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Fig. 594.1 Regulation of the hypothalamic-pituitary-thyroid axis. AGRP, Agouti-related peptide; CART, cocaine- and amphetamineregulated transcript; CRH, corticotropin-
releasing hormone; NPY, neuropeptide Y; POMC, proopiomelanocortin; T3, triiodothyronine; T4, thyroxine; TRH, thyrotropin-releasing hormone; TSH, thyrotropin. (From
Low MIJ. Neuroendocrinology. In Melmed S, Polonsky KS, Larsen PR, Kronenberg HM, eds. Williams Textbook of Endocrinology, 13th ed. Philadelphia: Elsevier; 2016:
Fig. 7.9.)
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Fig. 594.2 Regulation of the hypothalamic-pituitary-adrenal axis. ACTH, Adrenocorticotropic hormone; AVP, arginine vasopressin; BST, bed nucleus
of the stria terminalis; CNS, central nervous system; CRH, corticotropin-releasing hormone; CRIF, corticotropin release—inhibiting factor; GABA, y-
aminobutyric acid; 5-HT, 5-hydroxytryptamine; IL-1, interleukin 1; MeA, medial amygdala; MePO, medial preoptic nucleus; NPY, neuropeptide Y;
NTS, nucleus of the tractus solitarius; OVLT, organum vasculosum of the lamina terminalis; POMC, proopiomelanocortin; TNF-o, tumor necrosis
factor-a. (From Low MJ. Neuroendocrinology. In Melmed S, Polonsky KS, Larsen PR, Kronenberg HM, eds. Williams Textbook of Endocrinology,
13th ed. Philadelphia: Elsevier; 2016: Fig. 7.18
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Fig. 594.3 Regulation of the hypothalamic-pituitary-growth hormone (GH) axis. GH secretion by the pituitary is stimulated by GH-releasing hormone
(GHRH) and is inhibited by somatostatin (SST). Negative feedback control of GH secretion is exerted at the pituitary level by insulin-like growth factor
1 (IGF-1) and by free fatty acids (FFAs). GH itself exerts a short-loop negative feedback through activation of SST neurons in the hypothalamic
periventricular nucleus. These SST neurons directly synapse on arcuate GHRH neurons and project axon collaterals to the median eminence.
Neuropeptide Y (NPY) neurons in the arcuate nucleus also indirectly modulate GH secretion by integrating peripheral GH, leptin, and ghrelin signals
and projecting to periventricular SST neurons. Ghrelin is secreted from the stomach and is a natural ligand for the GH secretagogue (GHS) receptor
that stimulates GH secretion at both the hypothalamic and pituitary levels. On the basis of indirect pharmacologic data, it appears that release of GHRH
is stimulated by galanin, y-aminobutyric acid (GABA), and o2-adrenergic and dopaminergic inputs and inhibited by SST. Secretion of SST is inhibited
by muscarinic acetylcholine (ACh) and 5-HT-1D receptor ligands and increased by p2-adrenergic stimuli and corticotropin-releasing hormone (CRH).
CNS, Central nervous system; DA, dopamine; 5-HT, serotonin (5-hydroxytryptamine). (From Low MJ. Neuroendocrinology. In Melmed S, Polonsky
KS, Larsen PR, Kronenberg HM, eds. Williams Textbook of Endocrinology, 13th ed. Philadelphia: Elsevier; 2016: Fig. 7.22.)
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Fig. 594.4 Regulation of the hypothalamic-pituitary-gonadal axis. Schematic diagram of the hypothalamic-pituitary-gonadal axis
showing neural systems that regulate gonadotropin-releasing hormone (GnRH) secretion and feedback of gonadal steroid hormones at
the level of the hypothalamus and pituitary. CNS, Central nervous system; CRH, corticotropin-releasing hormone; FSH, follicle-
stimulating hormone; GABA, y-aminobutyric acid; GALP, galanin-like peptide; LH, luteinizing hormone; NE, norepinephrine; NPY,
neuropeptide Y. (From Low MJ. Neuroendocrinology. In Melmed S, Polonsky KS, Larsen PR, Kronenberg HM, eds. Williams
Textbook of Endocrinology, 13th ed. Philadelphia: Elsevier; 2016: Fig. 7.30.)
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Table 594.1

HORMONES
ACTH

ADH

CRH
Dopamine
FSH (females)
FSH (males)
GH

GHRH
Ghrelin
GnRH

LH (females)
LH (males)
Oxytocin

PRL
Somatostatin
TRH

TSH

LOCATION
Anterior pituitary
Posterior pituitary
Hypothalamus
Hypothalamus
Anterior pituitary
Anterior pituitary
Anterior pituitary
Hypothalamus
Hypothalamus
Hypothalamus
Anterior pituitary
Anterior pituitary
Posterior pituitary
Anterior pituitary
Hypothalamus
Hypothalamus

Anterior pituitary

S/

5
S
5

& T ' KA e HON s ST 5 I ¥ IR & AR <2 T <72 P S

5
S

Hormones of the Hypothalamus and Pituitary Gland

FUNCTION

Production and secretion of GCs, MCs, and androgens from adrenal gland
Reabsorption of water into the bloodstream via renal collecting ducts
Secretion of ACTH

Secretion of PRL

Secretion of estrogen from ovary

Production of sperm from testis

Secretion of IGF-1

Secretion of GH

Secretion of GH

Secretion of FSH and LH

Ovulation and development of the corpus luteum

Production and secretion of testosterone

Contractions of uterus at birth and release of milk from breast
Promotion of milk synthesis

Secretion of GH and TSH

Secretion of TSH and PRL

Secretion of Ty and T

ACTH, Adrenocorticotropic harmone; ADH, antidiuretic hormone; CRH, corticotropin-releasing hormone; FSH, follicle-stimulating hormone; GCs, glucocorticoids; GH, growth
hormone; GHRH, growth hormone-releasing hormone; GnRH, gonadotropin-releasing hormone; IGF-1, insulin-derived growth factor 1; LH, luteinizing hormone; MCs,
mineralocorticoids; PRL, prolactin; S/1, stimulate/inhibit; T, triiodothyronine; Ty, thyroxine; TRH, thyrotropin-releasing hormone; TSH, thyroid-stimulating hormone (thyrotrapin).

Hormones of the

Hypothalamus
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Fig. 595.1 Solitary median maxillary central incisor at age 16 mo. (From Giannopoulou EZ, Rohrer T, Hoffmann P, et al. Solitary median maxillary central incisor. J Pediatr.
2015;167:770, Fig. 2.)
“J

Fig. 595.2 Septo-optic dysplasia with agenesis of the septum pellucidum. Sagittal T1 weighted MR image shows that fornices are inferiorly positioned (long arrow). The
optic apparatus is hypoplastic (short arrow); there is no identifiable neurohypophysis. (From Rollins N. Congenital brain malformations. In: Coley BD, ed. Caffey’s Pediatric
Diagnostic Imaging, 13th ed. Philadelphia: Elsevier; 2019: Fig. 31.13.)
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Table 595.1

GENE OR LOCATION

GENETIC FORMS
POUTF1 (PITT)

PROP1
LHX3

LHX4
TPIT
HESX1
SOx2

SOX3
PITX2

GLI2

GLI3

SHH (Sonic Hedgehog)
OoTX2

TBX19

PC1

GIF, SHHT, SIX3

FGF8
FGFRT
PROKR2

a3 0 &y sxb o 5l 0 Js 0534055 g5l POUFT 2z )0

23,5 o osalin jdgnm 0us wily S50 o2 9 sPbgs oo LHX3 s PROPL igs ;o
el Jloy 5l S gS b Jloy sudgun o3lail POUTFT g4y

Syl cuas (650 g oy

6 3 M Sty grimns

D23 o 7y Eob y0 iy PROPL igs jo 1S

"
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e i3 Jle Jals
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PHENOTYPE

GH, PRL deficiencies, variable TSH deficiency
GH, TSH, PRL, LH, FSH deficiencies, variable ACTH deficiency, variable AP

GH, TSH, PRL, LH, FSH deficiencies, variable AP, + short neck, limited neck rotation,
sensorineural deafness

GH, TSH, ACTH deficiencies, small AP, EPP, variable Arnold-Chiari, cerebellar abnormalities
ACTH deficiency, severe neonatal form
GH deficiency, variable for others, small AP, EPP, optic nerve hypoplasia; septo-optic dysplasia

LH, FSH deficiencies, variable GH deficiency, anophthalmia, microphthalmia, esophageal
atresia, sensorineural hearing loss

Variable deficiencies, + MR, EPP, small AP and stalk, developmental delay

Axenfeld-Rieger syndrome: hypogonadotropic hypogenadism, pituitary hypoplasia, anterior
chamber abnormalities of the eye, dental hypoplasia

Hypopituitarism, holoprosencephaly, midline defects, polydactyly

Hall-Pallister syndrome, hypopituitarism

GH deficiency with single central incisor

GH or combined deficiencies, anophthalmia or microphthalmia, coloboma, developmental delay
ACTH deficiency, neonatal hypoglycemia or cholestatic jaundice

Hypogonadotropic hypogonadism, ACTH deficiency

Pituitary stalk interruption syndrome: thin or absent pituitary stalk, hypoplasia of
adenohypophysis, ectopic neurohypophysis, necnatal hypoglycemia, cholestasis, micropenis

Hypopituitarism, holoprosencephaly
Hypopituitarism, pituitary hypoplasia, agenesis of the corpus callosum, ocular defects

GH, TSH and ACTH deficiencies, micropenis and neonatal hypoglycemia

UNKNOWN OR POLYGENETIC ETIOLOGY

Congenital absence of
pituitary gland

Optic nerve hypoplasia
syndrome/septo-optic
dysplasia

Optic nerve hypoplasia, nystagmus, absent septum pellucidum, pituitary hypoplasia

Etiologic Classification of Congenital and Genetic Forms of Multiple Pituitary Hormone Deficiency

INHERITANCE

AR, AD
AR
AR

AD
AR
AR, AD
AD

XL
AD

AD
AD
AD
AD
AR
AR

Holoprosencephaly
related gene group

AD
AD
AD, AR

ACTH, Adrenocorticotropic hormone; AP, anterior pituitary; AD, autosomal dominant; EPP, ectopic posterior pituitary; FSH, follicle-stimulating hormone; GH, growth hormone; LH,
luteinizing hormone; MR, mental retardation; PRL, prolactin; AR, autosomal recessive; TSH, thyroid-stimulating hormone; XL, X-linked.

Hypopituitarism
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Table 595.2 | Causes of Acquired Pituitary Insufficiency

TRAUMATIC

Surgical resection
Radiation damage
Traumatic brain injury

INFILTRATIVE/INFLAMMATORY
Primary hypophysitis
Lymphocytic
Granulomatous
Xanthomatous
Secondary hypophysitis
Sarcoidosis
Langerhans cell histiocytosis
Granulomatosis with polyangiitis
Takayasu disease
Hemochromatosis

INFECTIONS

Tuberculosis

Pneumocystis jirovecii infection
Fungal (histoplasmosis, aspergillosis)
Parasites (toxoplasmosis)

Viral (cytomegalovirus)

VASCULAR
Pregnancy related
Aneurysm
Apoplexy
Diabetes
Hypotension
Arteritis

Sickle cell disease

NEOPLASTIC
Pituitary adenoma
Parasellar mass
Rathke cyst
Dermoid cyst
Meningioma
Germinoma
Suprasellar/optic pathway glioma
Craniopharyngioma
Hypothalamic hamartoma
Pituitary metastatic deposits
Hematologic malignancy
Leukemia
Lymphoma

FUNCTIONAL
MNutritional
Caloric restriction
Malnutrition
Excessive exercise
Nonspecific illness
Acute critical illness
Chronic renal failure
Chronic liver failure
Hormonal
Hyperprolactinemia
Hypothyroidism
Drugs
Anabolic steroids
Glucocorticoid excess
GnRH agonists
Estrogen
Dopamine
Somatostatin analog
Immune check-point inhibitors

Modified from Kaiser U, Ho KKY. Pituitary physiology and diagnostic evaluation.
In: Melmed S, Polonsky KS, Larsen PR, Krenenberg HM, eds. Williams Textbook of
Endocrinology, 13th ed. Philadelphia: Elsevier; 2016: Table 8.5, p. 193.




FUNCTIONAL

» Nufritional

* Caloric restriction

» Malnutrition

* Excessive exercise

* Critical illness

» Acute illness

* Chronic renal failure
» Chronic liver failure

» Hormonal

» Hyperprolactinemia

» Hypothyroidism

* Drugs

* Anabolic steroids

* Glucocorticoid excess
*» GnRH agonists

= Estrogen

* Dopamine

* Somatostatin analog

* Thyroid hormone excess

Modified from Kaiser U, Ho KKY: Pituitary physiology and diagnostic evaluation. In Melmed S,
Polonsky K5, Larsen PR, Kronenberg HM, editors: Willlams textbook of endocrinofogy , ed 13,
Philadelphia, 2016, Elsevier. Table 8.5, p. 193.
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