gonadotropin-Releasing Hormone Analog (GnRHa) therapy is a

well-established and commonly employed treatment approach in

the management of CPP (3). GnRH analogue treatment is also

started when puberty is accelerated in cases whose puberty

symptoms begin after age 8 years (2, 4). The prevalence of CNS

abnormalities in girls is significantly lower compared to boys (16%-

75%) (5–7), ranging from 0% to 27% across studies, and decreasing

with age (8, 9). The etiology of central precocious puberty (CPP) in

girls is rarely associated with organic pathologies. However, certain

indications warrant cranial magnetic resonance imaging (MRI) in

girls with precocious puberty, such as cases under six years of age,

the presence of neurologic findings between the ages of 6-8 years,

rapidly progressing puberty, and an exaggerated response to the

luteinizing hormone-releasing hormone (LHRH) test (10). Despite

these indications, the necessity of routine MRI scans for all females

experiencing CPP between the ages of 6 and 8 years remains

uncertain (11). Managing these conditions presents specific

challenges in clinical practice.

The objective of this study was to investigate the frequency and

distribution of intracranial pathologies in patients over eight years

of age who were diagnosed with early puberty and exhibited rapid

progression, using MRI imaging. By analyzing these MRI findings,

we aim to enhance our understanding of the prevalence and nature

of intracranial abnormalities in this population.

Understanding the presence and characteristics of intracranial

pathologies in cases of early puberty-rapidly progressive is crucial

for clinicians to make informed decisions regarding the need for

MRI scans in this age group. By providing insights into the

frequency and distribution of such pathologies, this study

contributes to the ongoing discussion about the appropriateness

of routine MRI screening for girls with early puberty between 8-9
02
aged. Ultimately, this knowledge will aid in optimizing the clinical

management and care of these patients.
2 Materials and methods

In this retrospective study, we evaluated a cohort of 118

pediatric patients diagnosed with precocious puberty August 2019

and April 2022 at the Pediatric Endocrinology Clinic of Ankara

City Hospital.

The study was performed in accordance with the Helsinki

Declaration of 1975. This study was approved by the Ethics

Committee of Ankara City Hospital (Approval number: E2-

22-1818).
2.1 Definitions

Central Precocious Puberty (CPP): The diagnosis of precocious

puberty in girls presenting with pubertal signs before 8 years of age.

Diagnostic parameters included reaching Tanner stage 2 or higher,

elevated basal luteinizing hormone (LH) levels greater than 0.3 IU/

L, stimulated LH greater than 5 IU/L, and an LH to follicle-

stimulating hormone (FSH) ratio exceeding 0.6. Radiological

assessments were also considered, with an advanced bone age and

pelvic ultrasound findings indicative of puberty (uterine size >

35 mm, ovarian volume > 2cc (2, 4). Additionally, the context of

our demographic setting was noted, where the mean onset of

puberty was 10.1 ± 1.0 years (12).

Rapidly Progressive Puberty (RPP): The criteria for rapidly

progressive puberty, were as follows (2, 4):
• Pubertal Stage: Progression through Tanner stages within 3–

6 months.

• Bone Age: Advanced bone age, at least 2 years ahead of

chronological age.

• Growth Velocity: A significant annual growth velocity

exceeding 6 cm.
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• Predicted Adult Height*: Below target height or decreasing

on serial determinations.
*Predicted Adult Height (Bayley-Pinneau Method (13)): A

method for estimating the final adult stature of a child based on

their current height, gender, and skeletal maturity. This maturity is

assessed through an X-ray of the left hand and wrist to determine

the bone age, which is then applied to sex-specific tables designed to

forecast adult height.

Early puberty is characterized by puberty onset between the ages

of eight and nine.

Rapidly Progressive Early Puberty (RPEP): RPEP was identified

in those who demonstrated breast development after the age of 8

and the RPP criteria outlined above (2).

Height and weight were measured, body mass index (BMI) was

calculated using the standard formula (weight in kg/(height in m2),

and the respective standard deviation score (SDS) was calculated

based on local reference data (14). Bone age was assessed by X-ray

of the left hand, according to the method of Greulich and Pyle (15).

FSH, LH, and estradiol (ARCHITECT System, Siemens)

concentrations were measured using immunochemiluminometric

assay (ICMA).
2.2 MRI imagining

Brain and pituitary MRIs performed to investigate the etiology

were interpreted by two specialists from the Pediatric

Radiology Clinic.

Cranial MRI imaging was performed for patients aged 6 to 8

years if there is rapid progression of puberty, markedly elevated

basal LH or estradiol levels, or an exaggerated LH response to

LHRH test according the literature (16, 17). For patients aged 8 and

above Rapidly Progressive Early Puberty, MRI imaging was

performed in cases due to rapid progression of puberty and also,

exaggerated basal and stimulated LH responses.

Cranial MRI imaging was performed with a 1.5 Tesla General

Electric Signa Explorer device. Coronal T2A, axial T2A-T1A-FLAIR

images, sagittal 3D T1A Bravo, diffusion-weighted imaging and

Apparent diffusion coefficient, axial-coronal-sagittal 3D T1A Bravo

images after contrast were obtained for the brain. The slice

thickness is 4 mm in the brain series. For the pituitary, sagittal

T1A-T2A, coronal T1A-T2A images, post-contrast coronal T1A

dynamic series, post-contrast sagittal, and coronal T1A images were

obtained. The slice thickness of the pituitary series was 3 mm.

defined pituitary enlargement and hypoplasia by comparing the

mean ± SD of pituitary dimensions according to age in Turkish

children (18).
2.3 Study groups

Central Precocious Puberty (CPP) Group (6-8 years): This group

includes 30 patients aged between 6 and 8 years who were

diagnosed with central precocious puberty. Within this age range,

inclusion criteria for MR imaging encompassed patients exhibiting
tiers in Endocrinology 03
accelerated pubertal development or those with documented

elevated basal and stimulated luteinizing hormone (LH) levels.

Rapidly Progressive Early Puberty (RPEP) Group (8-9 years):

This group consists of 44 patients aged between 8 and 9 years who

were identified with rapidly progressive early puberty. These

patients showed breast development after the age of 8 and met

the additional criteria for rapid progression as outlined for the

rapid progression.

Excluded Group (6-8 years): 42 patients within the age range of

6 to 8 years who did not meet the criteria for rapid progression or

elevated hormone levels were excluded from MRI imaging.

In our study, puberty precocious patients under the age of 6

years were not included in our study. And also, patients found to

have thyroid abnormalities, adrenal dysfunction, or signs of non-

classical congenital adrenal hyperplasia were excluded from

the study.

The patients were divided into 2 groups, Normal and Abnormal,

according to MRI findings. According to recent literature (19, 20)

brain insults of Abnormal MRI findings were classified into 3

groups: Pathological findings, Questionable relationship with CPP,

and Incidental findings.

The patients were divided into 4 groups according to MRI

findings and CPP or RPEP.
•CPP (6-8 years) +Normal MRI

•RPEP (8-9 years) + Normal MRI

•CPP (6-8 years) +Abnormal MRI

•RPEP (8-9 years) +Abnormal MRI
2.4 Statistics analyses

All data analysis was performed with SPSS 26.0. Descriptive

statistics were used to assess demographic and clinical

characteristics. Data were described as a percentage and mean ±

standard deviation (SD) or median (minimum-maximum) and

categorical data. According to data distribution, c2 tests, Student

t-tests or Mann-Whitney U tests were used. The “Kruskal-Wallis”

test was used when comparing the medians of four independent

groups in the data that did not fit the normal distribution.

Bonferroni correction was used in post hoc tests. Statistically,

p<0.05 was considered significant.
3 Results

We conducted a retrospective analysis of 118 patients diagnosed

with central precocious puberty (CPP) and rapidly progressive early

puberty (RPEP). Cranial and pituitary imaging was performed in 74

of these patients, with a mean age at presentation of 8 ± 1.3 years.

Table 1 provides anthropometric findings, basal-stimulated

gonadotropin and estradiol levels, bone age, and pelvic

ultrasonography results for all cases. Among the analyzed cases,

54% (n=40) showed normal MRI findings, while 46% (n=34)
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exhibited intracranial pathologies. The abnormal MRI findings

included arachnoid cyst (2%, n=1), microadenoma (2%, n=1),

vascular malformation (5%, n=2), gliosis in the white matter (5%,

n=2), Rathke’s cleft cyst (9%, n=3), pineal cyst (32%, n=11),

pituitary enlargement (32%, n=11), and pituitary hypoplasia

(14%, n=5) (Figure 1). Two cases showed both pituitary

enlargement and gliosis. No malignant lesions were detected

among the cases with abnormal MRI findings, and all

neurological examinations were normal. The girl with pituitary

microadenoma (dimension:3 mm) and the patients with pituitary

hypoplasia underwent evaluation of various hormone levels,

including LH, FSH, estradiol, prolactin, insulin-like growth

factor-1 (IGF-1), thyroid function, ACTH, cortisol, as well as
Frontiers in Endocrinology 04
blood and urine osmolality. No other hormonal abnormalities

were observed.

Comparing cases with normal and abnormal MRI findings, no

significant differences were found in the mean age at diagnosis,

weight (SDS), height (SDS), and BMI (SDS) (Table 1). Basal FSH,

basal LH, peak FSH, peak LH, and LH/FSH ratios were similar

between the normal MRI group and abnormal MRI group (p>0.05).

Additionally, there were no differences between the groups in terms

of bone age, uterine size, and ovarian volumes (p>0.05).

Abnormal MRI findings were observed in 46% of the cases in

the CPP (6-8 years) group and 45% of the cases in the, RPEP (8-9

years) group. The distribution of abnormal MRI findings in these

two groups, classified as pathological, with a questionable
FIGURE 1

MRI findings of patients. *The two patients have also pituitary enlargement.
TABLE 1 Physical examination and laboratory findings of patients with normal MRI and abnormal MRI.

Total Patients
n:74

Normal MRI
n:40 (54%)

Abnormal MRI
n:34 (46%)

p-value

Age at application (years) 8 ± 1.3 8.1 ± 0.8 7.8 ± 1.6 0.26

Weight (SDS) -0.18± -0.19 -0.2± -0.2 -0.38± -0.23 0.70

Height (SDS) -0.18± -0.25 -0.2± -0.2 -0.29± -0.18 0.58

BMI (SDS) 0.9 ± 1.1 0.99 ± 1.03 0.80 ± 1.28 0.28

FSH (U/L) 5 ± 2.4 4.7 ± 2.3 5.4 ± 2.4 0.92

LH (U/L) 1.1 ± 1.3 0.96 ± 1.37 1.34 ± 1.37 0.12

Estrodiol (pmol/l) 27 ± 15 27 ± 13 27 ± 16 0.07

Peak FSH (U/L) 16.6 ± 9.7 14.2 ± 3.9 20 ± 14 0.20

Peak LH (U/L) 14.9 ± 12.1 11.4 ± 7.1 20.1 ± 15.9 0.05

LH/FSH 0.98 ± 0.63 0.8 ± 0.5 1.2 ± 0.7 0.15

Uterine size (mm) 32 ± 12 30.8 ± 14 35.2 ± 10.6 0.15

Right ovarian volume (cc) 3.4 ± 3.1 3.6 ± 4 3.1 ± 1.6 0.83

Left over volume (cc) 3 ± 2.9 3.2 ± 3.7 2.9 ± 1.4 0.70

Bone age (years) 9.8 ± 1.3 10 ± 0.9 9.5 ± 1.64 0.84
The values in bold represent p value < 0.05.
BA, bone age; CA, chronological age; BMI, body mass index; SDS, standard deviation score; FSH, follicle-stimulating hormone; LH, luteinizing hormone.
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relationship to CPP, or incidental, is presented in Figure 1. The

proportion of cases with pathological and questionable findings was

similar between the groups (p=0.06). Incidental findings were the

most common MRI findings in both groups. Figure 2 presents the

MRI findings for patients diagnosed with Central Precocious

Puberty (ages 6–8 years) and Rapidly Progressive Early Puberty

(ages 8–9 years).

Table 2 presents the laboratory and pelvic ultrasound findings

for these groups. Basal LH concentration was found to be higher in

the RPEP (8-9 years) +Abnormal MRI group compared to the CPP

(6-8 years) + Normal MRI group (p=0.01) (Table 2). In the RPEP

(8-9 years) + Abnormal MRI group, the pathological findings

included one case of arachnoid cyst, three cases of pituitary

hypoplasia, and two cases of Rathke’s cleft cyst with a

questionable relationship to CPP (Figure 2). The bone age of the

CPP (6-8 years) + Abnormal MRI group was lower compared to the

RPEP (8-9 years) + Normal MRI group and the RPEP (8-9 years) +

Abnormal MRI group (p=0.001).
4 Discussion

The development of precocious puberty or early puberty in

children can result in premature sexual development. Magnetic

resonance imaging of the brain is recommended for identifying

intracranial lesions in girls with CPP. MRI imaging is indicated for

patients aged 6 to 8 years if puberty progression is rapid or basal LH

or estradiol is markedly elevated, or there is an exaggerated LH

response to LHRH and the presence of neurological signs (16, 17).

However, the routine use of MRI scans in girls with CPP remains a

topic of debate, as pathological findings in girls with early puberty

are limited. The necessity of MRI imaging in cases of precocious
Frontiers in Endocrinology 05
puberty has predominantly been focused on children between the

ages of 6 to 8 years in the literature. However, we investigated cases

that started puberty between the ages of 8-9 and had a rapid

progression of puberty because there are many publications that

both recommend and do not recommend MRI imaging for cases

between 6-8 years with a rapid tempo of puberty, yet to the best of

knowledge there was no study regarding cases between the ages of

8-9 with a rapid tempo of puberty.

We found similar rates of abnormal MRI findings in cases aged

6-8 years and those 8-9 years, with a higher prevalence of incidental

findings in both groups. Notably, elevated basal luteinizing

hormone (LH) concentration may serve as a warning sign for

pathologic MRI findings in cases of early puberty rapid progression.

Our study’s findings, showing intracranial pathologies in 46% of

CPP cases. In evaluating the necessity and outcomes of MRI

screening for CPP, we must consider several pivotal studies

alongside our own. A 2000 European study (21) revealed that

18.4% of girls with CPP had CNS lesions, with 8.5% being new

findings, and a smaller subset involving neoplasms. a French study

(22) highlighted age as a key determinant, with a higher incidence of

CNS lesions (19%) in girls under 6 compared to a mere 2%

incidence in those aged 6 to 8. This disparity underscores the

critical nature of early onset as a factor for increased risk. In the

Copenhagen study’s (11) a high frequency of pathological MRI

findings, including a 0.5% rate of newly discovered tumors

necessitating surgery, the authors conclude that brain MRIs

should remain a standard part of evaluation for young girls with

CPP. This recommendation is informed by the inability to predict

pathological findings based on clinical or biochemical parameters

alone. We observed that 46% of our cohort presented with

intracranial pathologies. Of these cases, 70% were categorized as

having incidental findings, 12% had findings of questionable
FIGURE 2

MRI findings of patients with Central Precocious Puberty (6-8 years) and Rapidly Progressive Early Puberty (8-9 years) Cases. *The two patients have
also pituitary enlargement. CPP, Central Precocious Puberty; RPEP, Rapidly Progressive Early Puberty.
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relevance to central precocious puberty (CPP), and 18%

demonstrated pathological changes. Noteworthy is the high

incidence of pineal cysts and pituitary enlargement in our cohort,

mirroring the patterns observed in the literature but raising

questions about the clinical actionability of these findings. In a

comprehensive review of key studies on the subject, Kaplowitz (16)

concluded that routine MRI scans may not be warranted for girls

aged 6–8 years with CPP, given the minimal likelihood (ranging

from 0 to 2%) of identifying CNS pathologies that necessitate

medical intervention. This perspective is supported by a 2019

meta-analysis by an International Consortium (3), which found

that only 1.6% of girls with CPP had CNS abnormalities requiring

intervention—a notably low percentage. Consequently, both

Kaplowitz’s review and the Consortium’s findings underscore the

importance of a balanced dialogue with parents regarding the

potential benefits and limitations of MRI scanning, thereby

enabling them to make well-informed decisions about their

child’s care. It appears crucial to individualize the decision to

perform MRIs, carefully weighing the potential for detecting

actionable pathologies against the likelihood of uncovering

incidental findings that may not alter clinical management. In

light of this evidence, our practice aligns with current

recommendations to engage in discussions with parents or

guardians about the benefits and risks of MRI scanning, thereby

supporting them in making informed decisions for their children

with CPP.

The classification of abnormal MRI findings into pathological,

questionable relationship with CPP, and incidental findings has

been discussed in various studies (11, 19). This classification allows
Frontiers in Endocrinology 06
for a more comprehensive evaluation of cases with abnormal MRI

findings. Consistent with the literature, our study found higher rates

of incidental findings compared to pathological and questionable

findings in larger case series (11). Among the incidental findings,

pineal cysts were the most common in our study, consistent with

previous reports (11). Pineal cysts are frequently observed in the

pediatric population, with a higher prevalence in girls and older

children (23). However, there is no significant correlation between

pineal cysts and precocious puberty according to previous studies

(24). Pituitary enlargement was the second most common

incidental finding in our study, as reported in a review of 15

studies (19). Previous research has shown that pituitary volumes

increase in girls with CPP compared to control groups (25, 26), and

pituitary volume is associated with hormone levels (26). Beek and

colleagues (27) investigated the height, length, width, sagittal cross-

sectional area and volume of the pituitary gland in 12 girls (mean

age 7.3 years) with central precocious puberty before and after a

minimum of 6 months of treatment with GnRH analogues. They

discovered no significant alterations in the size or shape of the

pituitary gland in response to positive clinical outcomes of GnRH

analogue treatment for central precocious puberty. The constancy

of pituitary dimensions alongside the regressed puberty findings

and hormonal values indicates that a hormonal increase cannot be

attributed to pituitary enlargement. Yoon et al.’s (28) study

delineates pituitary enlargement as an incidental finding during

puberty. In their cohort, pituitary enlargement was identified in 2

(1.6%) out of 118 cases aged 6 to 6.9 years and in 9 (7%) out of 120

cases aged 7 years and older. While several research investigations

have established a correlation between puberty and an increased
TABLE 2 Physical examination and laboratory findings of groups (CPP (6-8 years) +Normal MRI, RPEP (8-9 years) + Normal MRI, CPP (6-8 years)
+Abnormal MRI, RPEP (8-9 years) +Abnormal MRI).

CPP (6-8 years)
Normal MRI

n: 16

RPEP (8-9 years)
Normal MRI

n:24

CPP (6-8 years)
Abnormal MRI

n:14

RPEP (8-9 years)
Abnormal MRI

n: 20
p-value

Age at
application (years)

7.5 ± 0.8 8.6 ± 0.61 7.2 ± 0.96 8.6 ± 0.36

FSH (U/L) 4.7 ± 2.5 4.7 ± 2.3 5.9 ± 2.4 5.2 ± 2.4 1

LH (U/L) 0.46 ± 0.45 1.2 ± 1.6 0.91 ± 0.89 1.8 ± 1.6 0.01

Estrodiol (pmol/l) 22 ± 10 29 ± 15 31 ± 20 23 ± 12 0.49

Peak FSH (U/L) 15 ± 3.4 11.7 ± 3.6 22.7 ± 16.5 15 ± 1 0.61

Peak LH (U/L) 12 ± 8.8 9.8 ± 3.6 22.1 ± 17.7 18.9 ± 2.2 0.73

LH/FSH 0.8 ± 0.6 0.8 ± 0.3 1.29 ± 0.75 1.2 ± 0.78 0.86

Uterine size (mm) 30 ± 9 31 ± 16 36 ± 9.5 36 ± 11 0.85

Right ovarian
volume (cc)

3.2 ± 1.7 3.8 ± 5 2.8 ± 1.52 3.4 ± 1.85 0.30

Center ovarian
volume (cc)

2.6 ± 1.3 3.5 ± 4.6 2.8 ± 1.42 3 ± 1.6 0.45

Bone age (years) 9.5 ± 1 10.2 ± 0.97 8.4 ± 1.4 10.5 ± 1.1 0.001
The values in bold represent p <0.05.
CPP, Central Precocious Puberty; RPEP, Rapidly Progressive Early Puberty; BA, bone age; CA, chronological age; BMI, body mass index; SDS, standard deviation score; E2, estradiol; FSH,
follicle-stimulating hormone; LH, luteinizing hormone.
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pituitary volume, Yoon et al.’s study, together with the consistent

absence of pituitary enlargement in our patient cohort, suggests that

such enlargement may not be an invariable feature of normal

pubertal development. But Beek et al.’s study supports the

hypothesis that pituitary enlargement in the context of CPP may

often be a benign, self-limiting process rather than indicative of

neoplastic growth.

We identified microadenoma and Rathke’s cleft cyst in cases

with a questionable relationship to CPP. In 2022, Chiu et al. (20)

reported brain abnormalities in 25.3% of 251 CPP girls, they

observed that pituitary microadenomas were the most prevalent

brain lesions. Previous reports have shown that gonadotropin levels

are similar in patients with microadenomas and those without,

suggesting that these microadenomas may be non-functioning

incidentalomas (20, 29). The most frequent pathological findings

that lead to CPP are hypothalamic hamartomas and astrocytoma (9,

19, 30, 31). However, no tumors were detected in our study. We

observed one case of an arachnoid cyst, which has been associated

with CPP development in previous studies (19, 20). Pituitary

hypoplasia was included among the pathological findings (9, 19,

20), but this remains a relatively unexplored topic in the literature.

In their study, Fava and et al. (32) examined 112 cases of central

precocious puberty (CPP) and identified pituitary hypoplasia in one

patient, who also presented with deficiencies in growth and thyroid

hormones. Bas ̧ et al. (33) highlighted a case of CPP development

linked to a POU1F1 gene mutation, which was associated with

multiple hormone deficiencies. They underscored a potential

connection between the POU1F1 gene and GnRH, suggesting a

genetic underpinning for the condition. Similarly, Yoon et al. (28)

and Chiu et al. (20) encountered cases of CPP with pituitary

hypoplasia. In our research, we evaluated patients with detected

pituitary hypoplasia for anterior pituitary hormone deficiencies.

These cases are monitored with anthropometric measurements and

pituitary hormone levels. The relationship between CPP and

pituitary hypoplasia may stem from a disruption in the balance

between mediators that induce and suppress puberty along the

hypothalamic-pituitary axis. However, with the current state of

literature, we are unable to conclusively elucidate this mechanism.

Although basal gonadotropin levels, stimulated FSH and LH,

and basal estradiol levels have been considered warning signs for

intracranial malignant lesions in 6 years old cases (8, 25, 31, 32, 34),

we did not detect malignant or gross intracranial pathologies in our

study. The higher number of incidental findings, particularly pineal

cysts, and the absence of malignant findings may contribute to this

outcome. Notably, we observed that basal LH levels were higher in

the RPEP group aged 8-9 years with abnormal MRIs than in the

CPP group aged 6-8 years with normal MRIs. This aligns with

existing literature, including Kendirci et al.’s work (25), which

associates higher basal LH levels with abnormal MRI findings,

suggesting that elevated basal LH should be considered a

potential signal warranting. An algorithm to determine the risk of

organic CPP, age below 6 years, and estradiol levels over the 45th

percentile indicate a significant risk for organic brain lesion in the

European population (22). In our study, there was no difference in
Frontiers in Endocrinology 07
age at diagnosis or estradiol levels between female patients with

normal and abnormal MRI scans. In our study, we did not observe

any differences in age at diagnosis or estradiol levels between

patients with normal and abnormal MRI.

Although a comparison with the precocious puberty group

under six years of age could have provided additional insights,

the low number of patients in this age group in our follow-up

prevented us from including them in the study. Another limitation

of our study is that although the categorization of abnormal MRI

results offers valuable guidance, it also introduces a degree of debate.

Thus, further research is essential to validate the classification of

these findings.

In conclusion, while the necessity of MR imaging for children

between 6-8 years continues to be debated, our findings of similar

rates of incidental, pathological, and questionable findings in both

the 6-8- and 8-9-year age groups, combined with the absence of

malignancy, suggest that imaging decisions must be customized on

a case-by-case basis. Elevated LH levels, a consistent observation in

our cohort and supported by additional studies, could be a valuable

indicator for selectively determining the need for imaging in certain

cases. Clinicians primarily utilize MRI to exclude the possibility of

malignancy. Nevertheless, when we consider the financial costs,

resource allocation, and the stress that MRI procedures can cause

for children and their families, careful selection of cases is essential.

The presence of similar abnormalities in the 8–9-year-old cohort

with rapidly progressing puberty, a group not extensively examined

in prior literature and exhibiting comparable findings to the 6–8-

year age group, emphasizes the necessity to reevaluate our

indications for MRI in the 6–8-year age group. Therefore, rapidly

progressing puberty may not be a decisive factor in the criteria for

MRI screening.
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Gender-related differences in etiology of organic central precocious puberty. Turkish J
Pediatrics (2020) 62(5):763–9. doi: 10.24953/turkjped.2020.05.007

31. Ng SM, Kumar Y, Cody D, Smith CS, Didi M. Cranial MRI scans are indicated in
all girls with central precocious puberty. Arch Dis Childhood (2003) 88(5):414–7. doi:
10.1136/adc.88.5.414
Frontiers in Endocrinology 09
32. Fava D, Calandrino A, Calevo MG, Allegri AEM, Napoli F, Gastaldi R, et al.
Clinical, endocrine and neuroimaging findings in girls with central precocious puberty.
J Clin Endocrinol Metab (2022) 107(10):e4132–43. doi: 10.1210/clinem/dgac422
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