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Comparison of Eifects of Felodipine Versus
Hydrcchicrothiazide on Arterial Diameter and
Pulse-Wave Velocity in Essential Hypertension

Roland G. Asmar, MD, Athanase Benetos, MD, Kamel Chaouche-Teyara, MD,
Claire M. Raveau-Landon, MD, and Michel E. Safar, MD

In a double-blind cross-over study, the arterial
changes produced by hydrochiorothiazide were
compared with those observed after the calcium
antagonist felodipine in 16 patients with mild to
moderate systemic hypertension. Diameter
changes at the site of the common carotid and
brachial arteries were investigated using pulsed
Doppier velocimetry, and puise-wava velocities of
the aortie, brachial and famorotiblal areas were
measured using standard noninvasive techniques.
Whereas hydrochiorothiazide and felodipine simi
larty decreasad blood pressure, hydrochlorothia-
zide did not change pulse-wave velocity, and the
diameters of the brachial and common carotld ar-
teries. Felodipine significantly decreased pulse-
wave velocity, and increased brachial arterial di-
ameter and compliance, with no ¢hange in carotid
arterial diameter. Evidencs was found that al
though felodipine had specific effects on the arte-
rial system of hypertensive subjects, hydrochloro-
thiazide did not produce any sizable arterial
change. Thesa differential effects may influence
specificaily the heart afterload. with important
consequences for diuretics that are known to
cause minimal changes in cardiac structure and
function.
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neous effects on the areral tree of the cardio-
vascular system.! Whereas the incidence of
cerebrovascular accidents is significantly reduced. there
are fewer changes in the incidence of ischemic coronary
disease. One possible explanation is that antihyperten-
sive agents have heterogeneous effects on the mechani-
cal properties of the large arteries. Whereas converting
enzyme inhibitors, calcium antagonists and some drugs
blocking the sutonomic nervous system are known to
improve the viscoelastic properties of the arterial wall,
minor changes are observed after administration of pro-
panolol and dihydratazine.” In this regard. no controlled
study was performed with diurerics, which are the most
common antihypertensive agents. However, epidemio-
logic srudies have shown that for the same age and mean
arterial pressure, subjects with increased sodium intake
had a more marked increase in pulse-wave velocity
(PWYV), a classical marker of arterial rigidity. than did
those with low sodium intake.’* However. in hyperten-
sive subjects. a cross-over double-blind study has shown
that reduced sodium intake is associated with an in-
creased arterial diameter at the site of the brachial (but
not the common carotid) artery.”
The present study evaluates the arterial etfects of hy-
drochlorothiazide® versus felodipine”® in hypertensive
patients using a double-blind cross-over design.

METHODS

Patiemts: Sixteen patients (11 men and 3 women)
with essential hypertension completed this study. Mean
age = | SD was 53 + 12 veurs (range 33 10 76). Mean
weight was 76 + 15 kg. and mean height 168 = 8 cm.
Diaswolic pressure measured by mercury sphygmoma-
nometer was constantly >95 mm Hg after a 21-day pla-
cebo period. All subjects had mild 10 moderate hyper-
tension according to World Health Organization criteria
(diastolic blood pressure <113 mm Hg by mercury
sphygmomanometer. Korotkoff phase V). Extensive
clinical and biological investigutions were performed ac-
cording to previously described procedures.’ indicuting
that patients had essential hypertension without cardiac.
neurologic or renal involvement. arteriosclerosis obliter-
uns uf the lower limbs. or diabetes mellitus. Written in-
lormed consent was obtained from patients. The study
was approved by the cthical committee of Broussais
Hospitai,

5 nuhypertensive drug trearment has heteroge-

;CTOBER :. 1203



28-11-1994 13:23 INSERM U 337

33 1 439594187

Treatment: Mercury Sphvgmomanometer

TABLE | Casual Supine Blooca Pressure (BP) Mgasurements Before and After Each

p Value
(intergroud
Sugine Basenne Felogioine Hyc¢rochiorothiazide comoarnson}*
Systeic BP {mm Hg) 166 = 15 142 = .6 150 = 15 w0.02
Diastotic 8P !mm Hg) 102 = 88 =: 91 =8 NS
Mean 8P {mm Hg) 123 =7 106 =:% 110z 10 «0.02
Heart rate (zeats/min) 71 =i0 f2:>10 68 = 10 <0.02

Feiueiping vérsus nygrochlorotmiazida

Parients participated in a 12-weck. randomized. dou-
hle-blind. cross-over study. After the placebo-period. pa-
tients were randomized into 2 groups. Subjects in group
A received tablets containing 25 w 50 mg of hydrochlo-
rothiazide daily for 6 weeks. Subjects in group B re-
ceived indentical tablets conuaining 5 to 10 mg of felodi-
pine daily for 6 weeks. At the end of this period. the
treatment was changed, with patients in group A receiv-
ing felodipine. and those in group B receiving hydro-
chlorothiazide for 6 weeks. Each sequence of 6 weeks
was divided in 2 periods of 2 weeks, art the end of which
the dosage of each compound was doubled if diastolic
blood pressure was >95 mm Hg. Finally. at the end of
the trial. 11 subjects received 10 mg of felodipine. and
5 received 5 mg: 13 subjects received 50 mg of hydro-
chlorothiazide. and 3 received 25 mg. Hemodvnamic
determinations were pertormeg at the end of the place-
bo washout period. and at the end of the first (6th week)
and second (12th week) active treatment periods.

Hemodynamic determinations: The swdy was per-
formed at contolled room temperature of 20 = 2.5°C
with the patient in the recumbent position and after 13
minutes of rest. Hemodvnamic measurements were ob-
tained before and 3 hours arier the last drug adminis-
trution (6th and 12th weeks). according to the well-
known pharmacokinetic and pharmacodyvnamic effects
of the drugs.** Arerial blood pressure was measured
automatically everv 3 minutes in the left arm with an
oscillometric blood pressure recorder (Dinamap, Model
845 P. Critikon. Tampa. Florida).5 Hemodynarnic mea-
surements were obtained in the right common carotid
and right brachial arteries.

Carotid and forearm hemodynamic values were ob-
tained with a bidimensional pulsed Doppler system (Al-
var Electronics. Montreuil. France).® the probe of which
was fixed with @ stereotactic device over the course of
the artery. as previously described and validated %10 In
brief. arterial diamerer and blood flow velocity are me:-
sured separately. using a bidimensional recording of the
Doppler signais. and a range-gated time svstem of re-
ception, The resolution of the method for diameter mea-
surements is 0.34 mm. 2 finding that has heen validated
in vitro.” Reproducibility for the arterial diamerer is
£5%. und rfor blood flow velocity berween 10 and
154 10 Blood flow is calcuiated as the producr of blood
velocity and cross-secuonal area deduced from the are-
nal diametar by using a evlindrical representanon of rhe
anterv. Arterial blood fdow is expressed in mi/min. Locai
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vascular resistance is calculared as the ratio between si-
multaneous mean blood pressure (measured from Dina-
map apparatus) and flow.

For the determination of PWV, 5 different Doppler
flow recordings were obtained ar 5 sites!%-!: the base of
the neck over the common carotid artery, over the right
femoral artery, over the right posterior tibial anery, over
the right brachial artery in the axilla. and the right radial
artery 4t the wrist. Flow was measured with a direction-
al continu Doppler unit (SEGA M842. 10 MHz) with
handheld probes. As previously described. the time delay
was measurcd berween the feet of the flow waves record-
ad at these different points. and the distance traveled by
the pulse was measured between the different recording
sites over the body surface with a tape measure, !0 Ar-
terial PWV was calculated as the rario between distance
and transit time. The reproducibility of the measurements
were published in detail previously.'®!!

Brachial artery compliance was evaluated using a
propagative model,'%!! according 1o the Brumwell-Hill
equation: PWV= = (VdP/pdV). where p is blood densiry:
and dV and dP are changes in volume (V) and pressure
iP). respectively. As described previously.!! when a thin
arterial wall is assumed. compliance of the brachial
artery (expressed per unit of length) may be calculated
as: dV/dP = 3.14 r¥/p PWV-.

Statistical evaluation: Staristical analysis was per-
formed with the NESS® statistical software (Kaysville.
Crah). Baseline values of groups A und B were com-
pared with 2-way analysis of variance. and did not show
any difference. Modifications of the different hemody-
namic and biological parameters were compared with 3-
way (patient. reatment and sequence) analysis of vari-
ance!®; this test did not indicate any difference in the 2
sequences of wreatment, A p value <0.05 was considered
significant.

RESULTS

Table T shows that whereas felodipine and hydro-
chiorothiuzide decresase diastolic blood pressure aqually.
svstolic and mean arterial pressure were slightly lower
with felodipine (p <0.02).

Table II indicates that whereas neither felodipine nor
hvdrochlorothiazide changed carorid arterial hemodynam-
ics. signilicant changes were observed at the site of the
bruchial artery. Specifically. by compurison with hydro.
chlorothiazide. felodipme decreased resistance tp <0.05).
ang increased diameter (p <0.03y and compliance (p
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TABLE Il Changes in Arterial Hemogynamic Parameters
o Value
lintergroup
Baseline Feiocipine Hydroctlerothizzide  comparison)™
Bractiial Artery

Diameter (¢m) 0.437 = 0.060 0.449 = 0,060 0.43! = 0.0%0 <0.05

Blood flow velocity 4=2 Ex2 £x2 NS
tem-s-1)

Blood faw (ml - min—1) 109 = 55 136 = 58 117 = 50 NS

Vasculiar resistance 104 = 40 72 = 30 92 = 46 < 0.05
{dynes - 4+ cm—+)

Artarial compliance 1.1=05 1.7=08 12206 <0.005
{dynes - cm=%-10-7)

Carctid Artery

Diameter (cm) 0.628 = 0.060 0.627 = 0.050 0.596 = 0.059 NS

Bloea flow velocity 16=3 17 = 4 16=13 NS
(em - s~y

Bleod flow 625 = 147 B67 = 143 585 = 100 NS
tmi - min=1)

Vascular rasistance 16=5 1§55 17z4 NS
(dynes - s - cm—4)

*Falogipine versus hyarochiorotiazide.
TABLE 11l Changes in Puise-Wave Velocities
p Value
Pulge-Wave Hydregnlo- {intergroup
Velocity (m/s) Baseline Feloaipine thiazice camparson)*
Carotid—*amoral 11=2 92 0=2 <0.008
Femoronbial 1322 Il =2 12z2 <0.005
Careticaragial 122 10=2 1=2 < 0.005
*Felodipine vérsus nyarcchiamthiazige,

<0.003). Brachial arterv hemodynamics after hydrochlo-
rothiuzide were similar to those of baseline vajues.

Table [I indicates the changes in PWV, Whereas no
change was observed after hydrochlorothiazide. a sig-
nificant decrease was observed after felodipine (p
<0.003) in the 3 arterjal sites studied.

No difference was observed in biological parameters.
with the exception of plasma potassium (4.1 £ 0.1 with
felodipine, and 3.7 £ 0.02 with hydrochlorothiazide) (p
<0.02).

DISCUSSION

In the present. double-blind. cross-over study. felodi-
pine and hvdrochlorothiazide did not change arterial
hemodynamics at the site of the carotid artery (which is
an elastic artery). but caused different changes in PWV
and arterial hemodynamics at the site of the brachial
artery (which is a musculur artery), Whereas hydro-
chlorothiazide did not change PWV “and brachial artery
hemodynamics. felodipine decreased vascuiar resistance
and increased compliance of the brachial artery. and de-
creased PWYV in the brachial. femoral and zortic areus.
However. these tindings should be interpreted carefully.
because blood pressure changes were rejatively small-
er after hydrochlorothiazide than after felodipine und
since the pulsed Doppler techniques have some limits
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regarding resoluton and reproducibility (see Meth-
ods) 9-10.13

After hydrochlorothiazide. brachial arery diameter
did not change significantlv. However. modifications of
<0.34 mm are within the resolution limits of the Dopp-
ler method, Thus. the possibility thar the decrease in
blood pressure produced by hydrochlorothiazide caused
a slight reduction in brachial artery diameter due to the
decrease in the distending pressure should not be com-
pletely excluded. However. this possibility does not ap-
pear to be probable. because the samne trend should be
expected at the site of the common carotid artery, which
has a more elastic behavior than does the brachial artery
and therefore is more sensitive to blood pressure
changes. Finally the finding of unchanged brachial artery
diameter after hvdrochlorothiazide is in accordance with
a shift of pressure-diameter curve toward lower values
of blood pressure. suggesting that the diuretic compound
caused intrinsic modificadons of the arterial wall inde-
pendent of changes in blood pressure. There are sever-
al arguments in favor of this interpretation. First. sodi-
um may uct directly on arerial smooth muscle tone
through different mechanisms involving sodium-potassi-
um pumps. calcium exchange. activaton of the sympa-
thetic nervous svstem. and action of namiuretic fac-
tors, =13 Second. expenmental studies in rts indicate

OBER I, 1983
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that increased sodium intake modifies the arterial wall
and produces significant structural changes.! Third. de-
creased sodium intake in hypertensive subjects causes an
increase in diameter at the site of the brachial artery.’
Finally, geometric changes of the brachial artery may
occur after long-term administration of diuretic com-
pounds. For example, atter canreonate. ouabain causes
a significant brachial artery constriction that is not ob-
served in the absence of treatment.®

The absence of change in PWV ufter hydrochloro-
thiazide contrasts with the significant decrease observed
with felodipine. Several mechanisms may be proposed
1o explain the absence of change in anerial distensibili-
ty. First. the decrease in blood pressure produced by hy-
drochlorothiazide was relatively small. and it is possible
that a larger blood pressure reduction may produce a
more substantial passive change in distensibility.?! Sec-
ond. the potassium depletion produced by diuretics may
induce specific effects on the tone of brachial artery
smooth muscle.'* However. we showed previously that
diuretic compounds did not change brachial artery di-
ameter and distensibility, regardless of whether they
cause hypo- or hyperkaliernia. Finally, the counter-
regulatory mechanisms originating from the sympathet-
ic and the renin-angiotensin sysiems after diuretic treat-
ment® may interfere with the brachial artery changes.
For example. the vasodilating properties of salt and wa-
ter depletion may be masked by the brachial artery con-
striction mediated by norepinephrine or angiotensin. >
In this regard. it is important to observe that the diuret-
ic compound indapamide. which causes less counter-
regulatory mechanisms than does hvdrochlorothiazide.~*
has been shown to increase compliance in clinical situ-
ations™ and in experimental studics of rats. 26

Whereas hydrochlorothiazide produced no sizable ar-
terial chunge in hypertensive subjects. felodipine in-
creased brachial armery diameter and compliance. and
significantly decreased aortic, femoral and brachial
PWV. Because felodipine increased brachial artery di-
ameter despite the blood pressure reduction. the finding
reveals a specific effect of felodipine on the arterial wall.
as previously observed with diltiazem und dihydropiri-
dine derivatives.™7 Since the drug did not increase
blood flow velocity, it does not appear probable that the
increase in brachial artery diameter was due to a flow-
dependent mechanism.'=* It appears more likely that
felodipine produced a direct arterial smooth muscle re-
laxation. as E;'evmuslv shown in clinical and expen.men-
tal srudies. ™7 Finally, the substantial decrease in ca-
rotid-femoral PWV observed after felodipine contrasts
with the absence of change observed after hydrochloro-
thiazide and may explain the more marked decrease in
systolic blood pressure.

It was reported previously that antihypertensive drugs
causing reversion of cardiac hyvperwophy. such as ¢on-
verting enzyme Inhibitors and cuicium untagonists. <i-
multaneously produce an increase in aortic compliance
and distensibility.™ However. the »asodilating drug di-
hyvdraluazine has ‘been shown to cause no gh.m"e In cur-
diac hypertrophy. and |Lll"thLﬂTll'!m o Lh.m-u. in aorc
compliance and distensibility.~"""" [n the present study.
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it is shown that hydrochlorothiazide, which is known to
cause minor changes in cardiac hypertrophy,** also has
no effect on aortic compliance and distensibility. There-
fore. it is suggested that the changes in the viscoelastic
properties of the arterial wall may modulate the effect
of the blood pressure changes on the structure of the
heart after antihypertensive drug treatment.
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