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This entry focuses on steroid-induced adrenal insufficiency (SIAl) in children and discusses the latest findings by
surveying recent studies. SIAl is a condition involving adrenocorticotropic hormone (ACTH) and cortisol
suppression due to high doses or prolonged administration of glucocorticoids. While its chronic symptoms, such as
fatigue and loss of appetite, are nonspecific, exposure to physical stressors, such as infection and surgery,
increases the risk of adrenal crisis development accompanied by hypoglycemia, hypotension, or shock. The low-
dose ACTH stimulation test is generally used for diagnosis, and the early morning serum cortisol level has also

been shown to be useful in screening for the condition.

Steroid-Induced latrogenic Adrenal Insufficiency

| 1. Introduction

1.1. Primary, Secondary, and Tertiary Adrenal Insufficiency

Adrenal insufficiency (Al) is defined as the inability of the adrenal cortex to produce sufficient amounts of
glucocorticoid hormone. It can also be associated with mineralocorticoid deficiency, depending on the
pathophysiology of the diseasell! Severe Al, or adrenal crisis, can be life-threatening because glucocorticoids and
mineralocorticoids play a central role in maintaining energy, salt, and fluid homeostasisiZ. Al is usually classified
into the primary and secondary types, which are caused by adrenal diseases and hypothalamic/pituitary diseases,
respectively. Al associated with hypothalamic dysfunction is sometimes called tertiary Al. The main causes of Al

are described below (see Table 1).

Table 1. Major causes of adrenal insufficiency.

Primary Adrenal Insufficiency

Autoimmune adrenalitis APStype 1, 2,3
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Infectious adrenalitis Tuberculosis, HIV-1, cryptococcosis, Treponema pallidum
Bilateral adrenal hemorrhage Meningococcal sepsis

Bilateral adrenal infiltration Primary adrenal lymphoma, hemochromatosis

Drug-induced Ketoconazole, fluconazole, phenobarbital, phenytoin, rifampicin
Genetic disorders CAH, adrenoleukodystrophy, adrenal hypoplasia congenita

Secondary adrenal insufficiency

Pituitary tumor Craniopharyngiomas, adenomas, cysts

Pituitary injury Trauma, surgery, irradiation, pituitary apoplexy

Pituitary infiltration Lymphocytic hypophysitis, tuberculosis, meningitis

Genetic disorders Combined pituitary hormone deficiency, isolated ACTH deficiency
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Tertiary adrenal insufficiency

Hypothalamic tumor Craniopharyngiomas, metastasis
Hypothalamic injury Trauma, surgery, irradiation

Hypothalamic infiltration Hemochromatosis, tuberculosis, meningitis
Steroid-induced Systemic, inhalation, topical, intra-articular
Other drug-induced Chlorpromazine, imipramine

Abbreviations: ACTH, adrenocorticotropic hormone; APS, autoimmune polyendocrinopathy syndrome; CAH,

congenital adrenal hyperplasia.

(Modified from [2] E. Charmandari, et al. Adrenal insufficiency. Lancet (London,
England) 2014, 383, 2152-2167.)

Primary Al can be further divided into the congenital type, represented by congenital adrenal hyperplasia (CAH),

and the acquired type, represented by Addison’s diseaselll. One of the obvious differences in the clinical picture
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between primary, secondary, and tertiary Al is skin pigmentation, which is almost always present in primary Al
(except in cases with a short duration) but is absent in secondary and tertiary Al . Additionally, mineralocorticoid
deficiency is generally associated with primary Al but not with secondary or tertiary Al because the renin—
angiotensin—aldosterone system is not impaired in the latter®. In exceptional cases of CAH due to 11 beta-
hydroxylase deficiency and 17 alpha-hydroxylase deficiency, mineralocorticoid excess occurs concurrently with

glucocorticoid deficiency!2!.

Secondary and tertiary Al can be divided into congenital and acquired types as well. Various genetic etiologies
involving not only central nervous system malformations, such as holoprosencephaly, but also combined pituitary
hormone deficiencies and isolated ACTH deficiency, have been identified®. Besides the drug-induced etiologies
described below, acquired secondary Al can be caused by a tumor (e.g., craniopharyngioma), trauma, surgery,
inflammation, or infarction involving the pituitary gland. It should be noted that secondary and tertiary Al may be
latent or their onset may often be slow; congenital Al may become apparent around puberty (especially in septo-
optic dysplasial” or hypopituitarism associated with perinatal problems(&l), while acquired Al can occur months to
years after intracranial radiation!® or traumatic brain injury®¥2 Severe hypoglycemia in the neonatal period is

rather exceptional and can be seen in congenital isolated ACTH deficiency caused by a TBX19 gene mutation[i2],

1.2. latrogenic Adrenal Insufficiency

latrogenic Al refers to primary, secondary, or tertiary hypoadrenocorticism associated with drug administration,
surgery, or irradiation. This review focuses on the role of steroids, the most frequent etiology of tertiary AllZl, which
induce iatrogenic adrenal insufficiency (steroid-induced iatrogenic adrenal insufficiency, or SIAl) when the
hypothalamic—pituitary—adrenal (HPA) axis is suppressed by high dosages or prolonged use of the drugs followed
by abrupt discontinuation or rapid tapering. Patients with leukemia, asthma, collagen disease, or inflammatory
bowel disease and those who have undergone transplant surgery3l and have received long-term synthetic
glucocorticoid treatment are especially at risk of SIAI development. There is currently insufficient evidence on the
epidemiology, treatment strategy, and recovery process in SIAl; therefore, the optimal diagnostic criteria and
management of the condition are still controversial. However, with the chief aim of preventing life-threatening
adrenal crises, we discuss below the approaches available for managing patients treated with corticosteroids
and summarize our tentative recommendations in Table 2. Other known causes of iatrogenic Al include drugs such

as ketoconazole®, mitotane 28! and etomidateXd, which inhibit the steroidogenesis pathway.

| 2. Clinical Manifestations of SIAIl
2.1. Chronic Symptoms

Patients may present with chronic symptoms while recovering from HPA suppression. The common symptoms are
weakness, fatigue, anorexia, and weight loss 8. Frequent gastrointestinal complaints include nausea, vomiting,
diarrhea, constipation, and abdominal pain, which are probably related to decreased bowel motility. These

symptoms are more likely to occur with greater HPA suppressionlll and soon after stopping steroids 2. In addition,
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adrenal insufficiency inevitably leads to a deficiency of dehydroepiandrosterone (DHEA), a substrate for peripheral
sex hormone biosynthesis, which can lead to androgen deficiency in women. Its clinical manifestations include loss

of axillary and pubic hair, dry skin, and decreased libido[22,

2.2. Symptoms as Side Effects of Glucocorticoids

Awareness of a variety of side effects of glucocorticoids is necessary when assessing SIAl. Particularly serious
effects include immunosuppression, impaired growth, osteoporosis, and somewhat less frequently, but importantly,
cataract formation and pancreatitis (211, Medical Cushing’s syndrome, i.e., central obesity, muscle atrophy, and
hypertension, can also occur in infantsi22. Nonspecific symptoms include mood disorders, abdominal symptoms,

and dizziness(23, which can be difficult to differentiate from the symptoms of SIAI.

2.3. Acute Symptoms in the Presence of Stressors

It is even more important to note that physical stressors, such as severe infection or surgery, can trigger acute
symptoms. Nonspecific symptoms, such as vomiting and diarrhea seen in Case 3, are common 8. [aboratory
findings are often normal (241, Hyponatremia can develop as a result of increased vasopressin secretion and water
retention2d, The most severe and acute form is adrenal crisis, which consists of tachycardia, hypoglycemia,
hypotension, dehydration, and acute abdominal pain 181281 Although the incidence of adrenal crisis is unknown, a
guestionnaire study of physicians across the UK revealed that adrenal crisis associated with inhaled corticosteroids
(ICSs) occurred in 28 children, one of whom died from the condition. The mean patient age, duration of ICS
treatment, and dosage of fluticasone, which was administered to 94% of the patients, was 6.4 years, 1.7 years, and
980 pg/day (range of 500-2000 pg/day), respectively2d. At the time of the study, only 16% of all asthma patients
were reportedly using fluticasone in the UK, indicating the gravity of the risk of adrenal crisis associated with

fluticasone usel28],

| 3. Diagnostic Approaches to SIAI

3.1. Variation in Diagnostic Approaches

The symptoms of SIAl are nonspecific, and the diagnostic criteria are basically based on dynamic testing rather
than the symptoms. The insulin tolerance test (ITT) has traditionally been the gold standard for HPA axis
assessment in adults but this can be replaced by the safer, cheaper, and faster Synacthen test (SST)22E2, |n
pediatric medicine, the test most commonly used to diagnose secondary adrenal insufficiency is the low-dose
ACTH stimulation test3l because it is easy to administer, physiologically sound, safe, and reasonably sensitive.
The glucagon B2 and CRHI24IE3 stimulation tests (used in Cases 1-3 above) are also administered. Furthermore,

early morning cortisol levels can also be used in screening2423 and assessment(28 of HPA function.

3.2. Low-Dose ACTH Stimulation Test
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Low-dose ACTH stimulation testing is performed by administering 1 pg/1.73 m? intravenous cosyntropin and
assessing the subsequent increase in the serum cortisol level. A serum cortisol level of 16—20 ug/dL 30 min after
cosyntropin administration is generally used as the threshold level although this may vary somewhat among
assays[2/B8I39H40]  Additional cortisol draws at 15 and 60 min may reduce the risk of false positive resultsl. We
suggest performing this test at the initial evaluation 1 to 6 months after the end of the pharmacological dosing
(depending on the duration of the steroid therapy), then every 3 to 6 months as needed in combination with early
morning serum cortisol level testing, although the evidence and guideline recommendations supporting this
approach are still inadequate. Once the values normalize, HDC maintenance therapy can be safely
discontinued!22l,

3.3. Early Morning Serum Cortisol Level

While random cortisol testing might be helpful in an emergency setting, as seen in Case 3, serum cortisol levels at
8 a.m. to 9 a.m. are often used when screening for SIAI. Previous studies have proposed an early morning cortisol
level cutoff value of 8.5-10.3 ug/dL in adults438], A reference value of plasma cortisol, which is equivalent to that
of serum cortisol42l431144] - <3 ,g/dL (83 nmol/L), may indicate SIAI, while a value >19 pg/dL (525 nmol/L) can be
used to exclude SIAI43. A cohort study suggested a serum cortisol level of 5 ug/dL at 9 a.m. in children as a cutoff

value for SIAI screening following steroid administration for Kawasaki diseasel48l,

| 4. Recovery Course in SIAI

4.1. Long-Term Administration

In an observational study of the natural history of SIAIl in adults, both ACTH and cortisol secretion were initially
suppressed. Then, ACTH secretion quickly increased before dropping to the normal range while cortisol secretion
increased in response to the ACTH increase and normalized over several monthsl4Z. Eigure 1 shows a schema of
ACTH and cortisol levels in SIAI following glucocorticoid therapy. SIAI due to steroid treatment for chronic diseases
tends to show slower recovery. Studies reviewing adult cases of leukemia, hemangioma, and asthma reported that
six to 12 months were required for recovery from SIAI48 while a study of glomerular disease reported that 8.7 +
4.6 months (mean + SD)J were required. A pediatric study reported that recovery after treatment for acute
lymphocytic leukemia took an average of 8.5 months (95% confidence interval: 6.3-10.7 months)“2, and another
study reported that 11% of patients still had adrenal suppression 20 months after treatment for a rheumatic disease
B9 |n line with the results of these studies, the patient in Case 2 did not show adequate cortisol secretion in the

CRH stimulation test as late as eight months after the cessation of a six-week PSL treatment regimen.
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Figure 1. Schematic illustration of ACTH and cortisol levels after pharmacological glucocorticoid therapy. Both
ACTH and cortisol secretion are initially suppressed when high-dose or long-term glucocorticoid administration is
followed by abrupt cessation or rapid tapering. Theoretically, ACTH precedes cortisol in the suppression phase
after pharmacological glucocorticoid therapy (*). In the recovery phase, ACTH secretion increases rapidly, then
decreases to the normal range while cortisol secretion increases in response to increased ACTH and normalizes
over several months. (Modified from2l Kim E. Barrett, et al. The Adrenal Medulla & Adrenal Cortex. Ganong’s
Review of Medical Physiology, 24th Ed. 2012, Chapter 20).

4.2. Short-Term Administration

If the dosages are small or the treatment short-term, recovery tends to be faster. The above literature review found
that adrenal function recovered rapidly when steroids were administered for less than 14 days“8. In an
interventional study where a high-dose, short-term glucocorticoid (HDC 25 mg twice daily for five days) was
administered to healthy adult subjects, the peak cortisol response to the ITT significantly decreased two days after
PSL discontinuation but nearly returned to pretreatment levels five days after the intervention®2, An observational
study of childhood asthma found that adrenal function normalized in all 11 patients ten days after the completion of
short-term PSL treatment®3 and another study of PSL treatment for Kawasaki disease in children reported

recovery in more than half the patients within two months [48],

| 5. Practical Management of SIAI
5.1. Tapering from the Therapeutic to Physiological Replacement Dose

Weeks or months may be required to taper steroids until normal adrenal function is restored, and measures should
be taken to prevent adrenal crisis during episodes of stress. In adults, the PSL dosage may be reduced from the

pharmacological to the physiological level for several weeks. For example, depending on the patient’s condition,
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PSL may be reduced by 1 mg per day every two to four weeks[24. Alternatively, HDC may be reduced weekly by
2.5 mg/day and maintained at 10 mg/day, which corresponds to endogenous cortisol synthesis as measured by
isotope dilution®2!,

In children, dose tapering to levels equivalent to the physiological dose (6—8 mg/m2/day of HDCREEILTIEE) jg
believed to be important to prevent symptoms of SIAl, although it has not been shown to restore adrenal cortical
function®2. Despite the lack of a consensus on how HDC should be prescribed, oral HDC administration once a
day may be feasible and can improve compliance. Another option is to divide the total daily dose into four doses,

two on waking, one at noon, and one in the evening, which may be acceptable to some patients22,

5.2. Stress Doses

When the patient is under stress, the rescue method should be chosen according to the degree of the stress and
the symptoms. Expert opinion & on steroid dosages for adults during stress was shown to be valid by a clinical
study enrolling adults’®. The stress dose for children is estimated by converting the adult dose into HDC per body
surface area. For moderate physical stressors, such as infection associated with high fever (>38.5 °C), minor
trauma, or dental treatment, three-fold the maintenance dosage or 50 mg/m2/day of HDC is administered orally in
three to four divided doses [28IE11, |f vomiting, lethargy, or other reasons make oral intake difficult, 50 mg/m2 HDC
may first be injected intravenously. If an intravenous line cannot be placed, an intramuscular injection may be
used®ll. In both adult and pediatric patients who are under severe stress, such as that caused by sepsis or major
surgery, intravenous HDC 100 mg/m2/day administered continuously or every six hours in divided doses is
recommended until recovery is achieved[1&l26](61](62][63]

5.3. Patient Education

It is important that patients understand how to manage their condition, including knowing how much hydrocortisone
to take or inject outside the hospital during episodes of stress. Patients are encouraged to wear a tag or a pin
containing medical information, such as measures required in an emergency, hospital contact information, etc.,

which can enable others to provide assistance when needed [ZI[18119],
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