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beyond BP lowering Effect

계명의대

김기식





Role of BP reduction
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Coronary heart disease
1.50

1.25

R
el

at
i v

e 
ri s

k  
of

 C
H

D

1.00

0.75

0.50

0.25
-10 -8 -6 -4 -2 0 2 4

Systolic blood pressure difference 
between randomised groups (mmHg)



Heart failure
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Major cardiovascular events
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AntihypertensivesAntihypertensives MarketMarket
- Annual Market Share -
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Hypertension Market

CCB 2,807

44%

B-blocker 811

13%

Diuretic 172

3%

ACE 849

13%

AII  1,680

27%

AntihypertensivesAntihypertensives MarketMarket

- Market Share in 2004 -



History of Calcium Channel AntagonistsHistory of Calcium Channel Antagonists

First introduced for clinical use in late 1970First introduced for clinical use in late 1970’’s s 
First generation prototypical First generation prototypical CCAsCCAs problematic with problematic with 
hemodynamichemodynamic fluctuations fluctuations 
Evolution to longer acting agents and third generation Evolution to longer acting agents and third generation 
formulations formulations 



Current Recommended Uses of Current Recommended Uses of CCAsCCAs

Hypertensive Therapy Hypertensive Therapy 

Symptomatic relief of stable angina Symptomatic relief of stable angina 

““StabilizedStabilized”” UA/NSTEMI UA/NSTEMI 

Symptomatic relief of diastolic heart failure Symptomatic relief of diastolic heart failure 

Rate control of persistent Rate control of persistent afibafib

www.acc.org



Voltage-Gated Ca++ Channels
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Characteristics of CaCharacteristics of Ca++++ Channel Carried CurrentsChannel Carried Currents

L-type currents require strong depolarization (high activation threshold),  are 
long lasting (slow inactivation rate) and are blocked by organic calcium 
antagonists of dihydropyridine, phenylalkylamines and benzothiazepine
chemical classes. They are the main currents recorded in muscle and 
endocrine cells initiating contraction and secretion.

L-Type

T-type currents are activated at weak depolarization potentials, are 
transient (fast inactivation) and resist to L-type and N- and P/Q-type 
blockers.  They are involved in the shaping of the action potentials and 
controlling patterns of repetitive firing in a wide variety of cell types.

T-Type

These currents also require strong depolarization stimuli for activation, but 
are resistant to L-type blockers. They are blocked by specific polypeptide 
toxins isolated from cone snail and funnel web spider venoms. These currents 
are found primarily in neurons where they initiate neurotransmission at the 
most fast synapses and contribute to Ca++ transient in cell bodies and 
dendrites.

N-Type

Q-Type

R-Type

P-Type

L=long lasting; N=neither L nor T currents, neuronal; P=Purkinje fibers; Q=?; R=remaining, toxin resistant;
T=transiently activated.



Cardiac action potential 
generation and

propagation (AV-conduction)

Excitation-contraction 
coupling in the heart 

Main Main FunctionsFunctions of of LL--Type CaType Ca++++ ChannelsChannels in in the the CV System CV System 

Vascular contraction

Regulation of pacemaker activity

Main Functions of T-type Ca++ Channels in the CV system 



Ca++ Entry into the Cardiac Myocyte Induces  Ca++ Release
from the Sarcoplasmic Reticulum Necessary for Contraction

α2

δ
VOC

β
SR

Contraction

Actin-myosin
interaction

Ca++  -Troponin  
relieves inhibition on 
contractile 
apparatus

Ca++-induced 
Ca++ release

L-type cardiac Ca++ channels open at a level of depolarization of 
~-60 mV. The entry of small amount of Ca++ triggers Ca++

release from SR. Thus, blockade of this channel produces 
negative inotropic effects. 



Kumar & Hall.  Drugs Aging. 2003;20(11):805-1

Classes of CCBClasses of CCB

VerapamilVerapamil SR SR 
GallopamilGallopamil

VerapamilVerapamilVascular Vascular 
< Myocardiu< Myocardiu
mm

PhenylalkylaminesPhenylalkylamines

DiltiazemDiltiazem SRSRDiltiazemDiltiazemVascular = Vascular = 
MyocardiumMyocardium

BenzothiazepinesBenzothiazepines

AmlodipineAmlodipine
LacidipineLacidipine

NifedipineNifedipine
SR/GITS SR/GITS 
NicardipineNicardipine
SR SR 
FelodipineFelodipine
IsradipineIsradipine
NimodipineNimodipine
NisoldipineNisoldipine
NitrendipineNitrendipine

NifedipineNifedipine
NicardipineNicardipine

Vascular > Vascular > 
MyocardiumMyocardium

DihydropyridinesDihydropyridines

33rdrd GenerationGeneration22ndnd

GenerationGeneration
11stst

GenerationGeneration
Tissue Tissue 
SelectivitySelectivity

Chemical GroupChemical Group



Cardiovascular Effects of CCBCardiovascular Effects of CCB

Intended: Intended: 
Vascular smooth Vascular smooth 
muscle cell relaxation muscle cell relaxation 

Negative Negative inotropicinotropic
effects effects 

Negative Negative chronotropicchronotropic
effectseffects

Unintended: Unintended: 

Reflex activation of Reflex activation of 
sympathetic system sympathetic system 

Reflex activation of Reflex activation of 
reninrenin--angiotensinangiotensin--
aldosteronealdosterone systemsystem



Calcium channel 
blocker in Hypertension



Clinical Trials With 1st Generation Clinical Trials With 1st Generation CCAsCCAs

Short acting Short acting nifedipinenifedipine

Short acting nifedipine (when given in doses > 60 mg/day)
increases mortality in patients with CAD!-

Circ 1995;92(5)1326-31

Nifedipine may paradoxically exacerbate the frequency of angina pectoris!!! 
Am Heart J 1983;106(4 pt1):644-52

Diltiazem treatment associated with 63% increase in
rate of MI in hypertensive patients!!!
J Am Geriatr Soc 1995;274(8):620-5

Diltiazem increases risk of decompensated CHF and death in pts 
With post-MI LV dysfunction!!! 

Circ 1991;83(1):52-60



What Happened?What Happened?

Rapid onset and short duration of shortRapid onset and short duration of short--acting formulations acting formulations 
lead to lead to neurohormonalneurohormonal activation, which can be detrimental in activation, which can be detrimental in 
CAD and CHF CAD and CHF 

Because arterioles are more affected by CCA than larger Because arterioles are more affected by CCA than larger 
epicardialepicardial arteries, arteries, ““coronary stealcoronary steal”” (to non(to non--ischemic ischemic 
myocardium) via collaterals may worsen angina myocardium) via collaterals may worsen angina 

Other Other RCTsRCTs demonstrated that demonstrated that verapamilverapamil had no adverse had no adverse 
cardiac effects, and even mortality reduction in some cases cardiac effects, and even mortality reduction in some cases 
–– VerapamilVerapamil is metabolized to longis metabolized to long--acting acting norverapamilnorverapamil



22ndnd and 3and 3rdrd Generation Generation CCAsCCAs

MetaMeta--analysis of placebo analysis of placebo 
controlled trials with controlled trials with 
longerlonger--acting CCA suggest acting CCA suggest 
mortality mortality benefitbenefit in treated in treated 
patients (HTN, postpatients (HTN, post--MI, MI, 
CHF, CAD)CHF, CAD)1  1  

RCTsRCTs with amlodipinewith amlodipine22 and and 
felodipinefelodipine33 in pts with LV in pts with LV 
dysfunction revealed dysfunction revealed 
equivalent (if not equivalent (if not 
improved) mortality rates improved) mortality rates 

1Opie LH.  JACC 2000;36(6):1967-71 
2Packer et al.  NEJM 1996;335(15):1107-14 
3Cohn et al.  Circ 1997;96(3):856-63



Anti-hypertensive trials with CCB’s
-

• Placebo controlled
– STONE

– Sys-Eur

– Sys-China

• Comparative trials with other anti-HT drugs
– NORDIL

– STOP-Hypertension-2

– INSIGHT

– ALLHAT



Syst-Eur Primary Endpoint
Fatal and Nonfatal Stroke
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P=0.003
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Staessen JA, et al. Lancet. 1997;350:757-764.
Reprinted with permission from Elsevier Science.

Syst-Eur=Systolic Hypertension in Europe Trial
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Lancet 2003.Vol 362;1527-35

Blood Pressure 
Lowering 
Treatment 
Trialists’
Collaboration:  A 
Meta-Analysis Of 
Clinical 
Outcomes



Lancet 2003.  Vol 362;1527-35





Enhancement of 
endothelial 
NO production

Inhiition of SMC
Migration and
proliferation

Lipid
Antioxidant
activity

Endothelial 
Cell

cytoprotection

Remodelling of
Atherosclerotic
Membrane
Structure 

3rd generation
Calcium channel
Blocker 

Modulation of
ECM metaboliksm

그림 potential anti-atherosclerotic mechanism of action for Calicum channel blocker



Vasodilation Effect of 
CCB





Amlodipine Inhibits Membrane Lipid 
Peroxidation as compared to Other CCBs
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Amlodipine Protects Against
TNF-α–Induced Endothelial Cell Apoptosis
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Abstract.



Amlodipine: Additional Mechanisms Under 
Investigation May Impact on Atherosclerosis

• Membrane-stabilizing effects

• Inhibition of smooth muscle cell 
migration/proliferation 

• Increased nitric oxide production

Mason et al. Mason et al. J Mol Cell J Mol Cell CardiolCardiol. 1999;31:275. 1999;31:275--281.281.
TulenkoTulenko et al. et al. J J CardiovascCardiovasc PharmacolPharmacol. . 1995;26(suppl A):S111995;26(suppl A):S11--S17.S17.
Zhang and Zhang and HintzeHintze. . CirculationCirculation. 1998;97:576. 1998;97:576--580.580.



CCB and AtherosclerosisCCB and Atherosclerosis

CCB may have some antioxidant properties CCB may have some antioxidant properties 
Small animal studies suggest that some Small animal studies suggest that some CCBsCCBs: : 
–– Reduce influx of LDL into arterial wall Reduce influx of LDL into arterial wall 
–– Suppress progression of atherosclerosis in aorta Suppress progression of atherosclerosis in aorta 
–– Decrease Decrease thromboxanethromboxane A2 production A2 production 

Human studies limited, less compelling Human studies limited, less compelling 
–– Some evidence suggests decrease in new plaque Some evidence suggests decrease in new plaque 

formation formation 
–– Enhanced effect when given with Enhanced effect when given with pravastatinpravastatin? ? 
–– Stronger evidence for carotid plaque regressionStronger evidence for carotid plaque regression

Hernandez.  Am J of Therap 2003;10:409-14



Carotid IMT Regression – Clinical trials 
with Calcium Antagonists

Study No Comparative        Results                     
name patients    duration drugs

ELSA 2259 4 years Lacidipine vs

(Zanchetti et al, 1998)

MIDAS 883 3 years Isradipine vs

(Borhani,et al 1996)

VHAS 498 4 years Verapamil vs

(Zanchetti et al, 1998)

PREVENT 825 3 years Amlodipine vs

(Pitt et al, 2000)

Significantly less carotid IMT 
progression in lacidipine
group

No difference in rate of 
carotid IMT progression 
between treatment groups

Regression of larger lesions 
significantly greater in 
verapamil group

Less carotid IMT 
progression
in amlodipine group

atenolol

hydrochlorothiazide

chlorthalidone

placebo



Effect of LongEffect of Long--acting acting NifedipineNifedipine on Mortality on Mortality 
and Cardiovascular Morbidity in Patients With and Cardiovascular Morbidity in Patients With 
Stable Angina Requiring Treatment (ACTION)Stable Angina Requiring Treatment (ACTION)

Goal: to determine effects of longGoal: to determine effects of long--acting CCA on pts acting CCA on pts 
with SAP with SAP 
Patients:  7665 pts with treated SAP Patients:  7665 pts with treated SAP 
Design:  Design:  
–– DoubleDouble--blind, randomized, placeboblind, randomized, placebo--controlled trial controlled trial 
–– NifedipineNifedipine GITS 60 mg PO QD GITS 60 mg PO QD vsvs Placebo Placebo 

EndEnd--point: point: 
–– Combination of death, acute MI, refractory angina, new onset Combination of death, acute MI, refractory angina, new onset 

CHF, debilitating stroke, peripheral revascularizationCHF, debilitating stroke, peripheral revascularization

Poole-Wilson et al.  Lancet.  Vol 364  Sept 4, 2004; 849-857



ACTION:  Baseline Treatment ACTION:  Baseline Treatment 
RegimensRegimens

Poole-Wilson et al.  Lancet.  Vol 364  Sept 4, 2004; 849-857



Poole-Wilson et al.  Lancet.  Vol 364  Sept 4, 2004; 849-857

ACTION:  Incidence of Clinical ACTION:  Incidence of Clinical 
EventsEvents



Poole-Wilson et al.  Lancet.  Vol 364  Sept 4, 2004; 849-857
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Poole-Wilson et al.  Lancet.  Vol 364  Sept 4, 2004; 849-857



ACTION: ConclusionsACTION: Conclusions

In pts with SAP on adequate medical therapy, In pts with SAP on adequate medical therapy, 
nifedipinenifedipine GITS: GITS: 
Lowered BP Lowered BP 
Raised HR Raised HR 
Decreased incidence of: Decreased incidence of: 
–– New overt heart failure New overt heart failure 
–– Coronary angiography Coronary angiography 
–– Coronary artery bypass surgery Coronary artery bypass surgery 

Did NOT effect: Did NOT effect: 
–– Cardiovascular or allCardiovascular or all--cause mortality cause mortality 
–– Incidence of myocardial infarction Incidence of myocardial infarction 



CAD trials
• INTACT (International Nifedipine Trial on AtherosClerotic
Therapy)
– Fewer new lesions with CCBs

• MHINT (Montreal Heart Institute Nicardipine Trial)
– Less progression of minimal lesions with CCBs

• CAPARES (The Coronary AngioPlasty Amlodipine
REstenosis Study)
– Reduce need for PTCA & combined endpoint of major adverse 
clinical events

• PREVENT (The Prospective Randomized Evaluation of the 
Vascular Effects of Norvasc Trial)



Effect of Effect of AmlodipineAmlodipine on the Progression of on the Progression of 
Atherosclerosis and the Occurrence of Clinical Atherosclerosis and the Occurrence of Clinical 
Events (PREVENT)Events (PREVENT)

Goal:  to determine the effects of Goal:  to determine the effects of amlodipineamlodipine on on atheroslceroticatheroslcerotic
progression and cardiovascular clinical events progression and cardiovascular clinical events 
Patients:  825 pts with angiographic CAD Patients:  825 pts with angiographic CAD 
Design: Design: 
–– Prospective, Prospective, multicentermulticenter, randomized, placebo, randomized, placebo--controlled, doublecontrolled, double--masked masked 

clinical trial clinical trial 
–– Treatment with Treatment with amlodipineamlodipine vsvs placebo placebo 
–– 3 yr follow3 yr follow--up up 

Outcomes measured: Outcomes measured: 
–– AngiographicallyAngiographically evaluated (nonevaluated (non--intervened) coronary atherosclerosis intervened) coronary atherosclerosis 
–– Carotid artery atherosclerosis (ultrasound) Carotid artery atherosclerosis (ultrasound) 
–– AllAll--cause mortality, cardiovascular events cause mortality, cardiovascular events 

Pitt et al.  Circ 2000;103(13):1503-1510



PREVENT:  Clinical PREVENT:  Clinical 
Events/ProceduresEvents/Procedures

Pitt et al.  Circ 2000;103(13):1503-1510



PREVENT:  Other EndpointsPREVENT:  Other Endpoints

Pitt et al.  Circ 2000;103(13):1503-1510



PREVENT:  Other EndpointsPREVENT:  Other Endpoints

Pitt et al.  Circ 2000;103(13):1503-1510



PREVENT: Effect of PREVENT: Effect of AmlodipineAmlodipine on Carotid on Carotid 
Atherosclerosis by Atherosclerosis by BB--Mode Measurement of IMTMode Measurement of IMT
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PREVENT: Occurrence of Major PREVENT: Occurrence of Major 
Vascular Event or ProcedureVascular Event or Procedure
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PREVENT: Effect of Amlodipine besylate on 
Carotid Atherosclerosis by B-Mode Ultrasound
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CAPARES: Amlodipine Treatment 
Reduced Need for Repeat PTCA
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• N=635

• No change in primary 
endpoint: loss in minimal 
lumen diameter

• Significant reduction in 
composite clinical 
endpoint and repeat PTCA



Effect of Antihypertensive Agents on Cardiovascular Effect of Antihypertensive Agents on Cardiovascular 
Events in Patients With Coronary Disease and Normal Events in Patients With Coronary Disease and Normal 
Blood Pressure (CAMELOT)Blood Pressure (CAMELOT)

Goal:  compare the effects of Goal:  compare the effects of amlodipineamlodipine or or enalaprilenalapril vsvs placebo placebo 
in pts with CAD in pts with CAD 

Patients:  1991 pts with Patients:  1991 pts with angiographicallyangiographically documented CAD and documented CAD and 
diastolic BP <100 mmHg diastolic BP <100 mmHg 

Design:  Design:  MulticenterMulticenter, double, double--blind, randomized, placeboblind, randomized, placebo--
controlled trial controlled trial 

Outcomes measured: Outcomes measured: 
–– Incidence of cardiovascular events (Incidence of cardiovascular events (cvcv death, nonfatal MI, cardiac arrest, death, nonfatal MI, cardiac arrest, 

coronary revascularization, hospitalization for angina/CHF, CVA/coronary revascularization, hospitalization for angina/CHF, CVA/TIA, PVD) TIA, PVD) 
–– Subgroup analysis with IVUS to determine Subgroup analysis with IVUS to determine antiatheroscleroticantiatherosclerotic effectseffects

Nissen et al.  JAMA 2004;292(18):2217-26



CAMELOT: 
Baseline 

Characteristics and 
Treatments

Nissen et al.  JAMA 2004;292(18):2217-26



CAMELOT:  Mean Blood PressureCAMELOT:  Mean Blood Pressure

P<.001 for both vs placebo

Nissen et al.  JAMA 2004;292(18):2217-26



CAMELOT:  Event RatesCAMELOT:  Event Rates

Nissen et al.  JAMA 2004;292(18):2217-26



CAMELOT:  Cumulative Event RatesCAMELOT:  Cumulative Event Rates

Nissen et al.  JAMA 2004;292(18):2217-26



CAMELOT:  CAMELOT:  AmlodipineAmlodipine vsvs Placebo Placebo 
Subgroup AnalysisSubgroup Analysis

Nissen et al.  JAMA 2004;292(18):2217-26



IVUS Progression: Percent Atheroma Volume

All randomized patients (n=274) Patients with BP ≥mean (n=136)
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CAMELOT:  ConclusionsCAMELOT:  Conclusions

In In normotensivenormotensive pts with CAD, additional pts with CAD, additional amlodipineamlodipine therapy: therapy: 

Further decreases Further decreases 
–– Overall adverse cardiovascular events Overall adverse cardiovascular events 
–– Rates of coronary revascularization Rates of coronary revascularization 
–– Hospitalization for angina Hospitalization for angina 
–– Revascularization after MI Revascularization after MI 
–– Rate of coronary atherosclerotic progression Rate of coronary atherosclerotic progression 
––

Did not effect rates of: Did not effect rates of: 
–– Cardiovascular and allCardiovascular and all--cause mortality cause mortality 
–– Nonfatal MI or CVA Nonfatal MI or CVA 
–– Hospitalization for CHF Hospitalization for CHF 





ConclusionsConclusions

Not all Not all CCBsCCBs are created equally are created equally 
–– 11stst generation, shortgeneration, short--acting formulations may acting formulations may 

be detrimental in CAD, CHF be detrimental in CAD, CHF 
–– 22ndnd & 3& 3rdrd generation, longgeneration, long--acting formulations acting formulations 

are generally safer are generally safer 
––

CCBsCCBs have a wellhave a well--established role in established role in 
treating HTN and anginatreating HTN and angina



ConclusionsConclusions

In stable pts, In stable pts, CCBsCCBs: : 
May have additional benefits of carotid plaque May have additional benefits of carotid plaque 
regression and CVA reduction regression and CVA reduction 
Have equivalent mortality rates compared to Have equivalent mortality rates compared to 
diuretic, betadiuretic, beta--blocker and ARB therapy blocker and ARB therapy 
Have equivalent (or more favorable) rates of MI Have equivalent (or more favorable) rates of MI 
Decrease Decrease anginalanginal symptoms and need for invasive symptoms and need for invasive 
procedures procedures 
((DHPsDHPs) do ) do notnot increase risk of CHF increase risk of CHF 



Thank you for your attention

CCBantihypertensive

antiatherosclerotic
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