
 

Adrenal Disorders 

Part 3 



Cushing’s Syndrome (CS) 

 
 

Diagnosing & Managing (D&M) 

ACTH-Independent CS Cause 



D&M ACTH-Independent CS Cause 
• The following step is to obtain a CT or 

MRI of  the adrenal glands: 

1) If  bilateral disease => bilateral 

adrenalectomy followed by lifelong GC & 

MC replacement therapy for acquired 1o 

hypoadrenalism 

2) If  unilateral disease => 

• Benign tumors tend to be small (<4 

cm), homogeneous, smooth margins, 

and secretes one hormone (cortisol) 



D&M ACTH-Independent CS Cause: 

Unilateral Adrenal Disease 
• and if, on the CT study, the noncontrast 

value for Hounsfield units is ≤10 and the 

washout of  contrast material is ≥60% at 15 

minutes, then the tumor is almost certainly 

benign => laparoscopic adrenalectomy 

(minimally invasive approach) 

 
� [The Hounsfield units (HU) value is a measure of  

radiodensity compared with water] 



D&M ACTH-Independent CS Cause: 

Unilateral Adrenal Disease 
• Adrenal tumors secreting more than one 

hormone (cortisol and androgen or 

estrogen) are almost always malignant 

which are likely ≥4 cm, heterogeneous with 

irregular margins, and the washout of  

contrast material at 15 minutes is likely 

<60% => Open adrenalectomy (removing 

all detectable disease, and searching for 

metastasis, and if  found, removing them) 



D&M ACTH-Independent CS Cause: 

Malignant Unilateral Adrenal Disease 
• Microscopic metastases are not visible by 

imaging but can be inferred from the 

presence of  detectable cortisol levels 

following removal of  the primary tumor 
 

• In general, the prognosis for malignant 

tumors is poor with high rates of  

recurrence, even in patients with localized 

disease 



D&M ACTH-Independent CS Cause: 

Malignant Unilateral Adrenal Disease 
 

• Radiotherapy to the tumor bed reduces the 

risk of  local recurrence 

• Systemic drug therapy consists of  mitotane 

(adrenolytic drug) and chemotherapy, but 

responses are often poor 



D&M ACTH-Independent CS Cause: 

Malignant Unilateral Adrenal Disease 
• To control hypercortisolism medically, the 

following are options: 

o Steroidogenesis inhibitors inhibiting 

cortisol synthesis: ketoconazole, 

metyrapone, mitotane, osilodrostat, and 

etomidate 
 

oMifepristone, a GC-receptor antagonist 

inhibiting cortisol action 
� [Note: Drug Rx can be given to any patient (with unilateral or 

bilateral disease) who cannot undergo surgery] 



Cushing’s Syndrome (CS) 
• After confirming the diagnosis of  CS, the 

next step is to determine the cause of  the 

pathologic cortisol excess, and it starts by 

measuring plasma ACTH level: 
 

1) If  not measurable or low =>          

ACTH-Independent CS 
 

2) If  normal or high =>                     

ACTH-Dependent CS 



Cushing’s Syndrome (CS) 

 
 

Diagnosing & Managing (D&M) 

ACTH-Dependent CS Cause 



D&M ACTH-Dependent CS Cause 
• The following step is to perform the CRH 

(Corticotropin-Releasing Hormone) 

Stimulation Test during Inferior Petrosal 

Sinus Sampling (IPSS) to determine the 

source (cause) of  ACTH excess, whether it 

is: 

� Eutopic (from the pituitary region) 

Or 

� Ectopic (from elsewhere) 



D&M ACTH-Dependent CS Cause 
The CRH Stimulation Test during IPSS: 

• Samples for ACTH and cortisol 

measurements are obtained at times 0 (pre) 

and 4, 6, 15 minutes post CRH injection 

• The samples are from the right IPS, the left 

IPS, and a Peripheral (antecubital) vein: 

� Eutopic: Central/Peripheral plasma 

ACTH Ratio: ≥3 

� Ectopic: the ratio would be <3 
� [The sensitivity of  the test is >95%, with very rare false-positive 

results, and false-negative results may be encountered in patients 

with aberrant venous drainage] 



D&M ACTH-Dependent CS Cause 
If  Eutopic ACTH Excess: 

• Almost certain to have ACTH-secreting 

pituitary adenoma => to confirm with a 

Pituitary MRI => 

� Transsphenoidal adenomectomy (TSS), 

if  surgery is likely to be curable 

� If  not => bilateral adrenalectomy 
 

• Note: Approximately 40% of  ACTH-

secreting corticotroph tumors are not 

visible on imaging, and if  an ectopic CRH 

cause, there would not be a pituitary tumor 



D&M ACTH-Dependent CS Cause 
If  Eutopic ACTH Excess: 

• If  serum cortisol on the morning after the 

TSS is 0 (<5 mcg/dL, not measurable), the 

operation was a success, and if  not, it failed 
 

• Surgeon must not administer (intraop or 

postop) a synthetic GC until serum cortisol 

has been measured 



D&M ACTH-Dependent CS Cause 
If  Eutopic ACTH Excess: 

• If  “-0-”, oral HC should be given (once 

qAM), and the ACTH Stimulation Test 

should be performed at 3-month intervals, 

and when the ACTH-stimulated serum 

cortisol is >18 mcg/dL, HC can be stopped 
 

• The same management is applied in the 

case of  unilateral adrenalectomy (but in the 

case of  bilateral adrenalectomy, HC and FC 

would be prescribed as lifelong Rx, as 

mentioned) 



D&M ACTH-Dependent CS Cause 
If  Eutopic ACTH Excess: 

• CD may persist or recur after TSS, and 

therefore patients should be evaluated for 

years after the surgery 
 

• The therapeutic options then would be: 

� Repeat TSS 

� Bilateral adrenalectomy 

� Radiation Rx 

� Drug Rx ~ Options: 

1. Tumor directed (inhibiting ACTH 

secretion): =>       =>       => 



D&M ACTH-Dependent CS Cause 
If  Eutopic ACTH Excess: 

1. Tumor directed (inhibiting ACTH 

secretion): Cabergoline (a dopamine 

agonist “DA”), Pasireotide (a 

somatostatin analog “SSA”) 

2. Steroidogenesis inhibitors (inhibiting 

cortisol synthesis): ketoconazole, 

metyrapone, mitotane, osilodrostat, and 

etomidate 

3. Mifepristone, a GC-receptor antagonist 

(inhibiting cortisol action) 



D&M ACTH-Dependent CS Cause 
If  Eutopic ACTH Excess: 

• Drug therapy can be given to patients who 

cannot undergo surgery (TSS or bilateral 

adrenalectomy) 



D&M ACTH-Dependent CS Cause 
The CRH Stimulation Test during IPSS: 

• Samples for ACTH and cortisol 

measurements are obtained at times 0 (pre) 

and 4, 6, 15 minutes post CRH injection 

• The samples are from the Right PS, the 

Left PS, and a Peripheral (antecubital) vein: 

� Eutopic: Central/Peripheral plasma 

ACTH Ratio: ≥3 

� Ectopic: the ratio would be <3 
� [The sensitivity of  the test is >95%, with very rare false-

positive results, and false-negative results may be 

encountered in patients with aberrant venous drainage] 



D&M ACTH-Dependent CS Cause 
If  Ectopic ACTH Excess: 

• To start by obtaining a Chest CT or MR 

imaging since > 50% of  cases are in the 

lungs: 

� in 2/3 of  cases a tumor will be found => 

Surgery (after a confirming biopsy) 

� If  not found => Abdominal & Pelvic CT 

or MR imaging: 

� If  tumor is found => Surgery 

� If  not found =>       =>       =>       => 



D&M ACTH-Dependent CS Cause 
If  Ectopic ACTH Excess: 

� If  not found =>Whole-body imaging 

with: 

o Either 68Ga-DOTATOTATE-

PET/CT (82% sensitivity) [SSA] 

o or 18F-DOPA-PET/CT (58% 

sensitivity) [DOPA: dihydroxyphenylalanine] 

� If  tumor is found => Surgery 

� If  not found: 

� Bilateral adrenalectomy, or 

� Medical therapy of  hypercortisolism 



D&M ACTH-Dependent CS Cause 
If  Ectopic ACTH Excess: 

• The medical therapy can be with the SSAs, 

steroidogenesis inhibitors and/or the GC-

receptor antagonist (mifepristone) 

• If  medical therapy is chosen, the patient 

should have repeat CT or MR imaging at 6-

month intervals, and if  no source is found 

by the end of  the second year, it is unlikely 

that the source will ever be found, and 

bilateral adrenalectomy should be 

performed for definitive treatment 



D&M ACTH-Dependent CS Cause 
• It should be mentioned that the CRH 

Stimulation Test during IPSS is not widely 

available as it requires petrosal sinus 

catheterizations that are technically difficult 
 

• So what to do if  the test is not available in 

the area of  practice? 
 

• And even if  it’s available, could it be safely 

bypassed as ~0.05% of  patients develop 

neurovascular complications? 



D&M ACTH-Dependent CS Cause 
The CRH Stimulation Test during IPSS 

Could the test be safely bypassed 

even where it’s available?  

• Some suggest ‘yes’, in the presence of  a 

well-defined pituitary adenoma on MRI 

 

• However, this adenoma could be a non-

functioning incidental microadenoma, the 

incidence of  which is significant (10-40%) 



D&M ACTH-Dependent CS Cause 
The CRH Stimulation Test during IPSS 

Could the test be safely bypassed 

even where it’s available?  

• Thus up to 40% of  ectopic ACTH excess 

cases could have that incidentaloma, and 

operating on it would not only be 

unbeneficial, but may also be harmful, given 

that transsphenoidal microadenomectomy is 

associated with mortality (1%) 

� So the answer to the above question is: 
Generally No! 



D&M ACTH-Dependent CS Cause 
The CRH Stimulation Test during IPSS 

What to do if  the test is not available 

in the area of  practice?  

• The following two tests should be done, and 

if  their results are concordant, then the test 

may be bypassed, otherwise (i.e., if  

discordant) the test (CRH Stimulation Test 

during IPSS) should be done (the patient 

should be referred to a center capable of  

doing it): =>           =>           => 



D&M ACTH-Dependent CS Cause 
The CRH Stimulation Test during IPSS 

What to do if  the test is not available 

in the area of  practice?  

1) The 2-day High-Dose Dexamethasone 

Suppression Test (HDDST) 
 

2) The CRH Stimulation Test 
 

 

• The sensitivity of  each test is less than the 

CRH Stimulation Test during IPSS 



D&M ACTH-Dependent CS Cause 
The 2-day High-Dose DST (HDDST) 

• Collecting 24-h urine for free cortisol & Cr 
 

• Then giving Dex 2 mg PO q6h x 48 hours 
 

• Recollecting urine during last 24-h of  Dex 
 

• CD would have >50% cortisol suppression 

whereas the ectopic would not (ACTH-

secreting pituitary tumors retain some 

negative feedback sensitivity to GC which is 

usually absent in tumors that produce 

ectopic ACTH) 



D&M ACTH-Dependent CS Cause 
The CRH Stimulation Test 

• In CD, ACTH increases >40% at 15-30 min 

& cortisol increases >20% at 45-60 min after 

CRH 100 µg (iv) whereas in the ectopic they 

would not increase that much (also here, the 

ACTH-secreting pituitary tumors retain 

some sensitivity to CRH stimulation which 

is usually absent in tumors that produce 

ectopic ACTH) 



CS Management: 

Cortisol Withdrawal Syndrome 
• Cortisol Withdrawal Syndrome typically 

develops after a successful surgery for CS 

even when on GC replacement Rx for 

hypoadrenalism 
 

• Manifestations include nausea, fatigue, 

arthralgia, myalgia, pruritus, flaking skin, 

and hypotension 
 

• Therapy: ↑HC dose and then reduce it 

slowly as tolerated 



CS Management: 

Nelson Syndrome 
• Nelson syndrome results from the 

progressive enlargement of  ACTH-

secreting pituitary tumor following bilateral 

adrenalectomy 

• The enlarging tumor causes local 

compressive destruction (such as VF 

impairment, CN palsy), and is associated 

with skin hyperpigmentation (that is similar 

to that in Addison’s disease) 

• Therapy: Radiation and/or pasireotide (SSA) 



CS Management: Miscellaneous 
• Patients should receive vaccinations against 

the following infections: pneumococcus, 

herpes zoster, and influenza given the 

immunosuppression state of  CS 

 

• Any treatable comorbidity (such as diabetes, 

HTN, osteoporosis, etc.) should be treated 



Outliers in Diagnosing CS Cause 
� Strongly positive physical examination for 

CS but low or zero 24-h UFCs, normal 1-

mg DST, and ACTH is suppressed ??? 



Outliers in Diagnosing CS Cause 
� Strongly positive physical examination for 

CS but low or zero 24-h UFCs, normal 1-

mg DST, and ACTH is suppressed => 

Receiving Exogenous GC 
 

� The GC must be identified and 

discontinued 
 

� Sometimes no history of  GC 

administration, nevertheless the GC 

must be identified and discontinued 



Outliers in Diagnosing CS Cause 
� Few or no clinical signs but do have 

elevated 24-h UFCs, abnormal 1-mg DST, 

and ACTH is measurable (normal or high) 

??? 



Diagnosing CS 
24-hour Urine Free Cortisol (24-h UFC) 

False + False - 
� High fluid intake (>4-5 L/d) 

� Overcollection 

� Pregnancy 

� Stress (physical or 

emotional) 

� Alcohol excess, major 

depression 

� Generalized 

glucocorticoid resistance 

� Carbamazepine and 

fenofibrate (interference 

with HPLC assay) 

� Undercollection 

� Renal failure (esp. GFR 

<60 ml/min) 

� Cyclic CS (cyclicity of 

cortisol secretion is a 

feature of all types of CS 

and, if very variable, can 

confuse diagnosis) 



Diagnosing CS 
1-mg Overnight Dexamethasone Suppression 

Test (1-mg DST) 

• Dex taken PO at 11 pm 

• Serum cortisol >1.8 mcg/dL at the 

following 9 AM (using HPLC assay) 

suggests CS (Dex is used for suppression 

testing because it does not cross-react in 

immunoassays for cortisol) 

• High false + rates: 

o Alcohol excess, major depression 

oHyperthyroidism 



Diagnosing CS 
1-mg Overnight Dexamethasone Suppression 

Test (1-mg DST) 

• High false + rates (continued): 

oError with timing dex administration 

o ↓ dex absorption 

o Stress 

oGeneralized glucocorticoid resistance 

oMeds: ↑ dex metabolism (such as 

rifampicin, antiepileptics) or ↑CBG (such 

as oral contraceptives) 

• Also, it has false - results 



Outliers in Diagnosing CS Cause 
� Few or no clinical signs but do have 

elevated 24-h UFCs, abnormal 1-mg DST, 

and ACTH is measurable (normal or high) 

??? 



Outliers in Diagnosing CS Cause 
� Few or no clinical signs but do have 

elevated 24-h UFCs, abnormal 1-mg DST, 

and ACTH is measurable (normal or high) 

=> CRH Stimulation Test during IPSS to 

determine the source of  ACTH secretion: 

� Eutopic (from the pituitary): usually 

have the syndrome of  generalized 

glucocorticoid resistance 
 

� Ectopic (from elsewhere): almost always 

neoplastic, and usually in the chest 



Outliers in Diagnosing CS Cause 
� Convincing physical examination findings 

for CS but normal 24-h UFCs and 1-mg 

DST => 



Diagnosing CS 
24-hour Urine Free Cortisol (24-h UFC) 

False + False - 
� High fluid intake (>4-5 L/d) 

� Overcollection 

� Pregnancy 

� Stress (physical or 

emotional) 

� Alcohol excess, major 

depression 

� Generalized 

glucocorticoid resistance 

� Carbamazepine and 

fenofibrate (interference 

with HPLC assay) 

� Undercollection 

� Renal failure (esp. GFR 

<60 ml/min) 

� Cyclic CS (cyclicity of 

cortisol secretion is a 

feature of all types of CS 

and, if very variable, can 

confuse diagnosis) 



Outliers in Diagnosing CS Cause 
� Convincing physical examination findings 

for CS but normal 24-h UFCs and 1-mg 

DST => 

� Is the UFC measured with HPLC/MS? 

� Are the collections complete (U-Cr 

measured and is adequate)? 

� Is the renal function N? 

� If  all of  the above are done properly, 

then  =>            =>            =>            => 



Outliers in Diagnosing CS Cause 
� … then Periodic/Cyclic CS must be 

ruled-out by measuring UFC frequently 

over a month, and if  that fails, the 

patient should be followed for a year 

with 24-h UFCs done frequently ~ No 

additional tests should be performed 

until the situation is sorted out as more 

tests would likely lead to an unnecessary 

surgical procedure 



�Syndromes of 

Adrenal Androgen 

Excess 



Fig. 18.18 

Structure and 

function of the 

adrenal glands. 

(ACE = 

angiotensin-

converting 

enzyme; ACTH = 

adrenocorticotrop

hic hormone; JGA 

= juxtaglomerular 

apparatus; MR = 

mineralocorticoid 

receptor) 

 

 

Davidson’s 

Principles and 

Practice of  

Medicine; 23rd 

Edition; 2018; 

Chapter 18; 

Page 666 



Syndromes of 

Adrenal Androgen Excess 
• They result from excess production of  

dehydroepiandrosterone (DHEA) and 

androstenedione, which are converted to 

testosterone in extraglandular tissues 

 

• The elevated testosterone accounts for most 

androgenic effects 



Harrison’s Principles of Internal Medicine; 20th Edition; 2018; 
Chapter 379; Page 2719 



Davidson’s Principles and Practice of Medicine; 23rd Edition; 2018; 
Chapter 18; Page 667 



Davidson’s Principles and Practice of Medicine; 23rd Edition; 2018; 
Chapter 18; Page 667 

 

Note the Error: 17-OH-pregnenolone does not lead to DHEAS but rather 
to DHEA. DHEA then can be sulfated to DHEAS (this sulfation occurs 
only in the adrenals). See the figure from Harrison’s Principles of 
Internal Medicine textbook (included in this presentation). 



Syndromes of 

Adrenal Androgen Excess 
 

• The normal adrenal glands produce: 

� All of  the DHEAS 
 

� 80% of  the DHEA 
 

� 50% of  the androstenedione 
 

� 25% of  the circulating testosterone 

 



Syndromes of 

Adrenal Androgen Excess 
� Clinical Signs and Symptoms: Hirsutism, 

acne, oligomenorrhea/ amenorrhea, and 

virilization (male-pattern balding, voice 

deepening, increased muscularity, 

clitoromegaly, breast atrophy) 

 

� Etiology includes congenital adrenal 

hyperplasia (CAH), adrenal adenomas 

(rare), and adrenal carcinomas 



Syndromes of 

Adrenal Androgen Excess: CAH 
� CAH is the most common adrenal disorder 

of  infancy and childhood 
 

� 21-hydroxylase deficiency (21OHD) 

occurs in 95% of  all CAH cases causing 

androgen excess  
 

� 11-hydroxylase deficiency (11OHD) 

occurs in the remaining 5% 

 



Davidson’s Principles and Practice of Medicine; 23rd Edition; 2018; 
Chapter 18; Page 667 

 

Note the Error: 17-OH-pregnenolone does not lead to DHEAS but rather 
to DHEA. DHEA then can be sulfated to DHEAS (this sulfation occurs 
only in the adrenals). See the figure from Harrison’s Principles of 
Internal Medicine textbook (included in this presentation). 



CAH: 21OHD 
� If  severe enzyme deficiency => cortisol 

insufficiency ~ “Classic” 21OHD 

 

� If  mild enzyme deficiency => 

“Nonclassic” 21OHD ~ cortisol production 

is normal but with excessive precursor 

accumulation to overcome the partial 

enzymatic block 



CAH: 21OHD 
� Traditionally, Classic 21OHD is subtyped 

into “Salt Wasting” and “Simple Virilizing” 

forms which is based on the capacity of  the 

adrenal to produce small amounts of  

aldosterone in the Simple-Virilizing form 
 

� However, this has fallen out of  favor 

because all patients lose salt to some 

degree as clinical presentations overlap and 

this subtyping is often not clinically 

meaningful 



CAH: 21OHD 
� Nonclassic 21OHD is diagnosed 

occasionally in childhood or at newborn 

screening, but most commonly in 

adolescence and young adulthood, and 

sometimes in adulthood 



CAH: 21OHD in Infancy 
� Poor feeding, weight loss, dehydration with 

hyponatremia (↓Na) and hyperkalemia (↑K) 

 

� XX-female at birth would be with 

ambiguous genitalia (enlarged clitoris, and 

partial or complete fusion of  the labia) 



CAH: 21OHD in Childhood 
� Increased growth velocity 

 

� Precocious pubarche (defined as the 

presence of  pubic hair before 8 years of  

age in girls and 9 years of  age in boys) 
 

� Early-onset adult apocrine odor 



CAH: 21OHD 

in Adolescence & Adulthood 
� Hirsutism, acne, oligomenorrhea/ 

amenorrhea, reduced fertility 
 

� Testicular Adrenal Rest Tumors (TARTs) 

which are associated with reduced fertility 

in the adult males 
 

� Also, adrenal rest tumors can develop in the 

ovaries or adjacent uterine ligaments 



CAH: 11OHD 
� Commonly, it presents as MC excess (HTN 

& ↓K) due to DOC accumulation, along 

with low cortisol production 

� Rarely, a biphasic presentation: 

a. Early infancy with salt wasting due to 

inefficient salt conservation as well as 

immature aldosterone production =>↓Na, 

↑K, dehydration, and hypotension 

b. Later in life (childhood and adulthood), 

there is better ability to hold onto salt => 

typical 11OHD syndrome (HTN & ↓K) 



Davidson’s Principles and Practice of Medicine; 23rd Edition; 2018; 
Chapter 18; Page 667 

 

Note the Error: 17-OH-pregnenolone does not lead to DHEAS but rather 
to DHEA. DHEA then can be sulfated to DHEAS (this sulfation occurs 
only in the adrenals). See the figure from Harrison’s Principles of 
Internal Medicine textbook (included in this presentation). 



CAH: 21OHD Diagnosis 
� The serum 17-hydroxyprogesterone (17-

OHP) level is significantly elevated in the 

classic form, and can be mildly elevated in 

the nonclassic form 

 

� ACTH stimulation test can be performed in 

mildly elevated 17-OHP cases to assess 17-

OHP response (it usually increases above 

1000 ng/dL if  21OHD is present) 



Davidson’s Principles and Practice of Medicine; 23rd Edition; 2018; 
Chapter 18; Page 667 

 

Note the Error: 17-OH-pregnenolone does not lead to DHEAS but rather 
to DHEA. DHEA then can be sulfated to DHEAS (this sulfation occurs 
only in the adrenals). See the figure from Harrison’s Principles of 
Internal Medicine textbook (included in this presentation). 



CAH: 11OHD Diagnosis 
� ACTH stimulation test can be performed to 

assess the response of  serum 11-

Deoxycortisol and serum 11-

Deoxycorticosterone (if  the baseline levels 

were to be normal) for if  it is greater than a 

normal response then it confirms the 

11OHD diagnosis 



CAH: Diagnosis 
� The high androgens in both 21-OHD and 

11-OHD get suppressed following a 48-hour 

low-dose dexamethasone suppression test 

whereas they don’t suppress in androgen-

secreting tumors 



CAH: Rx 
� GC replacement is administered in reverse 

rhythm to suppress early morning ACTH 

 

� MC replacement may need to be added in 

salt wasting cases 



�Primary 

Hyperaldosteronism 


