
 

Adrenal Disorders 

Part 4 



�Primary 

Hyperaldosteronism 



Primary Hyperaldosteronism (PA) 
• Results from autonomous secretion of  

excessive aldosterone 

 

• The normal function of  aldosterone is to 

increase reabsorption of  sodium and 

secretion of  potassium and acid (H+) by the 

renal tubules (especially at the collecting 

tubules, and to a lesser extent at the distal 

tubules and collecting ducts) 
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Primary Hyperaldosteronism (PA) 
• PA is characterized by HTN (hypertension), 

hypokalemia, and metabolic alkalosis 

• It is relatively common, occurring in 

approximately 10% of  all HTN cases, and 

20% of  resistant HTN cases 

• PA patients have higher CV morbidity and 

mortality than age- and gender-matched 

patients with essential HTN and the same 

degree of  BP elevation 

• Proper management would ameliorate its 

impact on important clinical outcomes 



PA: Causes 

� Aldosterone-producing adrenocortical 

adenomas (APA; aldosteronomas; Conn 

syndrome) ~ approximately 40% of  cases 
 

� Bilateral adrenal hyperplasia (BAH) ~ in 

nearly all other cases 
 

� Rare Causes: 

• Unilateral adrenal hyperplasia 

• Aldosterone-secreting adrenocortical 

carcinoma (ACC) 

• Familial hyperaldosteronism (FH:I,II,III) 



PA: FH-I (Glucocorticoid Remediable 

Aldosteronism ‘GRA’) 
• It is an AD disorder caused by the abnormal 

fusion of  two similar genes called CYP11B1 

and CYP11B2, which are located close 

together on chromosome 8 

• CYP11B1 provides instructions for making 

11-beta-hydroxylase (helps producing 

cortisol and corticosterone) and CYP11B2 

provides instructions for making aldosterone 

synthase (located in the zona glomerulosa 

only and helps producing aldosterone) 
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PA: FH-I (Glucocorticoid Remediable 

Aldosteronism ‘GRA’) 
• With the abnormal fusion of  CYP11B1 and 

CYP11B2 genes, too much aldosterone 

synthase is produced under ACTH control 

(rather than Angiotensin II and K, its 

principal regulators) => ↑ aldosterone 

production ‘ectopically’ from the zona 

fasciculata (rather than the z. glomerulosa) 

of  the adrenal cortex 



PA: Familial Hyperaldosteronism 

type 2 (FH-II) 

 • The genetic cause is unknown 



PA: Familial Hyperaldosteronism 

type 3 (FH-III) 
• The KCNJ5 gene provides instructions for 

making a protein that functions as a 

potassium channel, which means that it 

transports positively charged ions of  

potassium into and out of  cells 
 

• In the adrenal glands, the flow of  ions 

through potassium channels produced from 

the KCNJ5 gene is thought to help regulate 

the production of  aldosterone 



PA: Familial Hyperaldosteronism 

type 3 (FH-III) 

 • Mutations in the KCNJ5 gene likely result in 

the production of  potassium channels that 

are less selective, allowing other ions 

(predominantly sodium) to pass as well 
 

• The abnormal ion flow results in the 

activation of  biochemical processes 

(pathways) that lead to increased 

aldosterone production, causing the HTN 

associated with FH-III 



PA: Symptoms & Signs (S & S) 
• HTN is typically moderate but may be 

severe, and may be drug-resistant 
 

• Some patients may have diastolic HTN only 

with no other symptoms & signs 
 

• Peripheral edema is not usually present but 

can be present in some cases (fluid 

retention from ↑ renal Na  reabsorption ~ 

normal serum Na level) 



PA: Symptoms & Signs (S & S) 
• ↓K in about 37 % (spontaneous or diuretic-

induced) which can produce muscle 

weakness (at times with paralysis 

simulating periodic paralysis), and polyuria, 

and polydipsia (nephrogenic DI) 

 

• Paresthesias, muscle cramps, and even 

tetany (due to metabolic alkalosis) 



PA: Differential Diagnosis (DDx) 
• A number of  disorders can mimic PA 

clinically; however, the results of  

biochemical testing will differ 

 

� Examples include secondary 

hyperaldosteronism (renal artery stenosis, 

diuretic therapy, heart failure, liver failure, 

nephrotic syndrome, or renin-secreting 

renal tumors); … =>            =>            => 
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PA: Differential Diagnosis (DDx) 
� Examples … Deoxycorticosterone ‘DOC’-

secreting adrenal tumors (DOC can bind 

and activate MR => ↑ Na retention => 

↑intravascular volume => ↓ renin => 

↓angiotensin II =>↓ aldosterone 

hypermineralocorticoidism);  … => 
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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). 



PA: Differential Diagnosis (DDx) 
� Examples …; licorice-induced 

hypermineralocorticoidism [glycyrrhizic 

acid, found in licorice and chewing 

tobacco, and carbenoxolone, a synthetic 

form of the acid, are inhibitors of the 11β-

hydroxysteroid dehydrogenase type 2 (11β-

HSD2) enzyme which prevents cortisol 

from MR activation by converting it to 

cortisone at the MR (cortisol circulates at a 

higher concentration than aldosterone with 

similar MR affinity) =>… 



PA: Differential Diagnosis (DDx) 
� Examples …; licorice-induced 

hypermineralocorticoidism [… => HTN, 

↓K, metabolic alkalosis, ↓renin, 

↓aldosterone, and normal cortisol//* 11β-

HSD2 deficiency has similar effects 

(Syndrome of Apparent Mineralocorticoid 

Excess ‘SAME’]; 

� Cushing Syndrome [with its causes, 

especially ectopic ACTH: higher plasma 

cortisol concentration => flooding of  the 

MR by cortisol]; …=> 



PA: Differential Diagnosis (DDx) 
� Examples  …; glucocorticoid (GC) 

resistance [increased cortisol production 

due to glucocorticoid receptor (GR) 

mutations => flooding of  the MR by 

cortisol]; Liddle’s syndrome [(also called 

‘Autosomal Dominant 

pseudoaldosteronism’) is caused by a 

mutation that results in constitutive 

activation of  the epithelial sodium channel 

‘ENaC’ of  the distal nephron => … 



PA: Differential Diagnosis (DDx) 
� Examples …; Liddle’s syndrome [… => 

↑Na reabsorption and volume expansion 

=> HTN (early-onset), hypokalemic 

alkalosis, ↓ renin, and ↓ aldosterone]; and 

Congenital Adrenal Hyperplasia ‘CAH’ 

[due to deficiency of  either 11-beta-

hydroxylase (CYP11B1 mutation) or 17-

alpha-hydroxylase (CYP17A1 mutation) => 

↑DOC & ↓Cortisol (a difference: 

Virilization is present in the former and not 

in the latter)] 
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PA: Lab Testing 
� The following patients are at increased risk 

for PA and therefore should be tested for it: 
1) Sustained BP>150/100 on 

each of 3 measurements 

obtained on different days 

2) HTN with BP >140/90 

resistant to 3 medications 

including a diuretic 

3) Controlled HTN (BP<140/90) 

on 4 or more medications 

4) HTN and spontaneous or 

diuretic-induced hypokalemia 

5) Adrenal incidentaloma 

with HTN and/or 

hypokalemia  

6) HTN & sleep apnea 

7) HTN & a family history 

of early onset HTN or 

stroke at a young age 

(<40 years) 

8) All hypertensive first-

degree relatives of 

patients with PA 



PA: Lab Testing 
� Initial screening is with the simultaneous 

measurement of  plasma renin activity 

(PRA) or direct renin assay (DRA) and 

plasma aldosterone concentration (PAC) 
� [Patients should be volume replete, normokalemic, 

out of  bed for at least 2 hours, and seated for at least 

15 minutes before blood draw which is preferably 

done between 8 and 10 am] 



PA: Lab Testing 
� Testing is positive if  all of  the following are 

met: 

1) PAC is frankly elevated (>15 ng/dL) 

2) PRA (or DRA) is suppressed 

3) PAC/PRA Ratio (ARR) is > 20 

�However: There is a lack of  uniformity in 

the diagnostic protocols 
 

� Many medications, including common 

antihypertensive agents, can affect 

measurements of  PAC, PRA or both as 

follows: 



PA: Lab Testing 
 

            PAC    PRA  ARR 

o ACEIs/ARBs       ↓        ↑↑     ↓    (F-) 

oDiuretics       ↑        ↑↑     ↓    (F-) 

oMR Antagonists   ↑        ↑↑     ↓    (F-) 

oDihydropyridine 

   CCBs       ↓         ↑           ↓    (F-) 
 

[ACEIs: Angiotensin-Converting Enzyme Inhibitors] 

[ARBs: Angiotensin Receptor Blockers] 

[CCBs: Calcium Channel Blockers] 
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PA: Lab Testing 
 

            PAC    PRA  ARR 

o β-Blockers     ↓       ↓↓         ↑   (F+) 

o α-2 Agonists    ↓       ↓↓         ↑   (F+) 

oDirect Renin 

   Inhibitors      ↓        ↓         ↑   (F+) 

oNSAIDs     ↓       ↓↓         ↑   (F+) 

 
[NSAIDs: Nonsteroidal Anti-inflammatory Drugs] 



PA: Lab Testing 
� Patients undergoing screening often have 

drug-resistant hypertension, and so 

discontinuing all potentially offending 

medications can be unsafe 
 

� Verapamil, hydralazine, and α-1 blockers 

(doxazosin, prazosin, terazosin) can be 

substituted for BP control, if  necessary 
 

� MR antagonists (spironolactone and 

eplerenone) should be stopped for 4 to 6 

weeks prior to testing 



PA: Lab Testing 
� Diuretics should also be discontinued prior 

to testing to assure euvolemia 
 

� Most other medications can be continued, 

but results must be interpreted in context 

(for example, if  PRA is suppressed despite 

treatment with an ACE inhibitor or an 

ARB, PA is likely) 
 

� If  results are difficult to interpret, repeat 

testing after discontinuing potential 

interfering medications is advised 



PA: Lab Testing 
� If  the screening ARR is positive, then a 

biochemical confirmation of  a PA 

diagnosis is required (an exception: 

spontaneous hypokalemia with PRA below 

detection level and PAC over 20 ng/dL) 

 

� The biochemical confirmation to 

definitively confirm or exclude the 

diagnosis can be done with one of  the 

following tests: 



PA: The Confirmatory Tests 
 

1) Oral salt loading test 
 

2) Intravenous salt loading test 
 

3) Fludrocortisone suppression test 
 

4) Captopril challenge test 



PA: Oral Salt Loading Test 
� 6 g sodium chloride per day is administered 

in divided doses orally for 3 days 
 

� 24-hour urine aldosterone and sodium (Na) 

are measured on the 3rd day (creatinine is 

also measured to assess adequate 

collection) 
 

� The test is positive if  aldosterone is >12 µg 

(and Na >200 mEq) 



PA: Intravenous Salt Loading Test 
� 2 L of  0.9 % saline is administered 

intravenously over 4 hours while the patient 

is supine 
 

� PAC, PRA, cortisol, and serum K are 

measured at times 0 and 4 hours 
 

� The test is positive if  PAC >10 ng/dL 



PA: 

Fludrocortisone Suppression Test 
� 0.5 mg fludrocortisone is administered 

orally every 6 hours for 4 days along with 

sodium and potassium supplementation 
 

� On day 4, the following measurements are 

done: Serum cortisol at 7 & 10 AM, and 

PAC and PRA at 10 AM 
 

� The test is positive if  PAC >6 ng/dL & 

PRA < 1 ng/mL/h (1 µg/L/h) (and cortisol 

at 10 AM is lower than 7 AM) 



PA: Captopril Challenge Test 
� 25-50 mg captopril is administered orally 

after the patient has been seated for 1 hour 
 

� PAC, PRA and serum cortisol are measured 

at times 0 and 1 or 2 hours while the patient 

is seated 
 

� The test is positive if  PAC remains elevated 

and PRA remains suppressed (Normal 

response is a suppression of  PAC by >30%) 



PA: Testing 
� The next step after the biochemical 

confirmation of  a PA diagnosis is to 

localize the source of  aldosterone excess 

 

� Thin-section CT of  the adrenals is the 

initial localizing study to exclude a large 

mass that may represent adrenocortical 

carcinoma (ACC) 



PA: Localization Testing 
� In the absence of  a large ACC, adrenal CT 

imaging cannot reliably distinguish 

unilateral from bilateral aldosterone excess, 

having a sensitivity of  78% and a specificity 

of  78% for unilateral hyperaldosteronism 
 

� Therefore, the decision to perform a 

unilateral adrenalectomy should not be 

based solely on the adrenal CT imaging 



PA: Localization Testing 
� Adrenal Vein Sampling (AVS) is often 

required to make the distinction between 

unilateral and bilateral adrenal disease, if  
surgical treatment is feasible and desired by 
the patient 
 

� To ensure proper catheterization of  both 

adrenal veins, the blood samples are 

assayed for both aldosterone and cortisol 

following cosyntropin (ACTH analog) 

administration 



PA: Localization Testing ~ AVS 
� Aldosterone hypersecretion on one side 

usually indicates a unilateral aldosteronoma 

or hyperplasia, particularly when 

aldosterone secretion from the contralateral 

adrenal is suppressed, in which case 

unilateral adrenalectomy improves 

hypertension in 96% of  cases 

 

� AVS is invasive, expensive, not widely 

available, and often unsuccessful procedure 



PA: Localization Testing ~ AVS 
� Younger patients (<35 years) who have 

spontaneous hypokalemia, marked 

aldosterone excess, and unilateral adrenal 

lesions with CT scan radiological features 

consistent with cortical adenoma may not 

need AVS before proceeding to unilateral 

adrenalectomy 
 

� AVS is especially important in older 

patients (40 years and older) because of  a 

higher frequency of  nonfunctioning adrenal 

incidentalomas 



PA: Testing 
� Genetic testing for FH-I (glucocorticoid 

remediable aldosteronism [GRA]) is 

suggested to do: 

o in patients with an onset of  confirmed 

PA earlier than 20 years of  age 

o in individuals who have a family history 

of  PA or stroke at a young age (<40 

years) 



PA: Genetic Testing 
� Testing for germline mutations in KCNJ5 

causing FH-III is suggested to do in very 

young patients with PA 

 

� As noted earlier, the genetic cause of  FH-II 

is unknown 



PA: Treatment 
� The goals of  treatment include: 

o Improvement in BP (HTN resolution is 

unlikely) 
 

oNormalization of  serum K (this is very 

likely) 
 

oReduction in plasma aldosterone because 

hyperaldosteronemia is associated with a 

BP-independent increase in 

cardiovascular (CV) events 



PA: Treatment 
� The treatment of  choice for APA or 

unilateral adrenal hyperplasia (UAH) is 

laparoscopic unilateral adrenalectomy 

 

� For patients with bilateral adrenal 

hyperplasia, medical therapy with a MR 

antagonist is indicated 



PA: Treatment 
� Medical therapy with a MR antagonist is 

also indicated in 

o For patients with unilateral causes of  PA 

who are unable or unwilling to undergo 

surgery 
 

o For ARR-positive patients who are unable 

or unwilling to undergo further 

investigations 



PA: Treatment of FH-I (GRA) 
� Glucocorticoid (GC) administration is the 

first-line treatment for GRA (FH-I), and it 

should be the lowest dose that would lower 

ACTH and normalize BP and K levels 

 

� If  BP fails to normalize with GC alone, an 

MR antagonist may be added 



PA: MR Antagonism Treatment 
• Spironolactone is the most commonly used 

medication due to its cost-effectiveness 

(proven efficacy with low cost) 

• Eplerenone is less likely to cause side effects 

(gynecomastia in men and menstrual 

irregularities in women) because of  greater 

MR selectivity (SARA: Selective Aldosterone 

Receptor Antagonist) 

• Amiloride, a K sparing diuretic that blocks 

the aldosterone-sensitive ENaC, is a second-

line therapy in PA due to its lower efficacy 



�Pheochromocytoma 

& Paraganglioma 

(P&PGL) 


