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Abnormal Laboratory Values
CONGENITAL HYPOTHYROIDISM
The majority of infants with congenital hypothyroidism
present as a result of routine neonatal screening and
hence are discussed in this chapter.

PHYSIOLOGY
The thyroid forms as a midline outpouching from
between the ﬁrst and second pharyngeal pouches and
descends into the neck just above the developing lung
bud between 4 and 7 weeks gestation. The parathyroid
glands condense from the third and fourth pharyngeal
pouches and move into the migrated thyroid tissue. C
cells are derived from separate neuroectodermal tissue
in the ultimobranchial body. These events are under
the control of a series of transcription factors and
‘patterning’ genes that can be mutated to produce
maldevelopment at any stage of descent. However, it is
rare for there to be associated hypoparathyroidism as
the derivation of the tissue is separate. The gland may
fail to develop or may be an abnormal midline structure
anywhere from the base of the tongue (see Fig. 1.85) to
the upper thorax.
During fetal life the thyroid starts to produce
thyroid hormone from 20 weeks onwards, stimulated
by pituitary thyroid stimulating hormone (TSH)
secretion. Thyroxine (T4) is ﬁrst primarily metabolized
to inactive reverse triiodothyronine (rT3) by the
placenta, and only after 30 weeks does the active T3 level
starts to rise. It was thought for many years that
maternal T4 does not cross the placenta, but there is now
good evidence that some bioactive and necessary T4
can pass to the fetal circulation as mothers with
borderline hypothyroidism have infants with slightly,
but signiﬁcantly, lower developmental quotients. The
majority of release of thyroid hormones from the
thyroid gland is in the form of T4 that is de-iodinated
to T3 in the peripheral tissues or deactivated by the
formation of rT3 and then further de-iodinated. Most
of the activity of the hormones is mediated by the
action of T3 on intranuclear receptors.
Most T4 circulates bound to a speciﬁc protein,
thyroxine binding globulin (TBG), and albumin.
Assays of total T4 are strongly influenced by states that
affect this binding such as drugs, liver disease, and

pregnancy. Modern assays of free T4 (FT4) and T3
(FT3) are largely free of interference from other
conditions, although some antiepileptic drugs do speed
up the conversion of FT4 to FT3 and can alter circulating levels in the assay. Normal levels of thyroid
hormones in infancy and childhood are given in the
Appendix; there is an immediate postnatal surge in
TSH, and FT4 levels are higher in the neonatal period
than later in life.
Congenital hypothyroidism can be divided into
primary and secondary–tertiary forms. Primary hypothyroidism is caused either by embryonic defects
(agenesis, dysgenesis, ectopia), accounting for 90% of
cases, or by dyshormonogenesis – this category comprises several enzyme deﬁciencies, which are usually
transmitted as an autosomal recessive trait and are
commoner in some ethnic subpopulations and with
consanguinity. Secondary or tertiary hypothyroidism is
usually associated with other pituitary hormone
deﬁciencies and accounts for only 1–2% of cases.
Down syndrome is associated with an increased
incidence of thyroid agenesis.

CLINICAL FINDINGS
In most developed nations all neonates are screened for
hypothyroidism. The cost : beneﬁt ratio is high because
the incidence is around 1 in 4000, and early detection
and treatment prevent later cretinism – many affected
children are asymptomatic in the ﬁrst months of life.
Thyrotropin (TSH) screening is the simplest and least
expensive strategy with a low number of false-positive
results. With such screening, secondary and tertiary
hypothyroidism is not detected, but these account for
only a small proportion of cases and are often suspected
on the basis of other clinical features of pituitary
dysfunction (such as prolonged jaundice, micropenis,
hypoglycemia). In some countries T4 levels are
measured along with TSH, and all forms of congenital
hypothyroidism may be detected.
Because of screening, the majority of infants are
asymptomatic at diagnosis. The signs that may be
evident soon after birth and those that can further
develop if the diagnosis is not made early are shown in
Table 11.1. These physical features will regress on
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Early symptomsa

Late symptomsb

Umbilical hernia
Pallor and hypothermia
Enlarged tongue
Hypotonia
Prolonged jaundice
Rough, dry skin
Open posterior fontanelle
Relative constipation
Mild post-maturity
Birth weight > 3.5 kg

Persists
Persists
Increases to 100%
Worsens
Decreases
Persists
Closes
Persists

Fig. 11.2 Congenital hypothyroidism presenting at 5 months
of age.

Facial puf ness
Hoarse cry
Growth retardation
Poor development
Myxedema
a

All or none of these may be present in the rst month of
life).
b
At 1 month or more.

Table 11.1 Signs and symptoms in congenital hypothyroidism

Fig. 11.3 Patient in Fig. 11.2 at 2 years of age.
treatment (Figs 11.1–11.3), but the later therapy is
commenced the worse is the outlook for normal
mental development. Full-blown cretinism with severe
intellectual
impairment,
dwarﬁng
and
the
characteristic facial features (Figs 11.4–11.6) is now
rarely seen in the developed world (Fig. 11.7).
Neonatal goiter (Figs 11.8 & 11.9) will be present
in dyshormonogenesis but not in thyroid dysplasia or
Fig. 11.1 Congenital hypothyroidism at presentation (1 month). secondary–tertiary hypothyroidism.
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Fig. 11.4 Cretinism in an infant aged 6 months.
Fig. 11.6 Cretinism in an adult.
Occasionally dyshormonogenesis can present in
later childhood, especially in the Pendred syndrome
(see below) where the onset of hypothyroidism can be
very variable.

DIAGNOSTIC WORK-UP

Fig. 11.5 Cretinism in a child.

From a radiograph of the knee and foot, the skeletal age
can be assessed; it is usually delayed. A radio-iodine scan
or a technetium scan (which delivers a lower radiation
dose) can visualize the thyroid, so that agenesis or
ectopia can be demonstrated (Fig. 11.10). This is not
necessary in most straightforward cases of congenital
hypothyroidism. Serum thyroglobulin levels can be
measured to differentiate between aplasia and partial
presence of the gland, but this is rarely necessary.
Radiography and ultrasonography of an enlarged
thyroid by an experienced radiologist can assist in the
detection of the thyroid gland and in assessing its size
(Figs 11.11 & 11.12).
If dyshormonogenesis is suspected, the radio-iodine
scan (but not technetium) will provide information
about causality. If there is failure of uptake of iodine into
salivary or thyroid tissue then there is a defect in the
concentration of iodine. This rare disorder carries a poor
prognosis even with therapy. To assess whether
organiﬁcation is defective because of an enzyme deﬁ-
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Fig. 11.7 Female with congenital
hypothyroidism diagnosed in the
neonatal period and treated for rst 4
months. Treatment was discontinued
until age 14 years, when the patient
was unable to walk or speak. Representing height SDS —12.5 and
bone age 1.0. Pubertal signs evident 8
months after recommencing
treatment. Height catch-up to —4.4
adult height.
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ciency, a perchlorate discharge test may be performed
(Figs 11.13 & 11.14). The perchlorate ion will
compete with iodide for trapping by the thyroid
follicular cell plasma membrane, and discharge of
iodine will occur that can be monitored by release of
radiation from the gland. If discharge occurs, the child
and family should be screened for asymptomatic
goiter or hypothyroidism and high tone deafness
(Pendred syndrome), which can have very variable
expression in different members of a kindred. It is rare
for Pendred syndrome to present with a rasied TSH
level and/or goiter in the neonatal period. If uptake

occurs and there is no discharge, one of the other
enzyme defects causing failure of de-iodination, storage
or transport of thyroid hormones is present. There is no
practical reason to differentiate between these
conditions, as they have no associated features.

TREATMENT
The ﬁrst task of the physician is to treat the hypothyroid
infant as soon as possible. Treatment should be started
immediately. A diagnosis made on neonatal screening
should be conﬁrmed by low (F)T4 and increased TSH
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Fig. 11.10 Technetium scan showing small midline gland in
child presenting with raised TSH level on screening and
evidence of compensated hypothyroidism at 2 years of age.
Fig. 11.8 Small neonatal goiter.

Fig. 11.9 Larger neonatal goiter.

levels. Whilst awaiting these results L-thyroxine is started
in a dosage of 10–15 µg/kg body weight, and then
tapered to 7–5 µg/kg to maintain the (F)T4 at the
higher end of the age-speciﬁc normal range and
maintain a normal TSH concentration. Overtreatment
can lead to craniostenosis. In some cases the TSH levels
may remain high for many months, despite adequate
treatment, because of acquired hypothalamic feedback

Fig. 11.11 Lateral neck radiograph showing neonatal goiter
enveloping trachea.
insensitivity. In rare cases of mistaken screening-based
diagnosis, therapy can be discontinued with no ill effect.
Therapy is continued life-long, although there is an
argument for reinvestigating the occasional case where
early control is achieved and then no high levels of TSH
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If the TSH level rises to the upper end of the normal
range with a FT4 at the lower end of the range (evidence
of compensated hypothyroidism), a technetium scan or
computed tomography (CT) may demonstrate a small
midline (Fig. 11.10) or lingual gland (Figs 1.85,
11.15–11.17). L-Thyroxine should then be recommenced to remove the theoretical risk of later malignant
change from chronic TSH hyperstimulation.

HYPONATREMIA AND HYPERNATREMIA
WATER REGULATION
Anatomic and physiologic considerations
The osmoregulatory system is controlled by the
hypothalamic–neurohypophyseal axis, which includes
osmoreceptors (near the supraoptic nuclei) and the
neurones for the synthesis, storage and secretion of
arginine vasopressin (AVP) (mainly in supraoptic
nuclei, some in paraventricular nuclei). It also includes
osmoreceptors of thirst, which control drinking
behavior. The second component involves the kidney,
where the renal collecting duct is sensitive to the
action of AVP.
AVP secretion is controlled by changes in water
balance, particularly through changes in plasma
osmolality, to which the osmoreceptor is extremely
sensitive. The ‘osmotic threshold’ for the release of
AVP is 280 mOsm/kg water. Between 280 and
295 mOsm/kg, the AVP level rises steeply. Beyond
295 mOsm/kg, AVP concentration cannot rise
further and thirst is perceived, leading to increased
water intake.
The baroregulatory system is the secondary
mechanism for controlling AVP secretion. The
baroreceptor system (carotid sinus, aortic arch, left

Fig. 11.12 Ultrasonographic scan of same case as in
Fig. 11.11. Trachea in center of lm; goiter measures
35 mm by at least 16 mm.
are detected during the ﬁrst 2 years of follow-up (for
instance because of non-compliance or inadequate
dosage with growth). In this situation gradual reduction
of dose and the demonstration of a rising TSH concentration will demonstrate that the hypothyroidism
persists. If this TSH rise does not occur, then occasionally
the early defect will prove to have been transient and due
to maternal goitrogens or placental transfer of TSH
blocking antibodies, and treatment can be discontinued.
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Fig. 11.13 Perchlorate discharge
test. Graphical representation
between normal or nonorgani cation defect and
organi cation defect such as the
Pendred syndrome.

Hyponatremia and Hypernatremia

Fig. 11.14 Perchlorate discharge test showing uptake of
radio-iodine into goitrous gland and discharge between 30
and 60 minute image in organi cation defect.
Fig. 11.16 Cross-sectional CT of neck showing extent of
goitrous lingual thyroid tissue, see Fig. 1.85.

Fig. 11.17 Transverse CT of neck, as in Fig. 11.16.
Fig. 11.15 Lingual CT, technetium scan con rming no
thyroid tissue in neck. (Parathyroid glands present in neck as
derived from separate embryonic structures.)
atrium) is much less sensitive than the osmoreceptor, as
a change in blood volume of 5–10% is necessary before
AVP is released. Once this threshold is exceeded, release
of AVP may reach levels 10 times higher than those
reached after osmotic stimulation.

Atrial and brain natriuretic peptides act as secondary
regulators of blood volume, but may become important
in some pathologic states.
1-Deamino-8-D-arginine vasopressin (DDAVP) is a
synthetic analog of AVP with more antidiuretic activity
and no pressor activity; it is used for diagnosis and
treatment of central diabetes insipidus (DI).
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Hypernatremia due to diabetes insipidus
Deﬁnition and etiology
Diabetes Insipidus (DI) describes different disorders of
water regulation due to vasopressin deﬁciency or lack of
action and manifested by polyuria and polydipsia with
varying degrees of plasma hypertonicity. Clinical features
include:
■
■
■
■
■

constipation.
vomiting.
fever.
loss of weight or failure to thrive.
dehydration.

When caused by insufﬁcient AVP secretion, this
state is called central DI. A lack of peripheral response
to AVP results in nephrogenic DI.
Central DI is rare in childhood and is most
commonly due to intracranial tumors, or as a result of
neurosurgery for these tumors. Craniopharyngioma
may rarely present with polyuria and polydipsia, but
this is common after operation. Other tumors such as
Langerhans cell histiocytosis (Figs 11.18–11.20) and
germinoma (see Fig. 2.76) along with non-neoplastic
inﬁltration (such as sarcoid) are also causes of DI.
Midline anatomic defects, such as septo-optic dysplasia
(see Fig. 2.81) cause DI in around 30% of cases that
may precede or follow other pituitary hormone deﬁciencies. Posterior pituitary damage can occur posttraumatically with disruption of the vulnerable pituitary
stalk by trauma or after meningitis. After trauma there is
a characteristic triphasic initial antidiuretic hormone
(ADH) deﬁciency followed after 7 days by inappropriate
ADH secretion then either recovery or permanent DI
in the third week. The neurosecretory granules of
AVP show up brightly on magnetic resonance imaging
(MRI), and following stalk transection the lesion can
be demonstrated by a ‘hold-up’ of this material in the

Fig. 11.19 Diffuse Langerhans cell histiocytosis with skin
in ltration.
proximal part of the stalk (see Fig. 2.78). Idiopathic,
autoimmune and familial cases also occur. Adipsic DI
is a rare but serious entity, where the condition exists
in a patient with impaired thirst mechanisms.
Nephrogenic DI can be inherited as an X-linked
abnormality or be secondary to renal damage from
metabolic disease (cystinosis, hypophosphatemia), sickle
cell disease, drug therapy and chronic renal failure from
any cause.
Primary polydipsia is due to a speciﬁc disorder of
thirst regulation or psychogenic causes and will not
result in hypernatremia.
Diagnostic work-up

Fig. 11.18 Langerhans cell histiocytosis with skull erosions.

Many cases of primary polydipsia can de differentiated
from DI by a simple morning paired plasma and
serum osmolarity. In primary polydipsia there will
often be hyponatremia and a low serum osmolarity, in
contrast to DI where the opposite is found.
The surest way to differentiate the forms of DI
(which can occur in varying degrees of severity) is a
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induced by strong saline infusion and AVP levels
measured; in primary polydipsia there will be an
appropriate rise, which will be absent in central DI.
Treatment

Fig. 11.20 Langerhans cell histiocytosis with involvement of
pituitary stalk and diabetes insipidus (followed later by
hypopituitarism).
dehydration test with measurements of plasma
osmolality, urine osmolality and plasma AVP level (see
Appendix). If there is no AVP assay available, an
acceptable alternative is a dehydration test with
measurements of plasma and urine osmolality,
followed by a short desmopressin (DDAVP) test.
If, after dehydration, a high plasma osmolality is
found (>295 mOsm/L) with a low urine osmolality
(<400 mOsm/L), there is complete central DI.
Following desmopressin administration the urine
osmolality increases steeply. In cases of nephrogenic
DI, there is only a partial rise of urine osmolality after
dehydration (<800 mOsm/L) and a subnormal
response to DDAVP. AVP levels will be high in
nephrogenic DI.
During the dehydration test patients with primary
polydipsia usually show an increase in urine osmolality
that is close to normal values, and administration of
desmopressin causes an increase in urine osmolality of
less than 10%. In some cases the test result can be
abnormal after a prolonged polyuric state (due to a
‘wash-out effect’ in the renal medulla), and can be
difﬁcult to distinguish from partial central DI. The
water deprivation test can be repeated after several days
of DDAVP treatment, or a hypertonic saline infusion
test can be performed. Here slight hypertonicity is

Central DI Central DI is treated with DDAVP
intramuscularly or intravenously (usually only in the
postoperative phase of management), intranasally or
orally. The intranasal solution contains 100 µg in
1 mL, but can be diluted for use in neonates. The
usual daily dosage is 0.25–10 µg/kg, given in two or
three doses. Given orally, the dosage is around 10 to 20
times higher, but very variable, and tablets of 0.1 or
0.2 mg are used. Because there is no clear relationship
between the previously needed intranasal dose and the
oral dose, start at the lowest dose and increase under
hospital supervision. The dosage should be adjusted
according to response and should permit normal
drinking behavior and sleep. Overdosage or continued
habit polydipsia during treatment will lead to severe
water intoxication and hyponatremia.
In adipsic DI, strict weight, fluid input and output
records must be kept and an obligate intake maintained.
Indomethacin, chlorpropamide and the anticonvulsants carbamazepine and lamotrigine interfere with
water excretion, and co-treatment may lead to dangerous hyponatremia.
During intercurrent illness in children with hypopituitarism there is relative hypocortisolemia. Cortisol is
needed to excrete salt-free water and so there is often
dilutional hyponatremia. It is safest to stop DDAVP
treatment until the hypocortisolemia has been corrected.
Nephrogenic DI Nephrogenic DI is treated with a
low-solute diet, restricted protein and salt intake, and
water at frequent intervals. In severe cases chlorothiazide
(100 mg/m2 body surface per day) can be given in
three divided doses.
Hyponatremia due to inappropriate secretion of
ADH
The syndrome of inappropriate secretion of ADH
(SIADH) can be caused by many systemic illnesses,
burns, drugs or trauma to the CNS. It is characterized
by hyponatremia and water retention in the presence
of non-dilute urine.
Treatment relies on removing the cause, if possible,
combined with fluid restriction. If severe, phenytoin (in
young children) or demeclocycline (in older children)
can be used; these drugs antagonize the actions of ADH.
In life-threatening situations hypertonic saline and even
combinations of furosemide (frusemide) and fludrocortisone may be used to reverse the hyponatremia.
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Hyponatremia due to cerebral salt wasting
After severe brain injury there may be natriuresis and
extracellular volume depletion secondary to the release
of several natriuretic peptides and other unknown
factors. The differentiation from SIADH (which often
occurs in similar situations) is usually straightforward, as
there is a diuresis and concentrated blood, but formal
measurement of blood volume may be needed (by
central venous pressure, echocardiography or isotope
dilution).

syndromes may be accompanied by the biochemical
changes of proteinuria, aminoaciduria and glycosuria.
Hypokalemia due to renal loss of potassium is common.
In infants, salt loss can occur in cases of urethral
obstruction with or without secondary infection, and
the clinical and laboratory presentation may be very
similar to that of CAH. Sonography of the kidney and
bladder is thus an important investigation in infancy,
accompanied by determination of plasma renin activity
and aldosterone measurements in uncertain cases.
Adrenal disorders

SALT REGULATION
Physiological considerations and laboratory test
The renin–angiotensin–aldosterone system (RAAS) is
the most important mediator in the endocrine
regulation of sodium and water balance. Another
component is atrial natriuretic factor (ANF), which
inhibits aldosteronogenesis physiologically.
The determination of plasma renin activity is thus
an important investigation in hyponatremic or
hypernatremic states. Levels are strongly dependent
on age, with the highest values in the ﬁrst year of life,
and they also vary according to the time of day,
posture and sodium intake.
Aldosterone can be measured in plasma and in a
24-h urine collection. Plasma levels are also highest in
the ﬁrst year of life. Diagnostic accuracy can be
enhanced by relating aldosterone excretion in the urine
to sodium excretion.
Cortisol is the only hormone that produces
feedback inhibition of adrenocorticotropic hormone
(ACTH) secretion, and hence an increase in ACTH
concentration is useful in distinguishing salt-losing
states with primary adrenal failure.
Hyponatremia secondary to salt-losing syndromes
Loss of salt occurs in gastrointestinal, renal and adrenal
disorders. Gastrointestinal diseases may be easy to
diagnose, whereas the differential diagnosis of renal and
adrenal diseases can be difﬁcult.
Clinical symptoms of salt loss comprise:
■
■
■
■
■

These comprise various defects in the synthesis of
mineralocorticoid and glucocorticoid hormones (see
also Ch. 8 for a discussion of CAH causing intersex
conditions).
In functional terms the adrenal consists of two
parts: the cortex, which produces steroid hormones, and
the medulla, which secretes catecholamines. Although
interactions between both parts appear to exist, the
physiologic functions can be considered as separate. In
fetal life the adrenal cortex plays an important role in
producing hormones that appear to be vital for placental
function. After birth the adrenal cortex diminishes
quickly in relative size, with atrophy of the hyperplastic
fetal cortex. The remaining deﬁnitive cortex consists of
three layers: the outer zona glomerulosa, the zona
fasciculata and the zona reticularis. There are ﬁve groups
of hormones produced in the adrenal cortex:
corticosteroids, mineralocorticoids, androgens, estrogens
and progestagens (see Fig. 8.5). The three groups of
hormones are regulated differently. Glucocorticoid
secretion is stimulated by ACTH from the pituitary in a
classic negative feedback pattern. Mineralocorticoid
secretion is mainly stimulated by the renin–angiotensin
system. Androgen production is stimulated physiologically during early adolescence, probably under the
control of ACTH or another central stimulating
hormone, producing ‘adrenarche’ (see Ch. 6). ACTH,
and hence cortisol, is produced in a circadian rhythm,
with the highest levels in the early morning. ACTH
can also be quickly secreted in times of stress.
Failure of aldosterone secretion

wasting.
dehydration.
intermittent fever.
salt craving.
shock.

Renal disease
Many chronic renal disorders can lead to salt-losing
states. The clinical symptoms of renal salt-losing

Congenital isolated defects of aldosterone biosynthesis
with a normal glucocorticoid production are caused
by abnormalities in methyloxidases I and II, which
transform corticosterone into aldosterone. Investigations will reveal hyperkalemia, low-normal or
diminished serum sodium levels, metabolic alkalosis
and progressive reduction of kidney function, resulting
ﬁnally in central shock and acidosis. Plasma renin
activity is high and aldosterone low. Measurement of
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plasma corticosterone, 18-hydroxycorticosterone
and aldosterone levels along with a urinary steroid
proﬁle can demonstrate the precise enzymatic defect.
Fludrocortisone acetate is used as replacement therapy
(see Ch. 8).
Pseudohypoaldosteronism is caused by a defect of
type I aldosterone receptors. The symptoms are the
same as those of hypoaldosteronism, but aldosterone
levels are very high. Administration of fludrocortisone
acetate has no effect and high doses of oral sodium
chloride are necessary for treatment.
Mineralocorticoid deﬁciency as part of salt-wasting
CAH is discussed in Chapter 8.
Hypoadrenalism
Although hypoadrenalism per se does not invariably
cause hyponatremia, this is often a major component of
the presentation of the causes of hypoadrenocorticism
that are listed in Table 11.2. Primary hypoadrenocorticism is caused by a disorder in the adrenal itself,
and manifests biochemically by a low serum cortisol
level and a high serum ACTH concentration. The
secondary forms are associated with low ACTH levels.
Adrenal hypoplasia is usually an X-linked condition
associated with deletion of the same DAX1 gene that
produces XY sex reversal when duplicated (see Ch. 8).

Primary hypoadrenocorticism
Aplasia or hypoplasia of the adrenals
Adrenal hemorrhage of the newborn
Congenital adrenal hyperplasia caused by
21-Hydroxylase de ciency
17-Hydroxylase de ciency
3β-Hydroxysteroid dehydrogenase de ciency
Lipoid hyperplasia
Adrenal crisis of acute infection
Congenital adrenocortical unresponsiveness to ACTH
Chronic hypoadrenocorticism (Addison s disease)
The 3A syndrome
Primary familial xanthomatosis
Adrenoleukodystrophy
Secondary to insuf cient ACTH secretion
Suppression by glucocorticoid therapy
Removal of unilateral secreting adrenal tumors
Starvation, anorexia nervosa
Infants born to mothers treated with steroids
Anencephaly
Secondary to drug therapy (ketoconazole, cyproterone)

Table 11.2 Syndromes of hypoadrenocorticism

Clinical presentation Infants with aplasia or hypoplasia of the adrenal glands present with:
■

shock, tachycardia, cold and clammy skin, rapid
respiration, vascular collapse.
■ hyperpyrexia.
■ cyanosis.
■ skin pigmentation in the later presenting cases.
Depending on the involvement of the zona glomerulosa, salt loss can occur with hyponatremia and hyperkalemia. The differential diagnosis lies between
septicemia, intracranial hemorrhage and pulmonary
infections.
This disorder can be sex-linked recessive or sporadic.
Adrenal hemorrhage
This occurs mainly after prolonged labor and/or
traumatic deliveries of large infants, and occurs more
in boys than in girls. Severe clinical signs, similar to
those described above, are seen only if hemorrhages
have occurred bilaterally. On physical examination
there may be a mass in the flank. On ultrasonography
the kidney can be seen to be displaced downward by a
hyperechoic adrenal. Usually calciﬁcation is seen after
3–6 weeks. During fulminating infections (particularly
meningococcemia, but also during pneumococcal,
streptococcal, Hemophilus and diphtheric infections),
acute adrenal failure may occur. The clinical presentation
is with shock and purpura, and if the child dies
bilateral adrenal hemorrhage can be seen at autopsy.
Chronic hypoadrenocorticism (Addison’s disease)
The symptoms of this chronic progressive debilitating
illness consist of:
■

weight loss and gastrointestinal complaints
(anorexia, nausea, vomiting, diarrhea).
■ cardiovascular problems (hypotension, decrease in
heart size).
■ skin hyperpigmentation due to ACTH
oversecretion (particularly on pressure areas and
scars, buccal mucosa, axilla, nipples, groin and the
borders of the lips) (see Figs 1.138 & 1.139).
Because of the slow progression of the disease,
diagnosis may be delayed. It is often not suspected until
an acute adrenal crisis with dehydration and shock is
precipitated by surgery, trauma or infection. Addison’s
disease can be a result of tuberculosis; AIDS; other rare
infections such as coccidiomycosis, blastomycosis and
histoplasmosis; amyloidosis; and malignant inﬁltration.
It can result from autoimmune disease, which may be
due to isolated antiadrenal antibodies but is more often
as part of the polyglandular syndrome type 1 (or HAM
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syndrome, with Hypoparathyroidism, Addisonism and
Moniliasis; see Ch. 9).
Hypoadrenocorticism secondary to insufﬁcient
ACTH secretion
This is usually part of multiple pituitary endocrinopathy,
but can rarely occur as an isolated event. It may follow
cranial irradiation.
Congenital unresponsiveness to ACTH has also
been described.
3A syndrome
The Algrove syndrome, or 3A syndrome of alacrima,
achalasia and adrenal hypofunction (see Figs 1.150 &
1.151), is a rare multisystem disorder affecting the
autonomic nervous system and is associated with later
neurodevelopmental abnormalities. It is caused by a
mutation in a regulatory gene that is expressed
ubiquitously in neuroendocrine and cerebral tissue.
Adrenal calciﬁcation is not an uncommon ﬁnding,
especially after neonatal sepsis. It is almost always
discovered coincidentally and hardly ever results in
adrenal insufﬁciency (Fig. 11.21).
Diagnostic work-up
Measurements of serum sodium and potassium
concentrations are obviously necessary, sometimes in
association with an estimation of urinary salt excretion.
An early morning (0800–0900 hours) serum cortisol
measurement allows for simple exclusion of cortical
insufﬁciency (preferably paired with a simultaneous
measurement of ACTH concentration; see below).

Fig. 11.21 Adrenal calci cation seen coincidentally on
radiograph of ex-premature neonate.

Note that infants up to 3 months of age do not show a
circadian rhythm; consequently, below this age the
timing of the sample is not critical and repeated
measurements during the day or an ACTH (Synacthen)
test will give useful information.
A paired serum ACTH determination will discriminate the primary and secondary forms of
hypoadrenalism.
In response to Synacthen (see Appendix), primary
defects will show an absent or low serum cortisol
response. A suboptimal rise is also seen in long-standing
central defects although, if Synacthen is continued for
48 h, a response will be seen. To discriminate between
pituitary or hypothalamic problems, a stimulation test
with corticotropin releasing factor (CRF) may be
performed (see Appendix).
A urinary steroid proﬁle and measurements of plasma
adrenal steroids will help to discriminate between the
various biosynthetic disorders. An autoantibody screen
should be performed along with at least ultrasonic
imaging of the adrenals, although abdominal CT may
give more detail. Very long-chain fatty acid (VLCFA)
levels are abnormal in adrenoleukodystrophy.
Treatment
Acute adrenal insufﬁciency is treated with fluid and electrolyte replacement, for example 20 mL normal (0.9%)
saline per kg body weight in the ﬁrst hour followed by a
regimen tailored to the circulating volume and serum
electrolytes. If there is continuing salt loss, oral sodium
chloride supplements are required (1 g per 10 kg body
weight), both for the initial therapy and until stabilized
on mineralocorticoid replacement. For this, use
deoxycorticosterone acetate (DOCA) at an approximate dose of 2 mg per day intramuscularly, then
changing to twice-daily 9α-fludrocortisone acetate
(0.15–0.25 mg/m2 in 24 h) when the patient is able to
take oral fluids. This dose should then be tailored to
maintain normal plasma renin activity and blood
pressure.
Hydrocortisone sodium hemisuccinate is given
intravenously in a daily dose of 120 mg/m2 or
prednisolone 25 mg/m2. This dosage is approximately
10 times the physiologic secretion rate. Maintenance
therapy consists of hydrocortisone, 12–15 mg/m2
daily, orally every 8 h, commonly divided 2 : 1 : 1 to try
to mimic the natural circadian secretion. The ﬁrst dose
should be given on waking, the second in the early
afternoon and the last dose after supper. Infants and
small toddlers may require a four times a day dose or the
use of a pre-bedtime equivalent dose of prednisolone
(with a longer half-life) to allow safe levels during sleep.
At times of stress the body responds with an
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increased ACTH and cortisol production; therefore,
children with hypoadrenocorticism should be treated
at times of fever, minor infections and trauma, and
even psychologic upset, with a double dose of
hydrocortisone. For elective surgery, with serious
infections or trauma, and if a vomiting illness occurs,
parenteral therapy is required, at 10 times the
physiologic rate (as at diagnosis). The parents of all
hypoadrenocortical children should be instructed on
how to seek immediate medical help and advice, and
how to give an initial intramuscular injection of
50–100 mg hydrocortisone, which may be life-saving
in some situations. It is advisable to wear some form
of Medicalert identiﬁcation.
Hypernatremia due to mineralocorticoid excess
In 11β-hydroxysteroid dehydrogenase (and to a lesser
extent in 17α-hydroxylase deﬁciency), there is sufﬁcient
accumulation of deoxycorticosterone (DOC) to produce
salt retention, hypokalemia and hypertension, as well as
cortisol deﬁciency and pseudo-hermaphroditism (see
Ch. 8).
Overtreatment of 21-hydroxylase deﬁciency with
fludrocortisone will produce salt retention and
hypertension.
Other endocrine causes of hypertension
Primary hyperaldosteronism is very rare in childhood,
but when it occurs is most likely due to bilateral nodular
adrenal hyperplasia or tumor. Plasma expansion,
hypernatremia and renin suppression occur.
Cushing syndrome in childhood is often accompanied by hypertension.
Tumors of neural crest origin (pheochromocytoma,
neuroblastoma or ganglioneuroma) may produce
hypertension secondary to catecholamine excess. They
may occur sporadically or in association with
neuroﬁbromatosis, von Hippel–Lindau syndrome and
multiple endocrine adenomatosis (MEA) II and IIb.
The hypertension may be intermittent or sustained
and accompanied by:
■
■
■
■
■
■

headaches.
pallor and sweating.
nausea.
abdominal pain.
visual loss or diplopia.
ﬁts.

Diagnosis is by determination of plasma catecholamine levels or their urinary metabolites vanillylmandelic acid (VMA) and homovanillic acid (HVA). The
radio-isotope MIBG (131I-m-iodobenzylguanidine) and
CT can be used to localize the tumor. Treatment is by

surgical resection after combined α- and β-blockade in
a specialist unit.

CALCIUM AND PHOSPHATE
PHYSIOLOGY
The main regulator of calcium and phosphate levels is
parathyroid hormone (PTH), which is secreted in
response to reduced serum calcium concentrations. It
increases bone mobilization of calcium and renal
calcium reabsorption, and (less immediately) increases
calcium absorption in the intestine (through its action
on vitamin D metabolism). It also decreases the
reabsorption of phosphate from the proximal tubules
of the kidney. The effect of PTH on vitamin D
metabolism is mediated through an increase of the
renal 1-hydroxylase enzyme activity, which transforms
25-(OH) vitamin D into 1,25-(OH)2 vitamin D.
Vitamin D (calciferol) is synthesized from
cholesterol in the skin and taken in food, and is then
transformed to 25-(OH) vitamin D in the liver. In the
kidney it is transformed either to the 1,25-(OH)2D
(active) or 24,25-(OH)2D (inactive) forms. The
activity of 1-hydroxylase is upregulated by PTH, and
downregulated by both raised 1,25-(OH)2D and serum
phosphate concentrations. It acts on the intestine to
increase calcium absorption, mobilizes calcium from
bone and reabsorbs calcium in the kidney. Hepatic and
renal disease will lead to secondary hypocalcemia by
disrupting the synthesis of active vitamin D metabolites
and tubular reabsorption of calcium.
The skeleton serves as a store of calcium and
phosphate. PTH and 1,25-(OH)2D act synergistically
to promote bone resorption.
Calcitonin decreases calcium mobilization and
increases calcium excretion by the kidney. It is
secreted in response to hypercalcemia. It has only a
minor role in calcium homeostasis.
Phosphate levels are maintained in a complex
manner. Mutations in the gene for a ﬁbroblast growth
factor (FGF-23) lead to autosomal dominant
hypophosphatemic rickets by causing relative overexpression of this phosphaturic compound. FGF-23 is
also produced in some tumors, leading to phosphate
loss and tumor-induced osteomalacia. FGF-23 is itself
metabolized by an endopeptidase and PHEX mutations
(which code for this protein) cause X-linked hypophosphatemia.
The calcium-sensing receptor (CASR) is a membrane
G protein-coupled receptor expressed in the parathyroid
gland and kidney tubule. It detects changes in calcium
concentration and modiﬁes PTH secretion or renal
cation handling.
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INVESTIGATION OF HYPOCALCEMIA OR
HYPERCALCEMIA
Serum calcium and phosphate measurements should
be determined. After the neonatal period, serum
calcium levels remain constant throughout childhood
(2.1–2.85 mmol/L, 8.4–10.6 mg/dL), whereas
serum phosphate concentration is age dependent,
with high levels in early childhood (1.3–2.3 mmol/L,
4–7 mg/dL), decreasing to adult levels (0.6–1.5
mmol/L, 2.0–4.6 mg/dL) only after adolescence.
Total serum calcium levels should be interpreted in
relation to serum albumin, and corrected in states of
hypoalbuminemia or hyperalbuminemia by the formula:
Total Ca in mmol/L
Corrected Ca = –––––––––––––––––––––––––––––––
(0.25 × Albumin in g/L) + 1

■
■
■
■
■
■
■
■
■
■

If abnormalities are detected, further investigations
are warranted. Intact PTH, 25(OH)D, 1,25(OH)2D
and urine cyclic adenosine monophosphate (cAMP)
levels should be measured. An indirect measure of PTH
secretion is an estimation of renal phosphate
reabsorption. Renal phosphate excretion occurs mainly
by means of failure of reabsorption in the proximal
tubule of the kidney. This process is saturable, and the
ratio of the maximal rate of tubular phosphate
reabsorption to the glomerular ﬁltration rate
(Tmp/GFR) can easily be determined by simultaneous
measurement of fasting urine and serum phosphate and
creatinine concentrations. Normal levels of the
Tmp/GFR ratio are age dependent, with high values
during childhood (1.3–2.6 mmol/L, 4–8 mg/dL),
declining to adult levels (0.8–1.4 mmol/L,
2.5–4.2 mg/dL) after the age of 18 years. PTH is one of
the many factors influencing renal handling of
phosphate (in that it resets the Tmp/GFR ratio at a
lower level, resulting in increased urinary phosphate
excretion and decreased serum phosphate concentrations); accordingly the Tmp/GFR ratio is high in
hypoparathyroidism and low in hyperparathyroidism.

Differential diagnosis
A list of causes of hypocalcemia in the neonate and
later childhood is given in Table 11.3.
Deﬁcient PTH secretion results in hypocalcemia (due
to decreased bone mobilization, renal reabsorption and
intestinal absorption). Hyperphosphatemia results from
increased renal reabsorption due to inadequate
inhibition by PTH. The causes of hypoparathyroidism
are given in Table 11.4. A plain radiograph in early
infancy may demonstrate thymic aplasia (Fig. 11.22),
which may be conﬁrmed by ultrasonography. (Further
investigations should be undertaken to evaluate the
immune system and to look for cardiac defects if
DiGeorge syndrome is a possibility. The hypocalcemia
is usually mild and requires treatment for only the ﬁrst
2 years of life.)

Age

Etiological factors

Early neonatal Prematurity; asphyxia; infants of diabetic
mothers; maternal vitamin D de ciency
Late neonatal Hypoparathyroidism (transient or
permanent); high milk phosphate load;
hypomagnesemia; parenteral nutrition;
exchange transfusions; chronic alkalosis or
bicarbonate treatment; maternal
hyperparathyroidism
Childhood
Vitamin D de ciency (in early or latest
stages); vitamin D-dependent rickets
(types I and II); hypoparathyroidism;
pseudo-hypoparathyroidism; AIDS

Hypocalcemia
The clinical symptoms and signs of hypocalcemia
occur earlier when the calcium level falls rapidly, when
serum magnesium concentration is low, when there is
an alkalosis, or when the serum potassium level is
high, and comprise:
■

tetany (increased neurologic excitability), which
can express itself in atypical forms, such as
paresthesia, cramps.
■ stridor, from laryngospasm.
■ Chvostek’s sign (spasm around the mouth and
eyes from percussion of the temporomandibular

branch of the facial nerve; this sign may be present
in normal individuals, but is exaggerated in
hypocalcemia).
Trousseau’s sign (spasm of the hand and thumb in
response to relative ischemia from a tourniquet).
smooth muscle spasm.
persistent diarrhea.
seizures.
extrapyramidal signs due to basal ganglion
calciﬁcation.
papilledema.
raised intracranial pressure.
psychiatric disorders.
dermal and dental changes (dry skin, brittle nails,
coarse hair).
cataracts.

Table 11.3 Causes of hypocalcemia, by age
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neck, a short fourth metacarpal (see Figs 1.28 & 1.29)
and nodular subcutaneous calciﬁcation (osteoma cutis).
Autosomal dominant familial hypocalcemia is
caused by a mild activating mutation of the CASR.
Maternal hyperparathyroidism will cause transient
hypocalcemia in the infant due to exposure to a hypercalcemic environment in utero and PTH suppression.

Aplasia and hypoplasia
Isolated (sporadic, X-linked, autosomal recessive,
maternal 131I therapy)
Dysbranchiogenesis — the DiGeorge syndrome (in
association with hypoplastic thymus, cardiac defects
and abnormalities on chromosome 22q)
Kenny syndrome (in association with hypermetropia,
short stature and tubular bone stenosis)

Treatment

Transient hypoparathyroidism
Transient congenital parathyroid gland dysplasia
Maternal hyperparathyroidism
Hypomagnesemia

Acute The treatment of tetany consists of a 10%
calcium gluconate infusion at a dosage of 0.20 mL/kg
body weight, followed by 1.6 mL/kg (15 mg/kg)
over 6–12 h. Extravasation leads to tissue necrosis
(Fig. 11.23), so the solution should preferably be
diluted (1 : 10). If there are no neurologic symptoms,
oral calcium (50 mg/kg over 24 h in four divided
doses) should be used.

Polyglandular syndrome type I (or HAM syndrome)
Isolated idiopathic hypoparathyroidism
Acquired hypoparathyroidism
Surgical
Irradiation
In ltration (iron storage in the hemoglobinopathies)
AIDS

Long-term The aim of therapy is to maintain serum
calcium levels at the lower limit of normal. Vitamin D is
given as dihydrotachysterol, 1α-hydroxycholecalciferol
or 1,25-dihydroxycholecalciferol, usually in combination with calcium supplements (20 mg/kg daily).
Overtreatment will result in nephrocalcinosis, so regular
checks are needed of serum calcium, phosphate and
creatinine levels, as well as urinary calcium excretion
over 24 h. The calcium excretion should not exceed
4 mg/kg (0.1 mmol/kg), and the fasting urinary
calcium : creatinine ratio (both in mmol/L) should be
less than 0.7. Annual renal ultrasonography is also
recommended.

Pseudohypoparathyroidism
(Albright hereditary osteodystrophy)

Table 11.4 Causes of hypoparathyroidism

Rickets
Rickets is a state of faulty mineralization of bone matrix
in a growing child. It may result in hypocalcemia, but
the biochemical manifestations are variable. The various
causes of rickets are shown in Table 11.5.
Clinical signs
■

Hard expansion of the bone ends (see Figs 4.5 &
4.6).

Fig. 11.22 Thymic aplasia in DiGeorge syndrome
(con rmed on ultrasonography).
Various PTH receptor defects will result in PTHresistant hypocalcemia, pseudo-hypoparathyroidism
(see Ch. 2). Many cases are associated with learning
difﬁculties, short stature, a round face with a short

Fig. 11.23 Radiograph showing extravasated calcium; this
required later forearm amputation.

223

Abnormal Laboratory Values

■
■
■

■
■
■

Skull deformities with frontal bossing and
brachycephaly.
Rachitic rosary (Fig. 11.24).
Leg deformities, often with bowing (Figs 11.25
& 11.26), although there may be a wind-swept
deformity and knock knees.
Leg pain and refusal to walk (not seen in
hypophosphatemic rickets).
Growth retardation (see Fig. 2.52).
Myopathy.

Radiography
Radiographs of any of the large joints show widening
of the growth plate with ‘cupping’ and irregular
concavity at the metaphysis (Fig. 11.27). There may
be reduced bone mineralization.
Therapy and prevention
Simple vitamin D-deﬁcient rickets is treated by
either 20 µg vitamin D (800 IU), given daily for
3–4 months, or by a single intramuscular dose of
15 000 IU vitamin D (375 µg) (ergocalciferol).
Vitamin D-dependent rickets type I (secondary to a
deﬁciency or absence of 1α-hydroxylating enzyme) is
treated with calcitriol or 1α-calcidol, 0.25–2 µg per
24 h in two divided doses. Vitamin D-dependent
rickets type II due to defects in the vitamin D receptor
can be treated with large doses of calcitriol. If
ineffective, extra calcium must be given via a central
line, overnight, 1–2 mmol/kg daily.
Hypophosphatemic rickets is treated with oral
phosphate supplements coupled with calcitriol. It is
essential to monitor PTH levels and urinary calcium

Fig. 11.24 Rickety rosary visible in child with malnutrition
secondary to bowel resection.

Calcium

Phosphate

PTH

Vitamin D de ciency
Stage 1, early
Stage 2
Stage 3, late

Low
Normal
Low

Normal
Low
Low

Normal
High
Low

X-linked hypophosphatemia

Normal

Very low

Normal (may be raised initially.
Monitor during treatment)

Type 1, vitamin D dependent

Low

Low

High

Type 2, as above plus alopecia

Low

Low

High

Calcium de ciency

Low

Normal

Table 11.5 Causes of rickets
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Fig. 11.26 Radiograph of patient in Fig. 11.25.
Fig. 11.25 Vitamin D-de cient rickets, external
appearance.

excretion, and to perform a yearly renal ultrasonographic scan. The evidence that growth hormone
will improve the tubular phosphate loss or improve
the rate of growth is poor outside the youngest child,
and data on long-term follow-up are not available.
Osteoporosis
Juvenile idiopathic osteoporosis (Fig. 11.28) is a
condition of unknown cause that produces bone pain
and fractures in the prepubertal child, but seems distinct
from osteogenesis imperfecta. It remits after several
years but can leave residual deformity and short stature.
The serum calcium levels are usually normal, but may be
slightly low whilst the disease is most active.
Osteogenesis imperfecta (see Figs 2.53, 2.61 &
2.62) produces severe osteoporosis.
Any causes of pubertal delay (see Ch. 7) can produce
undermineralization of the skeleton, detectable on
estimation of bone mineral density, which tends to be
more severe with later presentation. Whether this

Fig. 11.27 Chest radiograph showing widened epiphyses,
cupping of the metaphyses and abnormal bone formation in
hypophosphatemic rickets.

produces clinically important later effects is unknown,
but spontaneous fractures have been reported in
adults with the Ullrich–Turner syndrome.
Cushing syndrome can produce vertebral collapse
and permanent stunting due to low mineral density.
Treatment of all causes of osteoporosis is with a
normal, but monitored, calcium and vitamin D intake,
with the bone-strengthening bisphosphonates under
specialist supervision.
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Fig. 11.29
Hyperparathyroidism with
bony erosions of
phalanges.

Fig. 11.28 Juvenile idiopathic osteoporosis; very low bone
mineral content.

Hypercalcemia
The clinical symptoms and signs of hypercalcemia are:
■
■
■

weakness.
vomiting and constipation.
polyuria and polydipsia.

Nephrocalcinosis may occur, leading to renal
failure and secondary hypertension.
Hyperparathyroidism may be caused by an adenoma
or general hyperplasia of the glands and is rare in
childhood (Fig. 11.29). Adenomas are sporadic, but
hyperplasia may be familial and associated with MEA I
or II (see Table 9.4). Sestamibi imaging may help to
locate non-thyroidal parathyroid tissue (i.e. thoracic).
The genes associated with MEA I and II are located on
11q and 10q respectively, and may be analyzed to
conﬁrm the diagnosis or exclude siblings and children
from unnecessary screening. Further screening tests in
genetically identiﬁed teenage individuals with MEA I
include yearly PTH and calcium estimation, gut peptides
(vasoactive intestinal peptide (VIP), pancreatic polypeptide, glucagon, gastrin and somatostatin), prolactin
and insulin-like growth factor (IGF) 1 with 5-yearly
MRI of the pituitary and pancreas, and the
neuroendocine tumor markers chromogranin A and
neurone-speciﬁc enolase.
Vitamin D intoxication and malignancy may also
cause hypercalcemia.
In infancy, transient idiopathic hypercalcemia is
associated with characteristic facial features (Fig. 11.30)
and neurologic (Fig. 11.31) and cardiovascular defects
(Williams syndrome).
An infantile form of severe primary hyperparathyroidism due to hyperplasia of the glands may occur.
It presents with marked hypotonia, feeding problems,
chest deformity and respiratory distress. It may be
familial or sporadic; usually the cause is unknown,
although some cases may be due to mutations of the
calcium-sensing receptor. It is severe enough to warrant
emergency total parathyroidectomy. Milder reduction in

Fig. 11.30 The Williams syndrome — note abnormal midface and wide, open, mouth. The iris has a stellate
appearance. The voice is hoarse and there may be
hyperacusis.
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modulated by the effects of pancreatic somatostatin. As
glucose concentrations fall there is a reciprocal rise in the
extrapancreatic counterregulatory hormones cortisol,
growth hormone and epinephrine (adrenaline), which
act in various ways to stabilize blood glucose levels.
Growth is adaptively inhibited, despite the rise in
growth hormone levels, by an increase in levels of IGF
binding protein 1 and thus reduced growth factor
availability. It follows that any relative excess of insulin
or lack of counterregulatory hormones will tend to
produce hypoglycemia. Insulin deﬁciency (usually seen
in type 1 insulin-dependent diabetes mellitus) or insulin
resistance (seen much more rarely in childhood as
maturity-onset diabetes of youth (MODY), or with
other syndromic associations) will produce hyperglycemia (see Ch. 10). Cortisol excess, either iatrogenic
or as part of the Cushing syndrome, will also produce
hyperglycemia (as can iatrogenic overdosage with
growth hormone in rare clinical situations).

HYPOGLYCEMIA
Fig. 11.31 Intracranial calci cation in idiopathic infantile
hypercalcemia.
the activity of the calcium-sensing receptor produces
familial hypocalciuric hypercalcemia.
Maternal hypocalcemia due to hypoparathyroidism
or other causes will result in transient reactive hypercalcemia after birth. Phosphate depletion in the preterm infant may also cause infantile hypercalcemia.

GLUCOSE
Glucose input from the diet and tissue stores is balanced
against utilization by the tissues. Pancreatic endocrine
secretion of insulin, as well as glucagon, somatostatin
and pancreatic polypeptide, is modulated by nutrient
levels (glucose and amino acids), autonomic neural
input and paracrine influences. The secretion of insulin is
secondary to rising intracellular adenosine triphosphate
(ATP) levels. This in turn closes membrane potassium
channels and leads to cell depolarization. In response to
the voltage change there is calcium influx and
exocytosis of insulin from storage granules.
In the circulation, insulin acts to move glucose into
fat and muscle, to promote liver glycogen synthesis, and
has an anabolic action on muscle protein synthesis.
These actions result in a lowering of glucose, ketone
body, free fatty acid and branched-chain amino acid
levels. Resistin, secreted from white fat, antagonizes
these peripheral insulin actions.
Glucagon concentration rises at the expense of
insulin during periods of starvation, possibly in part

Hypoglycemia triggers a set of counterregulatory and
neurobehavioral responses. The blood glucose level that
achieves these effects is to an extent dependent on age,
disease and situation, but may be taken approximately
as <2.2 mmol/L (40 mg/dL) in the older child or adult
and as <2.8 mmol/L (50 mg/dL) in the neonate,
although levels lower than 3.5 mmol/L (62 mg/dL)
may be of concern in the sick, premature infant.
Hypoglycemia itself modiﬁes especially the metabolic
responses to subsequent episodes of low blood sugar
levels, in both the long and short term, and there may
also be changes in disease duration and activity. Some
metabolic disorders that cause hypoglycemia also affect
normal counterregulation, further complicating the
predictability of symptoms.
Clinical presentation
The presenting features of hypoglycemia in childhood
are:
■
■

pallor and sweating.
confusion and irritability, proceeding to loss of
consciousness.
■ hunger, abdominal pain or nausea.
■ convulsions.
In the neonate, additionally:
■
■
■
■
■
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jitteriness.
hypotonia.
hypothermia.
apnea and oxygen desaturation.
tachypnea.
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A drug history should be taken as steroid withdrawal,
even inhaled steroids, can occasionally precipitate
symptomatic hypoglycemia. Ingestion or administration
of sulfonylureas and insulin can cause factitious
hypoglycemia.
Severe hypoglycemia can be devastating to a
developing brain and result in severe damage. There is
a tendency for this to be most severe in the occipital
region of the brain, resulting in a syndrome of cortical
blindness along with spastic quadriplegia, severe delay
and ﬁts (Fig. 11.32).
Differential diagnosis
In the neonate, hyperinsulinism caused by diabetes in
the mother or by persistent hyperinsulinemic
hypoglycemia of infancy (PHHI) should be associated
with macrosomia (see Figs 3.26 & 3.28). PHHI can
be caused by a number of genetic mechanisms affecting
the membrane potassium channels and the abnormal
coupling of release of insulin to glucose levels. These
defects may be inherited in both an autosomal
dominant and recessive manner. The recessive form is
particularly common in the Arabian peninsula. One
form associated with an abnormality of glutamate
dehydrogenase presents with mild hyperinsulinism
and hyperammonemia. The histologic changes of
diffuse beta-cell hyperplasia (Fig. 11.33) are no
longer thought to be a primary anatomic abnormality

(‘nesidioblastosis’), but secondary to the assorted
gene defects described above.
Neonatal hyperinsulinism can also be secondary to
hydrops fetalis. Premature babies and small-fordates infants (see Fig. 2.22) have decreased energy
stores in the presence of increased utilization. The
Beckwith–Wiedemann or EMG syndrome (exomphalos,
macroglossia, gigantism) (see Figs 3.17–3.19) may be
associated with an abnormality of chromosome 11 in a
proportion of patients, and there is a risk of Wilms
tumor and other malignancies (see Ch. 3).
Panhypopituitarism in the male neonate may be
evident from micropenis or cryptorchidism (see
Fig. 8.12).
Although the importance of growth hormone as a
counterregulatory hormone wanes after the ﬁrst year of
life, there is genetic variability in mechanisms of glucose
homeostasis, and hypoglycemia may be a presenting
feature of isolated growth hormone deﬁciency or
hypopituitarism even in the older child (who will also
manifest a poor rate of growth, short stature or
hypogonadism).
There may be hepatomegaly associated with the
glycogen storage disorders both in the neonatal
period and at later presentation (see Fig. 2.49). Fatty
acid oxidation disorders, galactosemia and some other
metabolic disorders will produce hypoglycemia as a
consequence of decreased production of glucose, as will
severe liver disease. Alcohol ingestion in childhood may
be associated with severe hypoglycemia.
Pancreatic adenomas may occur in later childhood
de novo or as part of MEA I.
Diagnostic work-up
At the time of hypoglycemia (which may need to be
induced by starvation in some carefully supervised

Fig. 11.32 Brain CT showing cortical defects and loss of
gray matter, predominantly in the occipital region, following
a single event of severe hypoglycemia.

Fig. 11.33 Diffuse beta-cell hyperplasia, showing insulinsecreting tissue as brown — a condition formerly called
nesidioblastosis.
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situations in specialized centers), blood should be
obtained to allow comparison of the low blood glucose
levels to insulin, cortisol and growth hormone. Also
estimate levels of ammonia, branched-chain amino
acids, hydroxybutarate, lactate and free fatty acids. The
ﬁrst urine passed after the episode should be analyzed
for dicarboxylic acids, glycine conjugates, organic
acids and acylcarnitine. If there is any possibility of
factitious hypoglycemia, assay C-peptide levels (which
will be low at the same time as a raised insulin
concentration if this is being administered by a carer),
and for alcohol, salicylate or oral hypoglycemic agents
such as sulfonylurea.
Hypoglycemia can be broadly classiﬁed as ketotic
or non-ketotic, and a summary of the interpretation of
these investigations is given in Table 11.6.
Treatment
Treatment of PHHI involves immediate restoration
of normoglycemia. Intravenous dextrose utilization
may exceed 10 mg/kg/min and may need central
line placement. Glucagon up to 200 µg/kg will raise
the blood sugar level for up to 12 h whilst
more deﬁnitive therapy is instituted. Diazoxide opens
the pancreatic potassium channels and should be

started at a low dose (5 mg/kg daily) to avoid the
heart failure that occurs with doses up to 20 mg/kg
daily. With chronic use, hypertrichosis occurs
(Fig. 11.34). Diazoxide is often combined with
chlorthiazide, 7–10 mg/kg daily, which ameliorates
the heart failure and has independent membrane
polarization effects. Nifedipine is a calcium channel
antagonist that may be useful in isolated cases.
Octreotide (a synthetic analog of somatostatin) inhibits
insulin release but needs to be given by injection and
causes suppression of other peptide hormone release and
gallstones. If medical treatment fails to suppress
symptoms, then pancreatectomy of 95% or more may be
required. There is evidence that the pathology is focal in
at least 40% of cases, and preoperative venous
sampling for insulin may remove the need for total
pancreatectomy and subsequent diabetes with
exocrine pancreatic failure. Many children with PHHI
have gastric dysmotility and require prokinetic agents.

SCREENING SURVIVORS OF PEDIATRIC
MALIGNANCY
The success of treatment for various childhood
malignancies means that increasing numbers of long-

Finding at the time of hypoglycemia

Interpretation

Ketosis with low fatty acids

Ketone body utilization defects

Ketosis plus fatty acid increase, normal lactate level

Growth hormone de ciency (In the neonate the growth hormone
response to hypoglycemia is variable and may require later
provocation testing to con rm. Treatment with growth hormone
and restoration of normoglycemia is an initial pragmatic approach)
Cortisol de ciency, con rmed by low cortisol level
Glycogen storage disease types 3, 6 and 9
Ketotic hypoglycemia

Ketosis plus fatty acid increase, raised lactate level

Organic acidemias
Gluconeogenesis defects

No ketosis plus low fatty acid level

Hyperinsulinism — con rm with detectable (not necessarily
absolutely raised) insulin level
Sometimes panhypopituitarism in the neonate

No ketosis plus raised fatty acids, normal lactate levels

Fatty acid oxidation defects

No ketosis plus raised fatty acids, lactate level raised

Glycogen storage disease type 1
Respiratory chain defects

C-peptide level low whilst insulin level high

Factitious administration of insulin

Table 11.6 Investigation of hypoglycemia.
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the clinical picture, it is always wise to raise the
possibility of laboratory error or repeat the estimation.
Many diagnostic ‘kits’ come with inappropriate
reference ranges for children and it is wise to establish
local experience and ‘normal’ values with an assay
before routine use. It should be remembered that
‘normality’ is usually deﬁned as a value ± 2 standard
deviations from the mean, and some outliers will, by
deﬁnition, be healthy individuals.
‘Adequate’ responses to stimulation tests (especially
with respect to growth hormone) are often deﬁned in an
arbitrary way and change with availability of treatment
and medical practice. Apparent lack of response may
reflect poor investigative methodology more than
pathology. Failure to appreciate changes in hormone
levels with time of day, age, stage of pubertal development, weight or surface area will also lead to
confusion.
Some international hormone standards measured in
units referable to a biologic standard also change from
time to time and require revision of normal values.
There are some apparent endocrine abnormalities
that are due to more predictable laboratory artefacts or
to biological/induced variation in binding protein
levels or hormone metabolism. These are briefly
discussed below.
Fig. 11.34 Hypertrichosis following diazoxide treatment for
PHHI.
term survivors require follow-up. It is estimated that
by the year 2010 almost 1 in 800 of the young adult
population will fall into this category.
The cost of the cure is related to the chemotherapy
and radiotherapy received during initial treatment.
Many survivors will have short stature and endocrine
dysfunction (see Ch. 2). The exact nature of the later
endocrine and growth-inhibiting effects will depend
on the nature, dosage, age of administration and sex
of the patient. The relative contributions of drug- and
radiation-induced effects is still far from clear. Only
active surveillance for the development of these
problems at an early stage will allow for early detection
and treatment before avoidable morbidity occurs.
An outline of the endocrine and other problems
that will require prospective surveillance in these
survivors is given in Table 11.7.

ARTEFACTUAL ENDOCRINOPATHIES
Any laboratory assay has an inbuilt error of estimation.
If the results obtained on testing do not agree with

DRUGS AND DIET
Many drugs will induce liver enzymes and hence
increase hormone clearance or binding protein levels
and thus interfere with free hormone estimations.
Alkaline phosphatase levels may also be altered. The H2
histamine blockers such as cimetidine interfere with the
measurement of serum calcium. It is thus essential that a
drug history is provided for the laboratory. Food with a
high vanilla content and a number of drugs will
interfere with urinary estimation of VMA and HVA.

HYPERLIPIDEMIA
Hyperlipidemia (Fig. 11.35) may be seen in diabetic
ketoacidosis and interferes with some laboratory
electrochemical methods of sodium analysis to produce
apparent hyponatremia.

BINDING PROTEIN ABNORMALITIES
Cortisol, testosterone and thyroxine are bound to
speciﬁc circulating binding proteins as well as serum
albumin. Measurement of total levels of these hormones
will therefore overestimate biologic activity in states of
binding protein excess, and underestimate activity with
low binding protein levels. General states of protein loss
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Growth impairment
Proportionate loss (GHD)
± Short spine (GHD + spinal damage)
(?epiphyseal toxicity)
Gonadal dysfunction
Females
Primary ovarian failure
Premature ovarian failure
Central precocious puberty
(contributes to height loss)
Males
Testicular failure (Leydig cells +
germinal epithelium)
Infertility (germinal epithelium)

Thyroid dysfunction
Thyroid failure





Cranial irradiation — onset of GHD in proportion to the dose and young age of
treatment
Spinal irradiation; abdominal or thoracic irradiation; TBI
?Chemotherapy including 6-mercaptopurine

TBI, abdominal irradiation, cyclophosphamide
Low-dose cranial irradiation (18—24 Gy)

Direct irradiation (as in some ALL treatment regimens and
testicular tumors; TBI)
Scatter irradiation from abdominal tumor
Chemotherapy, especially cyclophosphamide, vinblastine and
procarbazine
Direct irradiation

Thyroid malignancy

Direct irradiation (Hodgkin s disease), or as part of craniospinal irradiation and
TBI. TSH lack secondary to cranial irradiation
In proportion to dose received by gland; special risk if TSH level is raised

Adrenal insuf ciency
Hypocortisolemia

Rare, but can occur after high-dose irradiation for cranial tumors

Posterior pituitary
Diabetes insipidus

Rare, usually after neurosurgery for cranial tumors

Other
Renal damage and hypertension
Cardiac toxicity
CNS damage
Vision
Second malignancy
Dental caries and enamel hypoplasia
(see Fig. 1.78)

Chemotherapy, direct irradiation
Anthracycline chemotherapy ± radiation damage
Irradiation, in proportion to dose received, more with early age of therapy.
Direct trauma from surgery
Cataracts from irradiation. Damage to optic tracts from irradiation and surgery
Skin and soft tissue in irradiation eld. Second tumors with alkylating
agents or genetic predisposition
Most chemotherapy

GHD, growth hormone de ciency; TBI, total body irradiation; ALL, acute lymphoblastic leukemia.

Table 11.7 Surveillance in survivors of childhood malignancy
such as nephrotic syndrome, or decreased production
as in cirrhosis of the liver will affect all the levels of
binding proteins.
Corticosteroid binding globulin (CBG) levels are
increased by estrogen, producing high levels of
measured cortisol in pregnancy and with estrogen
therapy. Low levels are seen in hypothyroidism and

obesity. Genetic disorders producing high and low
CBG levels have been described.
Testosterone–estrogen binding protein (or sex
hormone binding globulin; SHBG) levels are increased
in androgen deﬁciency states, with estrogen treatment
and in thyrotoxicosis. Levels are low in obesity,
hypothyroidism, Cushing syndrome and after androgen
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Fig. 11.35
Gross
hyperlipidemia in
glycogen storage
disease type 1.

Renal failure
Hepatic failure
Estrogen therapy
Propranolol treatment
Epilepsy treatment
High-dose steroids
Growth hormone therapy
hCG treatment or
choriocarcinoma

T4

FT4

T3

TSH

↓
↓
↑
↑
↓
↓
↓
↑

↓
↓
→
→
→
→
→
↑

↓
↓
→↑
↑
↓
↓
↑
↑

→
→↑
→
→
→
→
↑
↓

hCG, human chorionic gonadotropin.

Table 11.8 Induced abnormalities of thyroid function tests

HETEROPHILIC ANTIBODIES

treatment. Again hereditary abnormalities of production
have been described. Estrogen largely circulates bound
to albumin and will therefore appear decreased in
nephrotic syndrome.
Probably the most clinically important binding
protein considerations are in relation to the assessment
of thyroid function. It is now common to be able to
assay free hormone activity directly, avoiding some of
these difﬁculties. A summary of diseases and drugs that
will interfere with the interpretation of thyroid function
tests is shown in Table 11.8.
Blood calcium levels need to be adjusted for serum
albumin:
Total calcium level (mmol/L) —[0.25 × Albumin (g/l)] + 1
= True value

Carbohydrate-deﬁcient glycoprotein syndrome is a
rare generalized disorder of serum glycoproteins that
is associated with developmental delay, organ failure
and adult hypogonadism. There is a deﬁciency of
TBG, CBG and SHBG, and consequently low levels
of these hormones on total assay. Associated
abnormalities of unbound luteinizing hormone (LH),
follicle stimulating hormone (FSH), prolactin and
growth hormone have also been described in this
complex syndrome.

As many modern assays are based on anti-hormone
antibodies raised in other animals, it is surprisingly
common to get interference from anti-mouse, or
other animal, antibodies present in the blood of the
patient. There may be a history of animal handling,
exposure to rat feces, etc, but this is not always the case.
If any immunoassay result is surprisingly increased, it is
worth rechecking the levels on a second assay based on
another animal’s antibodies or attempting to dilute or
bind the offending antibodies before re-assay.

MATERNAL HORMONE ABNORMALITIES
IN PREGNANCY DUE TO FETAL EFFECTS
The fetoplacental axis is ‘added on’ to the maternal
hormone system through pregnancy. The fetal adrenal
cortex plays an important role in producing hormones
that appear to be vital for placental function. In
particular, dehydroepiandrosterone (DHEA) and its
sulfate (DHEAS) are produced in large quantities, and
further processed to estrogens in the placenta. Maternal
urinary excretion of estriol (E3) in particular provides
useful information about the fetal pituitary–adrenal axis.
Low levels of estriol indicate fetal adrenal insufﬁciency,
either primary or secondary. (Undetectable maternal
estriols are found in placental sulfatase deﬁciency,
producing a syndrome of post-maturity and congenital
ichthyosis; see Fig. 1.149). Maternal virilization has
been reported as a consequence of fetal P450 aromatase
deﬁciency (converting testosterone to estradiol), with
the later delivery of a female pseudo-hermaphroditic
infant.
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Fetal/Infantile Hormone Abnormalities Due to Maternal Effects
FETAL/INFANTILE HORMONE
ABNORMALITIES DUE TO MATERNAL
EFFECTS
Maternal androgen production may virilize the infant in
cases of maternal tumor, CAH and even severe
polycystic ovary, and also after anabolic steroid abuse –
although the associated subfertility makes conception
less likely in uncontrolled cases.
Maternal cyproterone therapy can lead to undervirilization of the fetus and so is commonly administered
concomitantly with the contraceptive pill.
Neonatal thyrotoxicosis is a consequence of the
passage of thyroid receptor stimulating antibodies in
late pregnancy (see Ch. 9). Maternal antithyroid medication may suppress the thyroid overactivity either as a
deliberate therapeutic maneuver if fetal tachycardia is
severe, or lead to potentially adverse late presentation of
neonatal thyrotoxicosis if not recognized.

Maternal steroid administration for autoimmune
disease, thyrombocytopenia, etc. can produce infantile
adrenal suppression severe enough to warrant replacement treatment; it may take up to a year for the infant
to show recovery. In familial cases of CAH, dexamethasone is used deliberately to suppress virilization
in affected female infants (see Ch. 8).
Maternal hypothyroidism can produce a mild
reduction in later developmental quotient, which may
be severe if the fetus is also hypothyroid from iodine
deﬁciency or coincidental congenital hypothyroidism
(see above).
Maternal phenylketonuria, if not adequately controlled by diet, leads to infantile microcephaly and
smallness-for-dates with later short stature.
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