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Summary. In this study antihypertensive efficacy, safety, and
the effects of short-term nilrendipine administration on cen-
tral and renal hemodynamit were evaluated in mild to mod-
erate hypertensives. Our fiml goal was to ascertain whether
the reduction in blood pressire induced by nitrendipine treat-
ment was associated with maintained renal funetion, After a
run-in period with placebo, 26 hypertensives without cardiac
or renal disease were randimly assigned to a double-blind
8-week controlled trial with nitrendipine (N) 20 mg once a
day (13 pts) or hydrochlorothiazide (HCT) 25 mg once a day
(12 pts). Renal hemodynamic measurements included effec-
tive renal plasma flow (ERPF} and glomerular filtration rate
(GFR) by radionuclide stidy using 1-131 hippuran and
Te-99m, according to the mehods deseribed by Schlegel and
Gates, respectively. Effective renal blood flow [ERBF =
ERPF/(1-Ht)], filtration fraction (FF = GFR/ERPF), and
renal vascular resistance (RVR = MBP x S0/ERBF) were
also calculated. Other hemodynamic measurements inciuded
cardiac index (CI}), left ventricular (LV) ejection fraction
(EF), and total peripheral resistance (TPR) measured by the
first-pass radionuclide angiography technique. At the end of
N or HCT administration significant descreases (p < 0.001)
in SBP, DBP, and MBP vs. baseline values were observed in
both hypertensive groups. In the N group a significant de-
crease (p < 0.01) in TPR and RVR, and significant increases
(p < 0.05) in CI, ERPF, and ERBF were observed. In the
HCT group a significant decrease (p < 0.05) in RVR was
found without significant changes in other hemodynamic pa-
rameters. No important side effects were observed with either
therapy. In conelusion, nifrendipine was effective in reduc-
ing blood pressure in mild to moderate hypertensive patients
and exerted favorable effects on cardiac and renal function.

Cardiovasc Drugs Ther 1992;6:141-146

Key Words. calcium channel blockers, nitrendipine, essential
arterial hypertension, cardiac function, renal function

Calcium channel antagonists are effective antihyper-
tensive agents with potent smooth-musele relaxing

properties, which could account for their efficacy in
lowering total peripheral resistance in hypertensive
patients. Calcium channel antagonists have a defini-
tive place in the treatment of arterial hypertension,
but they vary their tissue selectivity and pharmacold-
netics, so it is necessary to evaluate the hemodynamic
changes induced by each one individually or sepa-
rately [1-3].

Nitrendipine is a selective, long-acting dihydropyr-
idine ealeium antagonist with an important systemic
vasodilatatory effect [4]. Its effectiveness in lowering
blood pressure has been well documented in animals
and humans in acute and prolonged studies. It appears
to be well tolerated and can improve left ventricular
funetion [6-7]. Although the systemic effects of ni-
trendipine are generally well known, its renal effects
are only now being characterized [8].

A potential role for caleium antagonists in preserv-
ing or preventing the pathophysiclogical progression
of hypertensive renal disease or in attenuating the
progression of chronic renai disease has been recently
suggested [9,10]. In fact a fundamental concept im-
plicit in the evaluation of any antihypertensive drugs
is related to its effects on renal function, because a
decrease in renal perfusion pressure induces several
compensatory reactions that tend to limit any blood
pressure-lowering effect [10,11].

In this study antihypertensive effectiveness, the
safety of nitrendipine, and its effects on central and
renal hemodynamics were evaluated in patients with
mild to moderate hypertension. Our final goal was to
ascertain whether the reduction in blood pressure in-
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duced by nitrendipine administration was associated
with maintained renal function,

Patients and Methods

Patients

Forty-three consecutive hypertensive outpatients at-
tending the antihypertensive center of the Internal
Medicine Department at the University of Palermo,
Italy were enrolled, but only 26 patients (16 women
and 10 men; mean age 45.4 * 3.9 years), 15 with mild
and 11 with moderate established essential hyperten-
sion, were studied. The diagnosis of essential hyper-
tension was established by history and physical ex-
amination and by the absence of clinical findings
suggestive of a seeondary form of hypertension. Dur-
ing the recruitment period all patients were totally
unselected as far as preliminary investigations were
completed. They included routine biochemical tests
(including creatinine clearance and oral glucose toler-
ance tests), chest X-ray, standard and 24-hour EKG
monitoring, M- and B-mode echocardiography, and
fundus oculi examination. ‘

Exclusion criteria included accelerated hyperten-
gion, cardiovascular diseases (defined as myocardial
infarction, chest pain, heart biock, valvular diseases,
cardiac enlargement, and heart failure), renal dis-
eases, and renal failure (serum creatinine > 1.4 mg/
dl), insulin-dependent or -independent diabetes mel-
litus, electrolyte imbalances, moderate or severe
Keith-Wagener hypertensive retinopathy, aleoholism,
or psychiatrie problems. The patients with concomi-
tant left ventricular hypertrophy defined according to
echocardiographic criteria [12] or with other target
organ damage were also excluded.

Each patient gave informed consent after receiving
a detailed description of the study procedure and the
study was also approved by the Sicilian Regional Ethi-
cal Committee.

After a 14-day run-in period with placebo, patients
with persistent diastolic blood pressure higher than
90 mmHg were randomly assighed to a double-blind
8-week controlled trial of nitrendipine (IN) 20 mg once
a day (13 pts) or hydrochlorothiazide (HTC) 256 mg

once a day (13 pts). The drugs were supplied by Bayr-

opharm S.r.l. Both hypertensive groups were main-
tained on a normal sodium diet (160 mEq/day). In
view of this all the patients were advised to follow a
computerized and no-added-salt diet. The good adhe-
sion to dietetic regimen was controlled through peri-
odical and randomized examination of urinary exere-
tion of sodium.

Clinical characteristics, central and renal hemody-
namic investigations, and laboratory tests were per-
formed at the end of the run-in period (D0) and 24
hours after the last N or HCT dose (D57T). Clinical
measurements included heart rate (HR), which was
derived from the electrocardiographic trace, and sys-

tolic (SBP) and diastolic (DBP) blood pressure (BP),
which were measured in triplicate using a mereury
sphygmomanometer after 5 minutes in the supine po-
sition. Korotkoff phase V was used for DBP. BP and
HER were also measured on days 14, 28, 42, and 56.
Mean bloed pressure (MBP) was caleulated as the sum
of DBP plus one third of the pulse pressure.

Methods

Renal hemodynamics

Renal hemodynamics were evaluated by radionuclide
study according to methods described by Schlegel et
al. and Gates et al. [18,14]. The methods utilized for
the measurement of effective renal plasma fiow and
glomerular filtration rate were based on the determi-
nation by scintillation camera of the fraction of the
injected dose of Tc-99m DTPA and I1-181 hippuran,
respectively, present in the kidneys 1-3 minutes after
administration according to the following procedure.
All the patients were well hydrated orally (10 mlkg,
1-2 hours before the study). An 18-gauge cannula was
placed into a right or left antecubital vein and 8 mCi
of Te-99m DTPA (freshly prepared from a constant
source), followed at 15-minute intervals by 250 wCi
of I-131-labeled sodium iodohippurate, were injected.
The injected dose was measured by counting the sy-
ringe on the gamma camera under standardized geom-
etry (at 20 em). Renal data acquisition was also per-
formed with the computerized, large-field seintillation
camera (General Electric) with a high-resolution
1.5-in. parallel-hole collimator, with the patient in a
supine position over the camera. The data were re-
corded in the computer memory every 15 seconds over
10 minutes for Te-99m DTPA and 20 minutes for 1-131
hippuran. Data acquisition was initiated at the mo-
ment of injection, and the data were analyzed at the
end of the study, after outlining each kidney in a re-
gion of interest. In practice, 3—4 minutes is sufficient
for each measurement, as described by Schlegel et al.
[13]. To caleulate the effective renal plasma flow and
glomerular filtration rate, the relative and fractional
uptake were first determined by the computer and
then related to the clearance values; the relative and
fractional uptake were related to the clearance value
by the empiric regression equations previously re-
ported [13,14].

Using radionuclide techniques, effective renal
plasma flow (ERPF; ml/min), effective renal blood
flow [ERBF = ERPF/(1 — Ht); ml/min), glomerular
filtration rate (GFR; ml/min), and filtration fraction
(FF = GFR/ERPF; %) were calculated. Renal vascn-
lar resistance (RVR) was also measured by the for-
mula RVR = MBP x S0/ERBF (dynes x sec x
em™). The accuracy and reliahility of this technique
in the evaluation of global renal function or unilateral
kidney function have been validated by Chakati et al.
[15], and this technique is currently utilized in our
laboratory [16].




In addition, the noninvasive radionuclide technique
gives a certain advantage in comparison with the tra-
ditional method utilized in evaluating the ERPF or
GFR. In fact, the isotopic methods provide an esti-
mate of GFR or ERPF without blood or urine sam-
pling. These methods allow the determination of these
measurements separately for each kidney and derive
values for global renal function [15]. In contrast, the
standard techniques usually require eontinuous intra-
venous administration ofadequate substances, as well
as inulin or PAH with multiple blood and urine analy-
sis. Furthermore, these techniques do not allow mea-
surements of unilateral renal function without inva-
sive ureteral catheterization [15].

Central hemodynamics

Central hemodynamics were determined by first-pass
radionuelide angiocardisgraphy according to a vali-
dated method currently utilized in our laboratory [17],
First-pass radionuclide angiocardiography represents
a useful method for central hemodynamic determina-

tion. It is known that this technique is well correlated -

with contrast ventriculography [18]. For reliable as-
sessments it is necessaly to provide adequate stan-
dardization of the procedure, in particular, ensuring a
homogenous radioactive bolus and a rapid injection of
the tracer [17,18].

Using first-pass radionuclide angiography, cardiac
index (CI; mVmin/mq) and left ventricular ejection
fraction (LVEF; %) werecalculated. The total periph-
eral resistance (TPR) wss also measured by the for-
mula: TPR = MBP x 80 x 1332/CI (dynes x sec x
em™® x mEq).

Statistical analysis
The data were expressed as mean + standard error
of the mean (SEM). Statistical analysis was carried
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out using one-way analysis of variance (ANOVA) and
a t test for paired data.

Results

The results are summarized in Tables 1-3, There was
no statistically significant difference between the two
treatment groups in the baseline characteristics (Ta-
ble 1 and 2). '

Nitrendipine group

After nitrendipine treatment a statistically significant
(p < 0.01) decrease vs. baseline values was observed
for SBP, DBP, and MBP {Table 1). Blood pressure
normalization (DBP = 90 mmHg) oceurred in 10 of the
13 hypertensive patients. N itrendipine administration
induced a significant increase (p < 0.05) in CI, ERPF,
and ERBF and a significant decrease (p < 0.01) in
TPR and RVR; mild but not significant inereases in
LVEF and GFR were found, but no significant change
in FF (Table 2).

No clinically important modifieation oceurred in the
biochemical tests (Table 8). Only transient and mild
side effects were reported in three patients: dizziness
(one case) and flushing (three cases).

Hydrochlorothiazide group
After hydrochlorothiazide treatment, a slight but sig-
nificant (p < 0.05) weight loss and a significant (p <
0.01) decrease in SBP, DBP, and MBP were observed
{Table 1). Blood pressure normalization (DBP = 90
minHg) occurred in 8 of 13 hypertensive patients.
Moreover, a statistically significant (p < 0.05) de-
erease vs. baseline values for RVR was found without
a significant change in CI, EF, TPR, ERPF, ERBPF,
GFR, and FF (Table 2). No clinieally important modi-
fieation occurred in the hiochemical tests (Table 3},

Table 1. Clinical characteristics (mean value = SEM) of two hypertensive groups before and after

ratrendipine or hydrochlorothinzide

Nitrendipine Hydrochlorothiazide
(20 mg/day) (25 mgiday)
n=13 n =13
Baseline Treatment Baseline Teratment

Age (years) 46.6 + 4.2 42,5 + 3.3
Body weight (kg) 80.7 = 3.8 8.5 + 3.4 8.2 + 3.7 73.0 = 3.8
Height (m) 1.68 =+ (.03 1.71 + 0.02
BMI (kg/m% 28.3 % 0.6 27506 26.7 + 0.7 25.8 = 0.5
BSA (mng) 1.90 = 0.06 1.88 = 0.05 1.89 = 0.05 1,80 = 0.05
HR (b/m) 77.0 = 1.50 80.7 = 1.20 78.0 = 1.8 T6.7 = 1.4
SBP (mmHg) 160.6 + 4.8 148.1 + 2.5 163.3 £ 1.8 149.7 = 1,gb
DBP (mmHg) 101.8 = 4,1 90.0 + 1,3° 99.6 + 1.3 88.9 = 1.4%
MBP (mmHg) 121,8 + 4.2 109.3 = 1.6b 120.8 = 1.2 108.9 = 1.6

BMI = hody mass index; BSA = body surface area: HR = heart rate; SBP = systolic blood pressure; DBP = diastolic blood pressure; MBP

= mean blood pressure.
2p < 0.05 vs, baseline.
®p < 0.01 vs. baseline.
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Table 2. Central and renal hemodynamic characteristics (mean valu

and after nitrendipine or hydrochlovothiazide administration

¢ = SEM) in hypertensive patients before

Nitrendipine Hydrochlorothiazide
(20 mg/day) {25 mgfday)
n = 13 n = 13

Baseline Treatment Baseline Treatment
CI (ml/mg/m) 3,396 = 439 3,950 = 410° 3,271 + 511 3,208 = 407
LVEF (%) 62.5 = 1.67 65.0 = 1.50 63.0 = 2.0 62.8 £ 1.9
TPR (dyne-sec-cm~>-mq) 2,850 = 252 2,171 = 275 2,954 £ 192 2,877 = 185
ERPF {(ml/m) 511 = 41 592 = 53* B4d = 37 537 = b1
ERBF (ml/m) 922 = 71 1,072 = 84° 1,007 = 90 958 + 77
GFR (ml/m) 108.1 = 5.0 108.5 = 6.2 105.2 = 6.0 104.7 = 5.5
FF (%) 20.1 = 0.1 19.6 £ 0.1 19.3 = 0.2 19.7 = 0.1
RVR (dyne-sec-em™) 10,560 = T77 8,096 + 673 9,506 + 492 8,820 + 417*

CI = cardiac index; LVEF = left ventricular ejection fraction; TPR = t
ERBF = effective renal blood fiow; GFR = glomerular filtration rate; FF

*p < 0.05 vs. baseline.
bp < (.01 vs. baseline.

Table 3. Biochemical tests (mean value = SEM) in hypertensive patients before and after nitrendipine

or hydrochlorothiazide administration

otal peripheral resistance; ERPF = effective renal plasma flow;
= filtration fraction; RVR = renal vascular resistance.

Nitrendipine Hydrochlorothiazide
{20 mg/day} * (20 mg/day)
n =13 B =13

Baseline Treatment Baseline Treatment
Glycemia (mg/dl) - 90.2 = 10.1 91.8 + 8.5 88.4 = 6.4 91,3 = 5.8
BUN (mg/dD) 33.8 1.9 356.6 + 1.3 323+ 1.2 383 1.1
Creatinine (mg/dl} 1.0 = 0.06 1.0 = 0.05 0.9 = 0.04 1.1 £0.05
Sodium (mEq/D) 144:1 = 0.1 142.0 = 0.07 140.1 = 0.05 138.2 = 0.06
Potassium (nEg/l) 4,42 + 0.06 4.27 = 0,08 4.61 = 0.04 4.16 = 0.03
Uric acid (mg/dl) 51 = 0.5 52+ 03 50 = 0.5 597 = 0.6
Cholesterol (mg/dl) 206 = 8.5 200 = 9.0 201 = 8.4 213 £ 8.3
HDL cholesterol (mg/dl) 524 x 28 53.6 + 2.6 54.3 = 2.4 53.2 = 2.6
Triglyceride (mg/dl) 169 = 7.1 160 = 6.3 160 = 6.2 171 = 6.5
GOT (IU/L) 16.2 = 1.8 16.0 £ 1.3 172+ 14 16.9 = 1.5
GPT (1U/) 20.1 = 2.1 19.6 = 0.9 19.7T = 1.2 203 = 1.1
Bilirubin (mg/dl) 0.7 = 0.03 0.8 £ 0.08 0.7 £ 0.06 0.75 = 0.08

None of the differences are significant.

except for a transient hypokaliema, which occurred
after 5 days of HCT treatment and was corrected with
oral K* administration (8 mEq once a day for 3 days).
Side effeets were few and transient: Two patients
complained of asthenia and three of dizziness.

Discussion and Conclusions

This study demonstrated that nitrendipine was effec-
tive in reducing blood pressure in mild to moderate
hypertensive patients, as reported by other authors
[1-8), and its antihypertensive efficacy was compara-
ble to HCT. In owr study nitrendipine (20 mg daily)

normalized blood pressure (DBP = 90 mmHg) in T7%
of treated hypertensive patients without significant
side effects. No case of tachycardia occurred in an
analysis of individual cases. Moreover, nitrendipine
treatment produced vasodilation with a significant de-
crease in systemic and renal vascular resistance, im-
provement in renal blood and plasma flow, and favor-
able effects on cardiac function. The favorable effects
of short-term nitrendipine administration on renal he-
modynamics have been reported for other calcium an-
tagonists as well 9,10, 19].

In contrast, antihypertensive treatment with many
other drugs leads to a reduction in renal perfusion due
to the fall in systemic arterial pressure [20]. Renal




cireulatory effects of various antihypertensive agents
may differ significantly, and some agents can even
impair renal function through a fall in renal blood flow
[21,22].

This represents a very important finding related to
the development of end-stage renal disease in hyper-
tensive patients who are inadequately treated [23).
No sufficient data are available on repeated measure-
ments of ERPF or GFR during prolonged treatment
of mild to moderate hypertension in subjects with nor-
mal or near-normal reml function. However, the up-

to-date clinical data suggest that the reduction in

blood pressure induced by some caleium antagonists
as well as nitrendipine could prevent renal failure in
hypertensive patients [10,24]. The mechanism of this
protection is still to be further investigated, but there
are indications that inweased intraglomerular pres-
sure or hyperfiltration are contributing factors to the
progression of hypertensive nephrosclerosis in rats
and that this can be refarded by lowering the intra-
glomerular pressure [11,25,26]. Whether increased
glomerular hyperfiltration represents the first stage
of hypertensive nephropathy will have to be eonfirmed
by prospective trials inhypertensive patients.

Hypertensive patients studied by this group were’

characterized by normairenal function, despite a mild
baseline reduction of renal hemodynamic measure-
ments (decrease in ERPF and ERBF), according to
the normal values of our laboratory. It has also been
suggested that those essential hypertensive patients
who have the impaired renal hemodynamics and renal
excretory function showthe greatest renal response
to ealeium antagonists [19].

The short-term effects of nitrendipine monother-
apy, i.e., a significant crease in both ERPF and
ERBF associated with anunchanged and normal GFR
and filtration fraction are similar to those previously
reported for nifedipine o amlodipine [9,10,24]. This
leads one to speculate that nitrendipine may be able
to protect renal functionin treated hypertensives.

In fact, it has been recently suggested that if cal-
cium antagonists predominantly decrease preglomer-
ular (afferent) arteriolar resistance without decreas-
ing postglomerular (efferent) arteriolar resistance,
glomerular capillary pressure may increase, poten-
tially accelerating hemodynamic glomerular injury
[25,26].

Our results are consistent with the hypothesis that
the improvement of renal function induced by nitren-

- dipine administration is due to a reduction in both
afferent and efferent glmerular arteriolar resis-
tanees. It is a very attractive coneept but has yet to

be proved that the caleium antagonists ean provide

long-term renal protection. In view of these long-term
clinieal studies, it will be necessary to determine if the
short-term renal response to nitrendipine monother-
apy is sustained or has the potential to modify the
clinical eourse of hypertensive renal disease.
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