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Objective:

At end of this lecture the students will have ability to approach girls complaining from precocious puberty or delayed puberty



Definition:  
Puberty: marks the normal physiologic transition from childhood to sexual and reproductive maturity.  During the transition, usually between 10 and 16 years of age, a variety of physical, endocrinologic, and psychologic changes accompany the increasing levels of sex steroids.
Onset of puberty:
In girls puberty occurs earlier than boys and usually between the age of 10-14 years

*the onset of pubertal changes is determined primarily by:

· Genetic factors.
· geographic location ( earlier among females living in equatorial areas )

· nutritional status ( earlier among obese children )

· psychological factors ( severe neurotic or psychotic disorders interfere with normal onset of puberty )
Endocrinologic changes of puberty: 
During childhood, the HPO axis is suppressed and levels of GnRH, FSH and LH are very low.

From the age of 8–9 years, GnRH is secreted in pulsations of increasing amplitude and frequency. This stimulates secretion  of  FSH  and  LH  by  the  pituitary  glands,  which  in  turn  triggers  follicular  growth  and steroidogenesis in the ovary. The estrogen produced by the ovary then initiates the physical changes of puberty. 
Chronological sequence of hormonal events of puberty
A. Adrenal axis :Increase in (adrenal androgens, dehydroepiandrosterone sulphate (DHEAS),androstenedione)
B. Hypothalamic–pituitary–gonadal axis:(Increase in gonadotropin-releasing hormone, LH and FSH ,estradiol , testosterone ,growth hormone and insulin-like growth factor)
The normal physical changes associated with puberty 
1. Thelarche (Breast development):

· The onset of breast development usually begins between 9 and 11 years of age.
· It is a sign of ovarian estrogen production and is completed over approximately 3 years.
· Tanner stages describe the normal changes in the transition from the prepubertal to the mature breast contour 
· Puberty begins with breast development in approximately 80% of girls with the others experiencing adrenarche first.
· The first physical signs of puberty are breast budding and this occurs 2–3 years before menarche
2. Adrenarche and pubarche.
· Adrenarche: refers to the production of androgens from the adrenal gland  occurs approximately  1–2  years  before  pubarche. 

· Pubarche: is the development of axillary and pubic hair that results from the adrenal and gonadal androgens.it is usually follows thelarche .Tanner stages are used to describe normal  pubic hair development 

3. Peak growth in height:
· The acceleration in the rate of growth accompanies or precedes pubertal development. 
· The onset of the growth spurt occurs between 9.5–14.5 years and is dependent on growth hormone as well as gonadal steroids.
· The first development is lengthening of legs followed by increase in shoulder breadth , trunk length, pelvis enlarges and changes shape.
· Most girls reach maximum growth velocity approximately 2 years after thelarche and 1 year prior to menarche. 
· Maximal height is reached between 17 and 18 years with fusion of the femoral epiphyses.
4. Menarche (the onset of menstrual periods):  vaginal bleeding occurs for the first time in response to production of estrogen by the ovary. The average age of the first menses is 12 to 13 years. For the first 2 menses are often irregular because of anovulation or sporadic ovulation.
 Tanner classify the stages of development of breast and Pubic hair into five stages:

Breast development

B1: Pre-pubertal.

B2: Breast budding.

B3: Development of breast mound 
B4: Areola projects at an angle to breast mound giving rise to secondary mound.

B5: Adult configuration.
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FIG. 5.2 Tanner stages of breast development.




Pubic hair staging

P1: No pubic hair.

P2: Fine hair over mons pubis.

P3: Coarse, curly hair confined to pubis.

P4: Extension to near-adult distribution.

P5: Adult distribution – covering the medial aspect of thighs.
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FIG. 5.3 Tanner stages of pubic hair development.
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Precocious puberty:
      The term precocious puberty is reserved for girls who exhibit any secondary sexual characteristics before the age of 8 or menstruation before the age of 10.
Precocious puberty may be divided into :

1. heterosexual (development of secondary sexual characteristics opposite those of the anticipated phenotypic sex like virilization in female ) 
2.  isosexual ( premature sexual maturation like premature thelarche )

Causes of precocious puberty:
1. Gonadotropin-dependent — (complete, central, true precocious puberty). Early activation of the hypothalamic–pituitary–gonadal axis, leading to the hormonal secretion from the ovaries. The most common cause is:
· Idiopathic (75%). 
· Hydrocephaly

· CNS( anomaly, infection ,Ischemia ,tumors, irradiation)
· Juvenile primary hypothyroidism
2. Gonadotropin- independent (precocious pseudopuberty or peripheral)).
1. Hormone-producing ovarian neoplasm like.                        
· Granulosa cell tumour (producing estrogen) isosexual precocious puberty
· Sertole leydig cell tumour (producing androgen) heterosexual precocious puberty
2. McCune-Albright syndrome :triad of( precocious puberty + café-au-lait  spots  in skin + cystic bone lesions called polyostotic fibroid dysplasia)
3. Adrenal

· Hormone-producing adrenal tumors
· congenital adrenal hyperplasia( Late-onset CAH)
4. Exposure to exogenous hormones, e.g. ingestion of birth control pills by children causing excess levels of estrogens; topical androgen exposure.
5. Liver Hepatoblastoma

Complications of precocious puberty:
1. Short stature due to premature closure of the epiphyseal plate as a result of sex steroids.

2. psychological abnormalities like depression and schizophrenia 
Management
Diagnosis:
Detailed history:

1. The history of pubertal development needs to be documented eg.breast growth,menstrual cycle,pubic and underarm hair,rapid growth
2. Document other symptoms eg. 
· Headache 
· Visual disturbance. 
· Symptoms related to hypothyroidism.
3. Past  medical  history  :

Past CNS infection, trauma, irradiation, seizures
Examination:

1. Measure height and weight(BMI)
2. General examination:
· BP: An elevated blood pressure may be seen in CAH,

· PR: Decreased resting heart rate in hypothyroidism.
· Any skin lesions:  include acne ,hirsutism, acanthosis nigricans, and café- au-lait marks( in McCune–Albright syndrome )
·  Examine thyroid gland 

3. Study of Tanner staging

4. Abdominal Examination: for any mass eg. ovarian masses
5. Rule out foreign body in vagina as the cause of bleeding
6. Neurological examination: for any CNS abnormalities.
7. eye examination in assessing for CNS pathology and possible mass effect: 
· visualize the optic discs 
·  evaluate visual fields 
 Investigations:

1. X-ray plain film of the left hand and wrist (the nondominant hand) to determine bone age which may be advanced 

2. magnetic resonance imaging (MRI), computed tomography (CT) or ultrasonography of:

·  the brain with optimal visualization of hypothalamus and sella turcica to rule out intracranial lesion

· Abdomen ,pelvis :to rule out ovarian and adrenal pathology.

3. Radiological skeletal survey of the long bones. osteolytic lesions of McCune–Albright syndrome may be restricted to one side of the body 

4. Hormonal assay: 

· FSH, LH:

·  High: in centrally mediated precocious puberty 

·  Low: in ovarian tumors. 

· thyroid profile (T3,T4,TSH)

·  estradiol, testosterone, androstenedione, dehydroepiandrosterone sulphate (DHEAS)
· sex hormone binding globulin (SHBG),

· 17-hydroxy progesterone

· GnRH stimulation test

Treatment: 
Our goals focus on preventing the complications:

1. Psychological support and counselling 
2. For idiopathic precocious puberty: The treatment of choice is gonadotropin-releasing hormone (GnRH) agonist to suppress the pituitary gland  LH and FSH output).The treatment is continued (until the age of 11.5 - 12 years when the natural onset of puberty occurs).This may be administered as monthly injections or as intranasal preparations. (e.g. leuprorelin acetate 3.5 mg monthly).
Effect:
· Estrogen levels drop
· There is a marked regression of breast and uterine size.
· menses will cease If therapy is instituted after menses have begun
3. CNS tumors: neurosurgical excision 

4. For primary hypothyroidism: Give thyroid replacement
5. In GnRH -independent precocious puberty.is treated  according to the primary cause such as :
· For ovarian , adrenal tumor ,hepatoma: Surgical excision 

· For adrenal hyperplasia: Glucocorticoids (and mineralocorticoids if salt wasting is present) 
Delayed puberty
It is defined as the absence of breast development by the age of 13 years or the absence of menses by the age of 16 years or within 5 years after the onset of puberty.
Categories and etiology:

1. (Constitutional delay ) (50%).
2. Eugonadotropic. These patients have normal progression of the stages but the initiation of the puberty is delayed.

· Imperforate hymen
· Transverse vaginal septum

3. Hypergonadotropic hypogonadism (ovarian insufficiency  or failure)

Eg.Premature ovarian failure 
     Turner’s syndrome XO,45
4. Hypogonadotropic hypogonadism (Central defect).
Eg. 

1. conditions affecting body weight,( eg. chronic systemic disease, anorexia  nervosa)
2. Central nervous system tumors, interfere GnRH synthesis or secretion, or its stimulation of the pituitary gonadotrophs. 

3. Kallmann syndrome ( very rare )(Isolated gonadotrophin deficiency, Anosmia ,hypoplasia of the olfactory bulbs )
Management

Diagnosis:
Detailed history:
4. The history of pubertal development (secondary sexual characteristics )needs to be documented 

5. Document other symptoms eg. 

· Headache 

· Visual disturbance. 

6. Past  medical  history  :

Past CNS  infection,  trauma,  irradiation,  seizures

Examination:

8. Measure height and weight(BMI)

9. General examination:

· BP: low BMI and cold peripheries with postural drop being suggestive  eating disorder.

10. Study of Tanner staging

11. Abdominal Examination: for any mass in abdomen eg. cryptomenorrhea or hematometra.
12. Neurological examination: for: any CNS abnormalities.

13. eye examination: in assessing for CNS pathology and possible mass effect
· visualize the optic discs 

· evaluate visual fields 

Investigations:

1. Hormonal assay: 

· FSH, LH:

· estradiol 

· prolactin

· thyroid profile (T3,T4,TSH)

· 17-hydroxy progesterone

·  testosterone, androstenedione, dehydroepiandrosterone sulphate (DHEAS)

· sex hormone binding globulin (SHBG),

5. X-ray plain film of the left hand and wrist (the nondominant hand) to determine bone age which may be advanced 
6. Karyotyping 
7. USG for: ovarian morphology, the presence or absence of uterus and its size

8. magnetic resonance imaging (MRI), computed tomography (CT)  of the brain with optimal visualization of hypothalamus and sella turcica to rule out intracranial lesion

Treatment:
1. A    multidisciplinary    approach, including genetics, endocrine, psychology and gynecology, is suggested.

2. Constitutional delay: reassurance and continued observation are sufficient.

3. Hypogonadotrophic hypogonadism

· Those with low weight, restoration of weight usually results in spontaneous onset of puberty. 

·  Central nervous system tumours require appropriate neurosurgical treatment.

· Where the defect lies at the hypothalamic level, eg. With Kallmann syndrome, pulsatile administration of GnRH via an infusion pump results in progress through all stages of puberty in the course of 12 months. With estradiol is giving for physical maturation.

4. Hypergonadotropic hypogonadism (ovarian insufficiency or failure).estrogen replacement therapy to ensure normal progress through puberty. a low dose (0.3 mg daily oestradiol daily is given for first 6 months) and slowly increasing to facilitate adequate breast development. Once adequate growth is achieved, progesterone should be added for endometrial protection and cyclical menstruation
The end
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