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Announcements	
  	
  
•  The	
  session	
  is	
  being	
  videotaped.	
  Please	
  turn	
  off	
  all	
  cell	
  

phones	
  and	
  pagers.	
  

•  ARS	
  keypads	
  are	
  provided	
  on	
  the	
  table	
  for	
  use	
  during	
  
the	
  symposium.	
  

•  During	
  the	
  panel	
  discussion,	
  please	
  use	
  the	
  Ques(on	
  
Cards	
  located	
  on	
  each	
  table.	
  

•  Complete	
  and	
  return	
  a	
  CME	
  Evalua(on	
  Form	
  at	
  the	
  
conclusion	
  of	
  the	
  symposium.	
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Systolic Hypertension in the Elderly Program 
(SHEP) 

Multicenter, randomized, double-blind, placebo-controlled, patients ≥60 years, 
systolic BPs ≥160 mm Hg & diastolic BPs <90 mm Hg, using 12.5-25 mg 

chlorthalidone + other drugs if needed 
(Starting SBP: 170 mm Hg;  achieved SBP:  Placebo 155 mm Hg, active 

treatment 143 mm Hg) 

SHEP	
  Coopera,ve	
  Research	
  Group.	
  JAMA.	
  1991;265:3255-­‐64.	
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C
um

ul
at

iv
e 

 fa
ta

l a
nd

 n
on

fa
ta

l 
st

ro
ke

 ra
te

 p
er

 1
00

 p
ar

tic
ip

an
ts

 10 

8 

6 

4 

2 

0 
72 0 36 12 60 24 48 

Months 

↓  36% 



0 4 4 1 2 3 3 
Time since Randomization (Yrs) Time since randomization (y) 

Randomized, double-blind placebo trial of patients aged ≥60 years with isolated systolic hypertension, 
placebo vs nitrendipine 10-40 mg ± enalapril 5-20 mg ± HCTZ. 

Goal: Lower SBP by 20 mm Hg to <150 mm Hg:  In reality, placebo = 161 mmHg; active = 151 mmHg 

Staessen	
  et	
  al.	
  Lancet.	
  1997;350:757-­‐64.	
  

Systolic Hypertension in Europe Trial  
(Syst-Eur) 

Fatal and Nonfatal 
Strokes 

Fatal and Nonfatal Myocardial 
Infarction 
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HYVET: 21% Reduced Mortality With Active 
Treatment 

BeckeJ	
  et	
  al.	
  N	
  Engl	
  J	
  Med.	
  2008;358:1887–1998.	
  

 (SBP: 143 mm Hg) versus placebo (SBP: 158 mm Hg) 
in patients aged 80 or older 

Placebo group 

Active treatment  group 
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Effective BP Control (SBP <140 mmHg)  
Reduces Cardiovascular Risk (VALUE Trial)  

*Pooled analysis of patients enrolled in the VALUE trial; blood pressure control defined as SBP <140 mmHg 
†Statistically significant difference (p<0.05) vs SBP not controlled at 6 months 
BP=blood pressure; CI=confidence interval; CV=cardiovascular; HR=hazard ratio; SBP=systolic blood pressure; 
VALUE=Valsartan Antihypertensive Long-term Use Evaluation 
Weber	
  et	
  al.	
  Lancet	
  2004;363:2049-­‐51.	
  

Fatal and non-fatal cardiac events 

Fatal and non-fatal stroke 

All-cause death 

Myocardial infarction 

Heart failure hospitalizations 

SBP controlled 
at 6 months 

(n=10,755) 

SBP not controlled 
at 6 months 
(n=4,490) 

0.75 (0.67–0.83)†   

0.55 (0.46–0.64)† 

0.79 (0.71–0.88)†  

0.86 (0.73–1.01) 

0.64 (0.55–0.74)† 

0.6 0.8 1.0 1.2 

HR (95% CI) of CV events in 
patients being followed up to 6 years 
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Cardiovascular	
  (CV)	
  Death	
  

Major Outcomes by Achieved Systolic Blood 
Pressure Category in the ACCOMPLISH Trial  
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Weber	
  et	
  al.	
  	
  Am	
  J	
  Med.	
  2013;	
  126:501-­‐8.	
  

Systolic	
  Blood	
  Pressure	
  Category	
  (mmHg)	
   Systolic	
  Blood	
  Pressure	
  Category	
  (mmHg)	
  



                <140 mmHg    140- <150 mmHg       RR (95%CI)        P value 

CV Death              12.2                     15.9               0.74(0.63, 0.86)     <0.0001 

Total MI                 12.1                     14.6               0.77(0.59, 1.01)      0.0603 

Total Stroke            4.5                       9.2                0.45(0.31, 0.66)    <0.0001 

Heart Failure           7.2                       6.2               1.07(0.72,1.60)        0.7401 

Total Death            29.6                     34.9               0.79(0.66,0.93)       0.0056 

 

Values are events/1000 patient years  
 

Derived from Bangalore S et al. JACC 2014;64:784-793 

Post Hoc Analysis of INVEST Trial  
Achieved treatments:  SBP <140 vs. <150 mmHg 
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N = 4382                        4050                       2391                        359

Average : 133.5 Standard vs 119.3 Intensive, delta = 14.2 

Mean number of medications 
Intensive:  3.2  3.4  3.4  3.5  3.5  3.5  3.4  3.4 
Standard:  1.9  2.1  2.1  2.2  2.2  2.3  2.3  2.3 
Number of patients 
Intensive:  2,174  2,071  1,973  1,792  1,150  445  156  156 
Standard:  2,208  2,136  2,077  1,860  1,241  504  203  201 

Data shown are mean ± 95% CI. 
ACCORD	
  study	
  group.	
  N	
  Engl	
  J	
  Med.	
  2010;362:1575–85.	
  

ACCORD: Mean Systolic Pressures in 
Treatment Groups Over Time 



ACCORD: Primary Outcome 
and Total Stroke 

ACCORD	
  study	
  group.	
  N	
  Engl	
  J	
  Med.	
  2010;362:1575–85.	
  

Intensive 
Standard 

Primary Outcome  
(Nonfatal MI, nonfatal stroke 

or CVD death) 

HR = 0.89 
95% CI (0.73-1.07) 
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James	
  	
  et	
  al.	
  JAMA.	
  2013	
  Dec	
  18.	
  doi:	
  10.1001/jama.2013.284427.	
  	
  



Authors of JNC 8 Panel: 
Recommendation 1 

In the general population aged 60 years or older, 
initiate pharmacologic treatment to lower BP at systolic 
blood pressure (SBP) of 150  mm Hg or higher or 
diastolic blood pressure (DBP)  of 90 mm Hg or higher 
and treat to a goal SBP lower than 150 mm Hg and 
goal DBP lower than 90 mm Hg. 

Strong Recommendation – Grade A 

Note:  This was one of only two of the nine 
recommendations of the panelists that claimed to be 
“Strong” and “Grade A” 



Wright	
  et	
  al.	
  Ann	
  Intern	
  Med.	
  	
  January	
  2014.	
  doi:	
  10.7326/M13-­‐2981.	
  



• The 150/90 mm Hg threshold recommended by the 
panelists has been claimed to reduce the use of 
drugs and other resources  

• But, if the generally used 140/90 mm Hg threshold is 
more correct, then these savings in money would be 
at the expense of increased major cardiovascular 
events—particularly strokes—in the large high-risk 
group of  hypertensive people aged 60 to 80 

  Wide agreement that 140 vs.150 mm Hg exposes 
an evidence gap that must be addressed 

How These Concerns Played Out… 



• Most evidence now supports 3 drug types: the RAS 
blockers (ACE inhibitors or ARBs); calcium channel 
blockers; and thiazide diuretics. Evidence for beta 
blockers weaker, except in HF, post-MI, angina, AF  

• Among the major classes, ethnicity, age and 
concomitant conditions will influence the selection of 
drugs 

• Combination treatment is required in >50% of 
patients: most patients finish up with 2- or 3- drug 
combinations, most often utilizing a RAS blocker, a 
calcium channel blocker, and a thiazide 

 Therapy 



Chlorthalidone (CLD) Had Positive Effects on 
Cardiovascular Outcomes in Landmark Studies 

ALLHAT=Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial; CLD=chlorthalidone; CVD=cardiovascular disease; 
CV=cardiovascular; HCTZ=hydrochlorothiazide; HDFP=Hypertension Detection and Follow-up Program; HTN=hypertension;  
ISH=isolated systolic hypertension; MRFIT=Multiple Risk Factor Intervention Trial; SHEP=Systolic Hypertension in the Elderly Program 
1.  Hypertension	
  Detec,on	
  and	
  Follow-­‐up	
  Program	
  Coopera,ve	
  Group.	
  JAMA.	
  1979;242:2562-­‐71.	
  
2.  Mul,ple	
  Risk	
  Factor	
  Interven,on	
  Trial	
  Research	
  Group.	
  Circula,on.	
  1990;82:1616-­‐28.	
  	
  
3.  Dorsch	
  et	
  al.	
  Hypertension.	
  2011;51:689-­‐94.	
  
4.  SHEP	
  Coopera,ve	
  Research	
  Group.	
  JAMA.	
  1991;265:3255-­‐64.	
  
5.  ALLHAT	
  Officers	
  and	
  Coordinators	
  for	
  the	
  ALLHAT	
  Collabora,ve	
  Research	
  Group.	
  JAMA.	
  2002;288:2981-­‐97.	
  

Clinical 
study 

Population studied and 
duration of study Comparators Significant findings 

HDFP1 •  10,940 adults with HTN 
• Over 5 years 

• CLD 
• Usual care 

• CLD reduced mortality by 17% vs usual 
care 

MRFIT2,3 •  12,866 high risk males with HTN 
• Over 10.5 years 

• CLD 
• HCTZ 
• Usual care 

• CLD reduced mortality rate vs HCTZ 
• CLD lowered risk for CV events by 21% vs 

HCTZ 

SHEP4 
•  4,736 adults >60 years of age 

with ISH 
• Over 5 years 

• CLD 
•  Placebo 

• CLD lowered risk for CVD by 32% vs 
placebo 

ALLHAT5 •  33,357 high risk adults with HTN 
• Over 4.9 years 

• CLD 
•  Amlodipine 
•  Lisinopril 

• CLD was superior to amlodipine and 
lisinopril in prevention of CVD 

• Recommend thiazide-type diuretics for 
first-line treatment of HTN 



LIFE Trial: Losartan vs Atenolol 
as Initial Therapy 

 
Dahlöf	
  et	
  al.	
  Lancet	
  2002;	
  359:	
  995–1003.	
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• Main benefits of treatment depend on 
BP lowering per se 

• Confirmation that initiation / maintenance 
of treatment can make use of 

– Diuretics 
– Beta-blockers 
– Calcium antagonists 
– ACE-inhibitors 
– Angiotensin receptor blockers 

Choice of Antihypertensive Drugs 
2013 ESH/ESC Hypertension Guidelines 

Mancia	
  et	
  al.	
  J	
  Hypertension	
  	
  2013;	
  31:	
  1281-­‐1357.	
  



β-blocker Meta-analysis: Age-dependent 
Effects on Endpoints 
Patients <60 Years of Age 

Risk ratios for the composite outcome (death, stroke, MI) in patients receiving  
β-blockers or other antihypertensive drugs. 
Khan,	
  McAlister.	
  CMAJ.	
  2006;174:1737-­‐42.	
  

Study 
(mean age of participants) 

MRC (52 yr) 

HAPPHY (52.2 yr) 

UKPDS (56.2 yr) 

CAPPP (52.5 yr) 

ELSA (56 yr) 

Overall 

 Risk ratio  β-blocker  Other drug 
 (95% CI)  n/N  n/N 

 1.02 (0.81-1.28)  146/4403  140/8654 

 10.2 (0.84-1.23)  197/3297  192/3272 

 0.79 (0.52-1.20)  34/358  48/400 

 0.92 (0.80-1.07)  335/5493  363/5492 

 1.24 (0.75-2.05)  33/1157  27/1177 

 0.97 (0.88-1.07)  745/15,136  770/15,276
  

Test for heterogeneity: P=0.6 Favors β-blocker Favors other drug 

0.5 0.7 1 1.5 2.0 



Weber	
  et	
  al.	
  J	
  Clin	
  Hypertens.	
  2014;16:14-­‐26.	
  	
  



•  Diagnose hypertension at 140/90 mm Hg or above, and treat it 
to <140/90 mm Hg 

•  For patients between 60 and 80 years, use 140/90 mm Hg if 
tolerated  (JNC states 150/90, but 140/90 is “reasonable”) 

•  For patients aged 80 or more, use 150/90 mm Hg 

•  For patients with diabetes use 140/90 mm Hg at all ages 
(not 130/80  mm Hg as in the past) 

•  For patients with chronic kidney disease use 140/90 mm Hg at 
all ages (not 130/80 mm Hg as in the past) 

•  SUMMARY: 140/90 mm Hg is the threshold for almost all 
patients aged below 80 

Headlines from New Guidelines (ASH/ISH, 
AHA/ACC, NICE, ESH/ESC, 

“JNC” 8 Panelists): BP Thresholds 



•  Based on LIFE trial, beta blockers no longer first step drugs 
in JNC 2013 article (Note: In African American patients, beta 
blockers actually superior to ARB) 

•  Based on ASCOT trial, beta blockers no longer first step 
drugs in NICE 

•  In both LIFE and ASCOT, atenolol was used.  Might results 
have been different with other – vasodilating - beta blockers? 

•  European Guidelines (ESH/ESC 2013) and Canadian 2014 
still maintain beta blockers among first-line drugs 

•  All guidelines (including ASH/ISH) agree that beta blockers 
mandated in hypertensive patients with systolic heart failure, 
post-MI, angina, atrial fibrillation 

Beta Blockers: Where Do They Stand in 
Hypertension? 



Pharmacology	
  of	
  Beta	
  Blockers	
  
and	
  the	
  Role	
  of	
  Nitric	
  Oxide	
  in	
  

Vasodila:on	
  

Keith	
  C.	
  Ferdinand,	
  MD	
  
Professor	
  of	
  Clinical	
  Medicine	
  

	
  	
  	
  Tulane	
  University	
  School	
  of	
  Medicine	
  
New	
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  Louisiana	
  

	
  



Topics	
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•  Role	
  of	
  nitric	
  oxide	
  in	
  the	
  vasculature	
  	
  
•  Selec4ve	
  versus	
  nonselec4ve	
  beta	
  blockers	
  	
  
•  Vasodila4ng	
  versus	
  nonvasodila4ng	
  beta	
  
blockers	
  	
  

•  Side	
  effects	
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  vasodila4ng	
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  blockers	
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  older	
  beta	
  blockers	
  	
  

•  The	
  impact	
  of	
  vasodila4ng	
  beta	
  blockers	
  on	
  
endothelial	
  func4on	
  and	
  global	
  
cardiometabolic	
  risk	
  factors	
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cvphysiology.com/Blood	
  Flow/BF011.htm	
  

Nitric	
  oxide	
  (NO)	
  Biosynthesis	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Nitric	
  Oxide	
  Synthase	
  (NOS)	
  	
  	
  
	
  



	
  
Vascular	
  Effects	
  of	
  NO	
  

	
  
•  Direct	
  vasodila4on	
  (flow	
  dependent	
  
and	
  receptor	
  mediated)	
  

•  Indirect	
  vasodila4on	
  by	
  inhibi4ng	
  
vasoconstrictor	
  influences	
  (e.g.,	
  
inhibits	
  Ang	
  II	
  and	
  sympathe4c	
  
vasoconstric4on)	
  



	
  
Vascular	
  Effects	
  of	
  NO	
  

	
  
•  An4-­‐thrombo4c	
  	
  -­‐	
  inhibits	
  platelet	
  
adhesion	
  to	
  vascular	
  endothelium	
  

•  An4-­‐inflammatory	
  -­‐	
  inhibits	
  leukocyte	
  
adhesion	
  to	
  vascular	
  endothelium;	
  
scavenges	
  superoxide	
  anion	
  

•  An4-­‐prolifera4ve	
  -­‐	
  inhibits	
  smooth	
  
muscle	
  hyperplasia	
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Ɓ-­‐blockers	
  
•  Highly	
  heterogeneous	
  with	
  respect	
  to	
  
various	
  pharmacologic	
  effects:	
  	
  
–  Intrinsic	
  sympathomime4c	
  ac4vity	
  (ISA)	
  	
  

	
  Ɓ-­‐1	
  selec:vity	
  

	
  a1-­‐adrenergic–blocking	
  effect	
  
	
  	
  	
  	
  	
  	
  	
   	
  4ssue	
  solubility	
  

–  routes	
  of	
  systemic	
  elimina4on,	
  potencies/
dura4on	
  of	
  ac4on,	
  and	
  specific	
  effects	
  may	
  be	
  
important	
  in	
  the	
  selec4on	
  of	
  a	
  drug	
  for	
  clinical	
  
use	
  



Rela:vely	
  selec:ve	
  for	
  beta-­‐1	
  receptors;	
  	
  
limited	
  or	
  no	
  selec:vity	
  for	
  beta-­‐2	
  receptors	
  

(varies	
  by	
  agent)	
  

Beta-­‐1	
  
blockade	
  

Decreases	
  HR	
  and	
  
myocardial	
  
contrac4lity	
  

Reduced	
  cardiac	
  
output	
  and	
  
arterial	
  BP	
  

Limited	
  or	
  no	
  
beta-­‐2	
  blockade	
  

Possible	
  increases	
  in	
  
vascular	
  smooth	
  

muscle	
  contrac4on	
  

Possible	
  increases	
  
in	
  pulmonary	
  

vascular	
  resistance	
  

Fares	
  et	
  al.	
  Postgrad	
  Med.	
  2012;124:1-­‐8;	
  Poirier	
  et	
  al.	
  Can	
  J	
  Cardiol.	
  2012;28:334-­‐40;	
  De	
  
Caterina	
  et	
  al.	
  	
  Curr	
  Atheroscler	
  Rep.	
  2011;13:147-­‐53.	
  
 

Possibly	
  
antagonizes	
  an4-­‐
HTN	
  effects	
  of	
  
beta-­‐1	
  blockade	
  

Lowered	
  BP	
  

Examples:	
  
Acebutolol	
  
Atenolol	
  
Betaxolol	
  
Bisoprolol	
  
Esmolol	
  (IV)	
  
Metoprolol	
  



Topics	
  Covered	
  
•  Role	
  of	
  nitric	
  oxide	
  in	
  the	
  vasculature	
  	
  
•  Selec4ve	
  versus	
  non-­‐selec4ve	
  beta	
  blockers	
  	
  
•  Vasodila:ng	
  versus	
  nonvasodila:ng	
  beta	
  
blockers	
  	
  

•  Side	
  effects	
  of	
  vasodila4ng	
  beta	
  blockers	
  
versus	
  older	
  beta	
  blockers	
  	
  

•  The	
  impact	
  of	
  vasodila4ng	
  beta	
  blockers	
  on	
  
endothelial	
  func4on	
  and	
  global	
  
cardiometabolic	
  risk	
  factors	
  



Vasodila:ng	
  Beta	
  Blockers	
  
•  Labetalol	
  	
  

–  Non-­‐selec:ve	
  for	
  beta-­‐1	
  and	
  -­‐2	
  receptors	
  	
  
–  Alpha-­‐1	
  receptor-­‐blocking	
  ac:vity	
  	
  
–  Minimal	
  intrinsic	
  sympathomime:c	
  ac:vity	
  

•  Carvedilol	
  
–  Nonselec:ve	
  for	
  beta-­‐1	
  and	
  -­‐2	
  receptors	
  	
  
–  Alpha-­‐1	
  receptor-­‐blocking	
  ac:vity	
  	
  
–  No	
  intrinsic	
  sympathomime:c	
  ac:vity	
  

•  Nebivolol	
  	
  
–  Highly	
  selec:ve	
  for	
  beta-­‐1	
  receptors	
  	
  
–  Improves	
  endothelial	
  func:on	
  
–  Induces	
  release	
  of	
  nitric	
  oxide	
  
–  May	
  be	
  beneficial	
  in	
  pa:ent	
  popula:ons	
  with	
  heightened	
  
endothelial	
  dysfunc:on	
  	
  

 
 
 
 
Fares	
  et	
  al.	
  Postgrad	
  Med.	
  2012;124:1-­‐8;	
  	
  Ram.	
  Am	
  J	
  Cardiol	
  2010;106:1819–25;	
  Mason	
  et	
  al.	
  J	
  Cardiovasc	
  Pharmacol.	
  
2009;54:123-­‐28;	
  Mason.	
  Circula4on.	
  2005;112:3795-­‐3801.	
  
	
  



Topics	
  Covered	
  
•  Role	
  of	
  nitric	
  oxide	
  in	
  the	
  vasculature	
  	
  
•  Selec4ve	
  versus	
  non-­‐selec4ve	
  beta	
  blockers	
  	
  
•  Vasodila4ng	
  versus	
  non-­‐vasodila4ng	
  beta	
  
blockers	
  	
  

•  Side	
  effects	
  of	
  vasodila:ng	
  beta	
  blockers	
  
versus	
  older	
  beta	
  blockers	
  	
  

•  The	
  impact	
  of	
  vasodila4ng	
  beta	
  blockers	
  on	
  
endothelial	
  func4on	
  and	
  global	
  
cardiometabolic	
  risk	
  factors	
  



β-­‐Blocker	
  Tolerability	
  
•  Common	
  tolerability	
  issues	
  with	
  nonvasodila:ng	
  
agents1	
  
– Lethargy,	
  drowsiness,	
  depression,	
  decreased	
  exercise	
  
tolerance,	
  vascular	
  effects,	
  sexual	
  dysfunc4on	
  

– May	
  lead	
  to	
  poor	
  pa4ent	
  adherence	
  
– New	
  onset	
  diabetes2	
  

•  Vasodila4ng	
  agents	
  have	
  liale/no	
  effect	
  on	
  sexual	
  
func4on3,4	
  

•  Lesser	
  incidence	
  of	
  cold	
  extremi4es	
  vs	
  atenolol5	
  

•  Do	
  not	
  worsen	
  glucose	
  tolerance3	
  

	
  

1.	
  Weber	
  et	
  al.	
  J	
  Hypertens	
  2014;32:3-­‐15.	
  2.	
  Fares	
  et	
  al.	
  Postgrad	
  Med.	
  2012;124:1-­‐8.	
  3.	
  Mancia	
  et	
  al.	
  Eur	
  Heart	
  J.	
  
2013;34:2159-­‐2219.	
  4.	
  Boydak	
  et	
  al.	
  Clin	
  Drug	
  Inves4g.	
  2005;25:409-­‐16.	
  5.	
  Jonsson	
  et	
  al.	
  Cardiology.	
  2005;103:148-­‐55.	
  	
  



Topics	
  Covered	
  
•  	
  Role	
  of	
  nitric	
  oxide	
  in	
  the	
  vasculature	
  	
  
•  Selec4ve	
  versus	
  non-­‐selec4ve	
  beta	
  blockers	
  	
  
•  Vasodila4ng	
  versus	
  non-­‐vasodila4ng	
  beta	
  
blockers	
  	
  

•  Side	
  effects	
  of	
  vasodila4ng	
  beta	
  blockers	
  
versus	
  older	
  beta	
  blockers	
  	
  

•  The	
  impact	
  of	
  vasodila:ng	
  beta	
  blockers	
  on	
  
endothelial	
  func:on	
  and	
  global	
  
cardiometabolic	
  risk	
  factors	
  



Effects	
  of	
  β-­‐Blockers	
  on	
  Insulin	
  Sensi:vity	
  	
  
in	
  HTN	
  

Carvedilol2 

Pindolol2 

Atenolol2 

Metoprolol2 

Propranolol2 

-40 -20 0 20 40 
Change above baseline (%) 

Nebivolol1 

Celik	
  et	
  al.	
  J	
  Hypertens.	
  2006;24:591-­‐96;	
  Jacob	
  et	
  al.	
  Am	
  J	
  Hypertens	
  1998;11:1258-­‐65.	
  

Difference between vasodilating and nonvasodilating β-
blockers approximately 30% (similar to insulin-sensitizers) 



GEMINI	
  

•  205	
  US	
  sites;	
  N=1235	
  
•  Aged	
  36	
  to	
  85	
  yrs	
  with	
  HTN	
  (>130/80	
  mm	
  Hg)	
  
and	
  	
  

•  Type	
  2	
  DM	
  (HbA1c	
  6.5%-­‐8.5%)	
  	
  
•  Carvedilol	
  (n	
  =	
  498)	
  mean	
  dose	
  of	
  18	
  mg	
  BID	
  or	
  	
  
•  Metoprolol	
  tartrate	
  (n	
  =	
  737)	
  mean	
  dose	
  of	
  128	
  
mg	
  BID	
  	
  

	
  
	
  
Bakris	
  et	
  al.	
  JAMA.	
  2004;292:2227–36.	
  



GEMINI:	
  HbA1c Change Baseline to Month 5  
(Primary Outcome) 	
  

Significant (mean [SD], 0.13% [0.05%]; 95% CI,–0.22% to –0.04%; P = .004) $
Bakris	
  GL,	
  et	
  al.	
  JAMA.	
  2004;292:2227–36.	
  

 
 



GEMINI:	
  Hemoglobin	
  A1c	
  

P=0.65 

P<0.0001 

M
ea

n 
H

bA
1c

 (%
) 

Carvedilol 
(n=454) 

Metoprolol tartrate 
(n=657)  

Treatment 
Diff. 

Carvedilol 
vs 

Metoprolol 
tartrate 
-0.13%  
(-0.22, 
-0.04) 

P=0.004 
1111 patients (90%) evaluable for efficacy, both valid baseline and at least 1 on-therapy HbA1c assessment. 
Bakris	
  et	
  al.	
  JAMA.	
  2004;292:2227-­‐36.. 

Baseline Month 5 Baseline Month 5 
7.0 

7.1 

7.2 

7.3 

7.4 

7.5 



	
  

GEMINI	
  

•  Carvedilol	
  improved	
  insulin	
  sensi4vity	
  and	
  
glycemic	
  control,	
  less	
  wt.	
  gain	
  and	
  reduced	
  
progression	
  to	
  microalbuminuria	
  with	
  equivalent	
  
BP	
  lowering	
  

•  Appears	
  pharmacologic	
  differences	
  among	
  β-­‐
blockers	
  can	
  affect	
  clinical	
  u4lity	
  in	
  hypertensive	
  
pa4ents	
  with	
  DM	
  

	
  
	
  
	
  
Bakris	
  et	
  al.	
  JAMA.	
  2004;292:2227-­‐36.	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  

	
  	
  	
  	
  



Best	
  Beta	
  Blocker	
  for	
  Specific	
  Pa4ents	
  
•  β-­‐blockers	
  recommended	
  as	
  2nd	
  or	
  3rd	
  line	
  	
  
•  Because	
  major	
  adverse	
  BBs	
  effects	
  may	
  be	
  mediated	
  
by	
  peripheral	
  vasoconstric4on	
  and	
  increasing	
  insulin	
  
resistance….	
  	
  

•  New	
  third-­‐genera4on	
  β-­‐blockers	
  (such	
  as	
  nebivolol)	
  or	
  
blocking	
  both	
  α	
  and	
  β	
  receptors	
  (e.g.,	
  carvedilol)	
  may	
  
prove	
  to	
  be	
  par4cularly	
  beneficial	
  

•  These	
  agents	
  cause	
  vasodilata4on	
  and	
  an	
  increase	
  in	
  
insulin	
  sensi4vity.	
  	
  

	
  
	
  
AACE	
  Hypertension	
  Task	
  Force.	
  Endocr	
  Pract.	
  2006;12:193-­‐222.	
  



Vasodila4ng	
  β-­‐blockers:	
  Black	
  Pa4ents	
  

•  HTN	
  in	
  black	
  pa4ents	
  associated	
  with	
  more	
  
pronounced	
  endothelial	
  dysfunc4on	
  
– Low	
  bioavailability	
  of	
  NO	
  from	
  endothelium	
  
– Results	
  in	
  smooth-­‐muscle-­‐cell	
  prolifera4on,	
  
migra4on;	
  adhesion	
  of	
  leukocytes	
  to	
  
endothelium;	
  platelet	
  aggrega4on	
  	
  

– Contributes	
  to	
  pathogenesis	
  of	
  vascular	
  
diseases	
  

•  Nebivolol	
  improves	
  endothelial	
  func4on,	
  induces	
  
release	
  of	
  NO	
  

	
  
Mason.	
  Circula4on.	
  2005;112:3795-­‐3801.	
  	
  



Nebivolol	
  versus	
  Placebo	
  	
  
in	
  African	
  Americans	
  

Placebo-subtracted least squares mean reductions from baseline to study end in trough SiDBP (A) and trough 
sitting SiSBP) (B). ap=not significant vs placebo. bp=.004 vs placebo. cp≤.001 vs placebo. dp≤.045 vs placebo. 

 
Saunders	
  et	
  al.	
  J	
  Clin	
  Hypertens.	
  2007;9:866-­‐75.	
  



Take-­‐Home	
  Messages	
  



Beta	
  Blockers	
  Are	
  Not	
  All	
  the	
  Same	
  
	
  
•  But	
  there	
  are	
  important	
  differences	
  among	
  
agents	
  in:	
  
– Mechanisms	
  of	
  ac4on	
  (MOAs)	
  and	
  
pathophysiologic	
  effects	
  

– Effects	
  in	
  different	
  hypertensive	
  
popula4ons	
  

– Safety	
  and	
  tolerability	
  profiles	
  



Thank You! 



Combina(on	
  An(hypertensive	
  
Therapy:	
  Today’s	
  Op(ons,	
  
Tomorrow’s	
  Possibili(es	
  

George	
  L.	
  Bakris,	
  MD,	
  FAHA,	
  FASN	
  
Professor	
  of	
  Medicine	
  

Director,	
  ASH	
  Comprehensive	
  Hypertension	
  Center	
  
University	
  of	
  Chicago	
  Medicine	
  
Pritzker	
  School	
  of	
  Medicine	
  

Chicago,	
  Illinois	
  

	
  



Monotherapy	
  for	
  Hypertension	
  Is	
  
Inadequate	
  in	
  ~40%	
  to	
  50%	
  of	
  Pa:ents	
  	
  

*Response = DBP <90 mm Hg at the end of titration period and having maintained a DBP of <95 mm Hg for 1 year without 
drug tolerance. 
Mean baseline BP = 152/99 mm Hg. 
Adapted	
  from	
  Materson	
  BJ	
  et	
  al.	
  Am	
  J	
  Hypertens.	
  1995;6:189-­‐92.	
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Algorithm	
  for	
  Treatment	
  of	
  Hypertension	
  

Not at Goal Blood Pressure (<140/90 mmHg)  
(<130/80 mmHg for those with diabetes or chronic kidney disease) 

Initial Drug Choices 

Drug(s) for the compelling 
indications  

Other antihypertensive drugs 
(diuretics, ACEI, ARB, BB, CCB)  

as needed.  

With Compelling  
Indications 

Lifestyle Modifications 

Stage 2 Hypertension  
(SBP >160 or DBP >100 mmHg)  
2-drug combination for most 

(usually thiazide-type diuretic and  
ACEI, or ARB, or BB, or CCB) 

Stage 1 Hypertension 
(SBP 140–159 or DBP 90–99 mmHg) 

 Thiazide-type diuretics for most.  
May consider ACEI, ARB, BB, CCB,  

or combination. 

Without Compelling  
Indications 

Not at Goal  
Blood Pressure 

Optimize dosages or add additional drugs  
until goal blood pressure is achieved. 

Consider consultation with hypertension specialist. 



Evolu:on	
  of	
  Single	
  Pill	
  Combina:on	
  
An:hypertensive	
  Therapies	
  

Combination Diuretics 

Spironolactone/HCTZ, 
triamterene/HCTZ, 

guanabenz 

CCBs+ ARBs 

ARB + chlorthalidone 

DRIs +ARBs 

DRIs+ CCBs 

Beta Blockers + ARBs 

TRIPLE Combos 

(CCB+RAS Blocker + 
diuretic) 

 Reserpine, 
hydralazine, 

HCTZ 

RAS Blockers  
with  diuretics 

Beta blocker +diuretics 
 

 1960s            1970s                1980s               1990s         2000-  present 

RAS Blockers  
with  CCBs 

   
(amlodipine besylate/ 

benazepril) 
 

CCB=calcium channel blocker; ARB=angiotensin II receptor blocker; DRI=direct renin inhibitor; RAS=renin-angiotensin system 



Ra:onale	
  for	
  Single-­‐Pill	
  Combina:on	
  
Therapy:	
  Background	
  

•  Tradi:onal	
  an:hypertensive	
  therapy	
  yields	
  goal	
  BP	
  in	
  
<60%	
  of	
  treated	
  hypertensive	
  pa:ents1-­‐3	
  

•  Switching	
  from	
  one	
  monotherapy	
  to	
  another	
  is	
  
effec:ve	
  in	
  only	
  about	
  50%	
  of	
  pa:ents1	
  

•  Most	
  pa:ents	
  will	
  require	
  at	
  least	
  two	
  drugs	
  to	
  aWain	
  
goal	
  BP	
  (<140/90	
  mm	
  Hg)4-­‐6	
  

BP = blood pressure 
1.	
  Materson	
  et	
  al.	
  J	
  Hum	
  Hypertens.	
  1995;9(10):791-­‐796.	
  
2.	
  Messerli.	
  J	
  Hum	
  Hypertens.	
  1992;6	
  Suppl.	
  2:S19-­‐S21.	
  
3.	
  Ram.	
  J	
  Clin	
  Hypertens	
  (Greenwich).	
  2004;6(10):569-­‐577.	
  
4.	
  Chobanian	
  et	
  al.	
  JAMA.	
  2003;289(19):2560-­‐2572.	
  
5.	
  Weber	
  et	
  al.	
  J	
  Clin	
  Hypertens.	
  2014;16:14-­‐26.	
  	
  
6.	
  American	
  Diabetes	
  Associa:on.	
  Diabetes	
  Care.	
  2002;25(Suppl.1):S71-­‐S73.	
  



Ra:o	
  of	
  Observed	
  to	
  Expected	
  Incremental	
  BP-­‐
Lowering	
  Effects	
  of	
  Adding	
  a	
  Drug	
  or	
  Doubling	
  the	
  

Dose	
  According	
  to	
  Drug	
  Class	
  

0.19 

In
cr

em
en

ta
l S

B
P 

re
du

ct
io

n 
ra

tio
  

of
 o

bs
er

ve
d 

to
 e

xp
ec

te
d 

ad
di

tiv
e 

ef
fe

ct
s 

Thiazide 

Wald	
  et	
  al.	
  Am	
  J	
  Med.	
  2009;122:290-­‐300.	
  

Beta 
blocker 

Calcium 
channel 
blocker 

Adding a drug from another class (on average standard doses) 
Doubling dose of same drug (from standard dose to twice standard) 

1.04 
1.00 

1.16 

0.89 

1.01 

0.2 0.23 

0.37 

ACE 
inhibitor 

All 
classes 

0.22 

1.00 

0.60 

0.40 

0.20 

0 

1.40 

0.80 

1.20 



Adherence	
  With	
  Single	
  Pill	
  Combina:ons	
  
Compared	
  With	
  Free-­‐Drug	
  Combina:ons	
  

Risk	
  Ra(o	
  
0.1	
   1	
   10	
  

	
  Risk	
  Ra(o	
  
	
  (95%	
  CI)	
   	
  %	
  Weight	
  
	
  0.89	
  (0.51,1.57)	
   	
  	
  0.6	
  
	
  0.88	
  (0.55,1.42)	
   	
  	
  1.1	
  
	
  0.78	
  (0.55,1.11)	
   	
  	
  1.5	
  
	
  0.74	
  (0.67,0.81)	
   	
  25.3	
  
	
  0.74	
  (0.65,0.84)	
   	
  12.9	
  
	
  0.81	
  (0.77,0.86)	
   	
  43.2	
  
	
  0.71	
  (0.62,0.80)	
   	
  11.7	
  
	
  0.50	
  (0.35,0.71)	
   	
  	
  3.1	
  
	
  0.47	
  (0.22,1.01)	
   	
  	
  0.6	
  

	
  0.76	
  (0.73,0.79)	
  

Study	
  
	
  Su	
  WJ	
  et	
  al	
  
	
  Geiter	
  LJ	
  et	
  al	
  
	
  Eron	
  JJ	
  et	
  al	
  
	
  Taylor	
  AA	
  et	
  al	
  
	
  Dezii	
  CM	
  et	
  al	
  
	
  NDC	
  Dataset	
  
	
  Dezii	
  CM	
  et	
  al	
  
	
  Melikian	
  C	
  et	
  al	
  
	
  Melikian	
  C	
  et	
  al	
  

	
  Overall	
  (95%	
  CI)	
  

Bangalore	
  et	
  al.	
  Am	
  J	
  Med.	
  2007;120:713-­‐19.	
  



Mul:ple	
  Medica:ons	
  Are	
  Required	
  to	
  Achieve	
  
BP	
  Control	
  in	
  Clinical	
  Trials	
  

SBP=systolic blood pressure. *Target blood pressure control groups in ACCORD defined as 
<120 mm Hg (intensive) and <140 mm Hg (standard). 
Copley	
  JB,	
  Rosario	
  R.	
  Dis	
  Mon.	
  2005;51:548-­‐614.	
  
The	
  ACCORD	
  Study	
  Group.	
  N	
  Engl	
  J	
  Med.	
  2010;362:1575-­‐85.	
  

ALLHAT  138 
HOT  138 
ACCOMPLISH               132 
ACCORD (intensive)*   119 
ACCORD (standard)*   133 

INVEST  133 
IDNT  138 
RENAAL  141 
ABCD  132 
UKPDS  144 

MDRD  132 
AASK  128 

Hypertension	
  

Diabetes	
  

Kidney	
  
disease	
  

No. of BP medications 
1 2 3 4 

SBP achieved 
(mm Hg) Trial 



Percentage	
  of	
  Pa:ents	
  Who	
  Reached	
  	
  
JNC-­‐7	
  BP	
  Goals	
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Black	
  et	
  al.	
  JAMA.	
  2003;289:2073-­‐2082.	
  Dahlöf	
  et	
  al.	
  Lancet.	
  2002;359:995-­‐1003.	
  Jamerson	
  et	
  al.	
  Blood	
  	
  Pressure.	
  2007:16:80-­‐86.	
  
Pepine	
  	
  et	
  al.	
  JAMA.	
  2003;290:2805-­‐2816.	
  The	
  ALLHAT	
  Officers	
  and	
  Coordinators.	
  JAMA.	
  2002;288:2981-­‐2897.	
  	
  

ACCOMPLISH 
81 82 

Amlodipine + 
benazepril 
Benazepril + 
HCTZ 

Verapamil SR 
Atenolol 

71 72 
INVEST 

66 66 

CONVINCE  

Losartan 
Atenolol 

48 
45 

LIFE 

Chlorthalidone 
Amlodipine 
Lisinopril 

ALLHAT 
61 

57 54 



Trials	
  With	
  Ini:al	
  Single	
  Pill	
  Combina:ons	
  
That	
  Evaluated	
  Time	
  to	
  BP	
  Control	
  

•  SHIELD	
  (Study	
  of	
  Hypertension	
  and	
  the	
  Efficacy	
  of	
  
Lotrel	
  in	
  Diabetes	
  and	
  Hypertension)	
  

•  STITCH	
  (Simplified	
  Treatment	
  Interven:on	
  to	
  
Control	
  Hypertension	
  )	
  

•  ACCELERATE	
  (Aliskiren	
  and	
  the	
  calcium	
  channel	
  
blocker	
  amlodipine	
  combina:on	
  as	
  an	
  ini:al	
  
treatment	
  strategy	
  for	
  HTN	
  control	
  )	
  



SHIELD: Study DesignSHIELD: Study Design

Data on file, Novartis Pharmaceuticals Corporation.
*Wash out from prior Medication

Week

10 mg (n=108)

5/10 mg (n=106)

*Placebo (n=214)

Treatment
Period 1

0 4 12-3 -2 -1 2 6 8 10

Treatment
Period 2

Treatment
Period 3

20 mg

20 mg + HCTZ 12.5 mg

5/20 mg

5/20 mg + HCTZ 12.5 mg

Amlodipine besylate/
benazepril HCl

Enalapril



SHIELD: Cumulative Percentage of Subjects
With First-Treatment Success (BP <130/80 mm Hg)

ITT Population

n=cumulative number of subjects with first-treatment success.
*Hydrochlorothiazide (HCTZ) 12.5 mg was added at Week 8 if target BP was not reached.
Amlodipine besylate/benazepril HCl subjects given HCTZ were excluded from data analysis.
Bakris G et al. J Clin Hypertens 2003;5:202-209 
.
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Demographic	
  and	
  Baseline	
  Characteris:cs	
  of	
  
ACCELERATE	
  

Brown	
  et.al.	
  Lancet	
  2011;377:312-­‐320;	
  Lazich,	
  Bakris.	
  Lancet	
  2011;377;278-­‐279	
  



Reduc:ons	
  in	
  Blood	
  Pressure	
  at	
  2,	
  4,	
  6	
  and	
  8	
  Months	
  

All patients had a doubling of their doses at 8 weeks. At 16 weeks, patients on monotherapy advanced 
to combination treatment. 
Brown	
  et.al.	
  Lancet	
  2011;377:312-­‐320;	
  Lazich,	
  Bakris.	
  Lancet	
  2011;377;278-­‐279	
  

161 mmHg 

92 mmHg 



Giles	
  et.al.	
  The	
  Lancet	
  2014;383:1888-­‐1898	
  



Giles	
  et.al.	
  The	
  Lancet	
  2014;383:1888-­‐1898	
  



An:hypertensive	
  Effects	
  of	
  Fixed-­‐dose	
  Combina:on	
  20	
  
and	
  320	
  mg/day	
  (placebo-­‐subtracted	
  values)	
  by	
  Subgroup	
  

Giles	
  et.al.	
  The	
  Lancet	
  2014;383:1888-­‐1898	
  



Baseline Characteristics of the Matched Cohorts 
Characteris(cs	
   Combina(on	
  Therapy	
  (n=1762)	
   Add-­‐On	
  (n=1762)	
   P	
  Value*	
  	
  
Treatment	
  paderns	
  
 Follow-­‐up,	
  d,	
  mean±SD	
   982±526	
   1100±450	
   <0.0001	
  
 Time	
  to	
  switch,	
  d,	
  mean±SD	
  [median]	
   521±388	
  [412]	
  
Demographics†	
   	
  	
   	
  	
   	
  	
  
 Age,	
  mean±SD	
   60.7±13.8	
   60.4±13.5	
   0.5587	
  
 Women,	
  n	
  (%)	
   975	
  (55.3)	
   1019	
  (57.8)	
   0.1239	
  
 White,	
  n	
  (%)	
   1720	
  (97.6)	
   1707	
  (96.9)	
   0.1823	
  
Comorbidi(es‡	
   	
  	
   	
  	
   	
  	
  
 Anemia,	
  n	
  (%)	
   90	
  (5.1)	
   91	
  (5.2)	
   0.9394	
  
 Chronic	
  kidney	
  disease,	
  n	
  (%)	
   161	
  (9.1)	
   177	
  (10.0)	
   0.3540	
  
 Diabetes	
  mellitus,	
  n	
  (%)	
   564	
  (32.0)	
   544	
  (30.9)	
   0.4103	
  

 Gastroesophageal	
  reflux	
  disease,	
  n	
  (%)	
   224	
  (12.7)	
   220	
  (12.5)	
   0.8403	
  

 Hyperlipidemia	
  (high	
  cholesterol),	
  n	
  (%)	
   766	
  (43.5)	
   788	
  (44.7)	
   0.4326	
  

Blood	
  pressure,	
  mm Hg‡	
   	
  	
   	
  	
   	
  	
  
 Systolic	
  value,	
  mean±SD	
   150.5±14.7	
   150.3±14.3	
   0.5591	
  
 Diastolic	
  value,	
  mean±SD	
   84.3±10.5	
   84.5±10.5	
   0.6592	
  
n	
  (%)‡	
   	
  	
   	
  	
   	
  	
  
 Smoking	
   	
  	
   	
  	
   	
  	
  
 Yes	
   145	
  (8.2)	
   159	
  (9.0)	
   0.4011	
  
 Obese:	
  ≥30	
   613	
  (34.8)	
   613	
  (34.8)	
   1.0000	
  
 Overweight:	
  25-­‐29	
   236	
  (13.4)	
   238	
  (13.5)	
   0.9213	
  
eGFR,	
  mL/min	
  
 Yes:	
  ≥110	
   372	
  (21.1)	
   357	
  (20.3)	
   0.5265	
  
Elevated	
  LDL	
  or	
  low	
  HDL	
  	
   	
  	
   	
  	
   	
  	
  
 Yes	
   216	
  (12.3)	
   231	
  (13.1)	
   0.4398	
  
Gradman	
  et.al.	
  Hypertension	
  2013;61:309	
  



Incidence	
  Rates	
  and	
  Incidence	
  Rate	
  Ra:os	
  
of	
  Cardiovascular	
  (CV)	
  Events	
  	
  

Gradman	
  et	
  al.	
  Hypertension.	
  2013;61:309-­‐318	
  



American	
  Society	
  of	
  Hypertension	
  Evidence-­‐Based	
  
Fixed	
  Dose	
  An:hypertensive	
  Combina:ons	
  

Preferred	
  
•  ACE	
  inhibitor/diure(c*	
  
•  ARB/diure(c*	
  
•  ACE	
  	
  inhibitor/CCB*	
  
•  ARB/CCB*	
  
Acceptable	
  
•  Beta	
  blocker/diure(c*	
  
•  CCB	
  (dihydropyridine)/β-­‐blocker	
  
•  CCB/diure(c	
  
•  Renin	
  inhibitor/diure(c*	
  
•  Renin	
  inhibitor/ARB*	
  
•  Thiazide	
  diure(cs/K+	
  sparing	
  diure(cs*	
  
Less	
  Effec(ve	
  
•  ACE	
  inhibitor/ARB	
  
•  ACE	
  inhibitor/β-­‐blocker	
  
•  ARB/β-­‐blocker	
  
•  CCB	
  (nondihydropyridine)/β-­‐blocker	
  
•  Centrally	
  ac(ng	
  agent/β-­‐blocker	
  
Gradman	
  et.al.	
  J	
  Am	
  Soc	
  Hypertens	
  2010;4:42-­‐50	
   * Single-pill combination available in US 



Summary/Conclusions	
  

•  Single	
  pill	
  combina:ons	
  clearly	
  show	
  that	
  BP	
  goal	
  
can	
  be	
  achieved	
  earlier	
  than	
  with	
  monotherapy	
  

•  Single	
  pill	
  combina:ons	
  are	
  consistently	
  
associated	
  with	
  a	
  beWer	
  pa:ent	
  medica:on	
  
adherence	
  

•  Combina:ons	
  of	
  a	
  RAS	
  blocker	
  with	
  either	
  a	
  
thiazide-­‐like	
  diure:c	
  or	
  calcium	
  antagonist	
  are	
  
preferred	
  as	
  an	
  ini:al	
  therapy	
  because	
  of	
  CV	
  
outcome	
  data	
  from	
  trials	
  



Complex	
  Cases	
  in	
  Hypertension:	
  
Op3mizing	
  An3hypertensive	
  

Therapy	
  in	
  Difficult-­‐to-­‐Treat	
  Pa3ents	
  

Thomas	
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Some Current Issues   

§  Pre-hypertension 
§  Ambulatory blood pressure monitoring 
§  Resistant hypertension inventory 



JNC VI (1997) JNC 7 (2003) 

JNC 7 Re-Classification of SBP/DBP 

Optimal 
< 120 and <80 

Normal 
< 120 and < 80 

Normal 
< 130 and < 85 

Prehypertension 
120-139 or 80-89 High-normal 

130-139 or 85-89 
 

Stage 1 
140-159 or 90-99 

Stage 1 
140-159 or 90-99 

Stage 2 
160-179 or 100-109 Stage 2  

> 160 or > 100 Stage 3 
> 180 or > 110 

JNC	
  VI.	
  Arch	
  Intern	
  Med.	
  1997;157:2413-­‐2446.	
  	
  JNC	
  7.	
  JAMA.	
  2003;	
  289:2560-­‐2572.	
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Circadian Variation in Haemodynamics 
and Catecholamine Levels 

* Noradrenaline levels have been reduced by 3.5 times for uniformity of scaling 
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Mulcahy. Blood Pressure Monitoring 1996;1(Suppl 1):S13–6. 



Blood Pressure Thresholds (mmHg)  
for Definition of Hypertension  

with Different Types of Measurement  

SBP DBP 

Office or Clinic 140 90 

24-hour 125-130 80 

Day  130-135 85 

Night 120 70 

Home 130-135 85 

Mancia	
  et	
  al.	
  J	
  Hypertension.	
  2007;25:1105-­‐87.	
  



115/75 

120/80 

Clinic 
Pressure 

Sustained 
Hypertension 

White Coat 
Hypertension 

True 
Normotension 

Masked 
Hypertension 

Ambulatory Pressure 

Clinic BP versus ABP ? 

ABP=ambulatory blood pressure 



PWV and All-Cause Mortality 
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Medium PWV tertile 

High PWV tertile 

Kaplan-Meier   
P<0.0001 

Laurent	
  et	
  al.	
  Hypertension.	
  2001.	
  

PWV=pulse wave velocity 



Circadian Variation of Haemodynamics, 
Electrolytes and Neurohormones  

BP -15% 

HR -10% 
TPR -10% 
CO -5% 
GFR -5% 
Na 
CI -67% 
K 
HCO3 

-50% 

PRA 
PA +200% 

Cortisol +100% 

Hemodynamic 

Electrolyte 
excretion 

Hormonal 

Sleep 

20 24 16 12 8 4 8 
Time (h) 

PRA=plasma renin activity 

PA=plasma aldosterone 



 
 

Liu  et al. Ann Intern Med 1999;131:564–72. 

100 
110 
120 
130 
140 
150 
160 

50 
60 
70 
80 
90 

100 
110 
120 

30 

0 

LV
M

I 
(g

/m
2 ) %

 w
ith 

carotid 
plaque 

SB
P 

(m
m

H
g) 

True 
normotension 

Masked 
hypertension 

True 
hypertension 

LVMI 
Carotid Plaque 

Clinic BP 

Ambulatory BP 

Masked Hypertension (White-coat 
Normotension) Is Associated with Higher LV 

Mass and More Carotid Plaque 



Conclusions 

•  24-hour blood pressure measurement gives the 
best prediction of cardiovascular risk   

•  Patients with white-coat hypertension are at 
relatively low risk 

•  24-hour blood pressure measurement gives the 
best correlation with the effects of drug 
treatment on target organ damage 



Take-Home Messages 

§  10% to 20% of  patients diagnosed as having 
hypertension do not have it! 

§  20% to 30% of patients diagnosed as having 
“resistant” hypertension have a persistent 
“white coat effect” 

§  Many patients who do not improve with 
antihypertensive therapy have “masked 
hypertension”  



Resistant Hypertension Inventory 

§  Improper BP measurement 
§  Poor compliance to medications 
§  Identifiable (secondary) causes 

§  Medication-related 
§  Renal 
§  Renovascular 
§  Endocrine 
§  Sleep apnea 
§  Other 
§  Lifestyle 

Taler.	
  	
  Curr	
  Hypertens	
  Rep.	
  2005;7:323-­‐29.	
  



Medications that Can Interfere with 
Blood Pressure Control  

§  Non-Narcotic Analgesics  
§  Non-steroidal anti-inflammatory agents including aspirin 
§  Selective COX-2 inhibitors 
§  Sympathomimetic agents (decongestants, diet pills, 

cocaine) 
§  Stimulants (methylphenidate, dexmethylphenidate,    

dextroamphetamine, amphetamine, methamphetamine, 
modafinil) 

§  Alcohol 
§  Oral contraceptives 
§  Cyclosporine 
§  Erythropoietin 
§  Natural licorice 
•  Herbal compounds (ephedra or ma huang) 
 



Common 
•   Obstructive sleep apnea 
•   Renal parenchymal disease 
•   Primary aldosteronism 
•   Renal artery stenosis 
 
Uncommon 
•   Pheochromocytoma 
•   Cushing’s disease 
•   Hyperparathyroidism 
•   Aortic coarctation 
•   Intracranial tumor 

Secondary Causes of Resistant 
Hypertension 



Obstructive Sleep Apnea (OSA) and RH 

§  Hypertension is often refractory to treatment 
until OSA is corrected 

§  All patients with RH should undergo inquiry 
about sleep apnea and/or be referred for a 
sleep study 

§  OSA contributes to sympathetic hyperactivity 
seen in obese patients 

§  OSA correlates with ↑aldosterone… 

Calhoun	
  et	
  al.	
  Chest.	
  2004;	
  125:112–17.	
  
Vidt.	
  Minerva	
  Med.	
  2003;94:201-­‐14.	
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Calhoun	
  et	
  al.	
  Hypertension.	
  2002;40:892-­‐96;	
  
Eide	
  et	
  al.	
  J	
  Hypertension.	
  2004;22:2217-­‐26.	
  
Strauch	
  	
  et	
  al.	
  J	
  Human	
  Hypertens.	
  2003;17:349-­‐52.	
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Efficacy of Add-On Aldosterone Blockade in Black 
and White Subjects with Resistant Hypertension 

Change in Blood Pressure with Spironolactone (25-50 mg QD)  
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Blood Pressure 
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Calhoun	
  et	
  al.	
  Hypertension.	
  2002;40:892-­‐96.	
  



Difficult-to-Treat Hypertension 

§  Ambulatory blood pressure monitoring 
§  Resistant hypertension 
§  Pathogenesis of hypertension 


	1_Sym08_BakrisIntro&Pretest_wARS_HTN_Case 
	2_Sym08_WEBER_HTN_Final for show_Weber_102314
	3_Sym08_FERDINAND_HTN_Final for show
	4_Sym08_BAKRIS_HTN_Final for show
	5_Sym08_GILES_HTN_Final for show

