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Case

• John Smith presents to clinic for routine follow-
up. He has no new symptoms or changes in his 
history since his last visit 6 months ago. He 
faithfully takes all of his medicatons each 
morning, including 3 medications for 
hypertension: enalapril 20 mg daily, amlodipine 5 
mg daily, and HCTZ 25 mg daily.

• His exam is unremarkable except for a BP of 
160/95, which is repeated 5 minutes later at 
155/95.
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up. He has no new symptoms or changes in his 
history since his last visit 6 months ago. He 
faithfully takes all of his medicatons each 
morning, including 3 medications for 
hypertension: enalapril 20 mg daily, amlodipine 5 
mg daily, and HCTZ 25 mg daily.

• His exam is unremarkable except for a BP of 
160/95, which is repeated 5 minutes later at 
155/95.

Does he have resistant HTN?
A. Yes
B. No
C. Undecided



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



First rule out “pseudo-resistance”

Cause Example

Improper blood pressure 

measurement 

Inappropriately sized cuff

White-coat hypertension Persistently lower home blood 

pressures

Difficult to compress heavily 

calcified or sclerotic arteries

Very elderly patients

Poor patient adherence Complicated dosing schedules, 

high costs of medications

Inadequate antihypertensive 

medication

Inappropriate combinations, 

insufficient doses

Physician inertia Failure to change or increase dose 

regimens

Bomback AS, Bakris GL. Chronic Kidney Disease and Hypertension Essentials. Boston, Massachusetts: Jones and Bartlett Publishers, 2010.



From: Role of Ambulatory and Home Blood Pressure Monitoring in Clinical Practice: A Narrative Review
Daichi Shimbo, MD; Marwah Abdalla, MD; Louise Falzon; Raymond R. Townsend, MD; and Paul Muntner, PhD

Ann Intern Med. 2015;163(9):691-700

The prevalence of white coat 
hypertension ranges from 5-65% among 
participants with elevated clinic blood 
pressure

The prevalence of masked hypertension
ranged from 14-30% among participants 
without elevated clinic blood pressure

http://www.annals.org/
http://www.annals.org/


Lost to follow-up
11%

Renal artery 
stenosis

6% Primary aldosteronism
4%

Non-compliance
9%

Sub-optimal regimen
38%

Drug interaction/medication 
intolerance

13%

Alcoholism
2%

Psychological 
causes

7%

White coat HTN
2%

No diagnosis
8%

Of 102 patients with resistant HTN in a tertiary care 
clinic, only 8% were eventually deemed “resistant”

Arch Intern Med. 1991 Sep;151(9):1786-92.
Resistant hypertension in a tertiary care clinic.
Yakovlevitch M, Black HR.

!!!

http://www.ncbi.nlm.nih.gov/pubmed?term=yakovievitch AND black
http://www.ncbi.nlm.nih.gov/pubmed?term=Yakovlevitch M[Author]&cauthor=true&cauthor_uid=1888244
http://www.ncbi.nlm.nih.gov/pubmed?term=Black HR[Author]&cauthor=true&cauthor_uid=1888244


CDC Report (9/4/12): Awareness and Treatment of Uncontrolled 
Hypertension Among US Adults, 2003-2010

MMWR Sep 2012; 61(35):703-709  



Seventh Report of the Joint National Committee on Prevention, 
Detection, Evaluation, and Treatment of High Blood Pressure: JNC 7

Chobanian, A. V. et al. JAMA 

2003;289:2560-2571



JAMA. 2014;311(5):538



Isolated systolic hypertension in the elderly

Chobanian AV. N Engl J Med. Aug 23 2007;357(8):789-796.



From: Proportion of US Adults Potentially Affected by the 2014 Hypertension Guideline

JAMA. 2014;311(14):1424-1429. doi:10.1001/jama.2014.2531





The full implementation of the 2014 HTN 
Guidelines would result in approximately

• 56,000 fewer CV events/year

• 13,000 fewer deaths from CV causes/year



The SPRINT Research Group. N Engl J Med 2015;373:2103-2116.

SPRINT TRIAL: New BP Goals?



SPRINT participants:
• aged >50 years
• SBP 130-180

and
• > 1 of the following CV risk factors

• age > 75 years
• clinically evident CV disease (i.e. previously 

documented CAD, PAD, or CVD)
• subclinical CV disease (i.e. ↑ coronary artery 

calcification score by CT scan, LVH, or an ABI 
<0.9)

• eGFR 20-59 mL/min/1.73 m2

• 10-year Framingham Risk Score > 15%

SPRINT excluded: DM, symptomatic CHF, CVA history, 
proteinuria > 1 g/day, and nursing home residents

SPRINT used automated oscillometric blood pressure 
(AOBP), which averages multiple consecutive 
readings with the patient resting alone in a room. In 
general, systolic pressure readings are 5-10 mmHg 
lower with AOBP than with manual measurement



ACCORD TRIAL: Mean Systolic BP Levels at Each Study Visit in Diabetics

The ACCORD Study Group. N Engl J Med 2010;362:1575-1585.



ACCORD TRIAL: Kaplan–Meier Analyses of Selected Outcomes

The ACCORD Study Group. N Engl J Med 2010;362:1575-1585.



AASK: Blood-Pressure Levels in Patients with Chronic Kidney Disease

Appel LJ et al. N Engl J Med 2010;363:918-929.



Appel LJ et al. N Engl J Med 2010;363:918-929.

AASK: Event rates for primary and secondary outcomes



AASK: Incidence of the composite primary outcome (doubling of 
Scr, ESRD, or death) according to baseline proteinuria

Appel LJ et al. N Engl J Med 2010;363:918-929.



True/false: 120/80 is the currently 
recommended blood pressure goal for 
patients with hypertension and 
concomitant chronic kidney disease.

A.True
B.False



Can Hypertension Really Be Resistant?

• Are we addressing volume status sufficiently?
– Salt restriction and getting away from HCTZ 25 mg QD

• Are we prescribing medications at optimal levels?
– More effectively blocking the RAAS

• Are we prescribing medications at optimal 
schedules?
– Chronotherapy – not what, but when



Are we addressing volume status 
sufficiently?



Blood Pressure Follows the Kidney

genetically hypertension-prone rat normotensive rat 



Blood Pressure Follows the Kidney

• The human 
version of the 
experiment

LEFT: Bill Evans (publicist, kidney 
donor, friend)
RIGHT: Neil Simon (playwright, kidney 
recipient, friend)



“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 



Randomized, cross-over evaluation of 12 obese subjects with 
resistant HTN on low (1.2 g/day) and high sodium diets (5.8 g/day)

Pimenta, E. et al. Hypertension 2009;54:475-481



Effect of Dietary Sodium Reduction is Greatest in 
Patients with Resistant Hypertension

Dietary Na+ (mg) BP effect

1Non-hypertensives 1800  2.0/1.0

2Hypertensives 1800 5.0/2.7

3Resistant hypertensives 1800 22.7/9.1

1He FJ and MacGregor GA. J Human Hypertens 2002; 16:761
2Pimenta E. Hypertension 54:475
3Bray GA. Am J Cardiol. 2004; 94:222



MMWR Morb Mortal Wkly Rep. 2016 Jan 8;64(52):1393-1397
Prevalence of Excess Sodium Intake in the United States - NHANES, 2009-2012.
Jackson SL, King SM, Zhao L, Cogswell ME.

http://www.ncbi.nlm.nih.gov/pubmed/26741238
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jackson SL[Author]&cauthor=true&cauthor_uid=26741238
http://www.ncbi.nlm.nih.gov/pubmed/?term=King SM[Author]&cauthor=true&cauthor_uid=26741238
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao L[Author]&cauthor=true&cauthor_uid=26741238
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cogswell ME[Author]&cauthor=true&cauthor_uid=26741238


Prevalence of resistant hypertension in the United States, 2003-2008. Hypertension. 2011 Jun;57(6):1076-80.

http://www.ncbi.nlm.nih.gov/pubmed/21502568


True/false: A rise in BUN, creatinine, 
and/or uric acid level is an indication 
that a hypertensive patient is on too 
strong a dose of diuretics.

A.True
B.False



Drug therapy for resistant hypertension: simplifying the approach.
Mann SJ.
J Clin Hypertens (Greenwich). 2011 Feb;13(2):120-30. 

http://www.ncbi.nlm.nih.gov/pubmed/21272200


Drug therapy for resistant hypertension: simplifying the approach.
Mann SJ.
J Clin Hypertens (Greenwich). 2011 Feb;13(2):120-30. 

http://www.ncbi.nlm.nih.gov/pubmed/21272200


Choice of diuretic

Khosla N, Chua DY, Elliott WJ, Bakris GL. J Clin Hypertens (Greenwich). Jun 2005;7(6):354-356 



Prevalence of resistant hypertension in the United States, 2003-2008. Hypertension. 2011 Jun;57(6):1076-80.

http://www.ncbi.nlm.nih.gov/pubmed/21502568


Meta-Analysis of Dose–Response Characteristics of Hydrochlorothiazide and 
Chlorthalidone: Effects on Systolic Blood Pressure and Potassium
Michael E. Ernst, Barry L. Carter, Shimin Zheng and Richard H. Grimm Jr

American Journal of Hypertension 2010; 23 4, 440–446



Chlorthalidone Versus HCTZ for the Treatment of HTN in Older Adults

Ann Intern Med. 2013;158(6):447-455. doi:10.7326/0003-4819-158-6-201303190-00004

Primary outcome: composite of death or hospitalization for 
heart failure, stroke, or myocardial infarction

Hospitalization with hypokalemia 

Hospitalization with hyponatremia



Outcome

1060 Matched 
Thiazide Users

1060 Matched 
Nonusers

Number 
Needed to 

Harm (95% CI)
Relative Risk 

(95% CI) P-Valuen (%)

AE
(Na<135,
K<3.5, eGFR
drop of >25%)

152 (14.3) 64 (6.0) 12 (9–17) 2.61 (1.91–
3.55)

<.001

Hyponatremia 68 (6.5) 21 (2.0) 22 (15–40) 3.40 (1.95–
5.93)

<.001

Hypokalemia 47 (4.5) 15 (1.4) 33 (22–70) 3.21 (1.85–
5.60)

<.001

>25% 
decrease in 
eGFR

50 (5.5) 29 (3.2) 43 (24–229) 1.76 (1.11–
2.79)

.015

Severe AE
(Na<130, 
K<3.0, eGFR
drop of >50%)

19 (1.8) 6 (0.6) 82 (47–326) 3.21 (1.36–
7.55)

.008

Emergency 
department 
visit or 
hospitalization 
for AE

40 (3.8) 21 (2.0) 56 (31–323) 1.94 (1.11–
3.39)

.02

Risk of Thiazide-Induced Metabolic Adverse Events in Older Adults
Mean Age = 74 +/- 6 years

J Am Geriatr Soc. 2014 Jun;62(6):1039-45

http://www.ncbi.nlm.nih.gov/pubmed/?term=makam+thiazide


Are we prescribing medications 
at optimal levels?



Blockade of the RAAS

• Lowers blood pressure

• Decreases morbidity and mortality in CHF pts

• Decreases proteinuria and may slow the rate of 
GFR decline in patients with CKD

• Particularly applicable to pts with resistant 
hypertension +/- CKD 



How much RAAS blockade is enough?

• Significant numbers of patients with chronic 
heart and kidney disease continue to progress at 
a higher than predicted rate despite standard 
therapy with ACE-I or ARB
– e.g. current treatment regimens that include an ACE-I 

or ARB have not been proven to halt kidney disease 
progression in most adult patients over the long term

• Incomplete blockade of the RAAS at 
recommended doses may be one explanation for 
this observation

Toto R, Palmer BF. Rationale for combination angiotensin receptor blocker and angiotensin-converting enzyme inhibitor treatment and end-organ protection in patients with chronic kidney disease. Am J Nephrol. 
2008;28(3):372-380.
Jorde UP, Ennezat PV, Lisker J, et al. Maximally recommended doses of angiotensin-converting enzyme (ACE) inhibitors do not completely prevent ACE-mediated formation of angiotensin II in chronic heart failure. 
Circulation. Feb 29 2000;101(8):844-846.



Ultrahigh doses of ACE-Is or ARBs

• Counters potentially incomplete RAAS blockade

• In small, short-term clinical studies, ultrahigh 
doses yield better reductions in surrogate 
outcomes, such as BP and proteinuria reduction, 
than conventional doses of ACE-Is or ARBs

• Supporters of this ultrahigh therapy contend that 
the FDA-recommended doses of ACE-Is and ARBs 
used in routine practice are inadequate

Berl T. Maximizing inhibition of the renin-angiotensin system with high doses of converting enzyme inhibitors or angiotensin receptor blockers. Nephrol Dial 
Transplant. Aug 2008;23(8):2443-2447



2-month treatment periods on 
various doses of ACE-I

Schjoedt KJ, Astrup AS, Persson F, et al. Optimal dose of lisinopril for renoprotection in type 1 diabetic patients with diabetic nephropathy: a randomised
crossover trial. Diabetologia. Jan 2009;52(1):46-49



Address the RAAS
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Aldosterone Breakthrough
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Bomback AS, Klemmer PJ.  Nat Clin Pract Nephrol. 2007;3(9):486-92

60-70% patients

30-40% patients



ASCOT: Use of spironolactone for resistant 
hypertension in 1411 subjects

Chapman N, Dobson J, Wilson S, et al. Hypertension. Apr 2007;49(4):839-845. 



Hypertension 2011; 57(6): 1069-1075



Figure 2. Home systolic and diastolic blood pressures comparing 

spironolactone with placebo, doxazosin, and bisoprolol

Bryan Williams,  Thomas M MacDonald,  Steve Morant,  David J Webb,  Peter Sever,  Gordon McInnes,  Ian Ford,  J Kennedy Cruickshank,  Mark J Caulfield,  

Jackie Salsbury,  Isla Mackenzie,  Sandosh Padmanabhan,  Morris J Brown

Spironolactone versus placebo, bisoprolol, and doxazosin to determine the optimal treatment for drug-resistant hypertension (PATHWAY-2): a 

randomised, double-blind, crossover trial
LANCET 2015; Volume 386: 2059–2068



Prevalence of resistant hypertension in the United States, 2003-2008. Hypertension. 2011 Jun;57(6):1076-80.

http://www.ncbi.nlm.nih.gov/pubmed/21502568


Are we prescribing medications 
at optimal schedules?



Rationale for chronotherapy

• Many, if not all, specific human physiological functions are 
under the control of a circadian timing system
– includes kidney function and, by extension, the control of blood 

pressure
– most obvious example of circadian rhythmicity of renal function 

is the well-recognized difference in urine volume formation and 
excretion between daytime and nighttime

• Urinary excretion of all major solutes – including sodium –
also follows a circadian pattern; when this pattern is 
impaired, disease may ensue
– Abnormal circadian rhythm for renal sodium reabsorption is 

considered one of the major factors leading to the loss of 
nocturnal blood pressure dipping

Burnier M, Coltamai L, Maillard M, Bochud M. Semin Nephrol. Sep 2007;27(5):565-571.

Bankir L, Bochud M, Maillard M, Bovet P, Gabriel A, Burnier M. Hypertension. Apr 2008;51(4):891-898.



Timing of drugs in resistant HTN
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Diastolic blood pressure
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Hermida RC, Ayala DE, Fernandez JR, Calvo C. Hypertension 2008;51(1):69-76.



Chronotherapy in 1794 subjects with “true” resistant HTN

Am J Hypertens. 2010 Apr;23(4):432-9. 
Effects of time of antihypertensive treatment on ambulatory blood pressure and clinical characteristics of subjects with resistant hypertension.
Hermida RC, Ayala DE, Mojón A, Fernández JR.

http://www.ncbi.nlm.nih.gov/pubmed/20044740
http://www.ncbi.nlm.nih.gov/pubmed?term=Hermida RC[Author]&cauthor=true&cauthor_uid=20044740
http://www.ncbi.nlm.nih.gov/pubmed?term=Ayala DE[Author]&cauthor=true&cauthor_uid=20044740
http://www.ncbi.nlm.nih.gov/pubmed?term=Moj%C3%B3n A[Author]&cauthor=true&cauthor_uid=20044740
http://www.ncbi.nlm.nih.gov/pubmed?term=Fern%C3%A1ndez JR[Author]&cauthor=true&cauthor_uid=20044740


True/false: Chronotherapy, the use of 
nighttime dosing of blood pressure 
medications, has been shown to 
improve nocturnal blood pressure 
control but has not been associated 
with improved daytime blood pressure 
control or a reduction in cardiovascular 
outcomes.

A.True
B.False



Survival curves as a function of time-of-day of 

hypertension treatment in CKD patients

Hermida R C et al. JASN 2011;22:2313-2321

Total CV events

Major CVD events = 
cardiovascular deaths, 
MI, ischemic CVA, and 
hemorrhagic CVA



Case

• John Smith presents to clinic for routine follow-
up. He has no new symptoms or changes in his 
history since his last visit 6 months ago. He 
faithfully takes all of his medicatons each 
morning, including 3 medications for 
hypertension: enalapril 20 mg daily, amlodipine 5 
mg daily, and HCTZ 25 mg daily.

• His exam is unremarkable except for a BP of 
160/95, which is repeated 5 minutes later at 
155/95.
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up. He has no new symptoms or changes in his 
history since his last visit 6 months ago. He 
faithfully takes all of his medicatons each 
morning, including 3 medications for 
hypertension: enalapril 20 mg daily, amlodipine 5 
mg daily, and HCTZ 25 mg daily.

• His exam is unremarkable except for a systolic BP 
of 160/95, which is repeated 5 minutes later at 
155/95.

• Does he have resistant hypertension?

Is volume status 

Is volume status 
adequately addressed?
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up. He has no new symptoms or changes in his 
history since his last visit 6 months ago. He 
faithfully takes all of his medicatons each 
morning, including 3 medications for 
hypertension: enalapril 20 mg daily, amlodipine 5 
mg daily, and HCTZ 25 mg daily.
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Are RAAS blockers 
optimally dosed?
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up. He has no new symptoms or changes in his 
history since his last visit 6 months ago. He 
faithfully takes all of his medicatons each 
morning, including 3 medications for 
hypertension: enalapril 20 mg daily, amlodipine 5 
mg daily, and HCTZ 25 mg daily.

• His exam is unremarkable except for a systolic BP 
of 160/95, which is repeated 5 minutes later at 
155/95.

• Does he have resistant hypertension?

Has chronotherapy
been utilized?



Case

• John Smith presents to clinic for routine follow-
up. He has no new symptoms or changes in his 
history since his last visit 6 months ago. He 
faithfully takes all of his medicatons each 
morning, including 3 medications for 
hypertension: enalapril 20 mg daily, amlodipine 5 
mg daily, and HCTZ 25 mg daily.

• His exam is unremarkable except for a systolic BP 
of 160/95, which is repeated 5 minutes later at 
155/95.

• Does he have resistant hypertension?

1. Change amlodipine to 5 mg PM
2. Change HCTZ 25 mg daily to 

chlorthalidone 25 mg daily
3. Increase enalapril to 20 mg bid or

add spironolactone 25 mg daily



Drug therapy for resistant hypertension: simplifying the approach.
Mann SJ.
J Clin Hypertens (Greenwich). 2011 Feb;13(2):120-30. 

http://www.ncbi.nlm.nih.gov/pubmed/21272200


J Clin Hypertens (Greenwich). 2012 Apr;14(4):191-7
A simplified mechanistic algorithm for treating resistant 
hypertension: efficacy in a retrospective study.
Mann SJ, Parikh NS.

http://www.ncbi.nlm.nih.gov/pubmed/22458739
http://www.ncbi.nlm.nih.gov/pubmed?term=Mann SJ[Author]&cauthor=true&cauthor_uid=22458739
http://www.ncbi.nlm.nih.gov/pubmed?term=Parikh NS[Author]&cauthor=true&cauthor_uid=22458739


387 patients with “resistant” HTN 
referred to UAB Hypertension Clinic, 
2000-2008

83 patients excluded due to:
• nonadherence
• white coat HTN
• inadequate f/u

29 (9.5%) never 
achieved BP 
control

• At least 3 clinic visits over minimum follow-up period of 6 months

• During every visit, clinic and home BPs were reviewed

• Generalized treatment approach included:
• improve diuretic regimen
• use medications with complementary actions
• add a mineralocorticoid antagonist

275 (90.5%) 
achieved goal BP 
control

J Clin Hypertens (Greenwich). 2012 Jan;14(1):7-12.
Refractory hypertension: definition, prevalence, and patient characteristics.
Acelajado MC, Pisoni R, Dudenbostel T, Dell'Italia LJ, Cartmill F, Zhang B, Cofield SS, Oparil S, Calhoun DA.

http://www.ncbi.nlm.nih.gov/pubmed/22235818
http://www.ncbi.nlm.nih.gov/pubmed?term=Acelajado MC[Author]&cauthor=true&cauthor_uid=22235818
http://www.ncbi.nlm.nih.gov/pubmed?term=Pisoni R[Author]&cauthor=true&cauthor_uid=22235818
http://www.ncbi.nlm.nih.gov/pubmed?term=Dudenbostel T[Author]&cauthor=true&cauthor_uid=22235818
http://www.ncbi.nlm.nih.gov/pubmed?term=Dell'Italia LJ[Author]&cauthor=true&cauthor_uid=22235818
http://www.ncbi.nlm.nih.gov/pubmed?term=Cartmill F[Author]&cauthor=true&cauthor_uid=22235818
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhang B[Author]&cauthor=true&cauthor_uid=22235818
http://www.ncbi.nlm.nih.gov/pubmed?term=Cofield SS[Author]&cauthor=true&cauthor_uid=22235818
http://www.ncbi.nlm.nih.gov/pubmed?term=Oparil S[Author]&cauthor=true&cauthor_uid=22235818
http://www.ncbi.nlm.nih.gov/pubmed?term=Calhoun DA[Author]&cauthor=true&cauthor_uid=22235818


Resistant Hypertension:
Key Points

• Common  up to 40% of hypertensives

• Most patients with “resistant” HTN can be controlled with 
medications when prescribed physiologically

• Optimize volume control
– Salt restriction

– Better diuretic regimen move away from HCTZ 25 mg daily

• Maximize RAAS inhibition
– Higher doses of ACE-Is or ARBs

– Spironolactone

• Employ chronotherapy in every patient on >1 anti-HTN med

• Use clinical clues to decide whether volume, RAAS, or neurogenic 
etiology of HTN is most important for individual patient



Questions?


