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53 y/o obese male with hyperlipidemia comes to you for 

first time clinic visit. BP 155/95, HR 85. In addition to 

lifestyle modifications, which of the following would you 

recommend? 

 

A. Start antihypertensive 

B. Have patient follow-up in 2-8 weeks and if clinic BP still 

elevated, start antihypertensive 

C. Home BP log for 1-3 weeks and if average BP still 

elevated, start antihypertensive 

D. 24-hour Ambulatory BP monitor and if average BP still 

elevated, start antihypertensive 

E. Lifestyle modifications for 3-6 months and and if BP still 

elevated, start antihypertensive 
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BP Cuffs 

• What cuff should I get? 



Upper-arm Cuff 

• Appropriately sized upper arm cuff is the standard 



Cuff Size 

• Too small cuff: overestimation of BP 

• Too large cuff: underestimation of BP 



Wrist Cuffs 

• 30-50% of market share 

• BP accuracy depends on difference in height between 

the wrist and the heart  
• Wrists at a higher level than heart lead to falsely lower BP  

• Wrists at a lower level than heart lead to falsely higher BP 

• Few models have a position sensor to verify that the 

wrist is placed properly at heart level 



Population-based study 

• Office: SBP 2.5% lower at wrist than upper-arm 

• Home: SBP 5.6% higher and DBP 5.4% higher than 

upper-arm 
• 621/721 subjects had home measurement error of at least ±5 mm Hg 

and 455/721 of at least ±10 mm Hg 

• Falsely elevated BP values from incorrect arm position 

during measurement 
• Magnified in longer forearms: more pronounced for SBP than DBP 

Casiglia et al. Poor reliability of wrist blood pressure self-measurement at home: A population-
based study. Hypertension.  
 







©2018 Orlando Health, Inc. All rights reserved. Confidential. 

Home BP measurements 





Monitoring Schedule and Interpretation 

• 2 measurements 1 minute apart  
• Morning: before medications 

• Evening: before dinner 

• 7 routine work days (minimum 3 days) 
• Weekends preferably excluded: BP usually lower 

• Decision making 
• Exclude 1st day readings: usually higher and more variable 

• Average 6 days home BP readings (minimum 3 days) 

Normal Prehypertension Hypertension 

<130/80 130-134/80-84 ≥135/85 



Home BP measurements 

• Casual, isolated home measurements can be very 

misleading  
• Not constitute basis for clinical decisions 

• Educate patients that BP can vary between 

measurements and not to be alarmed by high or low BP 

on a single occasion, unless an important elevation or 

reduction persists or is associated with clinically relevant 

symptoms 



53 y/o obese male with hyperlipidemia comes to you for 

first time clinic visit. BP 155/95, HR 85.  

In addition to lifestyle modifications, you decide to start him 

on Amlodipine 5 mg daily. What goal BP do you target? 

 

 

A. <140/90 

B. <140/80 

C. <135/85 

D. <130/80 

E. <120/80 
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ACC/AHA Guidelines 





2017 ACC/AHA Guidelines 

 

 

 

 

 

 

 

 

Average of ≥2 careful readings obtained on ≥2 occasions 

Out-of-office BPs recommended to confirm diagnosis 

 



Systolic vs. Diastolic HTN 

• Isolated systolic HTN: ≥130/<80 mmHg 

• Isolated diastolic HTN: <130/≥80 mmHg 

• Mixed systolic/diastolic HTN: ≥130/≥80 mmHg 



2017 ACC/AHA Guidelines 

Clinical CVD: CAD, CHF, 
and stroke  
 



 



Less aggressive BP Goal 

• <140/90 mmHg (office) or <135/85 mmHg (home) 
• Labile BP or postural hypotension 

• Side effects to multiple antihypertensives 

• ≥75 y/o w/ high comorbidity burden  

• DBP <55 mmHg 



ACC/AHA 2017 High Blood Pressure Clinical Practice Guideline 



53 y/o obese male with hyperlipidemia comes to you for 

first time clinic visit. BP 155/95, HR 85. In addition to 

lifestyle modifications, you decide to start him on 

Amlodipine 5 mg daily.  

4 weeks after starting him on Amlodipine 5 mg daily, he 

returns to clinic with home BP log showing an average BP 

of 142/90 and office BP of 145/90. Now what would you 

recommend? 

 

A. Increase Amlodipine 

B. Start another antihypertensive 

C. Increase Amlodipine and start another antihypertensive 

D. Stop Amlodipine and switch to another antihypertensive 

E. No change in medication 
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Treatment 

• Remove causative or exacerbating agents 

• Lifestyle Modifications 

• Antihypertensives 



Treatment 

• Remove causative or exacerbating agents, if possible 

• Nonpharmacologic 

• Pharmacologic 

 



ACC/AHA 2017 High Blood Pressure Clinical Practice Guideline 



Nonpharmacologic 

• Lifestyle modification: all patients 



Lifestyle Modifications 

Risk Factor Intervention Duration/Type/Dose 𝝙  ↓BP (mmHg)  

Physical Activity Aerobic 90-150 min/week 4-6/3 

Diet DASH Fruits, Vegetables, 
Whole grains, etc. 

6/4 

Weight ↓ 1 kg 0.5-2 per 1 kg 

Na ↓ <1500 mg/day 4.8/2.5 

K ↑ 3500-5000 mg/day 4 

EtOH ↓ M ≤2, F ≤1 per day* 4 

OSA CPAP Nightly 2-3 

*1 “standard” drink contains roughly 14 g of pure alcohol: 12 oz of regular beer (usually 
about 5% alcohol), 5 oz of wine (usually about 12% alcohol), or 1.5 oz of distilled spirits 
(usually about 40% alcohol) 

Elevated BP or Stage 1 hypertension with <10% ASCVD risk: 3-6 months 
 



Antihypertensives 

ACC/AHA 2017 High Blood Pressure Clinical Practice Guideline 



Antihypertensives 

• Each of the antihypertensive agents is roughly equally 

effective in lowering BP 

• However, wide interpatient variability as many patients 

will respond well to one drug but not to another 

Materson, BJ, Reda, DJ, Cushman, WC, et al, N Engl J Med 1993; 328:914. Correction and additional data: Am J Hypertens 1995; 8:189 



Which antihypertensive? 

• Most patients will require >1 antihypertensive 

• The degree of BP ↓, not the choice of antihypertensive, 

is the major determinant of ↓ in cardiovascular risk 
• Multiple guidelines and meta-analyses 

• Recommendations for specific classes are based upon 

clinical trial evidence 
• ↓ cardiovascular risk 

• BP lowering efficacy 

• Safety and tolerability 

• Individualize therapy based upon patient characteristics 

and preferences 



“Compelling” Indications 

• Specific drug(s) has major improvement in outcome 

independent of BP 

Disease Medications 

Angina BB, CCB 

MI ACEi or ARB, BB, aldosterone antagonist 

Systolic CHF ACEi or ARB, BB, diuretic, aldosterone antagonist 

Atrial Fib/Flutter BB, nondihydropyridine CCB 

Diabetic nephropathy 
or Proteinuric CKD* 

ACEi or ARB 

*Stage 3 or higher CKD or Stage 1 or 2 CKD with albuminuria (>300 mg/day): 
ACEi/ARB to slow progression of kidney disease  



“Non-compelling” indications 

• Likely to have a favorable effect on symptoms 

Disease Medication(s) 

BPH Alpha blocker 

Essential tremor BB (Noncardioselective) 

Hyperthyroidism BB 

Migraine BB, CCB 

Osteoporosis Thiazide 

Raynaud phenomenon Dihydropyridine CCB 

LVH ACEi/ARBs, CCB, some diuretics 
(chlorthalidone, indapamide), some 
sympatholytics (methyldopa, alpha-
blockers), direct renin inhibitor 
(aliskiren) 



Left Ventricular Hypertrophy (LVH) 

• Early sign of end-organ damage 

• ↑ CHF, ventricular arrhythmias, death following MI, 

decreased EF, sudden cardiac death, aortic root dilation, 

AF, and CVA 
• In part due to myocardial ischemia: reduced density of capillaries, 

enlarged muscle mass limits the ability of the coronary arteries to dilate 

in response to decreased perfusion or during vasodilatory stress, 

directly compress endocardial capillaries 



LVH regression 

• ↓ CV risk 
• Improved systolic performance, ↑ stroke volume, no increase in the risk 

of decompensation if BP rises, ↓ PVCs, ↓ inducible VF, ↓ AF 

• ↓ by antihypertensives, weight loss, or dietary sodium 

restriction 

• Starts at few months and continues gradually over 3 

years or more 

• May be associated with complete reversal of LVH, left 

atrial enlargement, and diastolic dysfunction 



Antihypertensives for LVH regression 

13% 

11% 
10% 

8% 

6% 

Klingbeil AU, Schneider M, Martus P, et al.  



Initial Antihypertensive if no 

“compelling” indications 

• Thiazide diuretics 
• Thiazide-like: Chlorthalidone  

• Thiazide-type: HCTZ 

• CCB 

• ACEi or ARBs 

 

• Systematic Review 
• No significant difference in CV mortality between these drug classes 



Thiazide diuretics 

• Thiazide-like: Chlorthalidone 

• Thiazide-type: HCTZ, Indapamide, Metolazone 

 



Chlorthalidone vs. HCTZ 

• Meta-analysis of 14 trials: Chlorthalidone is 1.5-3x more 

potent than HCTZ: 3.6 mmHg 

• Longer duration of action: ≥24 hrs versus 6-12 hrs with 

HCTZ 



Chlorthalidone 

• Multiple-treatment (network) meta-analysis of 21 trials 

including ~120,000 patients 
• Chlorthalidone ↓ CV events by 12% and HF by 21% 

• ALLHAT: Chlorthalidone was superior to amlodipine and 

lisinopril in preventing HF 



Should I switch patients from HCTZ to 

Chlorthalidone? 

• Optimal approach has not been defined 

• Is home BP below goal at the end of the drug's dosing 

period? 



Thiazides 

• Result in initial volume depletion which then stimulates 

the renin, aldosterone, angiotensin system (RAAS) 

• Diuretics are more effective when given first in a regimen 

rather than second 
• They prime the RAAS. 

• These effects make the addition of a RAAS blocker an attractive 

combination to improve BP control 



CCB 

• Dihydropyridine: Amlodipine, Nifedipine 

• Non-dihydropyridine: Diltiazem, Verapamil 

• Potency: dihydropyridines > diltiazem > verapamil 

• What about combining dihydropyridine and non-

dihydropyridine CCBs? 
• Dual CCB therapy lowers BP significantly better than CCB 

monotherapy, without an increase in adverse events 

• However, given the lack of long-term outcome data on efficacy and 

safety, dual CCB therapy should be used with restraint, if at all 

 



CCB induced leg swelling 

• Edema not from increased plasma volume 
• Not improve with diuretics 

• More common with dihydropyridines than with non-

dihydropyridines 

• Dose dependent: 2-3x higher with higher doses 

• Options 
• Non-dihydropyridine CCB: Diltiazem or Verapamil 

• Reduce dose 

• Add ACEi or ARB: reduce incidence and severity of edema 



What about Amlodipine BID? 

• Not associated with increased trough plasma amlodipine 

concentrations, reduced arterial stiffness, or improved 

BP control over a 24-hour period 

 

Effects of Dividing Amlodipine Daily Doses on Trough Drug Concentrations and Blood Pressure 
Control Over a 24-Hour Period 
Miyoshi, Ken-ichi et al. Clinical Therapeutics , Volume 35 , Issue 9 , 1418 - 1422 



Amlodipine vs. Nifedipine XL 

• Multicenter, randomized trial 

• After 8 weeks, BP was similarly reduced in the 

Amlodipine (n = 257) and Nifedipine XL groups (n = 248) 
• 24‐hour systolic/diastolic BP: 10.3/6.5 vs 10.9/6.3 mm Hg (P ≥ 0.24) 

Huang QF, Sheng CS, Li Y, Dou Y, Zheng MS, Zhu ZM, Wang JG; Amlodipine Morning Blood 
Pressure Surge Study (ARMORS) Investigators. A randomized controlled trial on the blood 
pressure-lowering effect of amlodipine and nifedipine-GITS in sustained hypertension. J Clin 
Hypertens (Greenwich). 2019 Apr 11. 



Lisinopril BID? 

• Elimination half‐life ~12 hrs 

• Retrospective cohort study 
• Only 90 patients 

• 20 mg BID vs. 40 mg qday 

• BID: 10.2/4.3 mm Hg greater reduction 

• Further studies needed to validate 

J Clin Hypertens (Greenwich). 2017 Sep;19(9):868-873 



Beta blockers 

• Not initial monotherapy unless “compelling” indications 

• Avoid beta blockers and non-dihydropyridine CCB, 

unless “compelling” indication 

• Atenolol is not as effective as other antihypertensives 
 



African Americans 

• If no “compelling” indications 

• Thiazide-like diuretic or long-acting dihydropyridine CCB 
• Amlodipine as effective as chlorthalidone in ↓ BP, CV disease, and 

stroke but less effective in preventing HF 

• If 3rd agent needed, ARBs may be better tolerated than 

ACEi with less cough and angioedema 
• ACEi/ARB less effective in preventing HF and stroke 

• No advantage over diuretics or CCBs in DM without nephropathy or HF 

Materson BJ, Reda DJ, Cushman WC. Am J Hypertens 1995; 8:189 



Combination Therapy 

• Single-agent therapy will not adequately control BP if 

SBP ≥15 mmHg above goal 

• Combination therapy with drugs from different classes 

has substantially greater BP lowering than doubling dose 

of a single agent 
• Using higher doses generally produces lesser BP response and more 

toxicity than switching to an initial dose of a second drug 

• Initial combination antihypertensive therapy with two 

first-line agents of different classes 
• SBP >20 mmHg or DBP >10 mmHg above goal 



Side Effects 

• With thiazides, CCB, and beta blockers, the rate of 

symptomatic and metabolic adverse effects increase 

significantly with standard or twice-standard doses 

compared to half-standard doses 

• Very low rate of side effects with ACEi and ARBs with no 

dose dependence 



Fixed-dose, single-pill combination 

• Use whenever feasible 
• Reduce pill burden and improve medication adherence 



ACC/AHA 2017 High Blood Pressure Clinical Practice Guideline 



When to add a 3rd medication? 

• If BP uncontrolled w/ 2 antihypertensive medications at 

max or max tolerated dose, then add 3rd 
• ACEi or ARB, long-acting dihydropyridine CCB, and thiazide-like diuretic 



Conclusions 

• Home BP monitoring 

• Lifestyle modification: all patients 

• Decision to initiate drug therapy should be individualized 

• The degree of BP ↓, not the choice of antihypertensive, 

is the major determinant of ↓ in cardiovascular risk 

• “Compelling” indications 
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	Materson, BJ, Reda, DJ, Cushman, WC, et al, N Engl J Med 1993; 328:914. Correction and additional data: Am J Hypertens 1995; 8:189 

	Slide
	Span
	Figure
	Which antihypertensive? 
	•Most patients will require >1 antihypertensive 
	•Most patients will require >1 antihypertensive 
	•Most patients will require >1 antihypertensive 
	•Most patients will require >1 antihypertensive 

	•The degree of BP ↓, not the choice of antihypertensive, is the major determinant of ↓ in cardiovascular risk 
	•The degree of BP ↓, not the choice of antihypertensive, is the major determinant of ↓ in cardiovascular risk 

	•Multiple guidelines and meta-analyses 
	•Multiple guidelines and meta-analyses 
	•Multiple guidelines and meta-analyses 


	•Recommendations for specific classes are based upon clinical trial evidence 
	•Recommendations for specific classes are based upon clinical trial evidence 

	•↓ cardiovascular risk 
	•↓ cardiovascular risk 
	•↓ cardiovascular risk 

	•BP lowering efficacy 
	•BP lowering efficacy 

	•Safety and tolerability 
	•Safety and tolerability 


	•Individualize therapy based upon patient characteristics and preferences 
	•Individualize therapy based upon patient characteristics and preferences 
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	“Compelling” Indications 
	“Compelling” Indications 

	•Specific drug(s) has major improvement in outcome independent of BP 
	•Specific drug(s) has major improvement in outcome independent of BP 
	•Specific drug(s) has major improvement in outcome independent of BP 
	•Specific drug(s) has major improvement in outcome independent of BP 
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	Span
	Disease 
	Disease 
	Disease 

	Medications 
	Medications 


	Angina 
	Angina 
	Angina 

	BB, CCB 
	BB, CCB 


	MI 
	MI 
	MI 

	ACEi or ARB, BB, aldosterone antagonist 
	ACEi or ARB, BB, aldosterone antagonist 


	Systolic CHF 
	Systolic CHF 
	Systolic CHF 

	ACEi or ARB, BB, diuretic, aldosterone antagonist 
	ACEi or ARB, BB, diuretic, aldosterone antagonist 


	Atrial Fib/Flutter 
	Atrial Fib/Flutter 
	Atrial Fib/Flutter 

	BB, nondihydropyridine CCB 
	BB, nondihydropyridine CCB 


	Diabetic nephropathy or Proteinuric CKD* 
	Diabetic nephropathy or Proteinuric CKD* 
	Diabetic nephropathy or Proteinuric CKD* 

	ACEi or ARB 
	ACEi or ARB 



	*Stage 3 or higher CKD or Stage 1 or 2 CKD with albuminuria (>300 mg/day): ACEi/ARB to slow progression of kidney disease  
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	“Non-compelling” indications 
	“Non-compelling” indications 

	•Likely to have a favorable effect on symptoms 
	•Likely to have a favorable effect on symptoms 
	•Likely to have a favorable effect on symptoms 
	•Likely to have a favorable effect on symptoms 
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	Disease 
	Disease 
	Disease 

	Medication(s) 
	Medication(s) 


	BPH 
	BPH 
	BPH 

	Alpha blocker 
	Alpha blocker 


	Essential tremor 
	Essential tremor 
	Essential tremor 

	BB (Noncardioselective) 
	BB (Noncardioselective) 


	Hyperthyroidism 
	Hyperthyroidism 
	Hyperthyroidism 

	BB 
	BB 


	Migraine 
	Migraine 
	Migraine 

	BB, CCB 
	BB, CCB 


	Osteoporosis 
	Osteoporosis 
	Osteoporosis 

	Thiazide 
	Thiazide 


	Raynaud phenomenon 
	Raynaud phenomenon 
	Raynaud phenomenon 

	Dihydropyridine CCB 
	Dihydropyridine CCB 


	LVH 
	LVH 
	LVH 

	ACEi/ARBs, CCB, some diuretics (chlorthalidone, indapamide), some sympatholytics (methyldopa, alpha-blockers), direct renin inhibitor (aliskiren) 
	ACEi/ARBs, CCB, some diuretics (chlorthalidone, indapamide), some sympatholytics (methyldopa, alpha-blockers), direct renin inhibitor (aliskiren) 
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	Figure
	Left Ventricular Hypertrophy (LVH) 
	•Early sign of end-organ damage 
	•Early sign of end-organ damage 
	•Early sign of end-organ damage 
	•Early sign of end-organ damage 

	•↑ CHF, ventricular arrhythmias, death following MI, decreased EF, sudden cardiac death, aortic root dilation, AF, and CVA 
	•↑ CHF, ventricular arrhythmias, death following MI, decreased EF, sudden cardiac death, aortic root dilation, AF, and CVA 

	•In part due to myocardial ischemia: reduced density of capillaries, enlarged muscle mass limits the ability of the coronary arteries to dilate in response to decreased perfusion or during vasodilatory stress, directly compress endocardial capillaries 
	•In part due to myocardial ischemia: reduced density of capillaries, enlarged muscle mass limits the ability of the coronary arteries to dilate in response to decreased perfusion or during vasodilatory stress, directly compress endocardial capillaries 
	•In part due to myocardial ischemia: reduced density of capillaries, enlarged muscle mass limits the ability of the coronary arteries to dilate in response to decreased perfusion or during vasodilatory stress, directly compress endocardial capillaries 




	Figure
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	LVH regression 
	•↓ CV risk 
	•↓ CV risk 
	•↓ CV risk 
	•↓ CV risk 

	•Improved systolic performance, ↑ stroke volume, no increase in the risk of decompensation if BP rises, ↓ PVCs, ↓ inducible VF, ↓ AF 
	•Improved systolic performance, ↑ stroke volume, no increase in the risk of decompensation if BP rises, ↓ PVCs, ↓ inducible VF, ↓ AF 
	•Improved systolic performance, ↑ stroke volume, no increase in the risk of decompensation if BP rises, ↓ PVCs, ↓ inducible VF, ↓ AF 


	•↓ by antihypertensives, weight loss, or dietary sodium restriction 
	•↓ by antihypertensives, weight loss, or dietary sodium restriction 

	•Starts at few months and continues gradually over 3 years or more 
	•Starts at few months and continues gradually over 3 years or more 

	•May be associated with complete reversal of LVH, left atrial enlargement, and diastolic dysfunction 
	•May be associated with complete reversal of LVH, left atrial enlargement, and diastolic dysfunction 
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	Antihypertensives for LVH regression 
	Figure
	13% 
	11% 
	11% 

	10% 
	8% 
	6% 
	Klingbeil AU, Schneider M, Martus P, et al.  
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	Initial Antihypertensive if no “compelling” indications 
	•Thiazide diuretics 
	•Thiazide diuretics 
	•Thiazide diuretics 
	•Thiazide diuretics 

	•Thiazide-like: Chlorthalidone  
	•Thiazide-like: Chlorthalidone  
	•Thiazide-like: Chlorthalidone  

	•Thiazide-type: HCTZ 
	•Thiazide-type: HCTZ 


	•CCB 
	•CCB 

	•ACEi or ARBs 
	•ACEi or ARBs 


	 
	•Systematic Review 
	•Systematic Review 
	•Systematic Review 

	•No significant difference in CV mortality between these drug classes 
	•No significant difference in CV mortality between these drug classes 
	•No significant difference in CV mortality between these drug classes 
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	Thiazide diuretics 
	•Thiazide-like: Chlorthalidone 
	•Thiazide-like: Chlorthalidone 
	•Thiazide-like: Chlorthalidone 
	•Thiazide-like: Chlorthalidone 

	•Thiazide-type: HCTZ, Indapamide, Metolazone  
	•Thiazide-type: HCTZ, Indapamide, Metolazone  
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	Chlorthalidone vs. HCTZ 
	•Meta-analysis of 14 trials: Chlorthalidone is 1.5-3x more potent than HCTZ: 3.6 mmHg 
	•Meta-analysis of 14 trials: Chlorthalidone is 1.5-3x more potent than HCTZ: 3.6 mmHg 
	•Meta-analysis of 14 trials: Chlorthalidone is 1.5-3x more potent than HCTZ: 3.6 mmHg 
	•Meta-analysis of 14 trials: Chlorthalidone is 1.5-3x more potent than HCTZ: 3.6 mmHg 

	•Longer duration of action: ≥24 hrs versus 6-12 hrs with HCTZ 
	•Longer duration of action: ≥24 hrs versus 6-12 hrs with HCTZ 
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	Chlorthalidone 
	•Multiple-treatment (network) meta-analysis of 21 trials including ~120,000 patients 
	•Multiple-treatment (network) meta-analysis of 21 trials including ~120,000 patients 
	•Multiple-treatment (network) meta-analysis of 21 trials including ~120,000 patients 
	•Multiple-treatment (network) meta-analysis of 21 trials including ~120,000 patients 

	•Chlorthalidone ↓ CV events by 12% and HF by 21% 
	•Chlorthalidone ↓ CV events by 12% and HF by 21% 
	•Chlorthalidone ↓ CV events by 12% and HF by 21% 


	•ALLHAT: Chlorthalidone was superior to amlodipine and lisinopril in preventing HF 
	•ALLHAT: Chlorthalidone was superior to amlodipine and lisinopril in preventing HF 
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	Figure
	Should I switch patients from HCTZ to Chlorthalidone? 
	•Optimal approach has not been defined 
	•Optimal approach has not been defined 
	•Optimal approach has not been defined 
	•Optimal approach has not been defined 

	•Is home BP below goal at the end of the drug's dosing period? 
	•Is home BP below goal at the end of the drug's dosing period? 
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	Thiazides 
	•Result in initial volume depletion which then stimulates the renin, aldosterone, angiotensin system (RAAS) 
	•Result in initial volume depletion which then stimulates the renin, aldosterone, angiotensin system (RAAS) 
	•Result in initial volume depletion which then stimulates the renin, aldosterone, angiotensin system (RAAS) 
	•Result in initial volume depletion which then stimulates the renin, aldosterone, angiotensin system (RAAS) 

	•Diuretics are more effective when given first in a regimen rather than second 
	•Diuretics are more effective when given first in a regimen rather than second 

	•They prime the RAAS. 
	•They prime the RAAS. 
	•They prime the RAAS. 

	•These effects make the addition of a RAAS blocker an attractive combination to improve BP control 
	•These effects make the addition of a RAAS blocker an attractive combination to improve BP control 
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	CCB 
	•Dihydropyridine: Amlodipine, Nifedipine 
	•Dihydropyridine: Amlodipine, Nifedipine 
	•Dihydropyridine: Amlodipine, Nifedipine 
	•Dihydropyridine: Amlodipine, Nifedipine 

	•Non-dihydropyridine: Diltiazem, Verapamil 
	•Non-dihydropyridine: Diltiazem, Verapamil 

	•Potency: dihydropyridines > diltiazem > verapamil 
	•Potency: dihydropyridines > diltiazem > verapamil 

	•What about combining dihydropyridine and non-dihydropyridine CCBs? 
	•What about combining dihydropyridine and non-dihydropyridine CCBs? 

	•Dual CCB therapy lowers BP significantly better than CCB monotherapy, without an increase in adverse events 
	•Dual CCB therapy lowers BP significantly better than CCB monotherapy, without an increase in adverse events 
	•Dual CCB therapy lowers BP significantly better than CCB monotherapy, without an increase in adverse events 

	•However, given the lack of long-term outcome data on efficacy and safety, dual CCB therapy should be used with restraint, if at all  
	•However, given the lack of long-term outcome data on efficacy and safety, dual CCB therapy should be used with restraint, if at all  
	•However, given the lack of long-term outcome data on efficacy and safety, dual CCB therapy should be used with restraint, if at all  
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	Figure
	CCB induced leg swelling 
	•Edema not from increased plasma volume 
	•Edema not from increased plasma volume 
	•Edema not from increased plasma volume 
	•Edema not from increased plasma volume 

	•Not improve with diuretics 
	•Not improve with diuretics 
	•Not improve with diuretics 


	•More common with dihydropyridines than with non-dihydropyridines 
	•More common with dihydropyridines than with non-dihydropyridines 

	•Dose dependent: 2-3x higher with higher doses 
	•Dose dependent: 2-3x higher with higher doses 

	•Options 
	•Options 

	•Non-dihydropyridine CCB: Diltiazem or Verapamil 
	•Non-dihydropyridine CCB: Diltiazem or Verapamil 
	•Non-dihydropyridine CCB: Diltiazem or Verapamil 

	•Reduce dose 
	•Reduce dose 

	•Add ACEi or ARB: reduce incidence and severity of edema 
	•Add ACEi or ARB: reduce incidence and severity of edema 
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	Figure
	What about Amlodipine BID? 
	•Not associated with increased trough plasma amlodipine concentrations, reduced arterial stiffness, or improved BP control over a 24-hour period  
	•Not associated with increased trough plasma amlodipine concentrations, reduced arterial stiffness, or improved BP control over a 24-hour period  
	•Not associated with increased trough plasma amlodipine concentrations, reduced arterial stiffness, or improved BP control over a 24-hour period  
	•Not associated with increased trough plasma amlodipine concentrations, reduced arterial stiffness, or improved BP control over a 24-hour period  



	Effects of Dividing Amlodipine Daily Doses on Trough Drug Concentrations and Blood Pressure Control Over a 24-Hour Period Miyoshi, Ken-ichi et al. Clinical Therapeutics , Volume 35 , Issue 9 , 1418 - 1422 
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	Figure
	Amlodipine vs. Nifedipine XL 
	•Multicenter, randomized trial 
	•Multicenter, randomized trial 
	•Multicenter, randomized trial 
	•Multicenter, randomized trial 

	•After 8 weeks, BP was similarly reduced in the Amlodipine (n = 257) and Nifedipine XL groups (n = 248) 
	•After 8 weeks, BP was similarly reduced in the Amlodipine (n = 257) and Nifedipine XL groups (n = 248) 

	•24‐hour systolic/diastolic BP: 10.3/6.5 vs 10.9/6.3 mm Hg (P ≥ 0.24) 
	•24‐hour systolic/diastolic BP: 10.3/6.5 vs 10.9/6.3 mm Hg (P ≥ 0.24) 
	•24‐hour systolic/diastolic BP: 10.3/6.5 vs 10.9/6.3 mm Hg (P ≥ 0.24) 




	Huang QF, Sheng CS, Li Y, Dou Y, Zheng MS, Zhu ZM, Wang JG; Amlodipine Morning Blood Pressure Surge Study (ARMORS) Investigators. A randomized controlled trial on the blood pressure-lowering effect of amlodipine and nifedipine-GITS in sustained hypertension. J Clin Hypertens (Greenwich). 2019 Apr 11. 
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	Figure
	Lisinopril BID? 
	•Elimination half‐life ~12 hrs 
	•Elimination half‐life ~12 hrs 
	•Elimination half‐life ~12 hrs 
	•Elimination half‐life ~12 hrs 

	•Retrospective cohort study 
	•Retrospective cohort study 

	•Only 90 patients 
	•Only 90 patients 
	•Only 90 patients 

	•20 mg BID vs. 40 mg qday 
	•20 mg BID vs. 40 mg qday 

	•BID: 10.2/4.3 mm Hg greater reduction 
	•BID: 10.2/4.3 mm Hg greater reduction 


	•Further studies needed to validate 
	•Further studies needed to validate 



	J Clin Hypertens (Greenwich). 2017 Sep;19(9):868-873 
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	Beta blockers 
	•Not initial monotherapy unless “compelling” indications 
	•Not initial monotherapy unless “compelling” indications 
	•Not initial monotherapy unless “compelling” indications 
	•Not initial monotherapy unless “compelling” indications 

	•Avoid beta blockers and non-dihydropyridine CCB, unless “compelling” indication 
	•Avoid beta blockers and non-dihydropyridine CCB, unless “compelling” indication 

	•Atenolol is not as effective as other antihypertensives  
	•Atenolol is not as effective as other antihypertensives  
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	African Americans 
	•If no “compelling” indications 
	•If no “compelling” indications 
	•If no “compelling” indications 
	•If no “compelling” indications 

	•Thiazide-like diuretic or long-acting dihydropyridine CCB 
	•Thiazide-like diuretic or long-acting dihydropyridine CCB 

	•Amlodipine as effective as chlorthalidone in ↓ BP, CV disease, and stroke but less effective in preventing HF 
	•Amlodipine as effective as chlorthalidone in ↓ BP, CV disease, and stroke but less effective in preventing HF 
	•Amlodipine as effective as chlorthalidone in ↓ BP, CV disease, and stroke but less effective in preventing HF 


	•If 3rd agent needed, ARBs may be better tolerated than ACEi with less cough and angioedema 
	•If 3rd agent needed, ARBs may be better tolerated than ACEi with less cough and angioedema 

	•ACEi/ARB less effective in preventing HF and stroke 
	•ACEi/ARB less effective in preventing HF and stroke 
	•ACEi/ARB less effective in preventing HF and stroke 

	•No advantage over diuretics or CCBs in DM without nephropathy or HF 
	•No advantage over diuretics or CCBs in DM without nephropathy or HF 




	Figure
	Materson BJ, Reda DJ, Cushman WC. Am J Hypertens 1995; 8:189 
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	Figure
	Combination Therapy 
	•Single-agent therapy will not adequately control BP if SBP ≥15 mmHg above goal 
	•Single-agent therapy will not adequately control BP if SBP ≥15 mmHg above goal 
	•Single-agent therapy will not adequately control BP if SBP ≥15 mmHg above goal 
	•Single-agent therapy will not adequately control BP if SBP ≥15 mmHg above goal 

	•Combination therapy with drugs from different classes has substantially greater BP lowering than doubling dose of a single agent 
	•Combination therapy with drugs from different classes has substantially greater BP lowering than doubling dose of a single agent 

	•Using higher doses generally produces lesser BP response and more toxicity than switching to an initial dose of a second drug 
	•Using higher doses generally produces lesser BP response and more toxicity than switching to an initial dose of a second drug 
	•Using higher doses generally produces lesser BP response and more toxicity than switching to an initial dose of a second drug 


	•Initial combination antihypertensive therapy with two first-line agents of different classes 
	•Initial combination antihypertensive therapy with two first-line agents of different classes 

	•SBP >20 mmHg or DBP >10 mmHg above goal 
	•SBP >20 mmHg or DBP >10 mmHg above goal 
	•SBP >20 mmHg or DBP >10 mmHg above goal 
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	Figure
	Side Effects 
	•With thiazides, CCB, and beta blockers, the rate of symptomatic and metabolic adverse effects increase significantly with standard or twice-standard doses compared to half-standard doses 
	•With thiazides, CCB, and beta blockers, the rate of symptomatic and metabolic adverse effects increase significantly with standard or twice-standard doses compared to half-standard doses 
	•With thiazides, CCB, and beta blockers, the rate of symptomatic and metabolic adverse effects increase significantly with standard or twice-standard doses compared to half-standard doses 
	•With thiazides, CCB, and beta blockers, the rate of symptomatic and metabolic adverse effects increase significantly with standard or twice-standard doses compared to half-standard doses 

	•Very low rate of side effects with ACEi and ARBs with no dose dependence 
	•Very low rate of side effects with ACEi and ARBs with no dose dependence 
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	Fixed-dose, single-pill combination 
	•Use whenever feasible 
	•Use whenever feasible 
	•Use whenever feasible 
	•Use whenever feasible 

	•Reduce pill burden and improve medication adherence 
	•Reduce pill burden and improve medication adherence 
	•Reduce pill burden and improve medication adherence 
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	Figure
	ACC/AHA 2017 High Blood Pressure Clinical Practice Guideline 
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	When to add a 3rd medication? 
	•If BP uncontrolled w/ 2 antihypertensive medications at max or max tolerated dose, then add 3rd 
	•If BP uncontrolled w/ 2 antihypertensive medications at max or max tolerated dose, then add 3rd 
	•If BP uncontrolled w/ 2 antihypertensive medications at max or max tolerated dose, then add 3rd 
	•If BP uncontrolled w/ 2 antihypertensive medications at max or max tolerated dose, then add 3rd 

	•ACEi or ARB, long-acting dihydropyridine CCB, and thiazide-like diuretic 
	•ACEi or ARB, long-acting dihydropyridine CCB, and thiazide-like diuretic 
	•ACEi or ARB, long-acting dihydropyridine CCB, and thiazide-like diuretic 
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	Figure
	Conclusions 
	•Home BP monitoring 
	•Home BP monitoring 
	•Home BP monitoring 
	•Home BP monitoring 

	•Lifestyle modification: all patients 
	•Lifestyle modification: all patients 

	•Decision to initiate drug therapy should be individualized 
	•Decision to initiate drug therapy should be individualized 

	•The degree of BP ↓, not the choice of antihypertensive, is the major determinant of ↓ in cardiovascular risk 
	•The degree of BP ↓, not the choice of antihypertensive, is the major determinant of ↓ in cardiovascular risk 

	•“Compelling” indications    
	•“Compelling” indications    
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