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Learning Objectives

By the end of this presentation you will be able to: 

1. Define both resistant hypertension and secondary hypertension

2. Describe the different causes of secondary hypertension 

3. Describe the diagnosis and management of each cause

4. Familiarize yourself with a clinical mnemonic and clinical clues used to 
assist in a patient work up of secondary hypertension



Ann Intern Med 2021;174(3):289-97



Epidemiology

ÅPrevalence of hypertension (HTN) in hospitalized patients 
estimated to be 50-72%. 

ÅSecondary HTN makes up 5-10% of hypertensive cases

ÅShould be considered in:
ÅEarly onset HTN –ie patients <30 years of age

ÅLate onset HTN

ÅResistant hypertension with clinical clues 

ÅA severe or accelerated course

J Hosp Med 2011;6(7):417-22
Hypertension 2003; 42(6): 1206-52
Hypertension 2014;63(2):203-9



Definitions

ÅResistant Hypertension:
ÅBlood pressure (BP) that remains above goal despite concurrent use of 3 

antihypertensives of different classes. 

ÅPatients whose BP is controlled with the use of >4 medications

ÅSecondary Hypertension: 
ÅElevated blood pressure that results from an underlying, identifiable, and 

often correctable cause.

ÅClinical clues –suggestive signs and symptoms

Hypertension 2018;72(5):e53-e90
Hypertension 2018;71(6):e13-e115
Eur Heart J 2018;39(1):3021–3104 



Case ςMeet the patient

ÅAC is a 76 year old gentleman brought in by EHS from home with R 
shoulder pain and suspected septic arthritis

ÅPMHx: 
ÅT2DM (A1c 5.9% Nov 2020)

ÅHTN 

ÅProstate CA (treated in April 2010)

ÅPolio with R leg weakness 

ÅRecent admission last month for hypoglycemia complicated by AKI, CDAD, and 
delirium



Patient case continued

ÅMedications:
ÅHydralazine 100mg po TID

ÅAmlodipine 5mg po BID

ÅNitroglycerin patch 0.8mg/hour (on 
AM, off HS)

ÅClonidine 0.1mg po BID

ÅMetoprolol 25mg po BID

ÅGliclazide 40mg po daily

ÅRosuvastatin 10mg po daily

ÅVitamin B12  1000mcg po daily

ÅCalcium carbonate 1250mg po daily

ÅNKDA

ÅRecently discharged from hospital and felt well. Did notice increased 
leg weakness and had 3 falls after discharge.  



Vitals Temp 38.6oC BP 183/81     HR 73 RR 17     O2 sat 94% on RA     wt–88 kg

CNS A&O x 3; all cranial nerves intact

HEENT PERRLA

CV Normal S1 and S2, no extra sounds or murmurs

Resp Good air entry bilaterally, no adventitious sounds

GI Soft, non-tender, no rebound tenderness

GU Nil

Endo Nil

MSK/Derm R shoulder: swollen, ++ tender to palpation, no warmth, no redness

Patient review of systems



Pertinent labs, cultures and imaging

Hematology WBC 12.8 Hgb 110   MCV 94   Plt 347

Chemistry Na 136 K 3.2 Cl 102 Bicarb 20   BUN 9 SCr 189   GFR 29   Random Glucose 10.6   
Lactic acid 1.3   TSH 1.11
iCa 1.18
LFTs are all WNL
CRP 467.6

Blood Culture 4/4 MSSA Ą Cleared on repeat blood cultures 3 days later

Right Shoulder Joint 
Aspiriate Culture

4+ PMN; 1+ GPC - MSSA

Right Upper 
Extremitiy CT

large minimally complex right glenohumeral joint effusion with direct extension into a 
distended subacromial subdeltoid bursa which suggests a background full-thickness 
rotator cuff tear/defect.
Septic arthritis cannot be ruled out.  
There was no CT evidence of established osteomyelitis



More Data

Day 1
AM

Day 1
PM

Day 2 
AM

Day 2
PM

Day 3
AM

Day 3
PM

Blood 
Pressure (BP)

183/75 148/81 194/94 143/65 167/65 165/88

K 2.9 3.7 2.4

SCr/GFR 170/33 168/34 158/36

Day 4
AM

Day 4
PM

Day 5 
AM

Day 5
PM

Day 6
AM

Day 6
PM

Blood 
Pressure (BP)

207/97 149/88 180/88 148/82 193/85 130/67

K 2.9 3.4 3.5

SCr/GFR 149/39 154/37 172/33



Causes of Secondary Hypertension

ÅRenal causes

ÅEndocrine causes

ÅOther organ systems



Renal Causes

ÅRenal parenchymal causes 
ÅGlomerulonephritis (eg IgA nephropathy, 

lupus nephritis), diabetic nephropathy,  
polycystic kidney disease
ÅClinical clue –elevated serum creatinine (SCr),

abnormal urinalysis

ÅRenovascular causes 
ÅRenal artery stenosis, vasculitis 

(eg polyarteritis nodosa, granulomatosis
with polyangiitis), fibromuscular dysplasia
ÅClinical clue –elevated SCr, abdominal bruit,

other atherosclerosis, unilateral small kidney, 
elevated renin and aldosterone

Am J Kidney Dis 2008;52(3):475-85

https://www.google.ca/url?sa=i&url=https://www.mayoclinic.org/diseases-conditions/renal-artery-stenosis/symptoms-causes/syc-20352777&psig=AOvVaw1d5MeM7LauzAgLFe7rkTTa&ust=1616855240375000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCIDc9KmVzu8CFQAAAAAdAAAAABAD


Endocrine Causes

ÅAdrenal Cortex:
ÅZona fasciculata–Elevated cortisol 
(Cushing’s Syndrome) 
ÅIncreased norepinephrine (NE) and epinephrine 

(E) receptor sensitivity Ą vasoconstriction

ÅIncreased angiotensinogen

ÅActivation of MR Ą Na+ and water retention

ÅClinical clue –physical features; AM cortisol

ÅZona glomerulosa –Hyperaldosteronism 
(Conn’s Syndrome)
ÅIncreased Na and water reabsorption

ÅClinical clue –Low K+, urinary K+ wasting, 
low Na+, elevated renin to aldosterone ratio

MR–Mineralocorticoid receptor J Clin Invest 1999;104(7):R19-23 | Neuroendocrinology 2010;92(suppl 1):44-49



Endocrine Causes

ÅAdrenal Medulla: Pheochromocytoma
ÅIncreased neurotransmitters (E and NE)  production Ą
ÅIncreased HR, Stroke Volume (SV), and systemic vascular resistance (SVR)

ÅClinical clue –Paroxysmal elevations in BP, 
triad of headache, palpitations/tachycardia
diaphoresis

Å24 hour urine metanephrines and 
catecholamines

ÅAdrenal mass

Medicine 1991;70(1):46-66



Endocrine Causes

ÅHyperthyroidism: 
ÅElevated triiodothyronine (T3) and thyroxine (T4) Ą activation of RAAS
ÅIncreased cardiac output (CO) 
ÅArterial stiffness 

ÅClinical clue –anxiety, fatigue, sensitivity to heat, sweating, tachycardia, 
weight loss, goiter, exophthalmos, pretibial myxedema, low TSH

ÅHypothyroidism:
ÅLow T3/T4 Ą bradycardia; decreases in CO and renin release; Na sensitivity 

ÅClinical clue –feeling cold, weight gain, constipation, bradycardia, fatigue, 
high TSH

Am J Hypertens. 2001; 14: 995–1002 | J Clin Hypertens 2006;8:596-99



Endocrine Causes

ÅPrimary Hyperparathyroidism:
ÅExcess parathyroid hormone (PTH) Ą increase serum Ca2+

Ą acts on smooth muscle to lead to vasoconstriction

ÅClinical clue –high Ca2+, osteoporosis, nephrolithiasis, 
abdominal pain, lethargy, high PTH

Am J Hypertens. 1990;8(2):238S-240S



Other organ systems

ÅCoarctation of the aorta
ÅClinical clue –HTN in the arms with low or 

unmeasurable BP in the legs

ÅPregnancy/Pre-eclampsia 
ÅClinical clue –Pregnant, proteinuria

ÅObstructive Sleep Apnea (OSA)
ÅClinical cue –Obesity, snoring, daytime somnolence, apneic episodes

ÅSleep study



Medications

ÅOral contraceptives

ÅNSAIDs

ÅSympathomimetics 
ÅAmphetamine salts, methylphenidate, cocaine

ÅAntidepressants
ÅSerotonin/norepinephrine reuptake inhibitors (eg venlafaxine, duloxetine)
ÅDopamine/norepinephrine reuptake inhibitors (eg bupropion)
ÅSerotonin Syndrome
ÅMAOi + tyramine (cheese, wine) Ą hypertensive crisis

ÅSteroids (anabolic, corticosteroids)

ÅAlcohol

ÅNicotine

ÅBlack licorice



Secondary Hypertension Mnemonic

ÅC
ÅA
ÅM
ÅP
ÅH
ÅO
ÅR

ÅCa
ÅT

ÅC-ushing’s
ÅA-ldosteronism
ÅM-edications
ÅP-heochromocytoma/Pregnancy
ÅH-yperparathyroidism
ÅO-bstructive sleep apnea
ÅR-enal (Parenchymal and vascular)

ÅCa-Coarctation of the aorta
ÅT-hyroid (hyper/hypo)



Cause Specific Treatments

ÅRenal artery stenosis:
ÅACEi/ARBs (+ diuretic) +/- percutaneous angioplasty with stenting

ÅRenal parenchymal disease:
ÅProteinuria + edema: ACEi/ARB first line + diuretic; non-DHP CCB second line

ÅProteinuria (no edema): ACEi/ARB first line; diuretic or non-DHP CCB second 
line

ÅNonproteinuric + edema: diuretic first line; ACEi/ARB or DHP CCB 

ÅNonproteinuric (no edema): ACEi/ARB first line; DHP CCB second line; diuretic 
third line

ÅTreatment resistance: Add an MRA

ACEi–Angiotensin converting enzyme inhibitor ARB–Angiotensin Receptor Blocker      
DHP CCB –Dihydropyridine calcium channel blocker MRA–Mineralocorticoid receptor antagonist

Kidney Int. 2004;65(6):1991-2002
J Am Soc Nephrol. 2003;14(12):3217-32.



Cause Specific Treatments

ÅCushing’s Syndrome:
ÅOptimal treatment is surgery/treatment of underlying cause
ÅTreat like essential HTN although MRA can be of benefit

ÅPrimary Hyperaldosteronism:
ÅAdrenalectomy (if unilateral)
ÅFirst line: MRA (spironolactone or eplerenone)
ÅSecond line: amiloride +/- thiazide diuretic if resistance with amiloride

ÅPheochromocytoma:
ÅOptimal treatment is surgery
ÅAlpha-adrenergic blockade (prazosin, terazosin, or doxazosin) –ALWAYS FIRST
ÅHigh sodium diet
ÅBeta-adrenergic blockade

Endocr Rev. 2015; 36(4): 385–486
Best Pract Res Clin Endocrinol Metab 2010;24(6):923-32
Indian J Endocrinol Metab. 2011; 15(Suppl4): S329–36



Cause Specific Treatments

ÅHypothyroidism
ÅThyroid replacement (eg levothyroxine)

ÅHyperthyroidism
ÅFirst line: methimazole
ÅSecond line: Propylthiouracil (PTU)
ÅSurgery
ÅRadioactive iodine

ÅPrimary Hyperparathyroidism
ÅParathyroidectomy
ÅCinacalcet or bisphosphonates

ÅObstructive Sleep Apnea
ÅContinuous positive airway pressure (CPAP) machine

ÅCoarctation of the aorta
ÅSurgery or angioplasty with stenting Thyroid. 2016;26(10):1343-1421

J Clin Endocrinol Metab. 2014;99(10):3607-18



Back to our patient

ÅC-ushing’s
ÅA-ldosteronism
ÅM-edications
ÅP-heochromocytoma/Pregnancy
ÅH-yperparathyroidism
ÅO-bstructive sleep apnea
ÅR-enal (Parenchymal and vascular)

ÅCa-Coarctation of the aorta
ÅT-hyroid (hyper/hypo)



Patient Case Resolution

ÅRespirology consult 
ÅSleep study was positive for OSA, but unfortunately refused CPAP

ÅA plasma renin to aldosterone (PRA) ratio was ordered

ÅMedication changes:
ÅChlorthalidone 12.5mg daily

ÅRamipril 2.5mg QHS once the PRA ratio was drawn

ÅClonidine and nitroglycerine were discontinued



PRA (Plasma renin to aldosterone ratio)

ÅPatient sent for CT angiogram of the abdomen Ą right adrenal mass

ÅDischarged on: 
ÅSpironolactone 25mg po daily
ÅRamipril 2.5mg po QHS
ÅAmlodipine 10mg po daily
ÅLabetalol 200mg po BID

Aldosterone 1360 (70-660 pmol/L) 28/Jan/2021 13:20 

Renin <2.0 (5-75 ng/L) 28/Jan/2021 13:20

Aldosterone/Renin Ratio >680
Primary aldosteronism is likely.



Conclusion

ÅSecondary HTN causes account for 5-10% of hypertensive cases

ÅSecondary HTN requires that the underlying cause be addressed to 
adequately treat a patient’s HTN

ÅCAMPHOR CaT mnemonic and clinical clues can help the busy 
clinician identify cause specific secondary HTN
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