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Abstract

Adrenal insufficiency means hypo-function of the adrenal

cortex, usually glucocorticoid, may be associated with

mineralocorticoid and rarely adrenal androgen. It can be

categorized into two types: Primary adrenal insufficiency, or

Addison’s disease (cortisol low and ACTH high) or secondary/

tertiary adrenal insufficiency due to pituitary or hypothalamic

disorders (both cortisol and ACTH are low). Identification

of etiology is very important for plan of treatment.  The

reported incidence of adrenal insufficiency varies greatly

depending on the population studied, the test and cut off

levels used, and the cause. Many patients may present with

adrenal crisis, some of them have subtle symptoms, hyper-

pigmentation, hypotension, electrolyte imbalance, shock etc.

Many of them have iatrogenic adrenal insufficiency with

Introduction

Adrenal insufficiency means hypo-function of the

adrenal cortex usually glucocorticoid (cortisol)

insufficiency. This may be associated with

mineralocorticoid (aldosterone) and androgen (DHEAS)

insufficiency. The clinical features are usually variable

depending on whether the onset is acute, chronic or

with adrenal crisis.1 Adrenal crisis should be considered

when patients present with vascular collapse (shock)

whether or not known to have adrenal insufficiency.

Sometimes these patients are having features of

Cushing’s syndrome due to chronic steroid use. Some

of the patients may present with non-specific symptoms

(like fatigue, weakness, anorexia, weakness) etc.

Unexplained hyponatremia, hypoglycemia, weight loss

should be suspected for chronic adrenal insufficiency.

features of Cushing’s syndrome. So, the manifestations of

adrenal insufficiency are numerous and nonspecific, and

clinicians should have a high index of suspicion and be

alert to see important diagnostic clues, such as hyponatremia,

hyperkalemia, and hypotension (that are refractory to fluids

and vasopressors), diarrhea, weight loss, vomiting, fever etc.

without any clear causation. Treatment of adrenal

insufficiency is usually life-long, of course based on etiology.

Short acting glucocorticoid is better, like hydrocortisone.

Patients may be treated with prednisolone. Patients should

be provided a “steroid card”. Sometimes it is essential to take

patients under “withdrawal protocol”.

Key words: Addison’s disease, adrenal gland, adrenal

insufficiency.

(Birdem Med J 2015; 5(Supplement 1): 43-48)

Primary adrenal insufficiency refers to disease of the

adrenal gland itself. Secondary adrenal insufficiency is

due to deficiency of ACTH of anterior pituitary rarely

may be due to CRH deficiency due to hypothalamic

disease. Minerelocorticoid deficiency invariably

accompanies primary hypoadrenalism but does not

accompany secondary adrenal insufficiency. In case of

secondary adrenal insufficiency, renin-angiotensin-

aldosterone axis remains intact. Another important cause

of both glucocorticoid and minerelocorticoid deficiency

is found in congenital adrenal hyperplasia (CAH).2

Primary adrenal insufficiency

Thomas Addison described this condition in his

classical monograph published in 1855.3 The condition

occurs in 4-11 cases per 100,000.  In our experience it is

not very rare, though we do not know the exact

prevalence rate in Bangladesh. The disease is associated

with significant morbidity and mortality but if diagnosed

can easily be treated.1,4

The common causes of primary adrenal insufficiency

Infections (Tubercular, Fungal, HIV, CMV etc).

Others are autoimmune (may be sporadic or may be

with polyglandular syndrome Type I: Addison’s disease,

mucocutaneous candidacies, hypoparathyroidism,

dental problem, primary gonadal failure, alopecia etc).
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Autoimmune Polyglandular Syndrome (APS)  Type II:

(Schmidt’s Syndrome): (Addison’s disease, primary

hypothyroidism, primary hypogonadism, Type 1

Diabetes mellitus, vitiligo, Pernicious anemia, alopecia,

ITP, RA etc).

Other rare causes are: Metastatic (from lung, breast),

Infiltrative (hemachromatosis, amyloid, lymphoma),

CAH, adrenal surgery (bilateral adrenalectomy for

Cushing’s), adrenal hemorrhage, drugs (metyrapone,

ketoconazole etc).

The common causes of secondary adrenal insufficiency

These are glucocorticoid withdrawal, pituitary or

hypothalamic disorders (hypopituitarism, apoplexy,

Sheehan’s syndrome, surgery, radiation) etc.

Presentation

Clinical features of glucocorticoid deficiency include

weight loss, anorexia, weakness, lathery, nausea,

vomiting, diarrhea, hypotension, dehydration, shock,

hypoglycemia, hyponatremia, hyperkalemia, rarely

hypercalcemia. Occasionally patients may present with

pigmentation of sun exposed areas, mucous membrane,

new scar etc due to high ACTH of primary adrenal disease.

Rarely patient complaints of decreased body hair, loss of

libido (female) due to adrenal androgen deficiency.

Adrenal insufficiency should be suspected in cases

where there is history of prolonged use of glucocorticoid

(more than 3 weeks). This usually happens with

supraphysiological doses but may happen in patients

with pharmacological dose and sudden withdrawal.

Pigmentation is not always present.5 Hyperpigmentation

is absent in some patients with primary adrenal

insufficiency and in all patients with secondary

(pituitary) and tertiary (hypothalamic) adrenal

insufficiency. Sometimes other possibilities are perused

when patient presents with gastrointestinal symptoms

like diarrhea, vomiting, weight loss, anorexia etc.  Even

when the diagnosis appears obvious, endocrine

evaluation is indicated to confirm the diagnosis and to

determine the type of adrenal insufficiency and it’s

cause. However, therapy should be started before the

diagnosis is established in an acutely ill patient with

possible adrenal crisis.3

Laboratory Diagnosis

The diagnosis usually is done in 3 steps.3

1. Demonstrating inappropriately low cortisol secretion

(preferably by stimulation test)

2. Determining whether the cortisol deficiency is

dependent on or independent of ACTH deficiency

(primary or secondary) and evaluating

minerelocorticoid secretion status in patients without

ACTH deficiency (only in primary).

3. Seeking a treatable cause of the primary disorder

e.g, Tuberculosis (TB),  autoimmunity or fungal

infection e.g. histoplasmosis involving the adrenal

glands or a secondary disease e.g. pituitary

adenoma/ apoplexy / post surgery, post infective

etc compromising normal pituitary function).6

After establishing cortisol deficiency, lateralization is

essential that whether it is due to primary of secondary.

If ACTH is high it is primary or if ACTH is low along

with low cortisol it is secondary adrenal insufficiency.

Then comes the question of etiology of primary or

secondary. Other tests to establish etiology include

imaging of adrenal gland to see calcification, establishing

infective cause like test for TB, fungus, HIV and rarely

FNAC to see secondary. Tests for autoimmunity of other

associated glands are essential if autoimmune Addison’s

disease is suspected.

Among the primary disorders most common is

autoimmune, adrenal auto-antibody can be detected in

60-70% cases. Among the secondary causes most

common is glucocorticoid withdrawal, drug history and

sometimes clinical features of glucocorticoid excess is

diagnostic (phenotypically Cushing, biochemically

hypoadrenalism).

The diagnosis of adrenal insufficiency of any cause

depends entirely upon the demonstration of

inappropriately low cortisol production. Caution should

be taken in patients with cirrhosis, nephrotic syndrome,

or those taking oral estrogens.7,8 In these settings,

decreased or increased levels may lead to an incorrect

diagnosis. Salivary cortisol or free serum cortisol may

be the alternative tests.

Controversies of S. cortisol (basal/random): Usually S.

cortisol has it’s peak and trough level due to stimulus of

highly pulsatile ACTH/CRH. So, basal or random S.

cortisol does not truly reflect the adrenal reserve and

may give false positive result. So, it is always correlated

with clinical feature and adrenal insufficiency is highly

suspected if S. cortisol < 140nmol/L (5 mcg/dl).9
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Procedure

Synacthen test/ACTH stimulation test: Test can be

done any time of the day, irrespective of last meal.

Baseline (0 minute) S. cortisol and ACTH blood sample

is drawn.  The 250 mcg in 1 ml Synathen injection is

given IV or IM. The plasma cortisol sample at 30 minutes

and 60 min are drawn for test. S. cortisol (total) is readily

available and standardized in many laboratories but

reliable ACTH test may not readily available.

Standard  dose test (250 mcg)10 

A normal response to the high-dose (250 mcg as an IV

bolus) ACTH stimulation test is a rise in serum cortisol

concentration after either 30 or 60 minutes to a peak of

>18 to 20 mcg/dL (500 to 550 nmol/L). Conversion factor:

microgram/dl x28 = nmol/L.

A normal response to the high-dose (250 mcg) ACTH

stimulation test excludes primary adrenal insufficiency

and most patients with secondary adrenal insufficiency.

Low dose test (1 mcg) 11,12

The low-dose (1 mcg as an IV bolus) ACTH stimulation

test criteria for a normal cortisol response after 20 or 30

minutes are more variable: 17 to 22.5 mcg/dL (400 to 620

nmol/L).

As 1 mcg preparation is not readily available we have to

dilute 250 mcg in the following way:

At first 250 mcg of 1 ml injection is mixed with 24 ml

distilled water (DW). From this 25 ml solution 1 ml is

taken in a syringe which contains 10 mcg ACTH. Now

this 1ml is dissolved with new 9 ml DW. From this new

10 ml each 1 ml contains 1 mcg Synacthen (ACTH,

Cosyntropin).

The low dose test may have advantages over the

standard high dose test in some clinical settings, in

particular, for the diagnosis of recent onset ACTH

deficiency (secondary adrenal insufficiency) and chronic

partial pituitary ACTH deficiency 13 to avoid

overstimulation with high dose (250 mcg). But

disadvantages are peak may be earlier at 15-20 minutes,

and patients whose surface area varied significantly

from 1.73 m2, it should be used with caution.

Prolonged high-dose ACTH stimulation test (1 mg)

Usually not done now-a-days. It helps in differentiating

primary (adrenal) from secondary (pituitary) or tertiary

(hypothalamic) disease. One mg (not the 250 mcg)

Synacthen 6 hourly for 48 hours is given and S. cortisol

is measured daily to see increment. In secondary and

tertiary adrenal insufficiency there is progressive

increase but not in primary disease. To differentiate

secondary from tertiary disease, CRH test can be done

but rarely in clinical practice.

Another method of high dose test is 1 mg Depot Injection

Synacthen is given IM at 9 AM. S. cortisol samples are

collected before and at 1, 2, 4, 6, 8 and 24 hours after

injection.

It is very important that patients those are having steroid

it is better to bring down at physiological dose, wait for

few weeks or months according to dose and duration of

use and then advice for Synacthen test. When

glucocorticoid can not be stopped (patient on

physiological dose of steroid), equivalent  dose of

dexamethason (0.5-1 mg) should be given for at least

one day prior to the test.

Table I

Comparison of commonly used glucocorticoid:

Equivalent Anti Infl- Mineralo Duration

Dose mg ammatory corticoid of Action

Activity Activity (Hours)

Hydrocortisone 20 1 1 8-12

Prednisolone 05 4 0.8 12-36

Dexamethason 0.75 30 0 36-72

Triamcinolone 4 5 0 12-36

Fludrocortisones X 10 125 12-36

(Courtesy: Up To Date 14, Graphic 64138, 2014).

Adrenal insufficiency among critically ill patients

Endocrinologists are frequently asked to evaluate

adrenal function in intensive care unit (ICU) patients or

role of steroid in ICU patient. Assessment of adrenal

function at this situation is extremely difficult due to

profound and variable changes in Hypothalamo-

Pituitary-Adrenal (HPA) axis.11 The critical care

community is also interested to know about acquired

adrenal insufficiency during critical illness. There are

still limited evidence and also controversial, to identify

and to manage corticosteroid insufficiency in this

setting. Confirm diagnosis is also difficult by single

test.14 But it is known that both high and low cortisol is

associated with poor prognosis.9 Considering all

caveats, assessment of adrenal insufficiency in critically

ill patients are made on the basis of random cortisol or
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short ACTH stimulation test.15,16 Sometimes the term is

used as relative adrenal insufficiency or critical illness

related cortisol deficiency. Cortisol assay (Basal/

Random/ACTH stimulated) should be done only in

highly suspected cases even with septic shock or ARDS.

Clinicians should have a high index of suspicion for its

occurrence in critically ill patients with persistent

hypotension despite adequate fluid resuscitation and/

or poor hemodynamic response to vasopressor.18

Careful history taking and physical examination,

complemented by other signs such as hyponatremia

and hyperkalemia, should help identify most cases.16

Treatment should be given with hydrocortisone 100-

200 mg per day IV in divided doses for 5-7 days only.

Adrenal insufficiency among children

Adrenal insufficiency is rare in children.  Patients usually

present with GI symptoms, pigmentation, hypotension,

hyperkalemia, hyponatremia etc. Adrenal crisis or acute

adrenal insufficiency can be observed as the initial

presentation of adrenal insufficiency or as the result of

inadequate replacement therapy in pediatric patients

with known adrenal insufficiency.3 To minimize morbidity

and mortality, prompt recognition and treatment of

adrenal crisis is critical. Diagnosis can be made by same

procedure as adults. In the case of primary adrenal

insufficiency of children, adrenal androgens (17-hydroxy

progesterone) should be measured to evaluate for

congenital adrenal hyperplasia. This is the most common

cause of primary adrenal insufficiency but usually

presents during infancy. Regarding autoimmune poly-

glandular syndrome (APS), antibodies to the adrenals

and other endocrine glands may establish an

autoimmune mechanism as adults. Children require

hydrocortisone replacement, approximately 10 to 24 mg/

m2 per 24 hours when given orally. Best glucocorticoid

is hydrocortisone in children.  Patients with primary

adrenal insufficiency also require minerelocorticoid

replacement usually at higher dose than adults. Dose

should be titrated according to blood pressure,

electrolytes etc.

Adrenal insufficiency and pregnancy

Rarely pregnancy is complicated by adrenal

insufficiency. Usually known adrenal insufficient patient

was discouraged to be pregnant before, and before the

advent of glucocorticoid, there was increased mortality

of both mother and fetus. At present, most women

adequately treated for adrenal insufficiency go through

pregnancy, labor, and delivery without difficulty, and

babies achieve a normal birth weight. The usual

glucocorticoid and minerelocorticoid replacement doses

are continued; an occasional woman requires slightly

more glucocorticoid in the third trimester.3 Adrenal crisis

is very rare except in first trimester. Hydrocortisone is

the preferred agent, but usually given 2-3 times in divided

doses at 50 % at morning, 25% at afternoon and 25% at

evening of daily total dose. During labor/delivery (NVD

or CS) injectable hydrocortisone should be used. After

delivery dose should be tapered to maintenance dose

in next 2-3 days.

Association of other endocrine autoimmune disease

with autoimmune adrenalitis: APS I and APS II (Adrenal

Insufficiency)

Interestingly patients with APS are usually female (70%),

conversely isolated autoimmune adrenal insufficiency

more common in males. In one series it was found that2,19,

53 % of autoimmune adrenal insufficiency patients do

not have  other autoimmune disorders.  Others may

have ovarian (20 %), testicular (2%), parathyroid (10%),

thyroid (Hypo-, Euthyroid  and Hyperthyroid) (22%),

pernicious anemia (5%) , type 1 diabetes (11%). Along

with autoimmune adrenal insufficiency APS type I or

APS type II are not uncommon. APS I includes

hypothyroid, hypoparathyroid, mucocutaneous

candidacies, type 1 diabetes, pernicious anemia,

hypopituitarism, primary hypogonadism, autoimmune

hepatitis, vitiligo etc. APS  type II includes hypothyroid,

type 1 diabetes, hypogonadism, diabetes insipidus,

vitiligo, alopecia, pernicious anemia, myasthenia gravis,

immune thrombocytopenia purpura, Sjogren’s

syndrome, rheumatoid arthritis etc. Autoimmune

marker(s) should be tested among high indexed cases.

Management of adrenal crisis

When acute adrenal insufficiency (Addisonian Crisis)

is suspected (circulatory collapse, hypotension,

dehydration, nausea, vomiting, hypoglycemia) a blood

sample is drawn immediately for random plasma cortisol

and ACTH (if not diagnosed previously) establish IV

line and start normal saline. Without waiting for

laboratory results start hydrocortisone IV 100 mg 6

hourly.2 Add others supportive treatment. Depending

on clinical response gradually tapper the dose, switch

orally and gradually bring down to physiological dose.

Justify minerelocorticoid use after reduction of IV dose
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(start if hypotension, hyponatremia, hyperkalemia, low

plasma renin activity) only for primary adrenal

insufficiency. Identify precipitating cause and treat

accordingly. Take necessary steps to prevent recurrence.

Management of chronic adrenal insufficiency/chronic

replacement therapy

Most common maintenance therapy is given by either

hydrocortisone or by prednisone. Oral hydrocortisone

is usually given 2-3 times, two-third of dose at early

morning to mimic normal physiological glucocorticoid

secretion and prevention of iatrogenic Cushingoid

features as well as other metabolic complications like

diabetes, dyslipidemia, hypertension, hypokalemia,

weight gain, osteoporosis etc. Usually hydrocortisone

is maintained 20 mg at morning and 10 mg at evening.

Slight higher or better lower dose can be required in few

patients. For prednisolone, as treatment of chronic

adrenal insufficiency, usually given once daily, though

previously practiced twice daily. Usual dose is 5 mg at

morning, but sometimes lower 2.5 or higher 7.5 mg is

given if needed.

Patients with secondary adrenal insufficiency should

receive evaluation and adequate replacement for other

pituitary hormone deficiencies. Replacement of thyroid

hormone without replacement of glucocorticoid can

precipitate acute adrenal insufficiency specially in

hypopituitarism.

It is always advisable to use short acting steroid and

lowest therapeutic dose to avoid steroid induced

complications. Because, pharmacological dose is not

always the therapeutic dose due to variable biological

half-life of steroid.15 Sometime lower dose if advised to

prevent iatrogenic Cushing’s syndrome.

Patients should be well compliant and counseled

properly. They should not miss dose rather increase at

minor illness. Older patients are much vulnerable for

adrenal crisis. Steroid is usually taken for whole life.

May be withdrawn the drug in secondary adrenal

insufficiency due to iatrogic adrenal insufficiency

(steroid abuse) by close supervision under expert

endocrinologist.

S. cortisol measures is not essential or helpful to adjust

dose rather is shows always low level. ACTH is rarely

done except in some cases like children with primary

adrenal insufficiency or CAH.

Minerelocorticoid (fludrocortisones) is given usually

0.05-0.10 mg daily if necessary. The adequacy is

assessed by blood pressure, S. electrolytes  and rarely

plasma renin measurement. It may be  required only

with primary adrenal insufficiency.  Care should be taken

for overdose like hypernatremia, hypokalemia,

uncontrolled hypertension etc.

Androgen replacement with DHEA usually 50 mg/day

in women occasionally who complained of decreased

libido and fatigue  and taking adequate dose of steroid.

Care should be taken for side effects like acne, hirsutism.

Adrenal insufficiency, steroid and diabetes mellitus

Prevalence of adrenal insufficiency seems to be higher

in diabetic subjects. Though exact data is not available

particularly in type 2 diabetes, many patients are being

treated with steroid for adrenal disorder or for other

diseases like Br. asthma, connective tissue disease,

thyroiditis etc. But patients sometimes suffer from hypo

or hyperglycemia. Frequent monitoring and frequent

adjustment of dose preferably with basal bolus insulin

regime is preferred. Metformin has some advantage to

add on. Blood glucose is found usually higher at

afternoon to evening in patients on maintenance dose

of steroid.

Steroid card

Patients with glucocorticoid replacement more than 3

weeks should be counseled properly and provided with

steroid card. The card includes instruction on emergency

as well as minor illnesses like fever, vomiting etc. Patient

should carry this all time which also includes, particulars

of patient, phone number, diagnosis, type of steroid,

dose and physician or hospital name. Sometime bracelet

and even emergency pack containing disposable

syringe, hydrocortisone injection 100 mg specially for

holidays/trip abroad. In minor illness, double the oral

dose for few days only.

Glucocorticoid withdrawal

Usually withdrawal protocol is followed for steroid

abusers suffering for chronic secondary adrenal

insufficiency. But sometimes specially in ICU, patients

may suffer from transient adrenal insufficiency and may

be possible to withdraw steroid gradually. Patient on

glucocorticoid of any dose more than 3 weeks should

be withdrawn gradually by tapering the dose. 13,20 All

patients after withdrawal should be followed up by short
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Synacthen test to confirm the adequacy of adrenal

function specially at stress or infection. In other cases

(primary adrenal insufficiency and secondary adrenal

insufficiency, other than drug induced) steroid should

be continued lifelong under guidance of a experienced

physician.

Conclusion

High degree of clinical suspicion is essential for

diagnosis. Presentation may be endocrine, neurologic,

cardiologic, dermatologic, gastroenterological, medical

or electrolytes disturbances. Proper diagnosis and

search for etiology is essential. Treatment should not

be delayed in case of emergency while trying to confirm

diagnosis and searching for etiology may be fatal. For

ICU patients judging on the presently available clinical

data, glucocorticoid cannot be randomly recommended

as a routine adjuvant therapy, neither even in acute

respiratory distress nor in all cases of septic shock.

Glucocorticoid  have, however, earned their spot among

other rescue strategies in subgroups of ICU patients

with the highest mortality risk.20 Considering clinical

features and after proper evaluation of  HPA axis  steroid

should be used. Steroid handling in an art, properly can

be done by an experienced physician to reduce morbidity

and mortality. Otherwise the steroid can itself cause

more harm than benefit.
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