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FIGURE 5-11 m Activity of the hypothalamic-pituitary-adrenal axis under normal conditions (A), during an appropriate response to stress (B),
and during an inappropriate response to critical illness (C). A plus sign indicates a stimulatory effect and a minus sign an inhibitory effect.
(Redrawn from Cooper MS, Stewart PM. Corticosteroid insufficiency in acutely ill patients. N Engl J Med. 2003;348(8):727-734. Copyright © 2003

Massachusetts Medical Society. All rights reserved.)
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FIGURE 5-5 B The proteolytic cleavages of the renin-angiotensin system are illustrated. The partial amino acid sequence of angiotensinoge
and the complete sequences of angiotensin I and II are shown. The sites of formation and action of the various components of the renii
angiotensin-aldosterone system are also presented.
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CHAPTER 5 Adrenal Disorders 143
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FIGURE 5-8 B Cortisol production rate corrected for body surface area in normal sebjects at various ages. The rates ase constant theoughout
life except shostly after birth when they are siightly higher. (Rectown from Keamy FM, Preeycsombdot €, Migeon CJ. Cortisol production rote. II.

Novmel infants, children ond oduits. Pediatrics. 1966 37:34.)
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FIGURE 5-9 @ Normal plasma aldosterone concentrations at various ages. Shaded areas indicate mean +/— SD. (A) Levels in cord blood and at
delivery were obtained from infants whose mothers had received a normal sodium chet during pregnancy. (B) Aldosterone secretion rate in nos-
mal infants, childeen, and adults. In contrast to cortisol secretion rate, which increases with greater body size, aldosterone secretion rate is con-
stant throughout tife. ((A) Redrown from Kowarski A, Locerda L Migeon (J. Integrated concentrotion of plesma aldosterone im moymel subjects:
correlation with cortisel. 3 Clin Endocrinol Metab. 1975:40:205. (B) Redrown from Weidon VV. Kowarski A, Migeon (). Aldosterone secretion ia nor-

maol sobjects from infoncy to childhood. Pediatrics. 1967:39:829.)
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Mean Glucocorticoid and Mineralocorticoid Concentrations
Cortisol (nmol/L ) Aldosterone (nmel/L) Plasma Renin Activity (pg/Lis)

Cord blood 360 2.4 50
Premature newborns 180 238 222
Term newborns 140 26 58
Infants 250 0.8 33

Adapted from Miller WL The adrenal corfex. fn Spering MA (ed): Pediatric Endocrinalogy, 2nd ed.
Fhiladelphia, Saunders, 2002 p 398,
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Thomas Addison {1793 - 1860) was a renowned English physician.
Having seen five cases of adrenal disease, and heard of six others,
with a possible twelfth who refused an autopsy, Thomas Addison
published his book ‘On the Constitutional and Local Effects of
Disease of the Suprarenal Capsules’ in 1885.
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Table 2. Causes of salt-wasting in the newbomn period

Gastrointestinal losses
Gastroenteritis
Pyloric stenosis

Renal losses
Preterm infant
Acute pyleonephritis
Posterior urethral values
Renal dysplasia

StAR/SCC deficiency
3BHSD

CMO-type 1 deficiency

Pseudohypoaldosteronism

Congenital adrenal hypoplasia
Congenital adrenal hyperplasia

21-Hydroxylase deficiency
Congenital hypoaldosteronism

CMO-type 11 deficiency

StAR =Steroidogenic auto regulatory protein; SCC=
(cholesterol) side chain cleavage enzyme; 3B-HSD =3p-
hydroxysteroid dehydrogenase activity/A5-A4 isomerase;
CMO =corticosterone methyl oxidase.
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Fig. 1. Mechanism of action of ACTH. Schematic representation of the established
pathways of ACTH signalling through adenylate cyclase to activate protein kinase A, and
the less established pathways by which cAMP inhibits a potassium channel leading to
membrane depolarization and consequent calcium influx through a T-type calcium channel.
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Table 2. Clinical and diagnostic features of ACTH resistance

Presenting clinical features
Hypoglycaemia — often neonatal, but may occur in later childhood
Neonatal jaundice
Increased skin pigmentation
Increased susceptibility to infection
Frequent and recurrent infection
Increased susceptibility to atopy

Supporting clinical features
Sibling with identical diagnosis
Tall stature

Diagnostic biochemical features
9 a.m. plasma cortisol — undetectable, subnormal or low normal
Plasma ACTH - grossly elevated

Renin normal
Aldosterone normal
Electrolytes normal
Short Synacthen test impaired response

Supporting biochemical features
1 7o-Hydroxyprogesterone normal
Very-long-chain fatty acids normal
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Table 3. Clinical features of triple A syndrome

Alacrima (absence of tears)
Achalasia of the cardia — may extend into gastric atonia and more extensive
gut hypotonia: present in ~ 75% cases
ACTH resistance — usually develops after birth and includes mineralocorticoid
deficiency in 1004
Neurological defects including
Autonomic neuropathies — present in ~30% patients
Sensorimotor peripheral neuropathies
Clumsiness, ataxia, Parkinsonism, mental retardation, optic atrophy
Hyperkeratosis of palms and soles — present in ~20% patients
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Figure 8.1 Differential virilization of the external genitalia using the staging system of

Prader, from normal female (left) to normal male (right). Sagittal (upper panel) and peri-
neal (lower panel) are views shown

Table 8.1 External masculinization score

3 Yes No Normal
2 Glandular
Scotum Scotum 1.5
1 Penile Inguinal Inguinal 1
Abdominal Abdominal 0.5
0 No Yes Perineal Absent Absent 0
Scrotal Micro  Urethral Right Left
fusion  phallus meatus gonad gonad

- Note the appearance of labioscrotal folds and the presence of rugosity.

- Note the pigmentation of genital skin (occurs with excessive adreno-
corticotrophic hormone (ACTH) and opiomelanocortin in congenital
adrenal hyperplasia).

- Determine the baby’s gestation (in preterm girls, the clitoris and labia
minora are relatively prominent; and in boys, testes are usually undes-
cended until 34 weeks).
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Fig. 6. T,-weighted magnetic resonance imaging scan of the brain in a 5 year old
»oy with the childhood cerebral form of X-linked adrenoleukodystrophy. The characteristic
lemyelinating lesions are symmetric and localised in the occipito-parietal lobes.
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Features of Autoimmune Polyglandular Syndromes (APS) Associated with Chronic Hypoadrenocorticism

Type | Type II?
General
Prevalence Rare Not as rare as type 1
Age at onset Infancy/young childhood Adolescence/adulthood
Inheritance Autosomal recessive Dominant
Gender predominance None Female
Cause AIRE gene mutations Polygenic/multifactorial
HLA association None HLA DR/DQ association
Hormonal Abnormalities
Hypoparathyroidism >80% Rare
Addison disease >60% Common but variable®
Hypogonadism >30% <10%
Autoimmune thyroid disease <10% >70%
Type 1 diabetes <20% 40%-50%
Hypopituitarism Uncommon Rare
Other Clinical Features
Mucocutaneous candidiasis 80%-100% Not seen
Ectodermal dysplasia >75% Not seen
Alopecia 25%-30% <10%
Pernicious anemia 10%-15% Variable
Autoimmune hepatitis 10%-15% Rare
Intestinal malabsorption 10%-25% Rare
Vitiligo 10% <10%
Asplenism Uncommon Not seen
Keratoconjunctivitis Uncommon Rare

2APS types 2, 3, and 4 have also been described. APS type 3 consists of autoimmune thyroid disease associated with one or more autoimmune diseases
other than Addison disease. Its prevalence is increased in Down syndrome, Turner syndrome, and Klinefelter syndrome. APS type 4 consists of any two
autoimmune-affected organ diseases in a combination not included in types 1, 2, or 3, or associated with nonorgan-specific autoimmune disease.
BThe association of Addison disease with autoimmune thyroid disease is known as Schmidt syndrome. When type 1 diabetes is added, the triad is
known as Carpenter syndrome.

Data adapted from the following references:

Brown RS. The autoimmune polyglandular syndromes. Serono Symposia International, Inc. Curr Rev Pediatr Endocrinol. 2003;57-58.

Neufeld M, Maclaren NK, Blizzard RM. Two types of autoimmune Addison syndrome associated with different polyglandualr autoimmune (PGA)
syndromes. Medicine. 1981; 60:355.

Schatz DA, Winter WE. Autoimmune polyglandular syndrome Ii: Clinical syndrome and treatment. Endocrinol Metab Clin N Am. 2002;37:937.
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Relative Potency of Oral Corticosteroid Preparations

Glucocorticoid Effect Sodium Retention Effect
Equivalent to 100 mg Equivalent to 0.1 mg
Generic Name Trade Name Cortisol PO Florinef PO
Cortisol (hydrocortisone) Hydrocortone, Cortef 100 20
Cortisone Cortone 125 20
A-cortisol (prednisolone) Delta-cortef, Orapred, 20 50
Pediapred
A-cortisone (prednisone) Deltasone, Meticorten, 25 50
Sterapred
60t-CH;-A-prednisolone Medrol 15 (20%) No effect*
(methylprednisolone)
9ai-Fluoro-16a-CH;-prednisolone Decadron, Hexadrol 1.5 (3.75% No effect®
(dexamethasone)
9a-Fluorocortisol acetate Florinef acetate, 6.5 0.1

Fludrocortisone acetate

All values in mg.
? Values estimated by the respective pharmaceutical companies.
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