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Combined Enalapril and Felodipine
Extended Release (ER) for Systemic

Hypertension
Alan H. Gradman, MD, Neal R. Cutler, MD, Pamela J. Davis, MD, John A. Robbins, MD,

Robert J. Weiss, MD, and Barry C. Wood, MD, for the Enalapril-Felodipine
ER Factorial Study Group*

This multicenter, placebo-controlled, double-blind trial of
factorial design evaluated the safety and efficacy of
combination treatment with the angiotensin-converting
enzyme inhibitor, enalapril, and the vascular selective
calcium antagonist felodipine extended release (ER) in
patients with essential hypertension. After a 4-week, sin-
gle-blind placebo baseline period, 707 patients with sit-
ting diastolic blood pressures (BPs) in the range of 95 to
115 mm Hg received placebo, enalapril (5 or 20 mg),
felodipine ER (2.5, 5, or 10 mg), or their combinations
for an 8-week double-blind treatment period. All doses
of enalapril and felodipine ER had a statistically signifi-
cant (p õ0.05) additive effect in reducing both systolic
and diastolic BP. The trough to peak ratios for the com-

binations ranged from 0.63 (enalapril 5 mg–felodipine
ER 2.5 mg) to 0.79 (enalapril 20 mg–felodipine ER 10
mg) and were consistent with effective BP control with 1
dose/day. Patients aged ¢65 years demonstrated a
greater reduction in diastolic BP. Combinations of enala-
pril–felodipine ER were associated with less drug-induced
peripheral edema (4.1%) compared to felodipine ER mon-
otherapy (10.8%). There were no serious drug-related
adverse effects observed during the study. In this trial, the
combination of enalapril and felodipine ER effectively
lowered BP and was generally well tolerated with an ex-
cellent safety profile when used in the treatment of hy-
pertension. Q1997 by Excerpta Medica, Inc.

(Am J Cardiol 1997;79:431–435)

According to the traditional stepped care approach
for hypertension, the initial step in treatment

consists of selecting a single drug and, if necessary,
titrating its dosage upward in an attempt to reach
treatment goals. Additional drugs are added only if
blood pressure (BP) control cannot be obtained with
a single agent. It is increasingly recognized, how-
ever, that upward dose titration of antihypertensive
agents can result in a significant increase in side ef-
fects with little additional BP reduction.1–3 Many au-
thorities now advocate combination therapy with
low doses of multiple agents as an alternative strat-
egy for achieving BP control with minimal adverse
effects.4–10 In this study, the clinical utility of com-
bination treatment with the angiotensin-converting
enzyme (ACE) inhibitor, enalapril, and the vascular
selective dihydropyridine calcium antagonist, felo-
dipine extended release (ER), was explored in a mul-
ticenter, placebo-controlled, double-blind random-
ized trial of factorial design.

METHODS
Patient selection and study design: Seven hundred

seven patients (457 men [65%], 548 white [78%]),
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mean age 53.5 years, with essential hypertension
and sitting diastolic BP in the range of 95 to 115
mm Hg were enrolled in a multicenter, placebo-
controlled, double-blind, parallel, randomized 3 1
4 factorial design study after giving informed con-
sent. Patients with evidence of significant renal
(calculated creatinine clearance õ60 ml/min) or
hepatic dysfunction, recent myocardial infarction,
or congestive heart failure were excluded. After a
4-week single blind placebo baseline period, qual-
ifying patients were randomized to receive pla-
cebo, enalapril (5 or 20 mg), felodipine ER (2.5, 5
or 10 mg), or their combinations for the 8-week
double blind treatment period. The number of pa-
tients enrolled in each treatment group is detailed
in Table I. Patients randomized to felodipine ER
10 mg either alone or in combination with enalapril
received felodipine ER 5 mg/day for the first 3
days of treatment before titration to the 10-mg
dose.

Sitting (trough) BP and heart rate were mea-
sured at all visits 24 hours (range 22 to 26 hours)
after receiving the dose. Sitting (peak) BP was
measured 4 hours (range 3 to 5 hours) after drug
administration at the end of the baseline and dou-
ble-blind periods to assess peak BP response. Each
recorded BP was the average of 3 measurements
obtained 1 minute apart after 5 minutes of rest.
Korotkoff phase V was used as the criterion for
diastolic BP. Adverse signs or symptoms (volun-
teered) were documented at each visit and serial
laboratory tests and electrocardiograms were ob-
tained during the study to assess the occurrence of
adverse events. Adverse events were classified as
drug-related if, in the opinion of the investigator,
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TABLE I Number of Patients Enrolled in Each Treatment Group

Dose (mg) Placebo
Felodipine

ER 2.5
Felodipine

ER 5
Felodipine

ER 10 Total

Placebo 79 46 84 46 255
Enalapril 5 85 48 84 46 263
Enalapril 20 48 48 45 48 189
Total 212 142 213 140 707

ER Å extended release.

TABLE II Patient Characteristics at Baseline (n Å 707)

Age (yr) 53.5 { 10.5
Gender

Men 457 (65%)
Women 250 (35%)

Race
White 548 (78%)
Non-White* 159 (22%)

Duration of hypertension (yr) 10.1 { 8.8
Sitting diastolic BP (mm Hg) 101.86 { 5.66
Sitting systolic BP (mm Hg) 155.48 { 17.67

* Non-White included 58% Black, 7% Asian, and 35% designated as ‘‘other’’
race.

BP Å blood pressure.

FIGURE 1. Estimated reduction in trough sitting diastolic blood
pressure (SiDBP)at week 8 for all 12 treatment groups (additive
model).

the event was possibly, probably, or definitely re-
lated to study medication.

Statistical methods: EFFICACY: The primary efficacy
end point was the change from baseline in trough
sitting diastolic BP following 8 weeks of double-
blind treatment. An analysis of variance (ANOVA)
characterizing a 3 1 4 factorial design with main
effects and interaction term was initially performed
to test for the presence of interaction (nonadditivity)
between the dosage levels of the 2 drugs. Since the
results indicated that there were no interactions (p
ú0.7), the additive model as specified in the protocol
was the primary approach. An ANOVA model with
main effects of enalapril and felodipine ER and with-
out the interaction term was then used to determine
whether each of the dosage levels added additional
benefit over placebo, and to estimate the average re-

duction of diastolic and systolic BP
from baseline to week 8.

Subgroup analyses were per-
formed by adding the important
covariates (gender, race, and age
groups) to the ANOVA model 1 at
a time to determine if these covar-
iates had significant effects on the
BP reduction at week 8, but no for-
mal statistical comparisons were

made. The prespecified categories of antihyperten-
sive response were defined as excellent (sitting dia-
stolic BP õ90 mmHg), good (sitting diastolic BP
¢90 mm Hg but a reduction of ¢10 mm Hg), or
unsatisfactory (neither excellent nor good). The ad-
ditive model fit (p Å 0.6 for the goodness-of-fit sta-
tistic), indicated that the combined percentage of ex-
cellent and good responses increased with increasing
dose levels of enalapril and felodipine ER. The
PROC CATMOD in the Statistical Analysis System
(SAS Institute, Cary, North Carolina), with main ef-
fects as the independent variables and response as
the dependent variable, was used. Data were ana-
lyzed on an intent-to-treat basis. The last double-
blind measurement of patients who discontinued
therapy before week 8 was carried forward to sub-
sequent time points.

Safety: All patients randomized to the study were
included in the analysis of safety at week 8. The
incidence of patients discontinued, adverse events
(clinical and laboratory), and patients with labora-
tory values outside the predefined limits were ana-
lyzed for a treatment effect using the PROC CAT-
MOD in SAS. A saturated model was used and the
comparisons of interest (i.e., each combination vs
placebo and its corresponding monotherapy) were
made using the CONTRAST statement in SAS.

RESULTS
The baseline characteristics of the 707 patients

who took part in the study are given in Table II. The
12 treatment groups were similar with respect to age,
gender, race, duration of hypertension, and baseline
BP. Of the 707 patients, data were available on 705
for efficacy analysis (2 patients without treatment
records were excluded).

The estimated (additive model) trough sitting sys-
tolic and diastolic BP reductions at week 8 are pre-
sented in Figures 1 and 2. All doses of enalapril and
felodipine ER had a statistically significant (p
õ0.05) additive effect in reducing both systolic and
diastolic BP. The additional BP reduction increased
for increasing doses of each agent. The estimated
trough to peak ratio for sitting diastolic BP for the
treatment combinations ranged from 0.63 for enala-
pril 5 mg–felodipine ER 2.5 mg to 0.65 for enalapril
5 mg–felodipine ER 5 mg and 0.79 for enalapril 20
mg–felodipine ER 10 mg.

No clinically meaningful changes in heart rate
were observed with monotherapy or combination
therapy throughout the treatment period. At week 1,
the only statistically significant heart rate changes
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FIGURE 2. Estimated reduction in trough sitting systolic blood
pressure (SiSBP) at week 8 for all 12 treatment groups (additive
model).

FIGURE 3. Estimated excellent/good response rates for sitting di-
astolic blood pressure at week 8 (intent-to-treat—last-observa-
tion-carried-forward) (additive model).

TABLE III Drug-Related Adverse Events

Adverse Events

Treatment Group

Placebo
(79 patients)

Felodipine ER Monotherapy
(176 patients)

Enalapril Monotherapy
(133 patients)

Combination Therapy
(319 patients)

Headache 6 (7.6%) 18 (10.2%) 5 (3.8%) 33 (10.3%)
Dizziness 0 (0.0%) 5 (2.8%) 2 (1.5%) 14 (4.4%)
Edema swelling 1 (1.3%) 19 (10.8%) 3 (2.3%) 13 (4.1%)
Cough 0 (0.0%) 1 (0.6%) 3 (2.3%) 7 (2.2%)

ER Å extended release.

were a 2.0 beat/min reduction with the enalapril 5
mg–felodipine ER 2.5 mg combination compared to
placebo, and a 2.6 beat/min increase with the ena-
lapril 5 mg–felodipine ER 5 mg combination com-
pared to enalapril 5 mg. At week 8, no statistically
significant changes in heart rate were observed in
any of the treatment groups.

Categories of blood pressure response: The esti-
mated percentage of patients with BP reduction cat-
egorized as excellent and/or good at the end of week
8 is detailed in Figure 3. Overall, the combined per-

centage of excellent/good responses increased with
higher doses of enalapril and felodipine ER as well
as their combination. Among the treatment combi-
nations, the estimated excellent and/or good re-
sponse rate ranged from 52.1% (enalapril 5 mg–fel-
odipine ER 2.5 mg) to 66.5% (enalapril 5 mg–
felodipine ER 5 mg) and 86.7% (enalapril 20 mg–
felodipine ER 10 mg).

Demographic subgroups: When patients were cat-
egorized by age as young (õ50 years, n Å 249),
middle-aged (50 to 64 years, n Å 337), or elderly
(¢65 years, n Å 119), age was found to be a signif-
icant (p ú0.05) factor in sitting diastolic BP reduc-
tion at week 8. The average sitting diastolic BP re-
ductions were 9.3 mm Hg for the young, 9.6 mm Hg
for the middle-aged, and 11.7 mm Hg for the elderly
patients, although at baseline, the mean sitting dia-
stolic BPs were similar (101.8, 102.1, and 101.2 mm
Hg, respectively). Patients aged ¢65 years had
greater sitting diastolic BP reductions than those
õ65 for all 6 treatment combinations. With respect
to sitting systolic BP at week 8, the average reduc-
tions for the 12 treatment groups were 9.3 mm Hg
for the young, 13.2 mm Hg for the middle-aged, and
15.2 mm Hg for the elderly patients. However, these
differences were not statistically significant when ad-
justed for differences in baseline mean sitting sys-
tolic BPs (146.0, 158.2, and 167.3 mm Hg, respec-
tively). It did not appear that gender or race had any
meaningful effect on BP response.

Adverse events: There were no serious drug-related
adverse events observed in this study. A total of 5
patients had clinical serious adverse events during
the 8-week treatment period, none of which were
reported as drug related by investigators. Table III
shows the incidence of the 4 most frequently occur-
ring drug-related adverse events categorized by pla-
cebo, monotherapies, and combination therapy. With
regard to the monotherapies, dose-related edema
and/or leg swelling occurred more frequently in pa-
tients receiving felodipine ER, whereas cough was
noted more often in enalapril-treated patients. The
occurrence of cough in patients receiving the com-
binations was similar to those receiving enalapril
alone (2.2% vs 2.3%).

Combinations of enalapril–felodipine ER were
associated with less drug-induced peripheral edema
than felodipine ER alone. The incidence of edema
was highest, and dose related, in patients receiving
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felodipine ER monotherapy (overall 10.8%) and
lowest in those receiving enalapril alone (2.3%).
However, edema occurred in only 4.1% of patients
receiving combinations of enalapril–felodipine ER.
Overall, dizziness was reported slightly more often
with the combination (4.4%) than with felodipine ER
(2.8%) or enalapril (1.5%), but this finding was not
consistent across doses.

Of the 707 patients entered into the study, 641
(91%) completed the 8-week treatment period. Only
3% discontinued for a clinical adverse event,
whether or not it was drug related. Discontinuations
due to adverse events included 2 of 79 patients (3%)
in the placebo group, 1 of 133 patients (1%) receiv-
ing enalapril monotherapy, 7 of 176 patients (4%)
taking felodipine ER monotherapy, and 10 of 319
patients(3%) receiving the combination therapy.

DISCUSSION
In this study, the combination of enalapril and

felodipine ER effectively lowered BP and was gen-
erally well tolerated with an excellent safety profile
when used in the treatment of hypertension. More-
over, both efficacy and tolerability were enhanced
when these drugs were used in combination com-
pared to their monotherapies. At each combination
dose, both drugs contributed significantly to lower-
ing BP. The trough to peak ratios were consistent
with 1dose/day in that BP reduction 24 hours after
receiving the dose was not accomplished at the ex-
pense of excessive BP reductions at peak. The ad-
ditive effect of the 2 drugs on BP presumably results
from the distinct pharmacologic mechanism of each
drug.7 ACE inhibitors and calcium antagonists have
complimentary mechanisms of action, and their use
in combination is particularly appealing in patients
whose hypertension is multifactorial with respect to
pathophysiology, as well as those patients who do
not respond adequately to initial therapy with a sin-
gle agent. Enalapril reduces peripheral vascular re-
sistance and BP by inhibiting the renin-angiotensin-
aldosterone system via blockade of ACE. Felodipine
produces vasodilation by reducing calcium entry via
L-type calcium channels during smooth muscle cell
depolarization. Because of its vascular selectivity,
felodipine does not depress myocardial contractility
at clinically administered doses.11

Peripheral edema has been a potential limiting
factor in the use of dihydropyridine calcium antag-
onists, particularly at higher doses. Edema associated
with the use of calcium antagonists is not related to
fluid retention but is thought to be secondary to ar-
teriolar dilation and resulting increases in capillary
hydrostatic pressure which causes a fluid shift into
the surrounding tissues.12 By inducing concomitant
venodilatation, enalapril is believed to reduce cap-
illary pressures and the tendency for extravasation of
fluid into interstitial spaces. The results of this study
confirm earlier reports of reduced edema in patients
concomitantly treated with enalapril and felodipine
ER9 as well as other combinations of calcium entry
blockers and ACE inhibitors.12

Because of their effectiveness in low renin hy-
pertension, calcium antagonists are widely utilized
in blacks and elderly hypertensive patients.13 Addi-
tionally, calcium antagonists have been shown to
produce greater reduction in BP in the elderly com-
pared with younger individuals.14,15 In 1 study on
felodipine ER, age was found to influence felodipine
pharmacokinetics and an increased antihypertensive
response was documented in the elderly.16 This age-
related effect on BP is preserved when enalapril and
felodipine ER are combined. Patients ú65 years of
age exhibited greater reduction in BP compared with
younger hypertensive patients. With respect to race,
the efficacy of the combination was similar in whites
and nonwhites.

Clinical implications: The combination of enalapril
and felodipine ER had significant additive BP re-
ducing effects compared to each of the monothera-
pies over a wide range of doses. This combination
may be particularly useful for patients who fail to
respond adequately to an ACE inhibitor or a calcium
antagonist.

Acknowledgment: We gratefully acknowledge the
assistance of Clara Hwang, MS, for conducting the
statistical analyses of the study.

APPENDIX
Participants and study centers: Bernard Steven Burke, MD (Principal
Investigator), Denise Burke, BSN, West Chester, Pennsylvania; Neal R.
Cutler, MD (Principal Investigator), Azucena D. Luna, Beverly Hills,
California; Robert Davidson, Jr., MD (Principal Investigator), Bellevue,
Washington; Pamela J. Davis, MD (Principal Investigator), Mary Rose-
berry, Tucson, Arizona; William L. Henrich, MD (Principal Investigator),
Medical College of Ohio, Toledo, Ohio; D. John Farnham, MD (Princi-
pal Investigator), Madison, Wisconsin; Alan H. Gradman, MD (Principal
Investigator), Pittsburgh, Pittsburgh; Morris Hanan, MD (Principal Inves-
tigator), Tampa, Florida; William L, Henrich, MD (Principal Investigator)
Dallas, Texas; Carlos Herrera, MD (Principal Investigator), Houston,
Texas; Adesh K. Jain, MD (Principal Investigator), New Orleans, Louisi-
ana; Charles J. Kaupke, MD (Principal Investigator), Emma Gonzalez,
Orange, California; Barton S. Levine, MD (Principal Investigator), Sally
Shupien, Los Angeles, California; Andrew J. Lewin, MD (Principal In-
vestigator), Dan Mezzacapo, Los Angeles, California; George P. Lewis,
MD (Principal Investigator), New Bedford, Massachusetts; Thomas W.
Littlejohn, III, MD (Principal Investigator), Pat Ingram, Winston-Salem,
North Carolina; David T. Lowenthal, MD, PhD (Principal Investigator),
Gainesville, Florida; Kenneth J. Miller, MD (Principal Investigator), St.
Louis, Missouri; Arshag D. Mooradian, MD (Principal Investigator), Soo
See Lee, PharmD, St. Louis, Missouri; Kevin K. Ng, MD, PhD (Princi-
pal Investigator), Nader S. Jallad, PhD, FCP, Miami, Florida; Terry
O’Reilly, MD (Principal Investigator) Olympia, Washington; Richard Pa-
ton, MD (Principal Investigator), Seattle, Washington; Harry L, Phillips,
MD (Principal Investigator), Columbiana, Alabama; W. Gary Reed, MD
(Principal Investigator), Dallas, Texas; John A. Robbins, MD (Principal
Investigator), Bonnie Bowman, FNP, Sacramento, California; John Rub-
ino, MD (Principal Investigator), Raleigh, North Carolina; Gary E. Ruoff,
MD (Principal Investigator), Jodi Jameyson, RN, BSN, Kalamazoo,
Michigan; Paul Sandall, MD (Principal Investigator), Albuquerque, North
Mexico; Monte L. Scheinbaum, MD, PhD (Principal Investigator), New
Orleans, Louisiana; Eamil A. Stricker, MD (Principal Investigator), Pat-
rick W. Welsh, PA, MBA, Rolla, Missouri; Stephen N. Turitzin, MD
(Principal Investigator), Susan Kumar, Modesto, California; J. David
Wallin, MD (Principal Investigator), New Orleans, Louisiana; Donald J.
Weidler, MD, PhD (Principal Investigator), Miami, Florida; Marc S.
Weinberg, MD (Principal Investigator), Renee Hanerwich, Providence,
Rhode Island; Robert J. Weiss, MD (Principal Investigator), Carol Rid-
ley, RN, Auburn, Maine; Paul Wolfson, DO (Principal Investigator),
Sarah Dunlap, Olympia Fields, Illinois; Barry C. Wood, MD (Principal
Investigator), Nadine McGurren, Kansas City, Missouri; David Wright,
MD (Principal Investigator) Rockford, Illinois; Edward Zawada, MD
(Principal Investigator), Karl Knippling, RN, Sioux Falls, South Da-
kota.



SYSTEMIC HYPERTENSION/ENALAPRIL AND FELODIPINE ER FOR HYPERTENSION 435

/ 2w19 0767 Mp 435 Tuesday Jan 14 08:14 PM EL–AJC (v. 79, no. 4 ’97) 0767

1. Fouad FM, Tarazi RC. Cardiac factors in response to antihypertensive treat-
ment. Hypertension 1983;5(suppl III):43–48.
2. Brunner HR, Ménard J, Waeber B, Burnier M, Biollaz J, Nussberger J,
Bellet M. Treatment the individual hypertensive patient: considerations on
dose sequential monotherapy and drug combinations. J Hypertens 1990;
8:3–11.
3. Anderson A, Morgan T. Interaction of enalapril with sodium restriction,
diuretics, and slow-channel calcium-blocking drugs. Nephron 1990;55(suppl
1):70–72.
4. Dengler HJ, Lasagna L. Report of a workshop on fixed-ratio drug combi-
nations. Eur J Clin Pharmacol 1975;8:140–154.
5. Dollery CT. Pharmacological basis for combination therapy of hypertension.
Annu Rev Pharmacol Toxicol 1977;17:311–323.
6. Frishman WH, Bryzinski BS, Coulson LR, DeQuattro VL, Vlachakis ND,
Mroczek WJ, Dukart G, Goldberg JD, Alemayehu D, Koury K. A multifactorial
trial design to assess combination therapy in hypertension. Arch Intern Med
1994;154:1461–1468.
7. Ménard J, Bellet M. Calcium antagonists-ACE inhibitors combination ther-
apy: objectives and methodology of clinical development. J Cardiovasc Phar-
macol 1993;21(suppl 2);49–54.
8. Sica DA. Fixed-dose combination antihypertensive drugs. Drugs 1994;
48(1):16–24.
9. Morgan TO, Anderson A, Jones E. Comparison and interaction of low dose
felodipine and enalapril in the treatment of essential hypertension in elderly
subjects. Am J Hypertens 1992;5:238–243.

10. Burris JF, Weir MR, Oparil S, Weber M, Cady WJ, Steward WH. An
assessment of diltiazem and hydrochlorothiazide in hypertension: application
of factorial trial design to a multicenter clinical trial of combination therapy.
JAMA 1990;263:1507–1512.
11. Gradman AH. Hemodynamic effects of the vascular selective calcium an-
tagonist felodipine in patients with impaired left ventricular function. Am Heart
J 1992;123:273–278.
12. Guazzi MD, DeCesare N, Galli C, Salvioni A, Tramontana C, Tamborini
G, Bartorelli A. Calcium-channel blockade with nifedipine and angiotensin con-
verting-enzyme inhibition with captopril in the therapy of patients with severe
primary hypertension. Circulation 1984;70:279–284.
13. Saunders E, Weir M, Kong BW, Hillifield J, Gray J, Vertes V, Sowers JR,
Zemel MB, Curry C, Schoenberger J, Wright J, Kirkendall W, Conradi EC, Jen-
kins P, McLean B, Berenson G, Flamenbaum W. A comparison of the efficacy
and safety of a b-blocker, a calcium channel blocker and a converting enzyme
inhibitor in hypertensive blacks. Arch Intern Med 1990;150:1707–1713.
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