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X B Glucocorticoid receptors
P arave7lncular A Thyroid hormone receptors
BT Yt Leptin receptors
e TRH :
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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 MJ. 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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Table 596.1 | Causes of Hypotonic Polyuria

CENTRAL (NEUROGENIC) DIABETES INSIPIDUS (DI)

Congenital (congenital malformations, autosomal dominant, arginine
vasopressin [AVP] neurophysin pathogenic variants)

Drug or toxin induced (ethanol, diphenylhydantoin, snake venom)

Granulomatous (histiocytosis, sarcoidosis)

Neoplastic (craniopharyngioma, germinoma, lymphoma, leukemia,
meningioma, pituitary tumor, metastases)

Infectious (meningitis, tuberculosis, encephalitis)

Inflammatory, autoimmune (lymphocytic
infundibuloneurchypophysitis, immune check point inhibitors)

Trauma (neurosurgery, deceleration injury)

Vascular (cerebral hemorrhage or infarction, brain death)

Idiopathic

OSMORECEPTOR DYSFUNCTION

Granulomatous (histiocytosis, sarcoidosis)

Neoplastic (craniopharyngioma, pinealoma, meningioma,
metastases)

Vascular (anterior communicating artery aneurysm or ligation,
intrahypothalamic hemorrhage)

Other (hydrocephalus, ventricular or suprasellar cyst, trauma,
degenerative diseases)

Idiopathic

INCREASED AVP METABOLISM

Pregnancy

NEPHROGENIC DIABETES INSIPIDUS

Congenital (X-linked recessive, AVP V2 receptor pathogenic variants,
autosomal recessive or dominant, aquaporin-2 water channel
pathogemc variants)

Drug induced (lithium, demeclocycline, cisplatin, methoxyflurane)

Hypercalcemia

Hypokalemia

Infiltrating lesions (sarcoidosis, amyloidosis)

Vascular (sickle cell anemia)

Mechanical (polycystic kidney disease, bilateral ureteral obstruction)

Solute diuresis (glucose, mannitol, sodium, radiocontrast dyes)

Idiopathic

PRIMARY POLYDIPSIA

Psychogenic (schizophrenia, obsessive-compulsive behaviors)

Dipsogenic (downward resetting of thirst threshold, idiopathic or
similar lesions, as with central DI)

From Verbalis JG. Disorders of water balance. In Skorecki K, Chertow GM, Marsden PA,
etal,, eds. Brenner & Rector’s The Kidney, 10th ed. Philadelphia: Elsevier; 2016: Table
16.2.
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Table 598.2 | Differential Diagnosis of Tall Stature and
Overgrowth Syndromes

FETAL OVERGROWTH

Maternal diabetes mellitus

Sotos syndrome (NSD1)

Weaver syndrome (EZH?2)

Beckwith-Wiedemann syndrome (11p15 alterations)
Marshall-Smith syndrome (NFIX)

POSTNATAL OVERGROWTH LEADING TO CHILDHOQOD OR

ADULT TALL STATURE

Nonendocrine Causes

Familial (constitutional) tall stature

Exogenous obesity

Sotos syndrome (NSD1)

Weaver syndrome (EZH2)

Perlman syndrome (DIS3L2)

Simpson-Golabi-Behmel syndrome (GPC3, GPC4)

Marfan syndrome (FBN1)

Homocystinuria

Beckwith-Wiedemann syndrome (11p15 alterations)

Klinefelter syndrome (XXY)

Other syndromes with extra X or Y chromosomes

Overgrowth syndromes with intellectual disability (DNMT3A, CHDS,
HIST1H1E, EED)

Endocrine Causes

Excess GH secretion caused by adenomas (pituitary gigantism)

X-linked acrogigantism (Xg26.3 duplication)

McCune-Albright syndrome or MEN associated with excess GH
secretion

Aromatase deficiency and estrogen receptor defects

Precocious puberty (initial acceleration, ultimate short stature)

Hyperthyroidism (acceleration, but not adult tall stature)

GH, Growth hormone; MEN, multiple endocrine neoplasia.
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Fig. 600.1 Natural course of untreated idiopathic central precocious puberty. Patient (A) at 311/12, (B) at 58 /12, and (C) at 812 yr
of age. Breast development and vaginal bleeding began at 21,2 yr of age. Bone age was 71 /2 yr at 311/12 and 14 yr at 8 yr of age.
Intelligence and dental age were normal for chronological age. Growth was completed at 10 yr; ultimate height was 142 cm (56 in).
No effective therapy was available at the time this patient sought medical attention.
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Table 607.1

Etiologic Classification of Solitary Thyroid

Nodules

Lymphoid follicle, as part of autoimmune thyroiditis
Thyroid developmental anomalies
Intrathyroidal thyroglossal duct cyst
Intrathyroidal ectopic thymus
Thyroid abscess (acute infectious thyroiditis)
Simple cyst
Neoplasms
Benign
Colloid (adenomatous) nodule
Follicular adenoma
Hyperfunctioning (toxic) adenoma
Lymphohemangioma
Malignant
Papillary carcinoma
Follicular carcinoma
Anaplastic carcinoma
Medullary carcinoma
Nonthyroidal
Lymphoma
Teratoma
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Table 611.1 | Causes of Hypocalcemia

I. NEONATAL
A. Maternal Disorders

1. Diabetes mellitus
2. Toxemia of pregnancy
3. Vitamin D deficiency
4. High intake of alkali or magnesium sulfate
5. Use of anticonvulsants
6. Hyperparathyroidism
B. Neonatal Disorders
1. Low birthweight: prematurity, intrauterine growth restriction
2. Peripartum asphyxia, sepsis, critical illness
3. Hyperbilirubinemia, phototherapy, exchange transfusion
4. Hypomagnesemia, hypermagnesemia
5. Acute/chronic renal failure
6. Nutrients/medications: high phosphate intake, fatty acids,
phytates, bicarbonate infusion, citrated blood, anticonvulsants,
aminoglycosides
7. Hypoparathyroidism
8. Vitamin D deficiency or resistance
9. Osteopetrosis type Il
Il. HYPOPARATHYROIDISM
A. Congenital
1. Transient neonatal
2. Congenital hypoparathyroidism
a. Familial isolated hypoparathyroidism
(i) Autosomal recessive hypoparathyroidism (GMC2, PTH)
(i) Autosomal dominant hypoparathyroidism (CASR, GNA11)
(iii) X-linked hypoparathyroidism (SOX3)
b. DiGeorge syndrome types 1 and 2 (TBX1, NEBL)
c. Sanjad-Sakati syndrome (short stature, retardation,
dysmorphism; HRD) (TBCE)
d. Kenny-Caffey syndrome type 1 (short stature, medullary
stenosis, retardation) (TBCE)
e. Kenny-Caffey syndrome type 2 (short stature, medullary
stenosis) (FAM111A)
f. Barakat syndrome (sensorineural deafness, renal dysplasia;
HDR) (GATA3)
g. Lymphedema-Hypoparathyroidism syndrome (nephropathy,
mitral valve prolapse and brachytelephalangy).
h. Mitochondrial disorders (Kearns-Sayre, Pearson, MELAS,
trifunctional protein deficiency)
3. Insensitivity to PTH

a. Blomstrand chondrodysplasia (PTHR1)
b. Pseudohypoparathyroidism type IA (GNAS)
(i) Pseudohypoparathyroidism type IB (STX16, GNAS-A1)
(i) Pseudohypoparathyroidism type IC (GNAS)
(iii) Pseudohypoparathyroidism type Il
(iv) Pseudopseudohypoparathyroidism
c. Acrodysostosis with hormone resistance (PRKAR1A)
d. Hypomagnesemia
4. CaSR-activating mutation
a. Sporadic
b. Autosomal dominant (G protein subunit a11 mutation)

. HYPOPARATHYROIDISM—cont'd

. Acquired

. Autoimmune polyglandular syndrome type | (AIRE gene mutation)

. Activating antibodies to the CaSR

. Postsurgical, radiation destruction

. Infiltrative—excessive iron (hemochromatosis, thalassemia) or
copper (Wilson disease) deposition; granulomatous inflammation,
neoplastic invasion; amyloidosis, sarcoidosis

5. Hypomagnesemia/hypermagnesemia

lIl. VITAMIN D DEFICIENCY

IV. OTHER CAUSES OF HYPOCALCEMIA

. Calcium Deficiency

. Nutritional deprivation

. Hypercalciuria

. Disorders of Magnesium Homeostasis

. Congenital hypomagnesemia

. Acquired
a. Acute renal failure

b. Chronic inflammatory bowel disease, intestinal resection
c. Diuretics

. Hyperphosphatemia

. Renal failure

. Phosphate administration (intravenous, oral, rectal)

. Tumor cell lysis
Muscle injuries (crush, rhabdomyolysis)

. Miscellaneous

. Hypoproteinemia

Hyperventilation

. Drugs: furosemide, aminoglycosides, bisphosphonates, calcitonin,
anticonvulsants, ketoconazole, antineoplastic agents (plicamycin,
asparaginase, cisplatinum, cytosine arabinoside, doxorubicin),
citrated blood products

. Hungry bone syndrome

. Acute and critical illness: sepsis, acute pancreatitis, toxic shock
a. Organic acidemia: propionic, methylmalonic, isovaleric

N=mN=> BWN—m

WNmDAWN=O

v B

CaSR, CaZ-sensing receptor; HDR, hypoparathyroidism, sensorineural deafness, and renal anomaly; HRD, hypoparathyroidism, retardation, dysmorphism; MELAS, mitochondrial

encephalomyopathy with lactic acidosis and strokelike episode; PTH, parathyroid hormone.

Modified from Root AW, Diamond Jr FB. Disorders of mineral homeostasis in children and adolescents. In: Sperling MA. Pediatric Endocrinology, 4th ed. Philadelphia: Elsevier; 2014

Table 18.2A,
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| Child with hypercalcemia® |

}

| Plasma PTH® l

Low High/normal

Consider:

* Tertiary hyperparathyroidism due to chronic renal
failure or hypophosphatemic rickets

c * Genetic causes of tumors/hyperplasia such as:

ST D FHH1-3%, MEN1¢, MEN2°, MEN3®, MEN4?,
NHSPT®®, HPT-JT¢

* Nonsyndromic primary hyperparathyroidism
(nsPHPT), including FIHP®

« Maternal hypocaicemia'

Low/normal l l High

[ Measure 1,25(0OH),D¢ Consider:
* Vitamin D intoxication
 Enriched formula

Low/normal High

Consider: Consider:

¢ Drugs - vitamin A intoxication, thiazides, » ldiopathic infantile hypercalcemia
chemotherapy * Granulomatous diseases

* Endocrinopathies - hyperthyroidism, Addison * Malignancy
disease, pheochromocytoma, severe * Subcutaneous fat necrosis of the
congenital hypothyroidism' newborn'

 Inborn errors of metabolism™! » Phosphate depletion’

* Immobilization

¢ Congenital syndromes - Williams syndromel
Jansen's metaphyseal chondrodysplasia'

* Malignancy leading to osteolysis or PTHrP
secretion

Fig. 613.1 Algorithm illustrating the clinical approach to investigation of causes of hypercalcemia in a child. aConfirm hypercalcemia,
defined as plasma (or serum) adjusted calcium >10.5 mg/dL (2.60 mmol/L) or ionized calcium >5.25 mg/dL (1.32 mmol/L). bPTH,
parathyroid hormone. c25(0OH) D, 25-hydroxyvitamin D. dFHH1-3, familial hypocalciuric hypercalcemia types 1-3; MEN1, multiple
endocrine neoplasia type 1; MEN2, multiple endocrine neoplasia type 2; MEN3, multiple endocrine neoplasia type 3; MEN4, multiple
endocrine neoplasia type 4; NSHPT, neonatal severe primary hyperparathyroidism; HPT-JT, hyperparathyroid—jaw tumor syndrome.
eFIHP, Familial isolated hyperparathyroidism. f Conditions affecting neonates (shown in italics). g1,25(0H)2D, 1,25-
dihydroxyvitamin D. hinborn errors of metabolism, for example, hypophosphatasia, congenital lactase deficiency (CLD), and blue
diaper syndrome. i These syndromes may be associated with dysmorphic features, for example, Williams syndrome, Jansen
metaphyseal chondrodysplasia, and hypophosphatasia. PTHrP, parathyroid hormone-related peptide. (From Stokes VJ, Nielsen MF,
Hannan FM, Thaller RV. Hypercalcemic disorders in children. J Bone Miner Res. 2017;32:2157-2170, Fig. 2.)



