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Background: It has been previously demonstrated that
dihydropyridine calcium channel blockers may possess
antioxidant properties and might improve vascular
structure. Combination treatment with an angiotensin-
converting enzyme inhibitor may have additional
advantages, compared with a thiazide diuretic, in this
regard. The aim of the present study was, therefore, to
investigate the effects of a short-term treatment with
lercanidipine, and to compare two combination treatments:
lercanidipine R enalapril vs. lercanidipine R
hydrochlorothiazide on structural alterations in retinal
arterioles, on skin capillary density and on large artery
distensibility.

Patients and methods: Twenty essential hypertensive
patients were included in the study and treated for 4
weeks with lercanidipine 20 mg per day orally. Then they
were treated for 6 months with lercanidipine R enalapril
(n¼ 10) or lercanidipine R hydrochlorothiazide (n¼10)
combinations. Investigations were performed in basal
condition, after appropriate washout of previous
treatments, after 4 weeks of lercanidipine monotherapy
treatment, and at the end of the combination treatment.
Non-invasive measurements of wall-to-lumen ratio (W/L)
and other morphological parameters of retinal arterioles
using scanning laser Doppler flowmetry were performed
(Heidelberg Retina Flowmeter, Heidelberg Engineering).
Capillary density was evaluated by capillaroscopy, whereas
pulse wave velocity and central blood pressure were
assessed by the Sphygmo-Cor device (AtCor Medical West
Ryde, Australia).

Results: A significant improvement of W/L and of other
indices of retinal artery structure was observed after
treatment with lercanidipine alone, with a further
improvement after treatment with lercanidipine R
enalapril, whereas after treatment with lercanidipine R
hydrochlorothiazide the improvement was no longer
observed. A similar behaviour was observed for central SBP
and DBP. Capillary density was increased only after
treatment with lercanidipine R enalapril.

Conclusion: Lercanidipine both in monotherapy and
in combination with enalapril, was able to improve
opyright © Lippincott Williams & Wilkins. Unauth
urnal of Hypertension
microvascular structure and to decrease central blood
pressure, being thus a useful approach for both reducing
blood pressure and improving vascular alterations in
hypertension.
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distensibility, hypertension, microcirculation, oxidative
stress, remodeling, small artery

Abbreviations: ABPM, 24-h ambulatory blood pressure
monitoring; ACE, angiotensin-converting enzyme; AIx,
augmentation index; CRP, C-reactive protein; IL-18,
interleukin-18; LPO, lipid peroxidation; MCP-1,
macrophage chemotactic factor-1; MDA,
malonyldialdehyde; PAI-1, plasminogen activator inhibitor-
1; PVW, pulse wave velocity; RAS, renin–angiotensin
system; sICAM-1, soluble inter-cellular adhesion molecule
1; sVCAM-1, soluble vascular cell adhesion molecule 1
INTRODUCTION
E
ssential hypertension has been extensively reported
to be associated with alterations in the microvascular
structure, both in terms of an increased media-to-

lumen ratio of small resistance arteries [1–3] and of capillary
rarefaction [4–6]. It was also previously demonstrated
that alterations in capillary density are correlated with
the morphology of small resistance arteries, suggesting
that capillary rarefaction and increase in the media-to-
lumen ratio of subcutaneous small arteries may occur in
parallel [7]. Also, an altered distensibility of large arteries is a
common accompaniment of human essential hypertension
orized reproduction of this article is prohibited.
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[8,9]; recently it has been demonstrated that the presence
of structural alterations of small resistance arteries may be
associated with the increase in stiffness of large arteries and
may possibly contribute to the increase of central pressure
by increasing the magnitude of wave reflections [10].

Both an increased media-to-lumen ratio of subcutaneous
small resistance arteries [11,12] and an increased pulse
wave velocity (PWV) [13] were demonstrated to be potent
predictors of cardiovascular events, hence both the
improvement of microvascular structural alterations and
the reduction of aortic stiffness represent relevant thera-
peutic targets. Various antihypertensive drug classes may
have different effects of structural alterations of small resist-
ance arteries, since both dihydropyridine calcium channel
blockers and inhibitors of the renin-angiotensin system
(RAS) activity seem to be more effective than diuretics
and beta blockers in terms of reduction of media-to-lumen
ratio of subcutaneous small arteries [14]. Similarly, an
association between a dihydropyridine calcium channel
blocker and an angiotensin-converting enzyme (ACE)
inhibitor was demonstrated to be more effective than
an association between a diuretic and a beta blocker
in improving large artery distensibility and reducing
central blood pressure, with possible consequent prog-
nostic relevance [15].

Since in essential hypertension, oxidative stress is
increased, and this might play a role in the development
of micro and macrovascular structural alterations [16], a
possible explanation of the particularly pronounced effects
of dihydropyridine calcium channel blockers and of ACE
inhibitors on micro and macrovascular alterations could be
related to their antioxidant effect [17–19].

Whereas alterations in aortic stiffness [9] and changes
in microvascular density [4–6] may be evaluated non-
invasively, a reliable evaluation of morphological alterations
of small resistance arteries in humans, in particular, of the
media-to-lumen ratio, requires an invasive approach: in fact,
small resistance arteries are dissected from biopsies of sub-
cutaneous tissue, usually from thegluteal region, anddirectly
investigated using micromyographic methods [1–3].
Recently, however, a non-invasive method of evaluation
of retinal artery morphology was demonstrated to be equally
informative, in comparison with the invasive approach [20].

In the past decade, particular interest was focused
on pharmaceutical properties of lercanidipine, a widely
used and well tolerated dihydropyridine calcium channel
blocker [21] with pronounced antioxidant properties
[22,23]. The therapeutic association between lercanidipine
and the ACE inhibitor enalapril seems particularly
advantageous, especially in comparison with the associ-
ation of a diuretic, since it might combine and potentiate
the beneficial effects on microvascular structure, arterial
distensibility, and oxidative stress of a calcium channel
blocker and a RAS blocker [24,25].

Therefore, the aim of the present study was to investi-
gate the effects of treatment with the combination of
lercanidipine and either an ACE inhibitor (enalapril) or a
diuretic (hydrochlorothiazide), after 4 weeks of lercanidi-
pine alone, on structural alterations of retinal arterioles,
capillary density, indices of arterial distensibility, and of
oxidative stress.
Copyright © Lippincott Williams & Wilkins. Unaut
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PATIENTS ANDMETHODS
Twenty patients with mild to moderate hypertension
were included in the study. All patients were treated with
lercanidipine 20mg per day for 4 weeks. Then, patients
were randomized to receive lercanidipine 20mg per day þ
enalapril (up to 20mg per day) or lercanidipine 20 mg per
day þ hydrochlorothiazide (up to 25mg per day) for
6 months. Random allocation to treatment was performed
by generating a computerized list. The procedure was
performed in an external institution. The dose of enalapril
and hydrochlorothiazide was up-titrated if blood pressure
was not at target (140/90mmHg), starting from 10mg of
enalapril/12.5 mg hydrochlorothiazide.

Patients with previous cardiovascular event, clinic or
laboratory evidence of heart or renal failure, diabetes
mellitus, malignant disease or active inflammation, as
well as patients previously treated with statins or acetyl-
salicylic acid, were excluded from the study. Previous
antihypertensive treatment was withdrawn at least 2 weeks
before study entry. Clinic blood pressure was measured
by standard mercury sphygmomanometer according to
European Society of Hypertension–European Society of
Cardiology Guidelines [26] and patients were included in
the study if their SBP ranged between 140 and 179 mmHg
and/or their DBP ranged between 90 and 109 mmHg in
sitting position. All patients underwent 24-h ambulatory
blood pressure monitoring (ABPM) (Spacelab 90207/
90217; Spacelab Medical, Issaquah, Washington, USA).
Details about timing of application, intervals between
measurements and data processing are provided else-
where [27].

Venous blood samples were obtained from each patient,
after overnight fasting, for standard laboratory tests [total
cholesterol, high-density lipoprotein (HDL)-cholesterol,
low-density lipoprotein (LDL)-cholesterol, triglycerides,
and plasma glucose] at baseline and after 1 month of
treatment with lercanidipine alone and 6 months of treat-
ment with the drug combination.

The protocol of the study was approved by the Ethics
Committee of our institution (Medical School, University of
Brescia), and informed consent was obtained from each
participant. The procedures followed were in accordance
with institutional guidelines.

Evaluation or retinal arteriolar morphology
All patients underwent an evaluation of the retinal arteriolar
morphology. Wall-to-lumen ratio of retinal arterioles was
assessed using scanning laser Doppler flowmetry (SLDF) at
670 nm (Heidelberg Retina Flowmeter; Heidelberg Engin-
eering, Heidelberg, Germany), an established method to
investigate retinal perfusion [20,28,29]. Briefly, an arteriole
with a size between 80 and 140 mm of the superficial retinal
layer in a retinal sample of 2.56� 0.64� 0.30 mm was
scanned within 2 s, at a resolution of 256 points� 64
lines� 128 lines. Measurements were performed in the
juxtapapillary area of the right eye, 2–3mm temporal
superior to the optic nerve; the mean of three measure-
ments was taken [20,28]. Only arterioles that could un-
ambiguously be discriminated and clearly be identified
on the temporal superior side of the optic nerve were
horized reproduction of this article is prohibited.
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selected. Images of arterioles without sharp contrast to the
retina or with crossing and overlapping of venules, curved
arterioles, or arterioles with more than one bifurcation on
the image and images with more than four eye movements
were excluded. The examination was performed without
mydriasis, in sitting position after 20 min of rest, at room
temperature and daylight conditions between 0800 and
1400 h, but before lunch. Analyses of diameters were
performed offline with automatic full-field perfusion
imaging analysis program (Nirox Optoelectronics, Brescia,
Italy). Outer arteriole diameter was measured in reflection
images, and lumen diameter was measured in perfusion
images [20,28,29]. Wall-to-lumen ratio was calculated using
the formula (AD� LD)/LD [20,28,29].

Evaluation of capillary density
Skin capillary density was assessed by capillaroscopy
before and after venous congestion, as described elsewhere
[6,30,31]. Briefly, after a period of rest in sitting position
in a quiet and temperature-controlled room (21–228C),
capillaries from nail-fold and the dorsum of the fourth
finger of the non-dominant hand were visualized by using
an epi-illuminated microscope containing a 100 W mercury
vapour lamp light source, and pictures (final magnification
of 200) were obtained by video-microscopy (Videocap 3.0
D1 200; DS Medica, Milan, Italy) in baseline conditions
(baseline capillary density) and after venous congestion
(total capillary density), in order to visualize functionally
excluded capillaries. Venous congestion was induced
by inflating up to 60mmHg for 2min a miniature blood
pressure cuff applied to the base of the fourth finger of the
non-dominant hand [30,31]. Images (final magnification of
200) were also obtained before and after venous congestion
at the distal third forearm on the sagittal line by using a
traditional pressure cuff. Capillary density was defined as
the number of capillaries per square millimeter of the
microscopic field and was counted by hand. The first
row of the nail-fold capillaries was considered. Capillary
density was determined by two independent operators
and findings were averaged.

Assessment of aortic distensibility
Pulse wave velocity was measured at the carotid and
femoral locations using the foot-to-foot velocity method
[9]. Waveforms were obtained transcutaneously over
the common carotid artery and the right femoral artery,
and the time delay [transit time (t)] was measured between
the feet of the two waveforms (Complior). The distance (D)
covered by the waves was assimilated to the distance
measured between the two recording sites (carotido-
femoral distance). PWV was calculated as: PWV¼D(m)/
t(s); all calculations, including measurement of parameters
over 5–10 cardiac cycles, were automated. We used 80%
of this distance as pulse wave travelled distance (d)
and calculated PWV by the formula [D(m)/t(s)]� 0.80;
accordingly an increase of PWV, at least 10m/s, was
considered as macrovascular target organ damage.

In all patients, applanation tonometry was also
performed using a Sphygmo-Cor device (AtCor Medical
West Ryde, Australia), as described previously [10]. Briefly,
Copyright © Lippincott Williams & Wilkins. Unauth
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the applanation probe was positioned on the radial
artery (right arm), and optimal applanation was obtained
using visual inspection and following built-in quality
control indices. Blood pressure was measured again
using an Omron 705 oscillometric device and radial
waveforms were calibrated using brachial SBP and
DBP measured before and after applanation (average).
The central aortic waveform was calculated by the device
software using the generalized transfer function [32].
Blood pressure values were derived from the curve.
Augmentation index (AIx) and augmentation pressure
were derived from this with the technique of pulse wave
analysis [33]. The merging point of the incident and
the reflected wave (the inflection point) was identified
on the generated aortic pressure waveform. Augmentation
pressure was the maximum systolic pressure minus
pressure at the inflection point; AIx was defined as the
augmentation pressure divided by pulse pressure and
expressed as a percentage.

Evaluation of circulating inflammatory markers
and oxidative stress
Blood samples were collected between 8 and 9 a.m. while
participants were in a fasting state. After blood collection,
plasma and serum were frozen in aliquots at �80�C
immediately after centrifugation (48C, 3000 r.p.m. for
10 min). Circulating levels of C-reactive protein (CRP;
Bender MedSystems, Austria, Europe), pro-inflammatory
cytokines interleukin (IL)-6 and IL-18, macrophage chemo-
tactic factor-1 (MCP-1), plasminogen activator inhibitor-1
(PAI-1), soluble vascular cell adhesion molecule 1 (sVCAM-
1) and soluble inter-cellular adhesion molecule 1 (sICAM-1)
(Bender MedSystems, Austria, Europe) were measured
in plasma by ELISA technique following the directions
of the supplier company. Total antioxidant power (AOP;
Oxford Biomedical Research, Michigan, USA), malonyl-
dialdehyde (MDA) and lipid peroxidation (LPO) (Oxis
Research, California, USA) were measured in plasma using
spectrophotometric assay following the directions of the
supplier company. Further details about the methods used
are reported in reference [34].

Statistical analysis
The study has an 83% power to detect a 0.15 difference in
wall-to-lumen ratio of retinal arterioles, considering a SD in
a general population of hypertensive patients of 0.11 [20],
with two-sided a-error of 5%. When the sample size
calculation was performed as power to detect changes in
respect to a basal value, in each of the two groups, there
was an 80% power to detect changes in wall-to-lumen ratio
of retinal arterioles of 0.10, with a SD in the reference
population of 0.11.

All parameters were evaluated at baseline, after 4 weeks
of monotherapy with lercanidipine and after 6 months
of treatment with drug combinations. Results are expressed
as the means � SD. Comparison of continuous variables
in the clinical study was performed by Student’s paired or
unpaired t test, as appropriate. The statistical significance
was set at the conventional level of 5%. All variables
investigated were normally distributed.
orized reproduction of this article is prohibited.
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RESULTS
Demographic, haemodynamic, and humoral characteristics
of the patients are summarized in Table 1. For the first
4 weeks, both groups were treated with lercanidipine
alone, regardless to randomization to each of the two
combination treatments. No baseline difference in age,
sex, clinical SBP and DBP, BMI, fasting blood glucose,
and humoral indices for cardiovascular risk was detected
between patients randomized to either of the two combi-
nation treatments. No difference in the smoking habit was
present between the two groups and no change in this
risk factor was observed during the relatively short
treatment period. No difference in the cardiovascular risk
profile was observed between the two treatment groups.
None of the patients had left-ventricular hypertrophy or
microalbuminuria.

No change was observed in BMI and in physical activity
during the treatment period.

In patients treated with the combination lercanidipine þ
hydrochlorothiazide, a significant increase in serum uric
acid concentration was observed, compared with baseline
and 4 weeks of treatment with lercanidipine alone, whereas
in patients treated with the combination lercanidipine þ
enalapril, a slight decrease in serum uric acid concentration
was observed, compared with 4 weeks of treatment with
lercanidipine alone.

Clinical SBP and DBP were significantly reduced after
4 weeks of treatment with lercanidipine alone and after
6 months of treatment with the two drug combinations.
No statistically significant difference was observed between
drugs in the extent of the reduction of blood pressure
(Table 1).

Data obtained with ABPM are reported in Table 2,
and are consistent with what observed with clinic blood
pressure assessment.
Copyright © Lippincott Williams & Wilkins. Unaut

TABLE 1. Demographic data in the different groups

Group
1 – basal
(n¼10)

Group
2 – basal
(n¼10)

Group
1 – 4 weeks
lercanidipine
alone (n¼10)

Age (years) 58.1�6.32 49.3�11.76 –

Sex (M/F) 9/1 7/3 –

BMI (kg/m2) 27.6 � 3.04 26.5�3.30 27.6�3.04

SBP (mmHg) 153.7�9.43 158.0�8.67 146.5�11.00�

DBP (mmHg) 94.7�7.15 96.6�12.3 92.7�5.38�

Serum glucose (mg/dl) 92.9�10.24 92.8�6.07 82.2�29.28

Serum creatinine (mg/dl) 0.85�0.15 0.92�0.16 0.83�0.17

Triglycerides (mg/dl) 152.6�121.98 142.9�95.25 117.1�49.91

Total cholesterol (mg/dl) 221.5�27.14 204.2�36.05 202.8�27.00

LDL-cholesterol (mg/dl) 134.4�20.85 120.7�27.16 117.2�33.18

HDL-cholesterol (mg/dl) 55.8�18.45 54.4�17.44 58.8�20.21

Serum uric acid (mg/dl) 5.63�1.52 4.76�1.65 6.1�1.16

HDL, high-density lipoprotein; LDL, low-density lipoprotein.
Group 1: randomized to lercanidipine þ enalapril.
Group 2: randomized to lercanidipine þ hydrochlorothiazide.
�P<0.05 vs. basal.
��P<0.01 vs. basal.
���P<0.001 vs. basal.
#P<0.05 vs. lercandipine alone 4 weeks.
##P<0.01 vs. lercandipine alone 4 weeks.
###P< 0.001 vs. lercandipine alone 4 weeks.
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Evaluation or retinal arteriolar morphology
No difference in the morphology of retinal arterioles
was observed between groups at baseline (Table 3,
Fig. 1). After 4 weeks of treatment with lercanidipine
alone, wall thickness, wall-to-lumen ratio, and wall cross-
sectional area were significantly reduced, compared with
baseline, whereas no difference in outer or inner diameters
was observed. After 6 months of treatment with the
combination lercanidipine þ enalapril, a further decrease
in wall thickness, wall-to-lumen ratio, and wall cross-
sectional area was observed, whereas outer and inner
diameter were significantly increased, compared with
basal values or lercanidipine alone. On the contrary, in
patients randomized to treatment with lercanidipine þ
hydrochlorothiazide changes of morphological parameters
were no longer significant as compared with baseline
(a part from a slight increase in inner and outer diameters),
suggesting a worsening effect of the combination with the
thiazide diuretic and a beneficial effect of the combination
with the ACE inhibitor.
Evaluation of capillary density
Total capillary density was slightly, albeit not signifi-
cantly, increased after 4 weeks of treatment with lercani-
dipine alone (Fig. 2). After 6 months of treatment
with the combination lercanidipine þ enalapril, the
increase in capillary density compared with baseline
became statistically significant (Fig. 1); this was not
the case of the combination lercanidipine þ hydrochloro-
thiazide, since no statistically significant difference was
observed compared with baseline or lercanidipine alone
(Fig. 2).

No change in basal capillary density (evaluated with-
out venous congestion) was observed between groups or
between time points (data not shown).
horized reproduction of this article is prohibited.

Group
2 – 4 weeks
lercanidipine
alone (n¼10)

Group
1 – lercanidipineþ

enalapril
24 weeks (n¼10)

Group
2 – lercanidipineþ

hydrochlorothiazide
24 weeks (n¼10)

– – –

– – –

26.5�3.30 27.6�3.04 26.5�3.30

148.9�8.52�� 136.0�15.34��,# 133.2�10.05���,##

92.5�6.04 84.8�8.01��,## 82.2�6.46���,###

94.2�8.34 94.4�6.55 96.8�7.97

0.91�0.16 0.82�0.15 0.89�0.17

141.0�96.56 130.3�81.47 150.6�93.23

207.5�30.29 204.7�29.74 213.8�35.29

120.3�25.71 121.7�27.59 128.0�26.27

55.7�16.51 56.9�19.85 55.6�12.99

5.8�1.57 5.7�1.28# 6.3�2.02�,#
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TABLE 2. Twenty-four-hour blood pressure values in the different groups

Group
1 – basal
(n¼10)

Group
2 – basal
(n¼10)

Group
1 – 4 weeks
lercanidipine
alone (n¼10)

Group
2 – 4 weeks
lercanidipine
alone (n¼10)

Group
1 – lercanidipineþ

enalapril
24 weeks (n¼10)

Group
2 – lercanidipineþ

hydrochlorothiazide
24 weeks (n¼10)

24-h SBP (mmHg) 139.8�15.07 136.8�8.78 136.7�11.53� 132.7�10.46� 130.2�11.57��� 133�12.7�

24-h DBP (mmHg) 88.9�9.71 86.8�8.89 86.4�9.16� 84.5�8.78 81.7�7.70���,# 82.9�9.33�

24-h heart rate (beats/min) 73.2�9.08 73.2�6.66 73.7�9.43 76.5�4.99 73.2�7.89 77.8�6.66�

Daytime SBP (mmHg) 145.1�12.7 141�10.45 140.1�13.49 � 136.5�9.42� 133.2�12.31���,# 136.7�12.51�

Daytime DBP (mmHg) 92.0�10.95 91.0�9.38 90.1�10.15 88.1�7.74 � 84.8�8.87���,# 86.4�9.44�

Daytime heart rate (beats/min) 76.1�9.01 78�7.44 77.6�9.71 80.4�6.69 77.0�8.84 83.1�7.50�

Night-time SBP (mmHg) 134.3�10.48 126.7�8.41 129.6�8.73 124.7�14.17 123.9�12.27 � 123.9�12.75

Night-time DBP (mmHg) 82.9�9.30 76.8�6.88 80.0�6–9 76.7�11.76 74.4�7.11���,## 75.1�10.27

Night-time heart
rate (beats/min)

68�10.91 63.7�7.53 65.3�11.42 65.6�5.56 64.4�9.01 66.2�7.21

Group 1: randomized to lercanidipine þ enalapril.
Group 2: randomized to lercanidipine þ hydrochlorothiazide.
�P<0.05 vs. basal.
��P<0.01 vs. basal.
���P<0.001 vs. basal.
#P<0.05 vs. lercanidipine alone 4 weeks.
##P<0.01 vs. lercanidipine alone 4 weeks.

Microvascular and macrovascular structure in treated hypertension
Assessment of aortic distensibility
No change in PWV was observed between groups or
between time points (Fig. 3). Central SBP was significantly
reduced after 4 weeks of treatment with lercanidipine alone
(Fig. 3). After 6 months of treatment with the combination
lercanidipine þ enalapril, a further decrease in central
SBP was observed (Fig. 4). On the contrary, after 6 months
of treatment with the combination lercanidipine þ hydro-
chlorothiazide, no statistically significant difference in central
SBP was observed compared with baseline or lercanidipine
alone (Fig. 4). Similarly, central pulse pressure was signifi-
cantly reduced after 4 weeks of treatment with lercanidipine
alone (Fig. 5), and a further decrease was observed after
6 months of treatment with the combination lercanidipine þ
enalapril (Fig. 5). On the contrary, after 6 months of treatment
with the combination lercanidipine þ hydrochlorothiazide,
the reduction of pulse pressure in respect to baseline,
previously observed, was no longer present. No change in
central DBP or AIx was observed between groups or between
time points (data not shown).

Assessment of systemic oxidative stress and
inflammation
A modest reduction in circulating levels of IL-18, CRP and
MCP-1 was observed after treatment with lercanidipine
Copyright © Lippincott Williams & Wilkins. Unauth

TABLE 3. Morphological data of retinal arterioles in the different gro

Outer
diameter (mm)

Group 1 – basal (n¼10) 90.7�14.6

Group 2 – basal (n¼10) 84.5�15.4

Group 1 – 4 weeks lercanidipine alone (n¼10) 84.7�15.5

Group 2– 4 weeks lercanidipine alone (n¼10) 79.7�14.3

Group 1 – lercanidipine þ enalapril 24 weeks (n¼10) 101.5�21.0#

Group 2 – lercanidipineþ hydrochlorothiazide
24 weeks (n¼10)

104.5�18.1#

WCSA, wall cross-sectional area.
�P<0.05 vs. basal.
��P<0.01 vs. basal.
#P<0.05 vs. lercanidipine alone 4 weeks.
##P<0.01 vs. lercanidipine alone 4 weeks.
ooP<0.01 vs. lercanidipine þ hydrochlorothiazide.

Journal of Hypertension
alone; however, differences reached statistical significance
only in patients who subsequently were randomized
to lercanidipine þ enalapril. Differences vs. basal values
persisted (IL-18, MCP-1) or further improved (CRP) after
treatment with lercanidipine þ enalapril, but not with
lercanidipine þ hydrochlorothiazide (Table 4). No change
was observed for the remaining markers of inflammation/
oxidative stress with any treatment (Table 4).
DISCUSSION
The present study demonstrated that a short-term treatment
(4 weeks) with lercanidipine alone induced a reduction in
the wall-to-lumen ratio, together with an improvement
of other indices of retinal arteriolar structure. There was also
a reduction in central blood pressure, with no significant
change in total capillary density. After 4 weeks of treatment
with lercanidipine alone, the association for 24 weeks with
enalapril induced a further improvement of retinal arteriole
structure, a further decrease of central systolic and pulse
pressure, and a significant increase in total capillary density.
On the contrary, the association lercanidipine þ hydro-
chlorothiazide did not induce any significant change in retinal
arteriolar structure and in total capillary density, and did not
further decrease central blood pressure.
orized reproduction of this article is prohibited.
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Inner
diameter (mm)

Wall
THICKNESS (mm)

WCSA
(mm2)

61.4�11.6 14.7�2.73 3524�1179

55.5�10.9 16.6�3.37 3304�1264

64.2�8,93 10.2�3.93� 2512�1292�

61.6�12.0 9.06�3.69�� 2054�1068�

85.4�21.2�� 8.02�3.66��,#,oo 2353�1207 ���,##,oo

75.5�16.3�,# 14.5�3.73# 4145�1332
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FIGURE 1 Reduction in the wall-to-lumen ratio or retinal arterioles after lercanidipine þ enalapril treatment (top), but not after lercanidipine þ hydrochlorothiazide
treatment (bottom) in hypertensive patients (n¼10 per group). (�) P<0.05, (��) P<0.01, (���) P<0.001 vs. basal; (§§) P<0.01 vs. lercanidipine alone 4 weeks,
(oo) P<0.01 vs. lercanidipine þ hydrochlorothiazide.
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Haemodynamic as well as antioxidant properties of
drugs might be involved in the protective effects observed
on large artery properties and on structural alterations of
retinal arterioles and capillaries [22,23,25].

Several classes of antihypertensive drugs have been
shown to improve structural alterations in the micro-
circulation. Dihydropyridine calcium channel blockers
and RAS blockers may decrease the media-to-lumen ratio
of subcutaneous small resistance arteries [14,35], and ACE
inhibitors seem to improve capillary rarefaction [36,37].
Moreover, dihydropyridine calcium channel blockers
[17,18,22,23,38] and RAS blockers [19] have favourable
effects on oxidative stress and inflammation, thus
Copyright © Lippincott Williams & Wilkins. Unaut
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improving endothelial and vascular function as well as
vascular structure in hypertension [39], and this might
contribute to their beneficial properties even beyond their
antihypertensive effect. On the contrary, thiazide diuretics
may increase oxidative stress [40,41]. In addition, they may
induce adverse metabolic effects, including an increase in
serum uric acid [41], as observed also in the present study.
Although modest, an increase in uric acid might have
an adverse effect on microvascular structure [42], thus
contributing to the differences between treatments
observed in the present study.

An additional difference between the two therapeutic
approaches was related to changes in central blood
horized reproduction of this article is prohibited.
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rochlorothiazide (bottom) on total capillary density (n¼10 per group). (�) P<0.05
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Microvascular and macrovascular structure in treated hypertension
pressure, which might reflect, at least in part, changes of
large artery distensibility and of peripheral reflection
sites in the microcirculation, including small resistance
arteries, which increase the magnitude of wave reflections.
In fact, recently, a significant relationship between changes
in the microvasculature, aortic stiffness and central blood
pressure has been demonstrated [10].

Mechanisms involved in vascular stiffening and small
artery remodelling include an increased activity of the
Copyright © Lippincott Williams & Wilkins. Unauth
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Journal of Hypertension
RAS and the consequent activation of growth factors and
extracellular matrix components [43]. Hence, interventions
aimed at these targets may improve both arterial
stiffness and alterations in the microcirculation, thus reduc-
ing central SBP. In this regard, again, calcium channel
blockers and RAS blockers seem to have some advantage
over diuretics and beta blockers [43,44].

In our study, possible confounders may have been
related to a different diet and/or physical activity, although
orized reproduction of this article is prohibited.
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no apparent change during treatment was recorded. It is
highly improbable that diet changes might have occurred in
a different way in the two treatment groups, also because
the same advices concerning lifestyle changes were given
to all patients.

A partially surprising factor is represented by the
observation of a change in wall-to-lumen ratio of retinal
arterioles after a short period of treatment with lercanidi-
pine alone of only 4 weeks. Wall-to-lumen ratio of retinal
arterioles is evaluated under in-vivo conditions; therefore
a certain extent of vasoconstrictor or vasodilator tone
is present, whereas under in-vitro micromyographic
studies, vessels were evaluated in normalized condition,
with a fixed value of transmural pressure [1]. However, in
our study, there was no evidence of an increased internal
Copyright © Lippincott Williams & Wilkins. Unaut

TABLE 4. Circulating indices of oxidative stress/inflammation in the d

Group
1 – basal
(n¼10)

Group
2 – basal
(n¼10)

Group
1 – 4 weeks
lercanidipine
alone (n¼10)

Total antioxidant
power (mmol/l)

0.46�0.091 0.42�0.10 0.41�0.09

LPO (mmol/l) 2.07�0.70 2.44�0.46 2.12�0.73

MDA (mmol/l) 145.15�54.33 108.46�44.3 145.85�103.1

MCP-1 (pg/ml) 1012�110 1078�401 853�182�

IL-6 (pg/ml) 11.52�2.48 22.77�10.98 13.01�5.73

IL-18 (pg/ml) 436.4�87.81 402.4�49.00 341.44�106.4�

sICAM-1 (ng/ml) 244.12�85.94 240.52�58.2 211.47�77.9

sVCAM-1 (ng/ml) 887�235 990�246 994�713

TNF alpha (pg/ml) 40.46�3.56 40.2�3.08 40.8�3.05

PAI-1 (ng/ml) 279.37�90.27 294.90�40.01 247.17�86.83

CRP (ng/ml) 1076�755 690�457 767�514�

CRP, C-reactive protein; LPO, lipid peroxidation; MDA, malonyldialdehyde; MCP-1, macrophage
cellular adhesion molecule 1; sVCAM-1, soluble vascular cell adhesion molecule 1; TNF, tumour
Group 1: randomized to lercanidipine þ enalapril.
Group 2: randomized to lercanidipine þ hydrochlorothiazide (HCT).
�P<0.05 vs. basal.
��P<0.01 vs. basal.
#P<0.05 vs. lercanidipine alone 4 weeks.
oP<0.05 vs. Lerca þ HCT.
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diameter after treatment with lercanidipine alone; therefore
we can neither affirm nor completely exclude that at least
a portion of the changes observed could be due to the
vasodilator effects of the drug.

Finally, persisting effects of previous antihypertensive
drugs, which were discontinued for only 2 weeks, cannot
be entirely discounted, and may represent a limitation of
the study.

In conclusion, this study has confirmed that micro-
vascular and macrovascular alterations may represent
potential drug targets in hypertension, since they may
be reliably assessed during antihypertensive treatment.
In addition, alterations both in the micro and in the
macrocirculation are interrelated and may influence each
other. Most important, the study for the first time has
horized reproduction of this article is prohibited.

ifferent groups

Group
2 – 4 weeks
lercanidipine
alone (n¼10)

Group
1 – lercanidipine þ

enalapril
24 weeks (n¼10)

Group
2 – lercanidipine þ
hydrochlorothiazide

24 weeks (n¼10)

0.041�0.08 0.43�0.050 0.41�0.06

1.98�0.62 3.26�1.98 2.74�1.86

181.26�144.2 246.21�229.5 102.48�34.33

1079�41 865�136��,o 1204�461

10.98�2.57 11.12�1.31 11.36�1.19

388.40�62.78 400.8�75.42� 423.24�146.8

231.5�49.4 226.02�79.0 186.3�48.1

1062�323 860�229 1118�545

41.0�4.00 41.6�3.19 44.6�9.10

309.89�57.38 272.23�61.70 303.67�54.71

526�472 456�349�,# 583�543

chemotactic factor-1; PAI-1, plasminogen activator inhibitor-1; sICAM-1, soluble inter-
necrosis factor.
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Microvascular and macrovascular structure in treated hypertension
demonstrated that the calcium channel blocker lercanidi-
pine in combination with the ACE inhibitor enalapril
is more effective than the combination lercanidipine þ
hydrochlorothiazide in improving microvascular structure
and decreasing central blood pressure. The regression of
structural and functional alterations in both large and small
arteries may have a relevant clinical impact.
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Reviewers’ Summary Evaluations

Reviewer 1
This paper is another peace of evidence of the favorable
effects of antihypertensive treatment not only on arterial
structure and function but also on peripheral and central
blood pressure.

Reviewer 2
Strengths of this manuscripts are that the authors have
demonstrated in the same study in essential hypertensive
patients that a calcium channel blocker, lercanidipine, both
in monotherapy and in combination with the ACE inhibitor
enalapril but not with the diuretic hydrochlorothiazide,
improved small artery structure using subcutaneous biospies
and myography, retinal arteries examined by scanning laser
Doppler flowmetry, capillary number by capillaroscopy,
and at the same time showed a decrease in central blood
pressure and reduction in some inflammatory markers but
not in markers of oxidative stress. A surprising finding was the
reduction in central systolic pressure in the absence of changes
in pulse wave velocity, indicating that these parameters
evaluate different vascular changes, since pulse wave velocity
is the most accepted measure of large artery stiffness.
A weakness is that all these individual findings
have been previously demonstrated, albeit in separate
studies.

By studying all these parameters, and although
the findings may not be highly original, the results add
to our understanding of the effects of antihypertensive
agents on the vasculature in human hypertension.

Reviewer 3
Combination therapy of hypertension with an ACE-
inhibitor and a calcium-channel blocker offers the
potential to lower blood pressure more quickly, obtain
target blood pressure, and decrease adverse effects.
In this context, De Ciuceis and co-workers compared
two combination treatments (lercanidipine þ enalapril
vs. lercanidipine þ hydrochlorothiazide) on structural
alterations in retinal arterioles, on skin capillary
density and on large artery distensibility. Their analysis
suggests that lercanidipine in combination with
enalapril is able to improve micro-vascular alterations in
hypertension. Further researches are welcome to analyze
if these micro-vascular changes may be used during
antihypertensive treatment to predict improvement of
prognosis.
horized reproduction of this article is prohibited.
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