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Introduction Accelerated development of secondary sexual characteristics or sexual precoc-
ity is a well-known entity [1–3]. Most authors recognize two groups of patients, 
those described as having central precocious puberty (CPP) and those with pre-
cocious pseudopuberty [1–3,6]. CPP results from premature activation of the 
hypothalamic-pituitary-gonadal axis and pseudopuberty is caused by lesions 
that secrete gonadotropin-like substances or hormones [6]. The onset of CPP 
is usually before age 8 in females and age 9 in males; however, there is con-
tention that the age of onset is much earlier and also differs depending on the 
patients’ race [2]. Previously reported causes of CPP include intracranial neo-
plasm, infection, trauma, hydrocephalus [3,4,5,6] and Angelman’s syndrome [8]. 
Pineal cysts are usually asymptomatic incidental findings, but have been associ-
ated with CPP [1,3]. We present an interesting case of a patient with CPP and an 
associated pineal cyst. We review the literature on the pathogenesis of CPP and 
associated pineal cyst, the neuroendocrine relationship between the pineal gland 
and puberty and the neurosurgical role in these cases. 

Case Report

A seven year-old female was referred to the neurosurgery clinic for evaluation of pineal cyst, head-
aches and precocious puberty. The patient had been thoroughly examined by pediatric endocrinology 
with the diagnosis of central precocious puberty with elevations in luteinizing hormone (LH), follicle 
stimulating hormone (FSH) and subsequent elevations in sex steroids. All other pituitary hormones 
were normal. Upon examination, there was obvious physical development beyond her years with evi-
dence of breast development, axillary and pubic hair; she was Tanner stage 3, no menarche. Neurolog-
ical examination was grossly intact other than a history of daily debilitating periodic frontal and occip-
ital headaches. The patient’s visual fields and extraocular muscles were intact without any evidence of 
Parinaud’s syndrome. Magnetic resonance imaging revealed a pineal cyst approximately 1.4 cm x 1. 3 
cm (Figure 1). Based on her physical examination, history of headaches and evidence of precocious pu-
berty, we decided to surgically intervene with the thought that cystic decompression may stop the head-
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aches and hopefully allow for normal 
progression in development. The pa-
tient underwent a standard suboccip-
ital craniotomy, infratentorial/supra-
cerebellar approach to the pineal 
gland. Precentral cerebellar veins 
had to be sacrificed for exposure. The 
cyst was evacuated via 20-gauge an-
giocath needle for later analysis of 
the cystic fluid for gonadotrophic-re-
leasing hormones. The cyst capsule 
was taken en bloc without difficulty 
and gross visualization of the gland 
revealed some distortion from the 
cyst’s mass effect (Figure 2). Neuro-
pathological analysis revealed a mul-
tilayered pineal cyst consisting of 
an outer layer of islets of pineal tis-
sue with fibrillar stroma forming ro-
settes surrounding a thick layer of 
neural tissue with numerous Rosen-
thal fibers. The cystic fluid was sent 
for radioimmunoassay of LH, FSH 
and gonadotropin releasing hormone 
(GnRH), all of which were negative. 
The patient tolerated the procedure 
well and was discharged home on 
postoperative day three. At six month 
follow-up, the patient denied head-
aches and had been started on Leu-
prolide (Lupron), a GnRH agonist, 
immediately postoperatively by pe-
diatric endocrinology to insure cessa-
tion of puberty. 

Discussion

Sexual precocity secondary to 
pineal masses is more common in 
females and these cases are usually 
idiopathic; however, there are two 
literary reports of pineal cysts as-
sociated with CPP [1,3]. A review by 
Mamorian et al., on 672 patients with 
pineal masses revealed an incidence 
of cystic lesions to be 4.3% and other 
authors have reported similar inci-
dence [7,9,10]. A thorough history 
and physical examination is essen-
tial in the evaluation of any patient 
presenting with sexual precocity. 
Pineal masses are classically associ-
ated with headaches, paralysis of 
upward gaze or Parinaud’s syndrome 
and hydrocephalus [13,17]. Pediatric 
endocrinology involvement is essen-
tial in the initial work-up with hor-
monal analysis and Tanner staging 
for the diagnosis of premature sexual 
advancement [5,6]. Neuroimaging 
modalities have greatly improved 

Figure 2. Postoperative sagittal T1-weighted magnetic resonance image of the brain 
demonstrating gross total resection of the cyst and decompression of the pineal gland.

Figure 1. Preoperative sagittal T1-weighted magnetic resonance image of the brain 
demonstrating a 1 cm cystic lesion with mass effect on the pineal gland.
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the timely diagnosis of intracranial causes of preco-
cious puberty. The sensitivity of MRI supersedes that 
of computed tomography in detecting pineal gland 
lesions [1,9,11]. It is important to differentiate pineal 
gland cysts from tumors, usually glial, with a cystic 
component as this precludes unwarranted therapies 
[10–12,16].

Many authors advocate those patients with cysts 
less than 1 cm and asymptomatic should be observed 
and followed with serial neuroimaging studies 
[3,10,16–18]. However, for the symptomatic cases 
such as ours, surgical resection of the cyst is indicated 
[16,17]. Medical therapy usually consists of Leupro-
lide, a long-acting GnRH agonist, which alters GnRH 
receptors and the production of serum gonadotropins. 
This is routinely used either pre- or post-operatively 
and has been reported to halt menses and any further 
development of secondary sexual characteristics in 
female patients with CPP [2,3,8]. The use of chemo-
therapy or radiation therapy for benign pineal cysts 
is not advocated and likely will result in untoward 
sequelae [16,17].

There have been several reports of pineal tumors, 
usually teratomas, being related to precocious puberty 
in patients and there are only two previous cases of 
pineal cysts and precocious puberty [1,3 6,7,13,14]. 
There are also a number of cases of precocious puberty 
and hypothalamic hamartomas [14,18,19]. A recent 
report on patients with precocious puberty and su-
prasellar and pineal lesions concluded that the onset 
of puberty is not from inhibition, but rather stimula-
tion via a secretory product analogous to GnRH [20]. 
The exact cause of CPP remains controversial. One 
theory suggests the entity results from a pressure 
phenomenon exerted by the pineal lesions on the 
hypothalamic-pituitary-gonadal axis [14,15]. Others 
have argued that there is removal of the gonadotropin 
inhibition by melatonin [15]. Commentz reported on a 
case with CPP and low serum levels of melatonin [18]. 
Melatonin has been advocated as having a formidable 
role in the development of central precocious puberty; 
however, this theory has fared well in animal models 
and not their human counterparts [5,6]. Fetell et al., 
maintain that sexual precocity is due to the secretion 
of gonadotropins or gonadotropin-like substances by 
some pineal tumors [5]. 

We postulate the pineal cyst did not directly stimu-
late the hypothalamic-pituitary axis. Rather the 
inhibitory effect of the pineal gland on the release of 
gonadotropins was lost; hence, there was an increase 
in our patient’s gonadal hormones. This was likely 
due to the size of the cyst and the alterations in the 
functional capacity of the gland. Our attempts in the 
analysis of the cystic fluid for GnRH were unsuccess-
ful, although there could have been a GnRH analogue 
undetected by our assay.

In summary, precocious puberty related to pineal 
cysts is unclear, a lack of disinhibition via mass effect 
from the cyst is a plausible explanation. The initial 
diagnosis and work-up of precocious puberty should 
involve pediatric endocrinology and neurosurgery in 

concerted effort to treat these patients. Preoperative 
laboratory analysis can assist with identifying central 
precocious puberty. While no direct relationship was 
established in this case between the pineal cyst and 
precocious puberty, we demonstrate another case of 
precocious puberty coexisting with a pineal cyst. We 
feel that neurosurgical intervention was appropriate 
in this case for alleviating the headaches and hopefully 
assisting in cessation of the accelerated progression of 
puberty. This case exemplifies the need for continuing 
research in the field of neuroendocrinology, especially 
the role of the pineal gland in puberty.
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