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Case

• A 50 year-old male patient presents to an 
urgent care clinic with severe headaches of 
recent onset.

• He has been previously healthy.

• Family history is notable for both parents 
being hypertensive.

• He smokes 2 packs of cigarettes a day, 
occasionally drinks alcohol on the weekends 
(never heavy), and does not use recreational 
drugs.



Case
• Physical exam is notable 
for BP of 200/120 but 
otherwise unremarkable.

• Eye grounds do not 
show any acute 
hypertensive changes, 
but he does has AV 
nicking and mild 
narrowing of his retinal 
arterioles.



Case

Labs: 

- Potassium 2.8

- Creatinine 1.2 

- Rest of Chem-7 is normal

- Random cholesterol = 280 mg/dl

- Urine dip negative

- EKG: Moderate LVH



Question

Should this patient be worked up for 
secondary hypertension?



Primary vs Secondary HTN

Primary:

o "Essential" hypertention

o 95% of HTN

o Genetic and environmental contributions

o No discrete causative entity



“Pressure-natriuresis” theory

•Renal handling of sodium is the 
ultimate determinant of blood 
pressure

•Normal renal function  effectively excrete Na 
loads

•Impaired renal function (overt or occult) 
must raise BP to efficiently excrete Na and stay 
in steady state

•Most patients with elevated blood 
pressure are, at root, suffering from a 
natriuretic handicap

•Salt restriction and/or diuretics can help 
overcome this handicap 



Primary vs Secondary HTN

• Secondary HTN = Etiologic HTN = Identifiable 
HTN
o ~ 5% of HTN

o Underlying etiological condition

 Pheochromocytoma

 Hyperaldosteronism

 Hyperthyroidism

 Cushing's syndrome

 Renovascular disease

 Renal parenchymal disease

 Obstructive Sleep Apnea

 Coarctation of Aorta

 Medications (e.g. NSAIDs, MAO-I, Steroids, OCPs)



Definitions

•Secondary hypertension  identifiable, 
underlying, etiologic condition
•Correct the etiology  reverse HTN

•Secondary HTN = rare

•Resistant hypertension = BP > 140/90 mm Hg 
on 3 antihypertensive medications, including a 
diuretic
•Address the etiology  improve BP control

•Resistant HTN = up to 40% of hypertensive 
patients, >50% in CKD clinics



Secondary HTN Workup
Secondary hypertension should be considered in patients with:

• Severe HTN: systolic BP > 170 mm Hg and/or diastolic BP > 
110 mm Hg

• Acute rise in blood pressure over previously well-controlled 
values.

• Development of hypertension before puberty

• Presentation before age 30 in a non-obese patient with no 
confirmed family history of hypertension

• Signs/symptoms suggesting etiological entity
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Clues to Secondary HTN
• Pheochromocytoma: Paroxysmal hypertension, headaches, diaphoresis, 

palpitations, tachycardia

• Hyperaldosteronism: Hypernatremia, hypokalemia, metabolic alkalosis

• Thyroid Disease: hyper/hypothyroid signs and symptoms

• Cushing's Syndrome: Weight gain, fatigue, hirsutism, amenorrhea, moon 
facies, dorsal hump, purple striae, truncal obesity, hypokalemia

• Renovascular Disease: Systolic/diastolic abdominal bruit

• Renal Parenchymal Disease: Renal insufficiency, atherosclerotic 
cardiovascular disease, edema, proteinuria

• OSA: daytime somnolence, snoring, obesity

• Coarctation of aorta: Decreased/delayed femoral pulses, differential BP

Onusko, E, 2003. Diagnosing secondary hypertension, Am Fam Physician. 2003 Jan 1;67(1):67-74

http://www.ncbi.nlm.nih.gov/pubmed/12537168?dopt=Abstract


Screening for Secondary HTN
• Pheochromocytoma: Free plasma metanephrines

• Hyperaldosteronism: PRA and Aldosterone

• Thyroid Disease: TSH

• Cushing's Syndrome: AM Cortisol

• Renovascular Disease: PRA and Aldosterone, Renal USG

• Renal Parenchymal Disease: BMP, Renal USG

• OSA: Sleep study

• Coarctation of aorta: CXR, 2D ECHO

Onusko, E, 2003. Diagnosing secondary hypertension, Am Fam Physician. 2003 Jan 1;67(1):67-74

http://www.ncbi.nlm.nih.gov/pubmed/12537168?dopt=Abstract


Case
• Given the low potassium levels, PRA and aldosterone levels 
are sent

• ↑ PRA

• ↑ Aldosterone



Working up hyperaldosteronism

• Check PRA and Aldosterone

• If PRA and Aldosterone high, then secondary 
hyperaldosteronism

• volume depletion?

• renal artery stenosis?

• renin-producing tumor?



Working up hyperaldosteronism

• If PRA low and Aldosterone high (ARR >20), 
then primary hyperaldosteronism

• aldosterone producing adenoma?

• bilateral adrenal hyperplasia?



Hyperaldosteronism pearls
• Patients do not have to be hypokalemic

• Tend to be <4.0 meq/L

• The lower the potassium, the more likely there is an aldosterone 
producing adenoma

• The higher the aldosterone, the more likely there is an 
aldosterone producing adenoma

• PRA and aldosterone levels are notoriously unreliable

• PRA and aldosterone levels can be checked on ANY 
medication except MRBs or ENaC blockers as long as patient 
has been on stable dose >3 weeks

• If PRA is suppressed, aldosterone levels can be checked on 
ANY medication (including MRBs, ENaC blockers ) at ANY time



Renovascular disease

•Renovascular HTN = elevated BP due to renal 
arterial compromise

•If systemic HTN is related directly to an 
arterial lesion, then relief of the obstruction, 
presumably, should lead to reversal of the 
HTN
•complete reversal rarely achieved

•renovascular disease is less likely to “cause” 
hypertension than to accelerate or impair control 
of preexisting HTN



Renovascular disease

•Renovascular lesions also can threaten the 
viability of the poststenotic kidney and impair 
sodium excretion in patients with congestive 
heart failure

•Important treatment goals
•BP control (rather than reversal)

•Preservation of kidney function

•Prevention of flash pulmonary edema



Atherosclerotic disease

•Atherosclerosis accounts for ~ 90% of cases of 
renal artery stenosis

•Increasingly common in aging populations

•Risk factors for renovascular atherosclerotic 
lesions
•Diabetes

•Hyperlipidemia

•Aortoiliac occlusive disease

•Coronary artery disease

•Hypertension



Catheter Cardiovasc Interv. 2014 Dec 1;84(7):1163-71. doi: 10.1002/ccd.25559. Epub 2014 Aug 19.

SCAI expert consensus statement for renal artery stenting appropriate use.

Parikh SA1, Shishehbor MH, Gray BH, White CJ, Jaff MR.

https://www.ncbi.nlm.nih.gov/pubmed/25138644
https://www.ncbi.nlm.nih.gov/pubmed/?term=Parikh%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=25138644
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shishehbor%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=25138644
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gray%20BH%5BAuthor%5D&cauthor=true&cauthor_uid=25138644
https://www.ncbi.nlm.nih.gov/pubmed/?term=White%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=25138644
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jaff%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=25138644


Treatment of renovascular disease

•Small prospective trials, when pooled, have failed to 
establish major morbidity or mortality benefits of 
revascularization compared to optimized medication 
regimens

•NIH-sponsored large, multi-center, randomized clinical 
trial comparing intensive medical therapy alone to 
intensive therapy plus revascularization

•The Cardiovascular Outcomes for Renal Atherosclerotic 
Lesions (CORAL) trial

•1000 patients with atherosclerotic renal artery stenosis with at least 
60% narrowing and systolic hypertension for which they were 
receiving 2 or more antihypertensive medications



United Kingdom – the Angioplasty and Stenting in Renal 
Atherosclerotic Lesions (ASTRAL)

•806 patients

•Average 76% stenotic occlusion of the renal 
arteries

•Entry serum creatinine above 2.0 mg/dl

•Randomized to medical therapy with or 
without stenting



The ASTRAL Investigators. N Engl J Med 2009;361:1953-1962

Systolic and Diastolic Blood Pressure



The ASTRAL Investigators. N Engl J Med 2009;361:1953-1962

Renal Function



The ASTRAL Investigators. N Engl J Med 2009;361:1953-1962

Kaplan-Meier Curves for Overall Survival

Serious complications associated with revascularization occurred in 23 patients, including 2 

deaths and 3 amputations of toes or limbs 



Cooper CJ et al. N Engl J Med 2014;370:13-22.

Primary end point = a composite of death from CV or renal causes, CVA, MI, hospitalization for 
CHF, progressive renal insufficiency, or the need for permanent RRT

CORAL STUDY



Anatomical vs. Functional Diagnosis

•Renal artery stenosis = an anatomical descriptor

•Renovascular HTN = a functional descriptor

•Anatomical diagnosis  MR or CT angiography, 
ultrasound examination, and intra-arterial angiography 

•only identify a lesion and cannot say whether the lesion 
affects BP or kidney function

•Functional studies  captopril renography, captopril 
PRA challenge, duplex doppler ultrasonography



Resistive index on doppler USG

Radermacher J, Chavan A, Bleck J, et al. Use of Doppler ultrasonography to predict the outcome of therapy for renal-artery stenosis. N Engl J Med. 

Feb 8 2001;344(6):410-417 



Catheter Cardiovasc Interv. 2014 

Dec 1;84(7):1163-71. 

https://www.ncbi.nlm.nih.gov/pubmed/25138644


Case
A captopril renal scan shows decreased perfusion and slow 
time to peak in the right kidney. A renal angiogram is 
performed. An 80% proximal right renal artery stenosis is 
ballooned and a stent is placed.

A week later in the clinic his pressure is 120/80 on a moderate 
dose of a beta-blocker. He is discharged with instructions to 
perform home BP readings once a week, and to return to the 
clinic in 2 weeks.



Primary Hyperaldosteronism

• If Aldo ↑ and PRA ↓, with ARR >20, then 
need to confirm hyperaldosteronism

•Old School: Saline suppression test

•Practical School: 24-hr urine sodium
• UNa > 200 mmol/day and urine aldosterone > 12 
mcg/day is confirmatory



Primary Hyperaldosteronism

• Once primary hyperaldosteronism is 
confirmed, next step is imaging (CT with 
contrast)



Primary Hyperaldosteronism

• Once primary hyperaldosteronism is 
confirmed, next step is imaging (CT with 
contrast)

Does this patient need adrenal venous 

sampling, or can we proceed directly to OR?



Adrenal Venous Sampling

• Recommendation is for all patients >35 years 
to have AVS

• Some exceptions (for me):
• Negative imaging

• K+ >3.5 and Aldo <30

• Obesity phenotype

• BP easy to control with MRB therapy



Ann Intern Med. 2009;150(11):776-783. doi:10.1059/0003-4819-150-11-200906020-00005



In vitro, human adipocytes secrete potent 
mineralocorticoid-releasing factors 

Ehrhart-Bornstein M et al. Proc Natl Acad Sci U S A. 2003;100(24):14211-14216

• NCI-H295R adrenocortical cells in medium 

containing 10% FBS or at serum-free 

conditions

• Adipocytes isolated  preparation of fat cell-

conditioned medium (FCCM)

• Maximum stimulation of aldosterone release 

from NCI-H295R cells is achieved with 

forskolin (FSK) by activating the protein 

kinase A pathway

• Mineralocorticoid release stimulated by 

FCCM was identical to the maximal 

stimulation with FSK



In the obese state, oxidized fatty acids likely 
stimulate aldosteronogenesis 

•Obesity is characterized by 
increased plasma fatty acids and 
oxidative stress

•The most readily oxidized fatty 
acids are the polyunsaturated, and 
the most abundant of those is 
linoleic acid

•Goodfriend et al. (Hypertension
2004) tested oxidized derivatives of 
linoleic acid for effects on rat 
adrenal cells.

•One derivative, 12,13-epoxy-9-keto-
10(trans)-octadecenoic acid 
(EKODE), was particularly potent

•EKODE stimulated 
aldosteronogenesis at 
concentrations from 0.5 to 5 
µmol/L, 

http://hyper.ahajournals.org/content/vol43/issue2/images/large/46FF7.jpeg?ck=nck


Adrenal Venous Sampling

• Technically difficult

• Often results are not 
valid

• Use cortisol levels to 
ensure that adrenal 
veins have been 
cannulated



AVS nuts and bolts

• Aldosterone and cortisol concentrations are 
measured in the blood from 3 sites: right adrenal vein, 
left adrenal vein, and IVC

• With cosyntropin infusion, the adrenal vein to IVC 
cortisol ratio is typically more than 10:1

• If cortisol levels confirm successful cannulation of 
both adrenal veins, compare cortisol-corrected 
aldosterone ratios*

• Ratio >3:1 suggests unilateral aldosterone 
hypersecretion and should be referred to endocrine 
surgery

• Mayo average 18:1 for APAs

• Ratio <3:1 suggests bilateral adrenal hyperplasia and 
should be medically managed with escalating doses of 
MRBs

* adrenal vein PAC/adrenal vein cortisol, corrects for dilutional effect of the inferior phrenic vein flow into the left adrenal vein



Proposed mechanism underlying aldosterone-producing 

adenoma and Mendelian aldosteronism

Murim Choi et al. Science 2011;331:768-772

Adrenal glomerulosa cells have a high 

resting K+ conductance, which produces 

a highly negative membrane potential

Channels containing KCNJ5 with 

G151R, T158A, or L168R mutations 

conduct Na+, resulting in Na+ entry, 

chronic depolarization, constitutive 

aldosterone production, and cell 

proliferation.

Membrane depolarization by either 

elevation of extracellular K+ or closure of 

K+ channels by angiotensin II activates 

voltage-gated Ca2+ channels, increasing 

intracellular Ca2+ levels. This provides 

signals for increased expression 

aldosterone synthase and for increased cell 

proliferation.



Aldosterone Producing Adenomas: What We Know in 2021

• Approximately 30-40% (US, European) and up to 50% 
(Japan, China) of APA harbor somatic mutations in KCNJ5

• A series of less common somatic gain-of-function mutations 
have subsequently been documented in genes encoding

 Cation calcium channels (CACNA1D, CACNA1H)

 Chloride channel (CLCN2)

 Sodium ATPase (ATP1A1)

 Calcium ATPase (ATP2B3)

Account for 10-15% of APAs 

with mutations increasing 

CYP11B2 (aldosterone 

synthase) expression and 

aldosterone production via 

increased intracellular Ca++ 

levels



Development of monoclonal antibody to CYP11B2 

identified small CYP11B2(+) cell clusters beneath the 
adrenal capsule

Mol Cell Endocrinol. 2014 Mar 5;383(1-2):111-7. doi: 10.1016/j.mce.2013.11.022. Epub 2013 Dec 8.

Development of monoclonal antibodies against human CYP11B1 and CYP11B2.

Gomez-Sanchez CE1, Qi X2, Velarde-Miranda C2, Plonczynski MW2, Parker CR3, Rainey W4, Satoh F5, Maekawa T5, Nakamura Y5, Sasano H5, Gomez-Sanchez EP6.

https://www.ncbi.nlm.nih.gov/pubmed/24325867
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gomez-Sanchez%20CE%5bAuthor%5d&cauthor=true&cauthor_uid=24325867
https://www.ncbi.nlm.nih.gov/pubmed/?term=Qi%20X%5bAuthor%5d&cauthor=true&cauthor_uid=24325867
https://www.ncbi.nlm.nih.gov/pubmed/?term=Velarde-Miranda%20C%5bAuthor%5d&cauthor=true&cauthor_uid=24325867
https://www.ncbi.nlm.nih.gov/pubmed/?term=Plonczynski%20MW%5bAuthor%5d&cauthor=true&cauthor_uid=24325867
https://www.ncbi.nlm.nih.gov/pubmed/?term=Parker%20CR%5bAuthor%5d&cauthor=true&cauthor_uid=24325867
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rainey%20W%5bAuthor%5d&cauthor=true&cauthor_uid=24325867
https://www.ncbi.nlm.nih.gov/pubmed/?term=Satoh%20F%5bAuthor%5d&cauthor=true&cauthor_uid=24325867
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maekawa%20T%5bAuthor%5d&cauthor=true&cauthor_uid=24325867
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nakamura%20Y%5bAuthor%5d&cauthor=true&cauthor_uid=24325867
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sasano%20H%5bAuthor%5d&cauthor=true&cauthor_uid=24325867
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gomez-Sanchez%20EP%5bAuthor%5d&cauthor=true&cauthor_uid=24325867


APCCs identified in approximately half of normal adrenals 

from US kidney donors (n=42) using CYP11B2 
immunohistochemistry

Small APCCs (blue arrows)

Large APCCs (red arrows)

Scatter plot of average APCC score (from five observers) vs. age 

and sex of patient.

Koshiro Nishimoto et al. PNAS 2015;112:33:E4591-E4599



Identification of APCCs in FFPE tissues for 
targeted NGS (only mutated samples are shown)

Koshiro Nishimoto et al. PNAS 2015;112:33:E4591-E4599

8 of 23 APCCs demonstrated 

mutations in known aldosterone 

driver mutations

• CACNA1D (6)

• ATP1A1 (2)



Autopsy study of 107 Japanese normotensive subjects:
61 APCCs were detected in 31 cases

J. Endocr. Soc. 2017;1(7):787-799.



Age-associated increase in APCC score

J. Endocr. Soc. 2017;1(7):787-799.



NGS approach to robustly detect somatic mutations in 
aldosterone-regulating genes from APCCs

J. Endocr. Soc. 2017;1(7):787-799.



Somatic mutations identified in APCCs by NGS

J. Endocr. Soc. 2017;1(7):787-799.

Of 30 somatic variants, 9 of 20 (45%), none of eight (0%), and one of two 

(50%) in CACNA1D, ATP2B3, ATP1A1, respectively, were previously 

reported in aldosterone-producing adenomas

CACNA1D



APCCs in CT-negative
unilateral primary aldosteronism (microAPA)

Cases were classified as multiple adrenocortical micronodules (MN; n = 13; 

panels A-C) or diffuse hyperplasia of ZG (DH; n = 12; panels D-F) based upon 

histopathological evaluation and CYP11B2 IHC.

Aldosterone-driver gene somatic mutations were detected in 21 of 26 (81%) of 

CYP11B2-positive cortical micronodules in MN:

• 17 (65%) mutations were in CACNA1D

• 2 (8%) in KCNJ5

• 1 each (4% each) in ATP1A1 and ATP2B.

One of 6 (17%) of nodules in DH harbored somatic aldosterone-driver gene 

mutations (CACNA1D)

J Clin Endocrinol Metab. 2017 Apr 1;102(4):1182-1192. 

https://www.ncbi.nlm.nih.gov/pubmed/28388725


Cellular and Genetic Causes of Idiopathic Hyperaldosteronism, Volume: 72, Issue: 4, Pages: 874-880, DOI: (10.1161/HYPERTENSIONAHA.118.11086) 

Only 4/15 cases had diffuse 
positive CYB11B2 cells in 
either the ZG or zona 
fasciculata, indicating that 
the histologically observed 
hyperplastic adrenal cells 
were not aldosterone-
producing cells

DIFFUSE ALDOSTERONE OVERPRODUCTION IS NOT THE MOST COMMON CAUSE OF IHA

Total of 104 
APCCs found in 
14 patients, all 
of whom had at 
least 1 APCC

Diffuse ZG hyperplasia was observed in 
87%; diffuse nodular hyperplasia was 
observed in 60%.



TARGETED NGS ON APCC IN IHA
• 99 APCC DNA samples (5 failed quality metrics)
• All 14 (100%) sequenced cases had at least 1 APCC with 

somatic mutation in an aldosterone-driving gene

• 57 of 99 (58%) APCCs had somatic mutations in 
CACNA1D

• 1 of 99 (1%) APCCs had somatic mutation in KCNJ5

• Of the 58 APCCs with a somatic mutation, 38 (66%) 
had mutations previously reported in APA

• CACNA1D: 26 different mutations, 18 of which have 
not been previously reported in APA



Cellular and Genetic Causes of Idiopathic Hyperaldosteronism, Volume: 72, Issue: 4, Pages: 874-880, DOI: (10.1161/HYPERTENSIONAHA.118.11086) 

77% of CACNA1D mutations occurred at domains recurrently mutated in APA

Domains 
recurrently 
mutated in 
APA in blue

Each line 
represents 
the location 
of a somatic 
mutation in 
APCC from 
IHA case

Previously reported 
somatic mutations in 
APA are shown in red

Novel/unreported 
mutations are shown in 
green



Increased autonomous aldosterone production driven by 
somatic mutations in aldosterone-regulating genes in APCCs 
is the underlying pathobiology of IHA

• Like APA, somatic mutations in aldosterone-regulating gene(s) that 
influences intracellular calcium homeostasis

• Nearly exclusively in CACNA1D, c/w somatic mutation spectrum of 
APCCs observed in normal adrenals and CT-negative unilateral PA

• CACNA1D encodes an L-type, voltage-dependent calcium channel 
that mediates the entry of Ca++ into excitable cells

The majority of PA - both APA and IHA –
results from somatic mutations in 
aldosterone-regulating genes that 
influence intracellular Ca++ 
homeostasis





Lightning Round



?????

• Hypertension

• Hyperkalemia

• Non-diabetic patient with preserved renal 
function

• BP very sensitive/easy to control with 
thiazide diuretic



Gordon Syndrome

• Familial hyperkalemic hypertension

• Pseudohypoaldosteronism type 2

• Characterized by hypertension, hyperkalemia, 
metabolic acidosis, normal renal function, and low or 
low-normal plasma renin activity and aldosterone 
concentrations

• Caused by abnormalities in WNK kinases (WNK1 or 
WNK4), proteins that localize to the distal nephron 
and affect the thiazide-sensitive Na-Cl cotransporter



?????

• Hypertension

• Hypokalemia

• Metabolic alkalosis

• Aldosterone and PRA both low

• BP remains elevated on spironolactone but 
easy to control with amiloride



Liddle’s Syndrome

• hypertension, hypokalemia, and metabolic 
alkalosis at a relatively young age with family 
history

• mutations in genes on chromosome 16p12 
that encode the beta and gamma subunits of 
the ENaC

• inability of these subunits to bind with an 
intracellular ubiquitin protein ligase (Nedd4) that 
normally removes the luminal sodium channel 
from the cell surface



?????

• Hypertension in a 10 year old

• Potassium 3.5-4.0 range

• Aldosterone high, PRA low

• Family history of early onset HTN

• Marked hypokalemia when given thiazide

• BP perfectly controlled when taking 
prednisone for asthma exacerbation



Glucocorticoid Remediable Aldosteronism

• Familial hyperaldosteronism type 1

• hypersecretion of aldosterone can be reversed with physiologic doses of 
glucocorticoid

• Patients with GRA have ACTH-sensitive aldosterone production occurring 
in the zona fasciculata

• mutation - fusion of the promoter region of the gene for CYP11B1 and 
the coding sequences of CYP11B2 - results in ACTH-dependent 
activation of the aldosterone synthase effect on cortisol, 
corticosterone, and cortisol precursors

•Previously diagnosed by dexamethasone suppression test, but now can be 
diagnosed with genetic testing

• Can be treated with low dose of glucocorticoids but also can sometimes 
be managed with MRBs and no glucocorticoids



Conclusion

• Secondary HTN workups

• Young

• Resistant

• Extreme HTN

• Focus your secondary HTN workup based on 
history, physical, and initial labs

• As nephrologists, we’re most commonly 
asked to consult on disorders of the 
aldosterone axis


