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Evolution of Calcium Antagonists. Past, Present, and Future

FraNnz H. MESSERLI, M.D.

Section on Hypertensive Diseases, Department of Internal Medicine, Ochsner Clinic Foundation, New Orleans, Louisana

Summary: Calcium antagonists were originaly introduced
asfast-acting vasodilators exhibiting powerful antihyperten-
sive properties. They have now evolved into agentsexhibiting
asmooth onset and along duration of action. Early agents, be-
causeof their rapid onset of action, wereassociated withahost
of compensatory hemodynamic adverseeffectsincluding car-
dioacce eration and sympathetic stimulation. In contrast, the
newer agents appear to retain the antihypertensive properties,
but with an improved tolerability profile. Acrossthe cardio-
vascular disease continuum, the presence of diabetesaddsto
therisk for cardiovascular events. In diabetic patientswith hy-
pertension, multiple drug therapy isclearly indicated. Agents
such ascalcium antagoniststhat normalize hemodynamicsin
this patient popul ation might be expected to demonstrate ben-
eficid effectson mortality. Evidencefromthe Systalic Hyper-
tensionin Europe and the Systolic Hypertensionin Chinatri-
asdemonstrated over a50% reductionintotal mortaity inthe
diabetic subgroupin patientstreated with calcium antagonists.
Among the cal cium antagonists, particularly among thedihy-
dropyridine subclasses, the efficacy of thedrugshasbeen ac-
companied by some side effects, in particular pedal edema.
Theincidence of pedal edemaisdose dependent andisthere-
sult of vasodilation and intracapillary hypertension. Newer
calcium antagonists demonstrate antihypertensive efficacy
similar to that of their predecessors but appear to have are-
duced propensity to cause edema.
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Introduction

Evidence-based medicine, which can bedefined asthe con-
scientious and judicious use of the bedt, current clinical re-
search evidence, isthewidely accepted basisfor therapy deci-
sions today. Accordingly, physicians must be aware of new
scientific developments and their impact on clinical practice.
However, not al evidenceis created equal, and there existsa
digtinct hierarchy. It is exemplified by integral information,
which is information that could be available for use of an-
giotensin-converting enzyme (ACE) inhibitorsin congestive
heart failure (CHF). Theseinclude numerous prospective, ran-
domized trias, pathophysiologic studies, and various meta-
analyses, al of which, in unison, attest to the safety and effica:
cy of ACE inhibitorsin CHF.

In hypertension, aselsawhere, the standard of reference of
evidence-based medicine is the multicenter, randomized,
prospectivetrial designed to test the safety and efficacy of an
antihypertensive drug. The Systolic Hypertension in Europe
(Syst-Eur) tria, a very thorough, prospective, randomized,
double-blind tria inisolated systolic hypertension, was con-
ducted with morethan 4,000 elderly patients, but was prema-
turely terminated because there was a 42% reduction in the
strokerate of theactivetrestment group relativeto the placebo
arm (p = 0.003).1 2 Based on this study, the Joint Nationa
Committee (INC) labeled long-acting dihydropyridine cal ci-
um antagoni tsasan appropriatedternative (to diuretics) ind-
derly patientswithisolated systolic hypertension.3 However,
thisclassof antihypertensive agent hasal so been the subject of
erroneousstatements. Thisis, perhaps, inpart dueto thediver-
sty withintheclass. Unlike ACE inhibitors, which sharemany
class effects, the cacium antagonists have gone through an
evolution of development beginning with three digtinct chem-
ical entities(i.e., vergpamil, diltiazem, and nifedipine). These
were al originaly introduced as fast-acting vasodilators ex-
hibiting powerful antihypertensive properties. However, their
fast onset of action was accompanied by a host of compen-
satory hemodynamic adverse effects including cardioaccel-
eration and sympathetic stimulation, forming the basis for
controversy giventheir effect on cardiovascular outcomes.* A
second generation of calcium antagonists, including vera-
pamil-SR, nifedipine-X L, and fel odipine-ER were devel oped
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with modified release properties to dow onset of action. A
third generation wasintrinscaly long acting. Agentsin this
third generation with along plasmahalf-life, likeamlodipine,
are washed out from the receptor relatively fast. In contrast,
newer agents, whileexerting similar 24-h efficacy asdo mem-
bersof thethird generation, have ashort plasmahdf-lifebut a
long receptor half-life. These next generation agentsinclude
lercanidipine, lacidipine, and manidipine. Thisevolutioninthe
ca ciumantagonist classhasbeen aimed at maintaining thean-
tihypertensive propertiesbut improving thetolerability profile.

TheDiabetic Hypertensive Patient

Consensusstatementsand guiddineshave, toalarge extent,
arisen out of evidenced-based medicine analyses. This has
been especidly true of the hypertensive patient with concomi-
tant diabetes. The National Kidney Foundation, American
Diabetes Association, and INCtria shaveall focused attention
on thisimportant and expanding group of patients. Because
these patients carry such ahigh risk of cardiovascular events,
thereislittle debate that they should be placed on triple thera-
py including agtatin, aspirin, and ablocker of theangiotensin
system regardless of the blood pressureleve.

When diabetesis coupled to hypertension therisk of total
mortality and cardiovascular mortaity doubles® The U.K.
Prospective Diabetes Study (UKPDS)® demonstrated that in
thediabetic hypertensive patient it ismoreimportant to lower
blood pressurethan blood sugar. For any diabetes-related end-
point, for death related to diabetes, for al-cause mortality, my-
ocardid infarction, stroke, or microvascular disease, thebene-
fitsderived by blood-pressurereduction exceed the benefits of
blood-sugar reduction. In contrast to what wastaught in medi-
cd school, it is more important to normalize hemodynamics
than itisto normalize metabolic endocrinefindings.

A meta-andysis by Furberg et al.” created agreat dedl of
unnecessary controversy regarding the use of calcium antago-
nists by showing that patientswith coronary heart disease us-
ing short-acting nifedipine had an increasein total mortality.
Thisledto aseriesof articles®10 and commentariest inwhich
investigators suggested that patientswith diabetesmellituson
cal ciumantagonist therapy had anincreased risk of cardiovas-
cular complications, especidly when compared with patients
on ACE inhibitors. However, the evidence from Syst-Eurl2
and the Systolic Hypertension in China (Syst-China)3 trials
demonstrated over a 50% reduction in total mortdlity in the
diabetic subgroup, clearly attesting to impressive benefits of
calcium antagonistsin these patient popul ations.® The recent
findings of the Antihypertensive and Lipid-Lowering Treat-
ment to Prevent Heart Attack Trial have thoroughly and ex-
haugtively established safety and efficacy of the dihydropyri-
dine calcium antagonists, in particular amlodipine, in alarge
patient population with essentia hypertension, one-third of
whom were diabetic, African American, and elderly.1* This
tria indicated that cal cium antagonistsremain acornerstonein
theantihypertensivearsena for yearsto come.

Evidenceln L eft Ventricular Hypertrophy

Animportant intermediary step in the disease continuum
from uncomplicated hypertension to CHF is|eft ventricular
hypertrophy (LVH). From ameta-analysisof 89 double-blind
trias, the best monotherapeutic way to reduce LVH appears
to bethe ACE inhibitors, closely followed by angiotensin-re-
ceptor blocker (ARBS), then the cal cium antagonistsand di-
uretics, and least efficient, the betablockers.15

However, within this database, studies involving diabetic
patientsreved differences. A study comparing nitrendipineto
ena april showed that blood pressurewas|owered to about the
same extent with both agents; however, after 24 weeksit ap-
peared that nitrendipine did better than enalapril in reducing
LVH. Thisdifference was more pronounced at the end of the
study after 48 weeks.16

The superiority of acadcium antagonist over an ARB inre-
ducing LV masswas & so demonstrated in astudy comparing
the newest generation calcium antagonit, lercanidipine, to
losartan in diabetic, hypertensive patients.” It is conceivable
that in these patientscal cium antagonistsare better in reducing
LVH than are blockers of the renin-angiotensin system. That
1-year treatment with lercanidipineinduced agreater LVH re-
duction than losartan suggests either that nonhemodynamic
factorsplay aroleinthereduction of LV massin thediabetic
patient or that cal cium antagoni stsexert aspecific effect onthe
diabetic heart.

Patient Compliance/Ther apeutic Toler ability

What isimportant in thelong-term management of patients
anywhere dong the disease continuum, of course, is adher-
enceto antihypertensivetherapy. A study by Elliott consisting
of 2,829 patients showed that therdl ativerisk (RR) of discon-
tinuing antihypertensive drugs was actually lowest with the
calcium antagonists (n = 837; RR = 0.56; 95% confidencein-
terval 0.49-0.64; p<0.0001) and highest with beta blockers
(n = 575; RR = 1.00; 95% confidence interval 0.88-1.16;
p vauenot significant).18 Of note, ARBswerenot includedin
thisstudy.

However, one common and troublesome side effect of the
cal cium antagonists, even among the second generation agents
and with thethird generation drug amlodipine, ispedal edema.
Theincidenceis clearly dose dependent and isaresult of va-
sodilation. Themechanism can be produced experimentdly in
rats: asthe dose of the calcium antagonist is increased, skin
plasma abumin leakage increases. Similarly, the dose re-
sponse phenomenon hasbeen demonstrated withisradipinein
humans. Whenthedosageisincreased from 15to 20 mg, ped-
a edemavirtualy doubles, whiletheantihypertensiveefficacy
plateaus.1®

The same holdstruefor amlodipine. When the dose of am-
lodipine isincreased from the usua dose of 5 mg to adose
of 10 mg, theincidence of pedal edema reaches 25%.20 One
way to diminish this effect isto add an ACE inhibitor?! or an
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ARB.20. 22 The pathogenic mechanismisvery smple. Arter-
iolar vasodilation (or diminished arteriolar congtriction with
upright posture), such as that produced by calcium antago-
nists, increases intracapillary pressure. Intracapillary hyper-
tension causes fluid to be squeezed out into the intertitial
space. When an ACE inhibitor or an ARB isadded thereisdi-
lation onthevenousside; thus, intracapillary pressurefallsand
theedemaisreduced. A second way to diminish edemawould
be for the calcium antagonist to possess dilatory capabilities
on both the afferent and efferent arterioles. Thisis why the
newest generation of calcium antagonists, exemplified by ler-
canidipine, isstimulating so muchinterest.

In an open-label, uncontrolled sudy, patientswho were se-
lected becausethey had adverse eventstypical of dihydropyri-
dine calcium antagonists (e.g., edema, flushing, headache,
dizziness) on amlodi pine were switched to lercanidipine and
then wererechallenged with aml odipine.2 The most common
side effect in the population on basdine therapy was ankle
edema, which was reported in nearly 98% of the patients.
When these patientswere switched to lercanidipine, theinci-
denceof edemafdl to 50%. Whenthey werereexposedtoam-
lodipine, theincidencerose again to 86%.

Fogari et al.?* studied ankle edemain a different way by
comparing lercanidipine with nifedipine gastronintestinal
therapeutic system (GITS). Hemeasured ankle—foot volume
and pretibial subcutaneous tissue pressure. Theincreasein
ankle—foot volume measurementswas distinctly lower with
lercanidipine than with nifedipine. The samewastrue of the
pretibia subcutaneoustissue pressure. Theeffectsof ageadd
an interesting consideration. Older patients appeared to be
more susceptible to the development of pedal edema, pos-
sibly because their skin is less elastic. However, when the
effects of the two calcium antagonists are compared, the
dopesrelating vasodilatory edemato ageweredistinctly dif-
ferent with nifedipine, showing a much steeper slope than
lercanidipine (Fig. 1). When the subcutaneous tissue pres-
surewas plotted against the ankle—foot volume, therewas a
clear-cut separation of thetwo curves attesting to the higher
propensity of nifedipine to cause pedal edema when com-
pared tolercanidipine.

The best evidence of differencesin cal cium antagonismto
cause vasodilatory edema comes from a large, multicenter,
double-blind, randomizedtria in over 800 patientsby L eonetti
et al.,Z2 whichisdiscussed el sawherein this supplement. The
propensity to cause edemawas eval uated among three calci-
um antagonistsand again showed lercanidipineat smilar anti-
hypertensive efficacy to be superior toamlodipine.

What is further intriguing are the effects of these com-
pounds on thekidney. It isaccepted that the beneficia effect
of ACE inhibitors on nephroprotectionis, at least in part, re-
lated to the ability of ACE inhibitors to dilate the efferent
glomerular arterioles resulting in decreased intraglomerular
pressure and ultimately less glomerular injury. Some other
antihypertensive agents, the dihydropyridine cal cium antago-
nistsincluded, haveapreferentia effect on afferent arterioles.
However, Sabbatini et al.?6 have shown that not al calcium
antagonigts act dike. Using arat model, the newer cacium
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Fic.1 Increasesin pretibial subcutaneoustissue pressure(cmH20)
caused by lercanidipine 1020 mg (n = 30) and nifedipine GITS
30-60 mg (n = 30) was reduced with increasing age (r = —0.74,
p<0.01; r = —0.72, p<0.01, respectively). Younger patients who
have better tissue integrity and more el astic tissue components may
devel op tension in the elagtic tissue components to counteract fluid
filtrationfromtheblood totheinterdtitial space. GI TS=gastrointesti-
nal therapeutic system. Adapted from Ref. No. 24 with permission.

antagonigts lercanidipine and manidipine exhibited a bal-
anced effect on afferent and efferent arterioles, whereas the
older calcium antagonist nicardipinedilated only the afferent
arterioles (Fig. 2). Ongoing studieswill show whether these
provocative experimental data can be extrapolated to hyper-
tensive patients (Forest Laboratories, Inc., New York, N.Y.,
unpublished data).

Conclusion

Calcium antagonistsasacl assrepresent important and effi-
cacious classes of antihypertensive agents as documented by
numerous multicenter, randomized prospective trias. Their
utility and popularity isdueto their recognized potency asan
antihypertensive; moreover, Syst-Eur: 2 12 established the
clear superiority of calcium antagonists in the prevention of
srokeaswell asaclear mortality benefit in hypertensvedia
betic patients. As the class continues to evolve, new agents
such aslercanidipinedemonstratetol erability advantagesover
earlier formulations. Also, their ability to dilate both the affer-
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Fic.2 Based on quantitative image andysis, lercanidipine coun-
tered hypertens on-dependent changesin both afferent and efferent
glomerular arterioles of different animal groups. Treatment with
nicardipine dilated afferent but not efferent arterioles. Hydralazine
had no effect on afferent or efferent arterioles. Valuesmean + stan-
dard error. HY DR = hydraazine, LERC = lercanidipine, NICA =
nicardipine, SHR = spontaneously hypertensive rats, WYK =
Wigtar-Kyotorats. *p<0.05vs. WKY; Tp<0.05vs. SHR; p<0.05
vs. SHR +LERC; §p<0.05vs. SHR+ NICA. Source: Ref. No. 26.

ent and efferent arterioles may ultimately trandate into rena
benefitsbut, clearly, further clinical triad swill beneeded to de-
terminethese effectsand therolethat these agentsmay play in
the management of hypertension among patient populations.
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