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The rational: for the nse of calcinm chasnel hlockers in patients
with chronic heart fallure Hes in their vasodlator action, anti-
ischemic effect, ability to lessen left ventricular diastolic dysfunc-
tion and data showing their effect in preventing progression of
myocardial dysfunction in animals with cardiomyopathy. Despite
initial studies reporting Improvement of the hemodynamic profile
with nifedipine, further evaluation showed variable resuits, with
hemodynamic worsening seen in up to 29% of patients. Longer-term
sirated worsening chronic heart faflure in ~25% of patients within 8
weeks of nifedipine therapy. Although diltiszem has a lesser myo-
cardial depress; ¢ effect and its short-term use was assoclated with
less frequent hemodynamic and clinical worsening, long-term expo-
sure to the drug in a large group of patients with chronic heart falture
due to left ventricular systolic dysfimetion after myocardial infare-
tion resulted in an increased incidence of cardiac events, with
worsening heart faflure and death. The use of verapamil in a simflar
patient cobort showed the loss of its demonstrated protective effect in
patients with clinical evidence of heart fallure.

an attempt io improve the safety of calclum changpel
mmmwmwnua
second-generation drugs with less myocardial depressant effect;
nmmmﬁnmmmverﬂngmymhibmm
prevent reported neurchormonal activation; and 3) development
of drugs with favorable neurohormonal effects. These approaches
led to mixed results. The use of some second-generation calclum
channel blockers such as nisoldipine, felodipine and nicardipine
resulted in no change or worsening of clinical statas, which did not
to be prevented by comcomitant mse of anglotensin-
converting enzyme inhibitors. A recent study using amlndipine
demonstrated improvement of both the clinical and newrohor-
monal profiles. Two large ongoing studies are evaluating the
effects of felodipine and amlodipine on morbidity and mortality of
patients with chrenic heart failure and are Ekely to provide
further Information regarding the role of calclinn blockers in the
treatment of this cond’tion.
(J Am Coll Candiol 1993;22[Supplement A]:139A-44A)

Although the incidence of the use of calcium channel block-
ers in the treatment of chronic congestive heart failure is not
entirely known, recent published trials have indicated that
such use is a common practice in both the United States and
Canada. Over 30% of patients enrolled in the Studies of Left
Veatricular Dysfunction (SOLVD) (1) were treated with
calcium blockers at the time of their enroliment. These
patients, although only mildly symptomatic, had severe
depression of their left ventricular systolic function, with a
mean left ventricular ejection fraction of 31%. Possibly more
striking was the fact that patients enrolled in a recent study
(2) evaluating the effect of milrinone on mortality were not
infrequently on calcium channel blockers at the time of their
enrollment (Packer M, personal communication). All these
patients had to have severe symptoms of heart failure (class
III and IV) to meet the inclusion criteria of the study and
their mean left ventricular ejection fraction was 21%.
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Rationale for the Use of Calcium Channel
Blockers in Heart Fallure

A theoretic rationale for the use of calcium channel
blockers in the treatment of heart failure is multifactorial.
These drugs and, in particular, the dihydropyridine deriva-
tives have a strong arteriolar dilator effect and may result in
reduction of systemic vascular resistance and thus left
ventricular afterload. Drugs with similar hemodynamic ef-
fects such as hydralazine when used in combination with
isosorbide dinitrate were shown to improve exercise toler-
ance and ejection fraction and reduce the incidence of death
in patients with mild to moderate heart failure (3,4). The
majority of available calcium antagonists have demonstrated
to have a substantial anti-ischemic effect and many of them
are used effectively in the treatment of the acute as well as
the chronic ischemic syndrome (5-7). Because coronary
artery disease is the underlying cause of chronic heart failure
in 60% to 70% of patients (1-4), it is not surprising that many
clinicians consider the use of calcium chansel blockers in
such patients a viable therapeutic option. The favorable
eﬂectofenlumnanmmstsonleﬁvenmnlarrelaxanon
may lead to improvement of diastolic dysfunction (8), which
mannmportantcauseofhemfailure symptoms, even in
patients with documented left ventricular systolic dysfunc-
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tion (9). In addition, the prevention of calcium ion entry into
myocardial cells has been shown to prevent the development
of alcohol-mediated cardiac dysfunction in hamster myocar-
dium and could have a similar protective effect in humans
(10).

Nifedipine

Because of nifedipine’s powerful vasodilator effect, a
strong interest has been shown over the last decade in using
this drug as an unloading agent in the treatment of heart
failure. Several investigators (11-15) reported hemodynamic
improvement after single-dose administration of nifedipine
given cither orally or sublingually in relatively small groups
of patients with acute or chronic heart failure. The majority
of these data were reported as a mean group response and
demonstrated a reduction in systemic vascular resistance
and mean blood pressure, with augmentation of cardiac
output and stroke volume. Lack of change in both right and
left ventricular filling pressures in most studies (16) verified
the predominant arteriolar and negligible venous effects of
the drug.

Although the initial experience with the use of nifedipine
in heart failure led to the conclusion by some investigators
(11-15) that the negative inotropic effect of nifedipine may be
offset by its vasodilator effect, further evaiuation in larger
groups of patients demonstrated the clinical relevance of the
negative inotropic effect of the drug (17-19). Comparison of
nifedipine with nitroprusside (20) demonstrated a smaller
augmentation in cardiac output and a larger decrease in
systemic blood pressure with nifedipine despite a similar
reduction in systemic vascular resistance. These hemody-
namic changes were associated with a decrease in the first
derivative of left ventricular pressure (dP/dt) with nifedipine
(21). Similarly, a comparison of changes in hemodynamic
indexes of left ventricular systolic function after a similar
reduction in systemic vascular resistance with hydralazine
and nifedipine in the same patients with heart failure (18)
resulted in a significantly smaller augmentation of stroke
volume, cardiac output and left ventricular stroke work
index, with nifedipine demonstrating the clinical relevance
of its negative inotropic effect. Further evaluation of the
hemodynamic profile of nifedipine in two large series of
patients (19-22) showed acute hemodynamic and clinical
deterioration after a single dose of 20 to 50 mg of the drug in
19% and 29% of the patients, respectively. Hemodynamic
response could not be predicted from baseline hemodynamic
data and left ventricular ejection fraction (19). However, a
strong relation was found between an unfavorable acute
hemodynamic response to nifedipine, and long-term mortal-
ity data (22) supported the hypothesis that hemodynamic
deterioration after nifedipine administration is more likely to
occur in patients with more severe heart failure.

The long-term effect of nifedipine in patients with heart
failure due to left ventricular systolic dysfunction was re-
cently evaluated in two randomized trials. In the first study,
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Table 1. Episodes of Hospitalizations and Increase in Diuretic
Drugs for Worsening Congestive Heart Failure

Patients (no.)
Increase in CHF
Diuretic Episodes
Treatment Hospitalizations Dose Total (no.)
NIF (n = 21) 5 3 8 9F
ISDN (n = 20) 0 3 3 3
NIF+ISDN 6* 2 8 2148

(n=23)

*p < 0.05 versus isosorbide dinitrate (ISDN). +p < 0.09 versus isosorbide
dinitrate; $p < 0.0001 versus isosorbide dinitrate; §p < 0.001 versus nifedipine
(NIF). CHF = congestive heart failure. Reproduced, with permission of the
American Heart Association, Inc., from Elkayam et al. (24).

Agostoni et al. (23) compared in a double-blind crossover
design, the effect of captopril (50 mg three times daily) and
nifedipine (20 mg three times daily) given for 8 weeks each in
18 patients with dilated cardiomyopathy who were optimally
treated with digitalis and diuretic drugs. This study demon-
strated symptomatic and functional improvement and en-
hancement of exercise tolerance with captopril but not with
nifedipine. Although in the short-term, nifedipine resulted in
a reduction in systemic vascular resistance that led to
augmentation of cardiac output and a small reduction in left
ventricular filling pressure, after prolonged treatment, ca:-
diac output returned to baseline values and pulmonary artery
wedge pressure increased substantially. These changes were
accompanied by worsening heart failure symptoms in some
patients. In a second study, Elkayam et al. (24) compared
the effect of long-term administration (8 weeks) of isosorbide
dinitrate (40 mg four times daily), nifedipine (20 mg four
times daily) and their combination in patients with mild to
moderate chronic heart failure. This study demonstrated a
significantly higher incidence of heart failure worsening,
necessitating enhanced diuretic therapy or hospitalization,
or both, in patients treated with nifedipine either alone or in
combination with isosorbide dinitrate (Table 1). Hospitaliza-
tion was required by 24% of patients during nifedipine
therapy, by 26% during nifedipine-isosorbide dinitrate com-
bination therapy in comparison with 0% during isosorbide
dinitrate therapy alone. The total number of episodes of
worsening chronic heart failure was 9 during nifedipine
therapy, 3 during isosorbide dinitrate therapy and 21 during
nifedipine-isosorbide dinitrate combination therapy. Prema-
ture discontinuation of drug administration because of clin-
ical deterioration or other side effects occurred in 29% of
patients during nifedipine therapy, in 5% during isosorbide:
dinitrate therapy (p = 0.05 vs. nifedipine) and in 19% during
combination therapy.

Diltiazem
These unfavorable results associated with the use of
nifedipine in patients with chronic heart failure led to at-
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Figure 1. Cumulative rate of first recurrent cardiac events on

diltiazem and placebo in patients with and without chest X-ray

evidence of pulmonary congestion. Reproduced. with permission,

féom lele Multicenter Diltiazem Postinfarction Trial Research
roup (29).

tempts to use diltiazem, a first-generation calcium antagonist
with a smaller myocardial depressant effect (25,26). Hemo-
dynamic evaluation of this agent in patients with severe
chronic heart failure demonstrated only little hemodynamic
effect and a significantly lesser incidence of hemodynamic
and symptomatic deterioration compared with results with
nifedipine. However, occasional deterioration observed in
these studies {25-27) was the first indication of the potential
hazard of this drug as well. In 1989, Figulla et al. (28)
reported on a prospective study using diitiazem (60 to 90 mg
three times daily) in 22 patients with dilated cardiomyopathy
in addition to conventional therapy with digitalis, diuretic
drugs and vasodilators and compared their outcome with
historical control data from 25 patients with chronic heart
failure receiving conventional therapy alone. The mean
survival of the control group was 29 months, whereas no
patient treated with diltiazem died over a mean follow-up
period of 15.4 months. In addition, a significant improve-
ment in clinical status and left ventricular function was
reported in the diltiazem group but not in the control group.
Although the investigators suggested a beneficial effect of
adjunctive diltiazem treatment in dilated cardiomyopathy,
the uncontrolled design of the trial and the small number of
patients in both arms severely limited both the scientific and
the clinical value of the study.

The Multicenter Diltiazem Postinfarction Trial (29) pro-
vided useful information regarding the long-term use of this
drug in patients with clinical heart failure (Fig. 1). This study
evaluated the effect of diltiazem (240 mg/day) on mortality
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Figure 2. Relation between the percent of patients receiving dilt-
iazem (D, black bars) or placebo (P, hatched bars) developing new or
worsened congestive heart failure (CHF) during long-term follow-
up. The number of patients with congestive heart failure is shown as
the numerator and the total number in each ejection fraction (EF)
group is shown as the denominator above each bar. Reproduced,
with permission, of the American Heart Association, Inc., from
Goldstein et al. (30).

and reinfarction in 1,237 patients 3 to 15 days after the date
of onset of myocardial infarction and compared it with the
effect of placebo in 1,232 similar patients. In 490 patients
with evidence of pulmonary congestion on the chest roent-
genogram, diltiazem was associated with an increased num-
ber of cardiac events. A similar pattern was observed with
respect to depressed radionuclide ejection fraction and an-
terolateral Q wave infarction. In 1,909 patients without
pulmonary congestion, diltiazem was associated with a
smaller number of cardiac events. In a further evaluation of
the development of congestive heart failure in this study,
Goldstein et al. (30) showed that patients with pulmonary
congestion, anterolateral Q wave infarction or reduced ejec-
tion fraction (<40%) at baseline were more likely to develop
chronic heart failure during follow-up than were patients
without these markers of left ventricular dysfunction. In
addition, the diltiazem-associated increased likelihood of
developing chronic heart failure was inversely related to the
degree of left ventricular dysfunction (Fig. 2). This trial
conclusively demonstrated the hazard involved in the use of
diltiazem in patients with chronic heart failure due to left
ventricular systolic dysfunction.
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Figure 3. Cumulative cardiac event rate on verapamil and placebo
in patients with and without heart failure. Reproduced, with permis-
sion, ﬁumélBeDmshSMmepoanpmilmMymrdnl

Verapamil

The experience related to the use of verapamil in heart
failure is limited because of the known negative inotropic
effect of the drug and the warning by the manufacturer
concerning the risk of developing heart failure (31). In a
small study, Ferlinz and Gallo (32) followed up 10 patients
with heart failure who initially demonstrated acute hemody-
namic improvement after verapamil administration. How-
ever, during the follow-up period, four patients demon-
strated symptomatic deterioration on long-term verapamil
therapy. The Danish study on the effect of verapamil on
death or reinfarction (33) in survivors of acute myocardial
infarction may provide some indirect but useful information
regarding the effect of this calcium antagonist in patients
with chronic heart failure. This multicenter double-blind,
placebo-controlled study evaluated verapamil (120 mg three
times daily) versus placebo in patients 7 to 15 days after
their myocardial infarction. At a mean follow-up time of
16 months verapamil had caused a significant reduction
of mortality and cardiac events in patients without but not
in patients with chronic heart failure (Fig. 3). The exclusion
criteria to this study included heart failure not controded
with furosemide (<160 mg/day), which resulted in ex-
clusion of 13% of the patients. Although the investigators
concluded that in contrast to diltiazem, verapamil had no
detrimental effect in patients with heart failure, one cannot
exclude the possibility that the favorable effect of verapamil
reported in patients without heart failure was offset by the
mﬁrglnldepmsanteﬁ'ectofﬂledmsmpauentsmth

ure.
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Causes of Unfavorable Effects of Calcium
Channel Blockers

In summary, available information demonstrates a risk
associated with the use of first-generation calcium antago-
nists in patients with heart failure due to left ventricular
systolic dysfunction. These drugs have been shown to cause
hemodynamic as well as clinical deterioration in a consider-
able number of patients and to increase the incidence of
cardiac events in survival after myocardial infarction with
clinivally documented heart failure.

Is the etiology of chronic heart failure important in the
response of patients to a calcium channel blocker? Con-
trolled studies demonstrating the efficacy of calcium channel
blockers as antianginal agents have usually excluded pa-
tients with chronic heart failure. However, unfavorable
effects of these drugs in patients with chronic heart failure
after myocardial infarction (24,30,33) and in patients with
chronic heart failure due to coronary artery disease (22,24)
suggest that calcium antagonists may not be safe, even in
patients with chronic heart failure and ischemic heart dis-
case.

The mechanism responsible for the clinical deterioration
associated with calcium antagonists in heart failure is prob-
ably multifactorial. Immediate hemodynamic deterioration
reported by some investigators (19-22,24,25) is most likely
due to the negative inotropic effect of these drugs. Reported
clinical deterioration despite hemodynamic improvement
(32,34,35) may suggest activation of unfavorable nenrohor-
monal mechanisms as a cause of the deterioration (36).
Activation of the sympathetic nervous system, the renin-
angiotensin system and vasopressin have been documented
with nifedipine (21,37) and nisoldipine (35), a second-
generation dihydropyridine. Because there is no evidence
for reduction in renal blood flow with calcium antagonists in
chronic heart failure (25,38), an increase in renin level is
probably the result of blockade of the inhibitory effect of
calcium on renin production (39). A third potential mecha-
nism for clinical deterioration with calcium antagonists in
chronic heart failure may be an increase in blood volume as
shown by an increase in body weight (34) and decrease in
hematocrit (27,34). An increase in blood volume may be due
to decreased water excretion (35) and may be the cause of a
substantial increase in pulmonary artery wedge pressore
described by Agostoni et al. (23) during long-term treatment
with nifedipine.

New Approaches

In an attempt to improve the safety of calcium channel
blocking drugs in patients with chronic heart failure, the
following approaches have been suggested (36): 1) use of
second-generation calcium antagonists that have less direct
myocardial effect; 2) combining calcium channel blockers
with converting enzyme inhibition to prevent neurohor-
monal activation; and 3) developing calcium channel block-
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ers that exert favorable neurohormonal effects. Some cur-
rently available information may help to assess the validity
of these approaches. Barjon et al. (35) used nisoldipine, a
second-generation calcium channel blocker with potent va-
sodilator effects and only mild negative inotropic effects (40),
and reported the development of pulmonary edema in seven
patients during a 2-month follow-up period. Felodipine,
another calcium antagonist of dihydropyridine group, is
reported to have negligible negative inotropic effects and
high selectivity to smooth muscle (41). Ks use was reported
by Dunselman et al. (42), who found in a double-blind study,
an improvement in aerobic capacity and exercise duration
after 16 weeks of enalapril (10 mg twice daily) therapy in 11
patients with class III congestive heart failure but not in 9
patients receiving felodipine (10 mg iwice daily). In a pre-
liminary study, Gheorghiade et al. (43) evaluated the effect
of nicardipine, another second-generation calcium antago-
nist, in patients with moderate to severe heart failure. To
evaluate the hypothesis that calcium channel blockade may
benefit patients with chronic heart failure when used con-
comitantly with angiotensin-converting enzyme inhibitors,
which may prevent stimulation of neuroendocrine systems,
all patients were concomitantly treated with captopril. De-
spite this adjunctive therapy, the use of nicardipine (20 to
30 mg every 8 h) over 4 months resulted in worsening of
chronic heart failure in 60% of patients receiving nicardipine
and 20% of patients receiving placebo (p = 0.06). Concom-
itant use of captopril also did not prevent neurohormonal
activation mediated by nicardipine (renin increased from 7 =
6 to 22 = 28 ng/ml per h, p < 0.05). The studies just
mentioned suggest that the use of second-generation calcium
channel blockers with reported selectivity to smooth muscle
and the concomitant use of angiotensin-converting enzyme
inhibijtors does not provide a simple solution to lack of
efficacy or the deleterious effects of the calcium channel
blockers in patients with chronic heart failure.

Will the use of calcium antagonists with favorable effects
on neurohormonal systems be beneficial for the treatment of
chronic heart failure? A positive answer to this question may
be suggested by the results of a recently completed multi-
center study (44) of amlodipine in chronic heart failure. In
this study, 186 patients with class II and III chronic heart
failure (left ventricular ejection fraction <40%) were ran-
domized to treatment with amlodipine, a second-generation
dihydropyridine calcium channel blocker, or to placebo and
were followed up for 4 months. All patients received a
diuretic drug and digitalis and 80% were also treated with
angiotensin-converting enzyme inhibition. The results of this
trial demounstrated a significantly larger improvement in
exercise time (62 + 17 vs. 22 + 13 s, p <0.05) and reduction
in chronic heart failure symptoms (55% vs. 29%, p < 0.05)
with amlodipine than with placebo. These favorable changes
were associated with & significant reduction in the serum
norepinephrine level.

Although the results of this study are encouraging and
may extend the therapentic bridge of calcium antagonists
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(45) far enough to provide treatment benefit to patients with
chronic heart failure, consistent evidence for deleterious
effects of calcium channel blockade in such patients suggests
the need for caution. Fortunately, more information is likely
to become available regarding the safety and efficacy of
calcium channel blocking agents in chronic heart failure. The
ongoing Vasodilators in Heart Failure Trial (V-HeFT III) is
evaluating the effect of felodipine compared with placebo on
morbidity and mortality in patients with mild to moderate
chronic heart failure treated with diuretic drugs and
angiotensin-converting enzyme inhibitors with and wiihout
digoxin. In addition, the ongoing Prospective Randomized
Amlodipine Survival Evaluation (PRAISE) is studying the
effect of amlodipine versus placebo on survival in patients
with class 111 and IV chronic heart failure who are concom-
itantly treated with angiotensin-converting enzyme inhibi-
tors.

These studies are likely to provide the information
needed to determine whether there is a role for calcium
channel blockade in the treatment of chronic heart failure
due to left ventricular systolic dysfunction.

Referencer

1. The SOLVD Investigators. Effect of enalapril on survival in patients with
reduced left ventsicular ejection fractions and congestive heart failure.
N Engl J Med 1991;325:293-302.

2. Packer M, Carver JR, Rodeheffer RJ, et al. and the PROMISE Study
Research Group. Effect of oral milrinone on mortality in severe chronic
heart failure. N Engl J Med 1991;325:1468-75.

3. Cohn JN, Archibald DG, Ziesche S, et al. Effect of vasodilator therapy on
murtality in chronic congestive heart failure: results of a Veterans
Administration cooperative study (V-HeFT). N Engl J Med 1986;314:
1547-52.

4. Cobn JN, Johnson G, Ziesche S, et al. A comparison of enalapril with
hydralazine-isososbide dinitrate in the treatment of chronic congestive
heart failure. N Eungl J Med 1991;325:303-10.

5. Dawson JR, Whitaker NHG, Sution GC. Calcinm antagonist drugs in
chronic stable angina: comparison of verapamil and nifedipine. Br Heart
J 1981;46:508-12.

6. Mueller HS, Chakine RA. Interim rcport of muiticenter double-blind
placebo-controtied studies of nifedipine in chronic stable angina. Am J
Med 1981;71:645-57.

7. Gerstenblith G, Quyang P, Achuff SC, et al. Nifedipine in un. ible
angina: a double-blind, randomized trial. N Engl J Med 1982,306:885-9.

8. Lahiri A, Rodrigues EA, Carboni GP, Raftery EB. Effects of long-term
treatment with calcium antagonists on left ventricular diastolic function in
stable apgina and heart fsilnre. Circulation 1990;81(suppl INI):130-8.

9. Packer M. Abuormalities of diastolic function as 8 potential cause of
exercise intolerance in chronic heart failure. Circulation 1990:81(suppl
1n:78-86.

10. Garvett JS, Wikman-Coffelt J, Sievers R, Finkbliner WE, Panmiey WW.
Verapamil prevents the development of alcobolic dysfunction in hamster
myocardium,

11. Kingmasn S, Salvi A, Camerini F. Hemodynamic effects of nifedipine in
heart failure. Br Heart J 1980:43:440-6. .

12. Matsumoto S, Ito T, Sada T, et al. Hemodynamic effects of nifedipine in
congestive heart failnre Am § Cardiol 1950;46:476-80.

13. Ludbrook PA, Tiefeabrun AJ, Sobel BE. Influence of nifedipine on feft
vesdricular systolic and diastolic function: relatiopship to manifestations
of ischemia and congestive failere. Am J Med 1981:71:683-92.

14. Msgorien RD, Leier CV, Kokbash AJ, Barbush TJ, Unverferth DV.
Beneficial effects of nifedipine on rest and exercise energetics
in patients with congestive heart failure. Circulation 1984;70:384-90.



ELKAYAM ET AL.

444 CALCIUM CHANNEL BLOCKERS IN HEART FAILURE

15. MﬂnAB.ConeﬂlDA.l!mTA.SublmmnlmMpmrmleeﬁectsm
chronic congestive heart failure secondary to idiopathic discased
eudmyoplthy Am J Cardiol 1985;55:1359-62.
l&EItnme.WeberL.'l‘orhnB Berman D. Rahimtoola SH. Acute
hemodynamic effect of oral nifedipine in severe chronic congestive heart
failure. Am J Cardiol 1983;52:1041-54.

17. Giltmer DJ, Kark P. Pulmonary edema precipitated by nifedipine. Br Med
J 1980;280:1420-1.

18. Elkayam U, Weber L, McKay CR, Rahimtoola SH. Differcaces in
hemodynamic response to vasodilation due to calcium antagonism with
nifedipine and direct-acting agonism with hydralazine in chronic conges-
tive heart failure. Am J Cardiol 1984;54:126-31.

9. ElhynmU,cherL.McKnyC Rahimtoola SH. Spectrum of acute
hemodynamic effects of nifedipine in severe congestive heart fhilure. Am
J Cardiol 1985;56:560-6.

20. Elkayam U, Weber L., Torkan B, McKay CR, Rahimtoola SH. Compar-
ison of hemodynamic response to nifedipine and nitroprusside in severe
chronic congestive heart failure. Am J Cardiol 1984;53:1321-5.

21. Fifer MA, Colucci WS, Lorell BH, Jaski BE, Barry WH. Inotropic
vascular and neuroendocrine effects of nifedipine in heart failure: com-
parison with nitroprusside. J Am Coll Cardiol 1985;5:731-7.

22. Packer M, Lee WH, Medina N, Yushak M, Bernstein JL, Kessler PD.
Pmmniclmpomneeofm:mmdmehemodmmmemmmfed

in patients with severe left ventricular dysfunction. J Am Coll
cudnnm.lo:ms-u

px 8 AmmmPG.DeCemN.DomB Polese A, Tamborini G, Guazzi MD.

Afterioad reduction: a comparison of captopril and nifedipine in dilated
cardiomyopathy. Br Heart J 1986:55:391-9.

24, Elkayam U, Amin J, Mehra A, Vasquez J, Weber L, Rahimtoola SH. A
prospective, randomized, double-blind, crossover study to compare the
efficacy and safety of chronic nifedipine therapy with that of isosorbide
dinitrate and their combination in the treatment of chrosic congestive
heart failure. Circulation 1990;82:1954-61.

25. Kulick DL, Mcintosh N, Campese VM, et al. Central and renal hemo-
dynamic effects and bormonal response to diltiazen in severe congestive
beart failure. Am J Cardiol 1987;59:1138--43.

26. Packer M, Lee WH, Medina N, Yushak M. Comparafive negative
inotropic effects of nifedipine and diltiazem in patients with severe left
ventricular dysfunction (abstract). Circulation 1985;72(suppl I1):111-275.

27. Roth A, Harrison E, Mitani G, Coben J, Ralumtoola SH, Elkayam U.
Efficacy and safety of medium and high-dose diltiazem alone and in
eombmnwnmthdmforhemmewmumtmddumgexm
in patients with chronic atrial fibrillation. Circulation 1986;73:316-24.

2, Fi?ilhm , Rechenberg IV, Wiegand V, Soballa R, Kreuzer H. Benefi-
cial effects of Iou-hrmdilmtrnmntmdlhledﬂldwopuhy
J Am Coll Cardiol 1989;13:653-8.

. mmmmnnmmmmnmcmp The
effect of diltiazem on mortality and reinfirction after myocardial infarc-
tion. N Engl J Med 1988;319:385-92,

JACC Vol. 22, No. £ (Supplement A)
October 1993:139A-44A

30. Goldstein RE, Boccuzzi SJ, Cruess D, Nattel S. Diltiazem increases
late-onset congestive heart failure in postinfarction patients with early
reduction in ejection fraction. Circulation 1991;83:52-60.

31. Physicians Desk Reference. 47th ed. Moatvale, NJ: Medical Economics
Company, 1993:2250.

32, Ferlinz J, Gallo CT. Responses of patients in heart failure to long-term
oral verapamil administration (abstract). Circulation 1984;70(suppl ID):11-
305.

33. The Danish Study Group on Verapamil in Myocardial Infarction. Second-
1990;66:331-401.

34. Tan LB, Murray RG, Littde WA. Felodipine in patients with chronic heart
failure: discrepant hemodynamic and clinical effects. Br Heart J 1987,58:
12-8.

35. Bazjon JN, Roulean JL, Bichet D, Juneau C, De Champlain J. Chronic
renal and neurohumoral effects of the calcium entry blocker nisoldipine in
patients with congestive heast failure. J Am Coll Cardiol 1987;9:622-30.

36. Packer M. Calcium channel blockers in chronic heart failure: the risks of
“‘physiologically rationale™ therapy. Circulation 1990;82:2254-7,

37. Elkayam U, Roth A, Hsuch W, Weber L, Freidenberger L, Rahimtoola
SH. Neurchumoral consequences of vasodilator therapy with hydralazine
andmli:dipineinsevmmmﬁwhemfnﬂm.mmm“m;lll:
11

38. Elkayam U, Weber L, Campese VM, Massry SG, Rahimtoola SH. Renal
hemodynamic effects of vasodilation with nifedipine and hydralazine in
patients with heart failure. J Am Coll Cardiol 1984:4:1261-7.

39. Naftilan AJ, Oparil S. The role of calcium in the control of renin release.
Hypertension 1982:4:670-5.

40. Wailtier DC, Meils CM, Gross GJ, Brooks HL. Blood flow in normal and
acutely ischemic myocardium after verapamil, diltiazem and nisoldipine
(Bay K 5552), a new dihydropyridine calcium antagonist. J Pharmacol
Exp Ther 1981;218:296-302.

41, Ljung B. Vascular selectivity of felodipine. Drugs 1985;29(suppl 2):46-58.

42. Dunselman PHJ, Van Der Mark TW, Kuntze CEE, et al. Different results
in cardiopulmonary exercise tests after long-term treatment with felo-
dipine and enalapril in patients with congestive heart failure due to
ischemic heart disease. Eur Heart J 1990;11:200-6.

43. Gheorghiade M, Hall V, Goldberg D, Levine TB, Goldstein S. Long-term
clinical and neurchormonal effects of nicardipine in patients with severe
heart failure on maintenance therapy with angiotensin converting
inhibitors (abstract). J Am Coll Cardiol 1991;17(suppl A):274A.

44, Packer M, Nicod P, Khandheria BR, et al. Randomized, multicenter,
double-blind, placebo-controlled evatuation of amlodipine in patients with
%to-mdmte heart failure (abstract). J Am Coll Cardiol 1991;17:

45. Packer M, Kessler PD, ice WH. Calcium-channel blockade in the
management of severe chronic congestive heart failure: a bridge too far.

Circulation 1987;75(suppl V):V-56-64.





