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Abstract

Objecrives. Vascular remodelling and hypertrophy represent early therapeutic targets of antihypertensive treatment. The
present study was aimed at assessing the effects of 1-year administration of the highly vasoselective calcium-channel blocker
lercanidipine (10 mg/day) or the diuretic compound hydrochlorothiazide (25 mg/day) on hypertension-related vascular
alterations. The study was also aimed at assessing whether and to what extent: (i) pharmacological regression of vascular
hypertrophy is related only to the blood pressure (BP) reduction “per se’’ or also to the specific ancillary properties of a
given drug and (ii) treatment provides restoration of vascular function indicative of normal vascular structure. Design and
Methods. In 26 untreated patients with mild-to-moderate essential hypertension sphygmomanometric and finger BP, heart
rate, forearm and calf blood flow (venous occlusion plethysmography) and corresponding vascular resistance (forearm and
calf vascular resistance: FVR and CVR) were assessed before and following 6 and 12 months of either lercanidipine or
hydrochlorothiazide administration. Vascular resistance was also evaluated following a local ischaemic stimulus (FVR;,
and CVR,,;,) in order to assess the effects of treatment on arteriolar structural alterations. Results. For superimposable BP
reductions, lercanidipine caused FVR and CVR to decrease significantly more than hydrochlorothiazide. Similarly, the
FVR,_,;, and CVR_,;, reductions induced by lercanidipine were markedly and significantly greater than those caused by
hydrochlorothiazide (—46.1% and —40.9% vs —22.5% and —19.9%, p<0.01 for both). FVR,;, and CVR;,, however,
remained higher than those found in 10 age-matched normotensive individuals. Conclusions. These data provide evidence
that, compared to hydrochlorothiazide, lercanidipine favours a greater regression of the vascular structural changes
associated with hypertension, probably through its ‘‘ancillary’ properties. Lercanidipine, however, does not allow
restoration of a ‘““normal” vascular structure, thereby suggesting that vascular hypertrophy is only in part a reversible
phenomenon.

Key Words: Calcium-channel blockers, diuretics, hydrochlorothiazide, hypertension, lercanidipine, vascular hypertrophy

Introduction holds true also for the effects of antihypertensive
treatment on vascular hypertrophy, i.e. one of the

Several studies have shown that pharmacological earlier and more common hypertension_related

reduction of elevated blood pressure (BP) values
may often lead to a regression of left ventricular
hypertrophy and that this effect depends not only on
the improved haemodynamic state, i.e. on the BP
reduction, but also on the specific ‘‘ancillary”
properties of a given antihypertensive therapeutic
intervention (1-3). Whether the same conclusion

cardiovascular structural changes, is still controver-
sial. This is because while in the forearm and in the
small artery vascular district antihypertensive drug
treatment has been frequently shown to reverse
vascular hypertrophy (4—16), no conclusive evidence
has been provided in the calf circulation for which
conflicting reports with different drugs, or even with
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the same drug, have been published so far (4-7,12).
Furthermore, it is still uncertain whether and to
what extent pharmacological regression of vascular
hypertrophy depends on the BP reduction “‘per se’
or also on the specific antihypertrophic properties of
a given pharmacological intervention (17,18).
Finally, almost no data are available as to whether
drug-induced regression of hypertension-related
vascular hypertrophy can be regarded as a ‘“‘true”
normalization of vascular morphology.

In the present study, we addressed the above-
mentioned issues by examining the degree of
arteriolar thickening in hypertensive patients before
and after 1-year effective antihypertensive treatment
based on either lercanidipine, i.e. a third-generation
calcium-channel blocker with high vascular selectiv-
ity (19-21), or a thiazide diuretic. The study also
included a group of normotensive individuals, which
served as controls in order to assess whether the
drug-induced vascular changes were capable of
restoring a normal vascular structure.

Methods
Study population

The study population consisted of 26 outpatients of
both genders aged from 31 to 56 years with a never-
treated mild essential hypertension, characterized by
(i) diastolic BP values between 95 and 105 mmHg at
repeated sphygmomanometric measurements, (ii)
no history and no physical or laboratory evidence
of cardiovascular disease or major target organ
damage, except for the presence in nine patients of
a left ventricular mass index >125 g/m® at the
echocardiographic examination and (iii) no major
concomitant non-cardiovascular disease. A group of
10 age-matched healthy normotensive subjects of
both genders served as controls. All patients were in
sinus rhythm and none was a cigarette smoker or had
a body mass index >27 kg/m®. The protocol of the
study (see below) was approved by the Ethics
Committee of our institution. All subjects were
informed of the nature and purpose of the investiga-
tion and freely agreed to participate.

Measurements

BP was measured by (i) a mercury sphygmoman-
ometer, using the arm contralateral to the one from
which blood flow was assessed and taking the first
and fifth and Korotkoff sounds to identify systolic
and diastolic values and (ii) a finger photoplethys-
mographic device (Finapres 2300, Ohmeda) capable
of providing accurate and reproducible beat-to-beat
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systolic and diastolic values (22), again using the
arm contralateral to the one used for plethysmo-
graphic measurements. Heart rate was measured by
a tachograph triggered by a standard electrocardio-
graphic lead. In the entire study’s population,
structural arterioral changes were estimated by the
“minimal vascular resistance’> method proposed by
Folkow et al. (23), which provides accurate and
reproducible values when repeated in the same
subject over different experimental sessions (24).
Briefly, blood flow was measured in the dominant
forearm and calf by a venous occlusion plethysmo-
graph (EC-4, Hokanson), following exclusion of
circulation to the hand or foot by application of a
suprasystolic pressure within a cuff encircling the
wrist or the ankle, respectively. Measurements were
obtained in baseline conditions and at the end of a
12-min local ischaemic stimulus induced by inflating
an arm or a tight cuff to suprasystolic BP values and
by asking the patients to contract the forearm or the
leg muscle rhythmically and exhaustively in the last
2 min of the manoeuvre. The peak blood flow
occurring during the hyperaemic period at the end
of the ischaemic stimulus was taken as the maximal
forearm vasodilation. With the exception of sphyg-
momanometric BP, all other variables were dis-
played on a thermic paper of an ink polygraph
(Gould 3800, Gould Instrument). The ratio
between finger mean arterial pressure (diastolic
pressure plus one-third of pulse pressure) and
baseline blood flow was used to calculate baseline
forearm and calf vascular resistance (FVR and CVR,
respectively). The ratio between finger mean arterial
pressure and peak blood flow allowed assessment of
“minimal’® vascular resistance values in the two
districts (FVR,;, and CVR;,, respectively). Animal
data have shown that these values are related to
arteriolar wall-to-lumen ratio, validating their use as
an index of arterioral structural changes in untreated
and treated hypertensive patients (23,25-26). Blood
flow was always measured by a single operator, the
within-operator coefficient of variation of forearm
and calf blood flow measurements amounting to
4.2% and 5.1%, respectively.

Protocol and data analysis

After recruitment, hypertensive patients entered a 1-
week placebo run-in period. The study proper
consisted of three identical experimental sessions
within a randomized single-blind design. In the first
session, 13 patients were taken to the laboratory in
the morning after a light breakfast. They were placed
supine and fitted with the various measuring devices.
After 30 min, baseline BP, heart rate, forearm blood
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flow (average of six consecutive rates) and vascular
resistance (mean arterial pressure divided by forearm
blood flow) were measured during a 20-min period.
Forearm ischaemia and exercise was then produced
and followed, at the release of the ischaemic
stimulus, by BP, heart rate forearm blood flow and
vascular resistance measurements over a 2 min.
After a further 20-min time interval, all the above-
mentioned procedures were repeated replacing fore-
arm with calf blood flow and calf vascular resistance
measurements. In the remaining 13 hypertensive
patients, the protocol was the same except that calf
haemodynamics was studied before the forearm one.
The patients were then discharged from the labora-
tory and randomized in an unblinded fashion to take
an oral dose of lercanidipine (10 mg/day, 13
patients) or hydrochlorothiazide (25 mg/day, 13
patients) in the morning and to continue the
morning assumption of the drug for 12 months.
During the 12-month period, patients were seen at a
4-week interval in the outpatient clinic of our
hospital and underwent at the end of the 6th and
12th the second and third experimental session (see
above). During this period, no patient reported
assumption of cardiovascular drugs other than the
ones evaluated in the present study. No lifestyle
modifications were advised. Adherence to treatment
was verified by pills counting. During the study
period, no other drug acting on BP or, more in
general on the cardiovascular system, was allowed.
In the 10 control normotensive subjects, only one
experimental session was performed, following a
sequence of interventions identical to the one
described for the hypertensive group of patients
(first experimental session). Data were calculated by
a single investigator unaware of the experimental
design. Values from individual subjects were aver-
aged for either groups and expressed as
means + SEM. The statistical significance of the
difference in the means was assessed by two-way
analysis of variance. The two-tailed z-test for paired
or unpaired observations was used to locate the
difference either between the no-treatment and
treatment condition or between the treatment
condition and the control normotensive state.
Spearman analysis was used to determine the
correlation between different variables. A value of
$<0.05 was considered statistically significant.

Results
Baseline values

Baseline characteristics of normotensive and hyper-
tensive subjects are shown in Table I. The two

Table 1. Baseline characteristics of normotensive and hyperten-
sive subjects.

Normotensives Hypertensives

Variable (n=10) (n=26)
Sex (male/female) 7/3 18/8
Age (years) 46.0+1.0 48.3+0.7
BMI (kg/m?) 24.240.7 25.140.9
Clinic BP (S/D, 131.74+2.1/ 154.443.1%%/

mmHg) 83.3+2.5 99.0 £2.3%*
Finger BP (S/D, 128.14+1.9/ 151.74+2.6%%/

mmHg) 80.842.2 97.142.4%*
Heart rate (b/min) 71.4+2.1 73.7+2.2
LVMI (g/m?) 97.4+3.4 126.8 +4.1%*
FVR (units) 20.5+1.9 36.2+2.5%*
CVR (units) 31.6+2.0 44.842.9%*
FVR,,,;, (units) 1.2540.1 3.4440.1**
CVR,;, (units) 1.94+0.1 4.5640.2%%

Data are shown as mean+SEM. BMI, body mass index; BP,
blood pressure, S, systolic, D, diastolic; LVMI, left ventricular
mass index; FVR, forearm vascular resistance; CVR, calf vascular
resistance; FVR,;,, minimal forearm vascular resistance; CVR 5,
minimal calf vascular resistance. Asterisks (**p <0.01) refer to the
statistical significance between groups.

groups were similar for age and body mass index.
Hypertensive patients displayed significantly higher
sphygmomanometric and finger systolic and diasto-
lic BP, and left ventricular mass index. This was the
case also for forearm and calf vascular resistance
both when assessed in baseline conditions and
following the 12-min hyperaemic stimulus (FVR;,
and CVR,,;,). Heart rate values were not signifi-
cantly different between the two groups.

Effects of treatment

As shown in Figure 1, 6-month lercanidipine treat-
ment significantly decreased both sphygmomano-
metric and finger systo-diastolic BP. This was the
case also for FVR and CVR, while heart rate
remained almost unaffected by the long-term
administration of the calcium-channel blocker. The
results obtained at the end of the 1-year treatment
were almost superimposable to those seen after 6
months. Figure 1 also shows the effects of diuretic
administration on the above-mentioned variables.
Following both 6 and 12 months of treatment,
hydrochlorothiazide caused a significant reduction
in sphygmomanometric and finger systo-diastolic
BP, whose magnitude was almost superimposable to
that seen in the lercanidipine-treated group. In
contrast to lercanidipine, however, hydrochlorothia-
zide caused only modest reductions in FVR and
CVR, both at the 6th and 12th month of treatment.
The effects of the two drug treatments on minimal
vascular resistance values are shown in Figure 2.
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Figure 1. Effects of 6- and 12-month lercanidipine or hydrochlorothiazide administration on systolic (S) and diastolic (D) blood pressure
(BP), heart rate (HR), forearm and calf vascular resistance (FVR and CVR) in hypertensive patients. 0: values recorded in the no-drug
placebo state, 6 and 12 mo: values recorded following 6 and 12 months of active treatment. Asterisks (*p <0.05, **p<0.01) refer to the
statistical significance of the values recorded before and during lercanidipine or hydrochlorothiazide treatment. Data are shown as
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Figure 2. Effects of lercanidipine or hydrochlorothiazide administration on minimal forearm and calf vascular resistance (FVR,;, and
CVR,,in, respectively) in patients of Figure 1. Individual (open symbols, continuous lines) and mean + SEM (closed symbols, dashed lines)
values are shown. Other symbols as in Figure 1.
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Following a 6-month lercanidipine administration,
both FVR,;, and CVR_;, were significantly
reduced, a further reduction being detectable at the
end of the 12th month of treatment. In contrast, in
the hydrochlorothiazide-treated group, 6-month
treatment did not significantly affect both FVR;,
and CVR,;,, which showed a modest but significant
reduction only at the end of the year of treatment.
The FVR,,;, and CVR_,;, values recorded at the 1-
year treatment, although lowered by lercanidipine
administration, were still higher than those found in
normotensive healthy subjects (1.57+0.1 vs
1.2540.1 units and 2.68+0.1 vs 1.94+0.1 units
respectively, p<0.05 for both). The reduction in
vascular resistance induced by lercanidipine treat-
ment was significantly related to the mean arterial
pressure fall induced by treatment in the forearm but
not in the calf circulation (Figure 3). In contrast, no
relationship was found in the hydrochlorothiazide-
treated group between the BP and the vascular
resistance changes induced by diuretic treatment
(r=0.28 and r=0.17 respectively, p=NS).

Discussion

The present study provides three new sets of data.
First, it shows that for similar BP lowering effects,
lercanidipine is superior to hydrochlorothiazide in
inducing a reduction in FVR_,;, and thus in
favouring a regression of vascular hypertrophy. It
also shows that the favourable vasoprotective
effects of this calcium-channel blocker are not
confined to a specific vascular district but it involves
resistance arteries, which are exposed to haemody-
namic forces (forearm circulation) or to both
hydrostatic and haemodynamic forces (calf circula-
tion). It finally shows that pharmacological regres-
sion of vascular hypertrophy (i) depends not only on
“mechanical” or haemodynamic mechanisms but
also on extra-haemodynamic factors through which
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calcium-channels blockers exert arterial vasoprotec-
tion and (ii) does not allow to fully restore a
“normal” vascular structure, thereby suggesting that
vascular hypertrophy is only in part a reversible
phenomenon.

Previous studies have shown that angiotensin-
converting enzyme (ACE) inhibitors, angiotensin II
receptor blockers, a-adrenoreceptor blockers and
some beta-adrenoreceptor blocking agents with
sympathomimetic activity may reduce FVR,;, and
thus decrease arteriolar hypertrophy and wall-to-
lumen ratio (5,6,10,12,15,16). They have also
shown that this effect more likely occurs in
hypertensive patients in whom FVR_;, values before
treatment are markedly increased, whereas less clear
effects are detectable in those patients displaying less
pronounced structural vascular alterations
(4,27,28). The results of the present study add to
this information the evidence that calcium-channel
blockers of the third generation, such as lercanidi-
pine, may exert favourable effects on hypertension-
related vascular remodelling, thereby documenting
that, along with the above-mentioned classes of
antihypertensive drugs, highly vasoselective com-
pounds interfering with the cellular calcium influx
display favourable effects on hypertension-related
structural vascular abnormalities. Our data do not
allow the clarification of the mechanisms through
which lercanidipine may induce a regression of
vascular hypertrophy. Although the BP lowering
effects of the drug certainly play a role, mechanisms
other than the haemodynamic ones are likely to be
involved. This conclusion is supported by the
evidence that in our patients, diuretic treatment,
although reducing BP values to an extent almost
superimposable to the one achieved by lercanidipine
administration, displayed only a modest effect on
FVRin and thus on vascular hypertrophy. It is also
supported by the limited correlation found in the
lercanidipine-treated group of patients between the
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Figure 3. Correlations between changes in mean arterial pressure (AMAP) induced by lercanidipine administration and the corresponding
changes in minimal forearm and calf vascular resistance, FVR,;;, (AFVR;, left panel) and CVR,;, (ACVR,;,, right panel).
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magnitude of the BP reduction and the degree of
FVR,i, decrease induced by the drug. The mechan-
isms more likely responsible for the vasoprotective
properties of lercanidipine are multifold and include
the drug-related improvement in endothelial func-
tion, the direct vasodilatory properties of the
compound, the reduction in metalloproteinase-9
activity and the antioxidant effects (29-31). Since
endothelial dysfunction, metalloproteinase-9 activa-
tion and oxidative stress are involved in the
pathogenesis of the atherosclerotic process (32,33),
it is likely that the vasoprotective effects of the drug
are mediated by the antiatherogenic properties of
lercanidipine (34). Other mechanisms, however,
should not be disregarded, such as the neutral
profile of the drug on neuroadrenergic function, on
the renin—angiotensin system, on the metabolic axis
and on insulin sensitivity (19,35), i.e. on variables
known to participate at the development and
progression of vascular structural changes (36) and
to be adversely affected by diuretic treatment (37).

The present study also shows that the reduction in
FVR,;, induced by lercanidipine is paralleled by a
reduction in CVR_;,, i.e. that the regression of
arteriolar hypertrophy associated with calcium
antagonist treatment involves more than one vascu-
lar district. The two phenomena, however, showed
important differences because (i) in both treatment
groups, the effects of the therapeutic intervention on
vascular structure occurred at an earlier time period
in the forearm than in the calf circulation and (ii) at
variance from the forearm circulation, in the calf
circulation no relationship was found between the
antihypertensive effects of lecarnidipine and its
vascular effects. Despite these differences, however,
the finding that both forearm and calf circulation are
favourably affected by calcium-channel blocking
treatment (and only in part by diuretic treatment)
suggests that regression of arteriolar hypertrophy by
antihypertensive drugs is likely to be a widespread
but not necessarily a homogeneous phenomenon.
Indeed, our data suggest that in some vascular
districts, the responses appear to be of earlier
occurrence and/or of greater magnitude than those
detectable in others.

Three other points deserve to be mentioned.
Firstly, in our hypertensive patients, l-year anti-
hypertensive treatment with lercanidipine has
allowed the achievement of a regression but not a
normalization of vascular structure. This suggests
that antihypertensive treatment with lercanidipine
(and presumably with other vasoprotective agents
such as ACE inhibitors and angiotensin II receptor
blockers) is not capable of fully restoring a normal
vascular structure in treated hypertensive patients. It
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may also suggest, however, that the temporal
window of 12 months of antihypertensive treatment
is too short to allow a full normalization of vascular
structure to be obtained. Secondly, because the
vessels we examined were largely muscular in nature,
the question remains as to whether and to what
extent calcium-channel blocking treatment triggers a
regression of the vascular alterations to vital organs
and/or splanchnic areas. A recent study, however,
showing that the angiotensin II receptor blocker
losartan is capable of lowering FVR,;, and con-
comitantly decreasing intima-media thickness at the
level of the carotid arteries (15), suggests this may be
indeed the case. Finally, our data refer to a highly
vasoselective  third-generation  calcium-channel
blocker, i.e. to lercanidipine. It is likely, however,
that the same effects characterize other calcium-
channel blockers, since a previous study based on
nitrendipine administration has also documented a
regression of hypertension-related vascular changes
(38).
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