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Endocrine, Adrenal gland: Hypercortisolism (Cushing syndrome) , Hypocortisolism (Addison
disease), Primary hyperaldosteronism
Hypercortisolism (Cushing syndrome)
Overview
-

-

-

Cushing syndrome is hypercortisolism that results in clinically evident disease
o Cushing disease is hypercortisolism due to an ACTH-secreting pituitary adenoma.
o While severe disease is obvious, cortisol is the stress-response hormone and
there are many conditions in which one finds mild elevation of serum cortisol
(e.g. psychiatric conditions, alcoholism. diabetes, obesity, hypertension). There is
overlap between physiologic and pathophysiologic states.
The commonest cause is iatrogenic from prescribed cortisol. Endogenous Cushing
syndrome is rare.
o There are unexpected exogenous sources of glucocorticoids, including skin
creams, herbal medications and synthetic progesterones.
Untreated Cushing syndrome is dangerous, with a 5 year survival of 50%
o Commonest causes of death are cardiovascular (there is associated dyslipidemia,
diabetes and hypertension), thromboembolic disease (hypercoagulable state)
and infection (with severe disease).

Pathophysiology
-

-
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The commonest causes are:
o Pituitary adenoma (called Cushing disease in honor of the describing
doctor)…………………………………………………………………………………………………….…70%
o Ectopic ACTH (in 1% of small cell carcinomas, of which there are
≈30,000/yr)……………………………………………………………………………………………...…15%
o Adrenal neoplasm:
 Adenoma…………………………………………………………………………………………10%
 Carcinoma…………………………………………………………………………………………5%
Cushing disease is commonest in women age 25-45 years old.
Cortisol affects >10% of the genome, so almost every organ system is affected. The key
effects of clinical importance are:
o Catabolism, with decreased collagen synthesis leads to easy bruising, proximal
muscle weakness and osteoporosis.
o Anti-regulatory anti-insulin effect: hyperglycemia (i.e. diabetes mellitus Type II)
o Mineralocorticoid effect (it’s more complex than this): hypertension
o Anti-immune effects (seen in severe disease): recurrent infections
o Other symptoms are not well explained (e.g. mental changes, fat distribution
etc.)
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Presentation
-

The main problem in establishing a diagnosis is that the most specific findings in
hypercortisolism are uncommon, but the most common findings are common in nondisease.
o Symptoms (most common):
1. Weight gain
2. Easy bruising
3. Weakness and fatigue
4. Psychological changes (depression, insomnia)
o Signs (correlated to symptoms):
1. Moon facies, buffalo hump, abdominal pannus
2. Abdominal striae that are >1 cm across & red/blue in color (i.e. the
vasculature is seen); skin on back of hand <1.8 mm (not useful in the
elderly)
a. These are both due to thinning of the subcutis
3. Proximal muscle weakness

-

Diagnosis
o In addition to the above pattern of signs and symptoms, testing is also warranted
in patients with unusual behavior of diabetes mellitus Type II, osteoporosis and
thromboembolic disease
o A challenge in diagnosis is that cortisol has a marked diurnal variation and
baseline changes with chronic stress conditions.

8 AM

12 AM
o There are 3 testing strategies for dealing with this problem:
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24 hour urine free cortisol: 24 hours is one full cycle. This is the gold
standard test.
Midnight saliva: saliva levels correlate well with serum levels. Using an
absorbent device to collect saliva just before midnight should show a low
level in a normal individual
Dexamethasone suppression test: a low dose of dexamethasone (e.g. I
mg) will suppress a normal hypothalamus enough to give a low 8 AM
level.

o Investigation of Cushing syndrome
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o Testing is based on feedback control: HPA
 Estrogens, especially pregnancy, increase
cortisol-binding protein, raising total
serum cortisol. 24 hour urine free
cortisol measures filtered cortisol (i.e. it
is unbound) and therefore avoids this
problem.
 An elevated ACTH indicates 1° disease
and should be followed by imaging,
looking for an adrenal mass.
 Pituitary adenomas, the commonest
cause of 2° disease, are suppressed
overnight by high doses of
Dexamethasone (e.g. 8 mg). Ectopic
sources such as small cell carcinoma are not suppressed.
 Petrosal sinus sampling is now performed in tertiary medical centers. The
sinus can be catheterized from the internal jugular vein.
 MRI, considered the most sensitive technique, still only identifies about
50% of secreting pituitary adenomas. If a larger adenoma is identified
(i.e. >6 mm), it can be considered the source of the ACTH.
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Natural history
-

-

Cushing syndrome has a poor prognosis with a 5 year survival of 50%
o Commonest causes of death are cardiovascular (there is associated dyslipidemia,
diabetes and hypertension), thromboembolic disease (hypercoagulable state)
and infection (with severe disease).
Treatment:
o Treatment of choice for pituitary microadenomas is transphenoidal resection
o Treatment of choice for ectopic production is resection of tumor, or its
destruction if small cell carcinoma of lung (e.g. irradiation, chemotherapy)
o Treatment of choice for adrenal neoplasms is adrenalectomy

Adrenocortical Insufficiency
Introduction
-

-
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The commonest is cause is too sudden a withdrawal of cortisol drug therapy.
There is a spectrum of disease that depends upon the rate and degree of loss
o Acute adrenal insufficiency is usually called adrenal crisis. If this is due to
hemorrhagic infraction form meningococcemia, it is called WaterhouseFriderichsen syndrome.
Adrenal crisis also may be precipitated by acute stress in a patient with borderline
cortisol levels (including those on cortisol treatment).
Chronic insufficiency is usually due to autoimmune destruction of the adrenal gland,
autoimmune adrenalitis, aka Addison disease and so there is associated
hypoaldosteronism
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Adrenal Crisis
Adrenal crisis, or acute adrenal insufficiency, occurs due an acute stress on the adrenal
gland
o Normal gland:
 Primary destruction of the adrenal gland is usually due to infarction, most
commonly a hemorrhagic infraction from infection. Although this can
occur with many bacterial infection, it is best described in
meningococcemia (see insert), when it is called Waterhouse-Friderichsen
syndrome.
 Secondary disease is seen with infarction of the pituitary gland due to
hemorrhage into a pituitary adenoma, which are vascular tumors. The
tumoral bleed, called apoplexy, is associated with a headache.
o Abnormal gland:
 Crisis may seen with partial adrenal insufficiency due to evolving disease,
or patients on cortisol treatment. Common stresses include surgery and
dental work, as well as acute infections
 Patients on cortisol treatment typically have their daily dose increased
three-fold during the period of stress, continued for two days after the
conclusion of the episode.
o Withdrawal of cortisol treatment:
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Any patient who has received treatment for more than 3 weeks or a dose
of >10 mg, will have suppression of their hypothalamic/pituitary/adrenal
axis
Tapering regimens may take months and are judged on clinical criteria.


Presentation:
o Vasomotor collapse with hypotension is the main feature.
 Other features include abdominal pain, nausea & vomiting, mental
confusion, weakness and fatigue.
Diagnosis:
o This is a difficult diagnosis in the absence of prior known disease or steroid
therapy.
o Laboratory:
 Electrolytes: ↓Na+, ↑K+
 ↓Glucose
o Imaging:
 CT abdomen: hemorrhage into adrenal glands
 CT head: hemorrhage into pituitary adenoma
o Cortisol / ACTH: these are not available on an acute basis
Treatment:
o Cortisol therapy should not be withheld pending cortisol/ACTH levels.
o There is little risk in acute, limited steroid use.
o Aldosterone replacement may also be necessary.

Waterhouse-Friderichsen syndrome
- The encapsulated Gram (-) diplococcus secretes a lipo-oligosaccharide endotoxin (LOS) that damages
endothelial cells and initiates a cytokine storm.
٠this leads to meningococcemia with shock and coagulopathy (DIC).
- The clinical presentation encompasses the spectrum of meningitis and meningococcemia

- The mortality of meningococcmeia (25%) is much higher than meningitis (5%),
- Death may occur in hours and sequelae are common:
٠hemorrhage into the adrenal glands results in adrenal crisis (Waterhouse-Friderichsen syndrome)
٠ ischemic complications of DIC are seen in ~50% of survivors
٠immune complex sequelae include arthritis, pericarditis, and pleuritis
٠neuologic sequelae from the meningitis
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Addison Disease (1° Adrenal Insufficiency)
-

-

When first described by Addison, over a century ago, the commonest cause was
tuberculosis
Now, over 90% is due to a Type IV autoimmune disease, often referred to as
autoimmune adrenalitis
Pathophysiology
o The hereditary pattern is DR 3 and DR4 linked
 Like all cytotoxic autoimmune disease, this is because the HLA-Dr
complex is an MHC II receptor of antigen presenting cells (APCs)
 Over 50% of cases have Type 2 autoimmune polyglandular syndrome
(APS). Other organs commonly involved are:
• Autoimmune thyroid (Hashimoto or Graves)
20%
• Type 1 diabetes mellitus
10%
• Celiac sprue
10%
• Hypogonadism
10%
o Anti-21 hydroxylase antibodies appear years before failure, followed by a rising
ACTH level
 The entire adrenal cortex is destroyed, including the zona reticularis. An
increase in renin is often the earliest finding.
Presentation
o Symptoms: non-specific, a high degree of clinical suspicion is necessary
 Anorexia
 Weakness and fatigue
 Gi symptoms (N&V, abdominal pain, constipation, diarrhea)
 Postural hypotension
o Signs:
 Hyperpigmentation, especially sun-exposed areas
• Due to increased production of
POMC, a prohormone that results in an
increase in ACTH and MSH. These both
stimulate melanocytes

 Hypotension
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Diagnosis
o A.M. serum cortisol: peak cortisol occurs at 8 A.M. A low serum cortisol at this
time is quite specific for deficiency, although not very sensitive
o Diagnosis of primary disease is confirmed by showing an elevated ACTH.
o Equivocal results can be further evaluated by the adrenal response to injected
ACTH

-

Treatment
o Short acting hydrocortisone is usually used to try and mimic the normal diurnal
variation (highest at 8 a.m.; lowest at midnight)
 Dose is usually based on clinical assessment of symptoms
 Some authors use ACTH levels
o Mineralocorticoid replacement is usually necessary
 Dose is based on symptoms (postural hypotension, BP)
 Some authors use serum renin levels as well
o DHEA replacement is common in women, as it gives a sense of well-being
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o Stress dosing: during acute illnesses or surgery, doses are often tripled, and this
continued for 2 days after return to normal.

Primary Hyperaldosteronism
-

Introduction:
o 1° hyperaldosteronism is one of the 3 most important causes of resistant
hypertension (R-HT)
o Its prevalence is uncertain as it depends upon how aggressive one is in looking.
Commonest causes of Resistant Hypertension:
•
•
•

-
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1° Hyperaldosteronism
Renal artery stenosis
Chronic renal failure (Stage 4)

Pathophysiology:
o Most commonly due to bilateral adrenal hyperplasia (70%) and adrenal adenoma
(30%)
o Aldosterone upregulates the Na+ channel (ENaC) on
the principle cell of the collecting tubule. The
increased Na+ resorption is followed by increased
water reabsorption and increased blood volume
o The increased Na+ flow increases the negativity of
the intracellular charge, leading to luminal K+ excretion
and systemic hypokalemia
o There may be a metabolic alkalosis due to
increased H+ / K+ exchange in the intercalated cell of
the collecting tubule, from the hypokalemia.
o After several days there is a diuresis that partially
corrects the hypervolemia, called aldosterone escape.
This is due to increased ANP and other factors.
 Serum Na+ is normal
 There is also a correction in the hypokalemia with
the decreased Na+ flow. While hypokalemia persists in
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prolonged disease, it is not usually seen in early, mild disease.
o There is suppression of renin release (as compared to conditions with decreased
renal blood flow like renal artery stenosis, coarctation and diuretics, that have
increased serum renin levels).
o Hyperaldosteronism states have an increased cardiac risk independent of the
hypertension. This has an unknown mechanism.
Presentation
o Resistant hypertension
o Hypokalemia: may present as weakness
Diagnosis
o Aldosterone / renin ratio
Disease
1° hyperaldosteronism
Renal artery stenosis

-

A/R Ratio
High
Low

o Imaging: adrenal CT scan
Treatment
o Surgery: resection of unilateral mass
o Medical: mineralocorticoid receptor antagonist (e.g. spironolactone) for bilateral
disease.

-
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Aldosterone Renin
↑
↓
↑
↑

Adrenal adenoma
Discreet mass
Bright yellow color is typical of fatty
tumors (in this case steroids)
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Endocrine, Adrenal gland: Hypercortisolism (Cushing syndrome) , Hypocortisolism (Addison
disease), Primary hyperaldosteronism
Do You Know It?

1. Who is the commonest patient with endogenous hypercortisolism (age, gender,
etiology)?

2. Correlate the presentation of Cushing disease to its pathophysiology.

3. Describe the diagnosis and investigation of hypercortisolism.

4. What is an adrenal crisis and when is it seen?

5. What are the commonest causes of an adrenal crisis?
a. Describe the Waterhouse-Friderichsen syndrome.

6. Describe the autoimmune polyglandular syndrome.

7. Describe the presentation of Addison syndrome.
a. What is the most helpful sign?

8. Describe the diagnosis and investigation of hypocortisolism.

9. What is resistant hypertension and what are its commonest causes?

10. Describe the pathophysiology of the hypertension, hypokalemia and alkalosis of
hyperaldosteronism.
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11. Describe the investigation and treatment of hyperaldosteronism.

12. What is the treatment of 1° hyperaldosteronism from bilateral adrenal hyperplasia.
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