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ABSTRACT

Manidipine and lercanidipine are considered effective and safe in the treatment
of chronic arterial hypertension and are equipotent in reducing blood pressure
(BP) levels. Their main side effect is ankle-foot edema. After a 2-week placebo run-
in period, these 2 drugs were compared in a controlled parallel-group study last-
ing 3 months, involving 53 patients with mild-to-moderate essential hypertension
(26 assigned to manidipine and 27 to lercanidipine). At the end of the active treat-
ment period, BP was significantly reduced in comparison with the end of the
placebo phase in both the manidipine and the lercanidipine groups, without sig-
nificant differences between the 2 drugs. Daytime BP was significantly reduced
by 5.5%/5.6% with manidipine and by 3.8%/6.6% with lercanidipine, while
smaller reductions were seen at nighttime. The smoothness index was the same
with both drugs. Unlike lercanidipine, manidipine significantly reduced both
basal (–30%) and minimal vascular resistance (–39%), qualifying it as a potent
vasodilator. Despite vasodilation, heart rate was not increased but was even slight-
ly reduced by treatment. Ankle-foot edema was observed with both drugs but was
less pronounced with manidipine, probably because of greater postcapillary
dilatation. In conclusion, manidipine and lercanidipine are both effective and safe
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in mild-to-moderate essential hypertension, although the former seems to have a more favor-
able tolerability profile than the latter.

Keywords: manidipine; lercanidipine; clinical trial; hypertension; 
plethysmography; circulation; vasodilator

INTRODUCTION

Dihydropyridine calcium channel blockers (DCCBs) are among the drugs of choice
for the treatment of hypertension because of their efficacy1 and potential beneficial
effects, such as protecting against end-organ damage,2 renal protection,3,4 and natri-
uretic,5 antiplatelet,6 anti-ischemic,7 and antiatherogenic2,8 activities. These benefits are
reflected in the latest editions of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure (JNC) and the World
Health Organization (WHO)/International Society of Hypertension (ISH) guidelines
on hypertension management.

Several new DCCBs have been introduced in clinical practice in recent years. The
advantages of third-generation DCCBs, such as manidipine, lercanidipine, and
lacidipine, include high vasoselectivity,9 little or no cardiodepressant activity, and
improved receptor and kinetic profiles.9,10 These newer compounds have, in compari-
son with the older DCCBs, a greater chance of smoothly reducing blood pressure (BP)
over 24 hours. Also, because of their intrinsically long receptorT1/2,10 they seem to acti-
vate the sympathetic drive to a lesser extent.11 Ankle-foot edema, probably the only
important side effect of DCCBs, seems to be less pronounced12 and less frequent13 with
third-generation long-receptorT1/2 compounds.

Manidipine has been tested in multicenter trials and found to be safe, well toler-
ated, and effective in reducing BP over 24 hours at doses of 5 to 40 mg daily. It has
been able to increase renal blood flow and glomerular filtration rate and to improve
quality of life, according to the General Well-Being Schedule.3,10,14

Lercanidipine has an unique chemical structure that contributes to greater solubili-
ty within the arterial cellular membrane bilayer and consequently has a particularly
high tropism for vascular smooth muscle cells15 and a long duration of action. In large
studies, it has been found to be safe and effective at a daily dose of 10 to 20 mg.15-18

Although these two drugs are innovative and widely used, they have never been
compared in a controlled clinical trial. A particular concern is ankle-foot edema,18 an
adverse event that has lead to drug discontinuation.13 It has been suggested that this
clinical problem is less evident with newer compounds than with older ones,1 but
uncertainties remain about the mechanism by which edema is produced.

The purpose of this study was to investigate the incidence of ankle-foot edema
with 2 new-generation DCCBs and to define the hemodynamic changes that may
cause it.
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PATIENTS AND METHODS

The study was a controlled, randomized, parallel-group blind trial conducted in
a single center in Italy. 

Patients aged 18 to 75 years with mild-to-moderate essential hypertension
(defined as a supine diastolic BP within the range of 90 to 109 mm Hg and a supine
systolic BP <180 mm Hg) were eligible for the study. They had to be untreated for
hypertension (or to be under current therapy not providing adequate control or
producing unacceptable side effects) and have electrocardiogram findings of noth-
ing more serious than left ventricular hypertrophy, first-degree atrioventricular
block, or nonischemic ST-T changes. Pregnant women and those who might become
pregnant during the study where not eligible. 

Caffeine-containing beverages and foods, as well as tobacco products, were not
allowed for a period of 4 hours before each visit. Patients maintained a normal diet
prior to and during the study. They were instructed not to add salt to their food dur-
ing the study or eat foods having a high salt content. Any other medication able to
affect BP was not allowed.

The plan of the study is shown in Figure 1. During a 2-week run-in period, all
subjects received placebo tablets indistinguishable from active treatment. At the end
of this period, those who had diastolic BP ≥90 mm Hg and <110 mm Hg were ran-
domized to either manidipine (10 mg/day) or lercanidipine (10 mg/day) once a day
in the morning. The dose was doubled for those having diastolic BP ≥90 mm Hg
after 1 month of therapy (nonresponders). 
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Fig 1. Study design.

DBP=diastolic blood pressure; HR=heart rate; AEs=adverse events; 
ABPM=ambulatory BP monitoring



Office BP was detected at each visit with the patient in the sitting position using 
a well-calibrated mercury sphygmomanometer and an inflatable cuff. To minimize 
the alert reaction, BP was measured after at least a 5-minute rest period in triplicate at
1-minute intervals, and the average of the last 2 readings was used. Pulse heart rate was
taken at each BP measurement and averaged. Office BP was always taken on the same
arm in each subject at approximately the same time (7 AM to 10 AM), that is, 22 to 24
hours after the last drug intake. Diastolic BP corresponded to Korotkoff’s phase 5.

Ambulatory BP monitoring (ABPM) was performed for 24 hours at visits 2 and 5
using a 2430 device (TM2430, Takeda, Japan19), with a microphone placed on the left
brachial artery. Each ABPM recording was started after the administration of the
morning dose and lasted 24 hours. The correct positioning of the monitor was
checked using a standard mercury sphygmomanometer; the difference between
manual and automated readings had to be ≤5 mm Hg. While measurements were
taken, the subject’s arm had to be extended and still. To be considered valid, ABPM
recordings had to have a success rate of 80% or more, with at least one valid day-
time recording per hour and at least one valid nighttime recording every 2 hours. 
If valid recordings were not obtained, the ABPM had to be repeated. If the ABPM
was repeated at visit 5, another tablet had to be taken for an additional 24-hour peri-
od. The ABPM was programmed to record every 20 minutes from 7 AM to 10 PM and
every 30 minutes from 10 PM to 7 AM. Daytime and nighttime were defined as 2 time
periods extending from 10 AM to 8 PM and from midnight to 6 AM, respectively.

Arterial rest flow was detected in the leg by means of an indium-gallium-in-sili-
cone strain-gauge plethysmograph (Angioflow, Microlab, Padova, Italy20), provid-
ing automatic measurement of rest flow (mL×min×dLtissue); for this purpose, venous
occlusion over venous pressure and under diastolic arterial pressure (50 mm Hg)21

was repeatedly applied for 20 seconds, and flow was extrapolated from the slope of
the electrical conductivity curve versus time. The average of 5 consecutive mea-
surements was taken into account. The strain-gauge, fit to the leg circumference of
each subject, was placed at the middle of the calf. Rest peripheral resistance was cal-
culated (mm Hg×min×dLtissue×mL–1) from the ratio between mean arterial BP and
arterial rest flow. 

Postischemic arterial peak flow (mL×min–1×dL–1
tissue) was detected with the same

device after 10 minutes of arterial occlusion (cuff pressure 300 mm Hg) coupled with
active foot flexions (1 flexion/3 sec).22 After the cuff was inflated for 5 minutes, the
occlusion pressure was suddenly released and digit volume pulses were followed
for the next several minutes. In such conditions of extreme vasodilation (vasoparal-
ysis), the minimal arterial resistance calculated in mm Hg×min×dLtissue×mL–1 from
the mean arterial pressure/postischemic flow ratio reflects the diameter of the small
arteries and therefore gives an indirect indication of the artery wall thickness.23

Leg venous compliance was evaluated at visits 2 and 5 with strain-gauge plethys-
mography by occluding venous outflow with a cuff inflated at 70 mm Hg until vol-
ume plateau was reached.

Peripheral edema was measured at the calf at visits 1 and 5 by means of a water-
displacement plethysmograph.24 The left foot and calf were carefully placed into a per-
spex water bath (provided by Microlab, Padova, Italy), with the subject seated on 
a hospital bed. The water temperature was 30°C. The device was provided with 
an overflow tube set at 35 cm above the foot sole. The water overflow that resulted
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from the water rise due to ankle-plus-foot volume was spilled and repeatedly
weighed on an electronic scale (1 g=1 mL). The average of 3 measurements was con-
sidered to be leg volume. The difference between the two volumes determined at vis-
its 1 and 5 was taken as a measure of drug-induced edema.24 This method is
considered the most direct, accurate,24-26 and reproducible13 way to measure ankle and
foot volumes.

The number of supplies assigned to a patient participating in the study and
returned by that patient at the following visit was used as a measure of treatment
compliance. At the end of the trial or during a monitoring visit, all returned drugs
were checked against a supplies accountability form, and any discrepancy was
explained.

An adverse event was defined as any untoward medical occurrence that did not
have a causal relationship with treatment; adverse reaction was defined as a noxious
and unintended response to a drug. Adverse events and reactions, as reported spon-
taneously by each subject, were recorded at each visit. Physical examination was
also performed at each visit. The body weight of each patient dressed in lightweight
indoor clothing, without shoes, was measured at visits 1 and 5. 

Quantitative reduction of systolic and diastolic BP was estimated at each visit and
compared with the BP at visit 2. Comparison between the efficacies of the 2 treat-
ments was investigated at the end of the active treatment period by means of analy-
sis of covariance using BP at visit 2 as covariate; the assumption of validity of
covariance was previously checked. 

Frequency of adverse effects was expressed as percent rate and compared with
the χ2 test. Laboratory data were treated as continuous variables and compared with
analysis of covariance after adjustment for age and sex.

The Ethics Committee of the Unità Locale Socio-Sanitaria No 4 of the Veneto
Region approved the study. All the investigators agreed to conduct the trial accord-
ing to the principles of the Declaration of Helsinki 1964, revised in Italy in 1983, and
all other applicable laws and regulations on the use of therapeutic agents.

A valid written consent was given by each patient participating in this study prior
to any procedures. Adequate information was given about the aims, methods, antic-
ipated benefits, and potential hazards of study treatment, as well as the freedom of
the patient to refuse to enter into the study or to withdraw from it at any time.

Statistical Analysis

Reduction of peripheral resistance was used for determining sample size.
Expecting a difference of 8 mm Hg×min×dLtissue×mL–1 reduction of resistance between
manidipine and lercanidipine at visit 5, a standard deviation of 10 mm Hg×min×
dLtissue×mL–1 was assumed from a previous study of the same group.23 Statistical tests
were two-tailed with α=.05 and power (1–β)=.80.

Continuous items were averaged and expressed as mean ± standard deviation,
categorical items as percent frequency; 95% confidence intervals were provided
when necessary. Group comparability was assessed by means of analysis of variance
for continuous variables and by means of χ2 test (or Fisher exact test when neces-
sary) for discrete variables. Because of a mild difference in gender distribution,
results were adjusted for gender when appropriate. 
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Variables derived from ABPM were averaged hourly, and 24-hour curves were
established. The trend within each curve and differences between curves were eval-
uated with repeated-measures analysis of variance. Daytime and nighttime periods
were analyzed separately. Smoothness index was also calculated for each subject.
For this purpose, the average BP values for each hour of the 24-hour monitoring
period were first calculated, at both visits 1 and 5. From these, all hourly BP changes
induced by treatment were obtained, and the average of these hourly values was
computed together with its standard deviation, which represents the dispersion of
the antihypertensive effect over the 24-hour values. Finally, the standard deviation
was normalized by dividing its value for the mean (coefficient of variation), and the
inverse of this ratio, indicating the degree of smoothness, was defined as the
smoothness index.27

RESULTS

Fifty-four patients were randomized (27 to manidipine and 27 to lercanidipine). One
patient in the manidipine group withdrew his consent and dropped out after 4 weeks
and was not considered in the final analysis.

The two groups differed only in male–female ratio (65%:35% in the manidipine
group and 48%:52% in the lercanidipine group, P<.05), while age (65.8±10.0 
vs 68.1±6.8 years), body mass index (28.4±4.2 vs 29.1±4.1 kg·m–2), smoking habits
(7.7% vs 11.1%), blood lipids, blood glucose, and historical items were not signifi-
cantly different.

At the end of the placebo period, sitting BP was 156±14/94±3 mm Hg in the mani-
dipine group and 159±11/95.5±5 mm Hg in the lercanidipine group (no significant
difference).

Because of dosing variations during treatment, at the end of the third month, 
18 patients (72%) in the manidipine group were treated with 10 mg/day and 7 (28%)
with 20 mg/day. In the lercanidipine group, 21 patients (77.8 %) were treated with 
10 mg/day and 6 patients (22.2 %) with 20 mg/day (no significant difference between
drugs).

Repeated-measures analysis of covariance applied to the effect of treatment (Fig 2)
did not show any significant difference between manidipine and lercanidipine. 

The daytime and nighttime BP values recorded at the end of the placebo phase
and at the end of active treatment are shown in Table 1. A significant reduction of
systolic/diastolic daytime BP versus baseline was observed both with manidipine
(–5.5%/–5.6 %) and with lercanidipine (–3.8%/–6.6 %) and was comparable for both
drugs, while only a shift reduction was observed during nighttime. The 24-hour BP
profiles before and after both active treatments are plotted in Figure 3. With mani-
dipine, the 24-hour smoothness index was 0.30±0.65 for systolic and 0.30±0.46 for
diastolic BP, with lercanidipine 0.23±1.01 and 0.24±0.76, respectively. 

Pulse heart rate recorded at visits 3, 4, and 5 showed a mild reduction in com-
parison with placebo for both drugs (–2%, –2%, and –6.4% with manidipine; –.1%,
–3.3%, and –4.9% with lercanidipine. Visit 5 results for both treatment groups versus
baseline were significant (P<.01).
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Fig 2. 24-hour blood pressure profile.



Leg resistance decreased with manidipine (–30%, P<.005) but not with lercani-
dipine (Table 2). Minimal resistance decreased significantly with manidipine (–39%,
P<.005).

With manidipine, there was a trend toward an increase in leg venous compliance
(+8.2%), while with lercanidipine it remained unchanged (Table 2).

Eleven subjects (42.3%) had mild-to-moderate adverse events with manidipine and
13 (48.1%) with lercanidipine (nonsignificant difference). In the manidipine group,
only 6 adverse effects were judged as probably correlated to the drug (2 cases of
headache, 4 of edema, 1 of vertigo), 2 as possibly correlated (1 case of asthenia and 1
of vertigo), and 7 as noncorrelated. In the lercanidipine group, 6 adverse events were
judged as probably correlated (1 case of headache, 3 of edema, 2 of vertigo), 6 as pos-
sibly correlated (2 cases of headache, 1 of palpitation, 1 of diarrhea, 1 of edema, 1 of
vertigo), 12 as noncorrelated, and 1 (tinnitus) as doubtfully correlated. No patients dis-
continued the study because of adverse effects, and no reactions were judged severe
by the investigator. 

After 3 months of treatment with lercanidipine, ankle-plus-foot volume significant-
ly increased by 6.6% (9.5 % if the analysis included the 21 patients who had an increase
in leg volume). With manidipine, volume increase was of a lesser extent (4.4%; Fig 4)
and not significant.
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Manidipine (n=26) Lercanidipine (n=27)
Visit 2 Visit 5 Visit 2 Visit 5
End of End of End of End of 

Placebo Active Placebo Active
Phase Treatment Phase Treatment

24-hour SBP (mm Hg) 140.6±12.8 134.5±12.7* 139.3±11.3 135.6±11.8
(135.2–146.0) (129.2–139.9) (134.8–143.8) (130.9–140.2)

24-hour DBP (mm Hg) 81.2±5.6 77.1±7.1* 78.7±7.9 75.4±5.6*

(78.8–83.6) (74.1–80.1) (75.6–81.9) (73.2–77.7)

Daytime SBP (mm Hg) 147.5±14.4 139.4±16.3* 147.1±11.8 141.5±12.2*

(141.4–153.6) (132.5–146.3) (142.5–151.8) (136.7–146.4)

Daytime DBP (mm Hg) 85.3±7.3 80.5±10.1* 84.7±9.2 79.1±6.9*

(82.3–88.4) (76.3–84.8) (81.0–88.3) (76.4–81.8)

Nighttime SBP (mm Hg) 129.4±14.5 126.2±13.1 127.6±13.7 124.7±14.3
(123.2–135.5) (120.6–131.7) (122.2–133.0) (119.1–130.4)

Nighttime DBP (mm Hg) 74.3±6.9 72.4±7.6 71.0±8.1 69.2±7.6
(71.4–77.2) (69.2–75.6) (67.8–74.2) (66.2–72.2)

Mean±standard deviation (95% confidence intervals).
*P<.001 vs visit 2 (end of placebo phase). Two cases excluded because of incomplete data.

Table 1. Ambulatory Blood Pressure Monitoring



365
Advances In Therapy®

Volume 21 No. 6, November/December 2004

Manidipine
Lercanidipine

Manidipine
Lercanidipine

D
B

P,
 m

m
 H

g

110

100

90

80

70

Active Treatment

Visit 2 Visit 3 Visit 4 Visit 5

SB
P,

 m
m

 H
g

175

165

155

145

135

*

*
*

*

*

*
*

*
*

*

Active Treatment

Visit 2 Visit 3 Visit 4 Visit 5

Fig 3. SBP and DBP during active treatment phase.

*P<.01 vs visit 2



366
E. Casiglia et al

Manidipine vs Lercanidipine

Manidipine (n=26) Lercanidipine (n=27)
Visit 2 Visit 5 Visit 2 Visit 5
End of End of End of End of 

Placebo Active Placebo Active
Phase Treatment Phase Treatment

Rest flow (mL×min×dLtissue) 3.4±1.8 4.4±2.6* 3.9±1.5 3.8±1.6
(2.7–4.2) (3.3–5.6) (3.3–4.6) (3.2–4.5)

Peak flow 16.6±13.4 20.8±12.6 12.3±8.6 17.2±11.5
(mL×min×dLtissue) (10.8–22.4) (15.6–26.0) (8.8–15.7) (12.3–21.7)

Rest resistance 42.3±18.5 29.6±15.0* 35.5±15.0 32.5±15.5
(mm Hg×min×dLtissue×mL–1) (34.9–49.8) (23.4–35.8) (29.6–41.5) (26.4–38.6)

Minimal resistance 11.6±8.0 7.1±4.3* 13.6±6.6 8.6±4.7
(mm Hg×min×dLtissue×mL–1) (8.4–14.8) (5.3–8.9) (10.7–15.9) (6.8–10.5)

Venous capacitance 4.9±2.3 5.3±2.3 4.0±1.4 4.0±1.5
(mL×dLtissue

–1) (3.9–5.8) (4.4–6.3) (3.4–4.5) (3.4–4.6)

Mean±standard deviation (95% confidence intervals).
*P<.005 vs visit 2 (end of placebo phase).

Table 2. Arterial and Venous Parameters
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DISCUSSION

Because of the comparable effectiveness of antihypertensive drugs, the choice of 
a class of drugs or of a drug within a specific class is influenced by factors such as pro-
longed duration of action, low incidence of side effects, metabolic neutrality, safety for
target organs, and, last but not least, the acceptance of patients in controlled clinical tri-
als and in phase-4 surveillance. In other words, it is not enough that an antihyperten-
sive drug is able to reduce blood pressure; it must also have favorable ancillary
properties and an optimal pharmacodynamic and pharmacokinetic profile. In affluent
countries with a high cultural level, hypertensive patients are increasingly aware of
their disease and cardiovascular risk. In such situations, the physician’s or specialist’s
direct control of patients tends to subside, visits become less frequent, and patients tend
to be entrusted with the daily management of long-term antihypertensive treatment.
To avoid compliance reduction, tolerability, acceptability, and reliability of a drug are
therefore as important as efficacy. It is also necessary to be reassured about the absence
of silent side effects, which can counter the favorable effects of blood pressure reduction. 

In the present controlled trial, manidipine and lercanidipine showed a compara-
ble effect on BP, both measured conventionally and by 24-hour ABPM. This is not
surprising, since in previous comparison studies other DCCBs always proved equal-
ly effective as antihypertensive agents.13 The BP reduction compared with baseline
(up to 7.4% for systolic and 9.6% for diastolic) was that expected in medium-term
monotherapy. ABPM demonstrated that, with both drugs, the BP reduction was due
to a homogeneous fall, especially during the daytime. Finally, the smoothness
index27 was also comparable with both drugs. 

Although they exhibited a small difference in antihypertensive efficacy, the 2 drugs
showed a different effect on peripheral hemodynamics. A clinically important and sta-
tistically significant arterial vasodilation was observed with manidipine, but not with
lercanidipine. In fact, peripheral resistance at rest decreased by 30% and arterial flow
increased by 29% in patients treated with manidipine, while they remained
unchanged in patients treated with lercanidipine. 

During the 3 months of treatment, vasodilation was accompanied not by an
increase in heart rate but by a mild decrease. This should not come as a surprise since
it has been recently observed that the adrenergic stimulation caused by DCCBs is tran-
sient and rapidly returns to baseline,28 particularly if long-lasting DCCBs are
employed.29 In particular, Fogari et al have recently shown that plasma norepineph-
rine, an index of sympathetic activation, does not increase with manidipine.11 This is
of extreme interest from a clinical point of view as reflex tachycardia is an absolutely
unwanted side effect, one that can increase the cardiovascular risk particularly in
elderly patients with coronary heart disease. Modern clinical pharmacology tends to
prevent this effect by combining DCCBs with drugs that decrease the sympathetic dis-
charge and by preferring molecules, like those described here, that appear to be intrin-
sically free from this problem. 

As indirectly demonstrated by the reduction of postischemic peripheral resis-
tance, manidipine also appeared to be able to reduce vascular hypertrophy.23 If con-
firmed in longer lasting clinical trials and in a greater number of patients, this
finding could tip the scales in favor of manidipine, since myocardial hypertrophy is
one of the main components of coronary risk. 

Both manidipine and lercanidipine were safe and well tolerated and did not modi-
fy unfavorably the metabolic profile of hypertensive patients. Ankle-foot edema was
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the most relevant side effect. Ankle-foot edema affects 1.2% to 19% of patients treated
with DCCBs,16 a frequency that rises to 50% if simple leg heaviness is considered,13 and
compels discontinuation in 2.0% to 8.5 % of cases.13 In the present trial, edema was
observed mainly in the lercanidipine group (+215 mL on average), while it was much
less prominent (+165 mL) in the manidipine group. The theory is that edema may be
related to an arteriolar dilatation that, as a consequence of reflex sympathetic activa-
tion, is not accompanied by adequate postcapillary dilatation.9,12 This appears to lead
to increased intracapillary pressure, promoting fluid exudation from the intravascular
space to the interstitium.9,20,30 In the current study, a trend toward an increase of venous
compliance was observed after manidipine treatment but not after lercanidipine treat-
ment, possibly indicating a reduced tone at the venous capillary side with the former.
This finding coincides with the observation that, compared with other DCCBs, mani-
dipine reduces postglomerular capillary resistance.3,9 Another explanation could be that
the proportion of men was greater in the manidipine group than in the lercanidipine
group. In fact, it has been shown that edema is more common in women than in men.13

Lund-Johansen et al12 recently described with water displacement volumetry a degree
of edema with lercanidipine in women comparable with that observed in the present
study and significantly lower than that found with amlodipine. This confirms the clini-
cal impression that the edemigenous potential is different for different DCCBs,9,11 sug-
gesting that trials with a crossover design aimed at directly comparing DCCBs with
different vascular selectivity10 and pharmacokinetic properties may be advisable.9,13,29

In conclusion, both manidipine and lercanidipine were well tolerated and effective
in reducing BP. However, the rate of normalization with manidipine was double that
associated with lercanidipine, probably because of the lower baseline BP values.
Manidipine acted as a more potent vasodilator than lercanidipine, without increasing
heart rate. It was also able to reduce arteriolar wall thickness, as shown by reduced
maximal arterial resistance. Vasodilatory edema occurred with both drugs, although
less frequently with manidipine than with lercanidipine.
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