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Calcium antagonists, like many other antihypertensive agents, have regressive effect on left ventricular hypertrophy, 
which often accompanies systemic hypertension. In this study, the effect of felodipine on cardiac hemodynamics and left 
ventricular mass in hypertensive patients was investigated. The study group included 17 primary hypertensive subjects, 
whose mean sistolic and diastolic blood pressure values were 156±3/103±1 mmHg. The subjects were given felodipine 5 
mg daily after two weeks' duration of placebo period; the dose was doubled if diastolic blood pressure was not lower than 
90 mmHg after two weeks, and metoprolol 100 mg daily was added, if it was still equal or higher than 90 mmHg while on 
10 mg felodipine. After 6 weeks' duration of felodipine treatment, the response rate was 88%, with 7.5 mg daily mean 
dose of felodipine. After 6 weeks' duration of felodipine treatment, endsistolic posterior wall thickness increased and 
endsistolic stress decreased; both representing improvement in systolic function of left ventricule. A slight decrease in left 
ventricular mass was observed. Thus, it is suggested that, in addition to effective antihypertensive effect, felodipine may 
be beneficial for the improvement of the left ventricular functions. [Turk J Med Res 1992; 10(5):267-271] 
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C a l c i u m an tagon i s t s ( C A ) a re be ing u s e d inc reas ing ly 
in the first s t ep t rea tment of hype r t ens ion , in recen t 
y e a r s (1-3). In addi t ion to ef fect ive lower ing of b lood 
p r e s s u r e , C A ' s a re d f benef i t on co rona ry c i rcu la t ion 
(4) a n d m y o c a r d i a l s t ructural c h a n g e s (5,6) wh ich a c 
c o m p a n y hype r tens ion . 

Left ven t r i cu la r hyper t rophy, wh ich is the result of 
h e m o d y n a m i c a l terat ions c a u s e d by s y s t e m i c hyper ten
s i on , i n c r e a s e s c a r d i o v a s c u l a r morbid i ty a n d mortal i ty 
i ndependen t f rom i n c r e a s e d b l ood p ressu re , co rona ry 
artery d i s e a s e a n d heart fa i lure (7,8). T h e risk of mor 
tality m a y be d im in i shed by m e a n s of reg ress ion of left 
vent r icu lar m a s s (9). S o m e ant ihyper tens ive agen ts , in 
c lud ing C A ' s , h a v e abi l i ty to d imin ish the i n c r e a s e d left 
vent r icu lar m a s s (10,11) . 

C A ' s exer t their ac t ion v i a the inhibit ion o f the e n 
try o f c a l c i u m into v a s c u l a r s m o o t h m u s c l e a n d m y o 
card ia l ce l l s . I t is wel l k n o w n that there a re s igni f icant 
d i f fe rences b e t w e e n C A ' s acco rd i ng t o v a s c u l a r o r ca r 
d iac select iv i ty . H igher the v a s c u l a r / c a r d i a c select iv i ty 
ratio, l e s s e r the effect on the cont rac t ion a n d impu lse 
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genera t ion and conduc t i on of the heart . T h i s ratio is 1, 
7 and 14 for ve rapami l , d i l t i azem a n d n i fedip ine, res 
pect ive ly . T h e h ighes t v a s c u l a r se lec t iv i ty b e l o n g s to 
fe lod ip ine a m o n g s t C A ' s , wi th v a s c u l a r / c a r d i a c se lec t i 
vity ratio of 118 (12). 

In the p resen t s tudy, the ef fects of fe lod ip ine on 
card ie h e m o d y n a m i c s a n d left vent r icu lar m a s s in mi ld 
to modera te hyper tens ive pat ien ts w e r e inves t iga ted . 

PATIENTS AND METHODS 
T h e subject in the s tudy g roup w e r e s e l e c t e d f rom the 

pr imary hype r tens i ve pa t ien ts re fer r ing to C a r d i o l o g y 

D e p a r t m e n t , H a c e t t e p e U n i v e r s i t y M e d i c a l S c h o o l , 

w h o s e d i a s t o l i c b l o o d p r e s s u r e ( D B P ) , w h i c h w a s 

m e a s u r e d a t three different o c c a s i o n s , fo l lowing 10 m i 

nu tes ' rest i n s u p i n e pos i t i on , w a s b e t w e e n 95 a n d 

110 m m H g , a g e b e t w e e n 2 5 a n d 7 0 y e a r s , and w h o 

had no an t ihyper tens ive m e d i c a t i o n dur ing the p rev ious 

four w e e k s . T h e sub jec ts w h o s e , l iver t r a n s a m i n a s e le

ve ls h igher than twice the u p p e r no rma l range , g l o m e 

rular fi ltration rate l e s s than 30 ml /m in , a n d w h o we re 

pregnant o r b reas t - feed ing w e r e e x c l u d e d . 

T h e s tudy g roup i n c l u d e d 17 s u b j e c t s (12 w o 
m e n , 5 m e n ; m e a n a g e 4 7 . 4 ± 2 . 4 y e a r s , m e a n height 
160.0±1.9 c m , m e a n we igh t 78.1 ±2.9 kg , m e a n b o d y 
su r face a r e a 1.79±0.03 m ). 
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T h e s t u d y p e r i o d w a s 8 w e e k s . T h e s u b j e c t s 
we re ca l l ed for visit eve ry two w e e k s on an out-pat ient 
bas i s . Fo l l ow ing the first two w e e k s -the p l a c e b o p e 
r iod- , ora l fe lod ip ine 5 mg dai ly w a s s tar ted; the d o s e 
w a s d o u b l e d i f D B P w a s h igher than 90 m m H g a t the 
fourth w e e k visit a n d ora l metopro lo l 100 mg dai ly w a s 
a d d e d i f D B P w a s still h igher than 90 m m H g a t the 
s ixth w e e k visit. T h e s tudy e n d e d a t the e ighth w e e k . 

B l o o d p r e s s u r e m e a s u r e m e n t s we re pe r fo rmed by 
the s a m e p h y s i c i a n (0.6.) by mercury s p h y g m o m a n o 
meter f rom both a r m s , 10 m inu tes after rest ing in s u 
p ine pos i t ion a n d 5 minu tes after s tand ing . D B P va lue 
w a s a s s i g n e d t o Korotkoff p h a s e V . 

B i o c h e m i c a l a n a l y s i s o f b lood (by D a c o s Cou l t e r 
E l e c t r o n i c s Inc. D i s c r e t e A n a l y z e r , F lo r i da , U . S . ) , s e 
rum l ip ids, c o m p l e t e b l ood coun t (by C o u l t e r C o u n t e r 
M o d e l S -p lus - IV , Lu ton , Eng land ) and e lec t roca rd iog ra -
p h i c a l ( E C G ) a n a l y s i s (by t h r e e - c h a n n e l H e w l e t t -
P a c k a r d inst rument , s p e e d 50 m m / s e c , ampl i tude 
1 m V / 1 0 mm) w e r e per fo rmed before a n d after 
p l a c e b o per iod a n d a t the s e c o n d and s ixth w e e k o f 
fe lod ip ine t reatment . 

E c h o c a r d i o g r a p h i c a l ( E C H O ) a s s e s s m e n t s o f the 
sub jec ts w e r e d o n e b y T o s h i b a S o n o l a y e r S S H - 6 0 , b e 
fore a n d after the p l a c e b o per iod a n d at the e n d of 
the s tudy , a t abou t 11 :00 A M , three hours after the 
d o s i n g . M - m o d e a n d two- d i m e n s i o n a l r e c o r d s w e r e 
ob ta ined v i a 1 cm d iameter , 2 .25 M H z t ransducer , to
ge ther with s imu l t aneous E C G record ings . D ias to l ic p a 
ramete rs w e r e m e a s u r e d just a t the beg inn ing o f Q R S 
c o m p l e x e s . C a v i t y a n d wal l m e a s u r e m e n t w e r e obtai 
n e d f r o m the c r o s s - s e c t i o n jus t b e n e a t h the mi t ra l 
va l ve , a t c o r d a t e n d i n e a leve l . A l l E C H O i m a g e s we re 
reco rded onto v i d e o t a p e s a n d r e a s s e s s e d a t the e n d 
o f the s tudy . F o l l o w i n g f o r m u l a e w e r e u s e d for the 
es t imat ion o f the E C H O da ta : 

log BSA - (0.425 x log W) + (0.725 x log H) —0.1436 (13) 

The abbreviations in these equations are as follows: 
BSA 
W 
H 
LVEDD 
L V E S D 
LVEDV 
V E S V 
B P 
E S P W T 
EDST 

Body surface area, in m , 
Weight, in kg., 
Height, in cm., 
Left ventricular enddiastolic diameter, in mm., 
Left ventricular endsistolic diameter, in mm., 
Left ventricular enddiastolic volume, in mm 3 , 
Left ventricular endsistolic volume, in mm 3 , 
Blood pressure, in mmHg, 
Endsistolic posterior wall thickness, in mm., 
Enddiastolic septal thickness, in mm. 

S tuden t ' s t-test for pa i red s a m p l e s w e r e app l i ed 
for the c o m p a r i s o n b e t w e e n p a r a m e t e r s ob ta ined b e 
fore a n d after p l a c e b o a n d d rug . 

RESULTS 
Initial rest ing m e a n S B P a n d D B P v a l u e s w e r e 156±3 

a n d 103±1 m m H g , r e s p e c t i v e l y . Wh i l s t t h e s e v a l u e s 

didn't s h o w any c h a n g e after the p l a c e b o per iod , 4 . 5 % 

a n d 6 . 0 % d e c r e m e n t s w e r e o b s e r v e d i n m e a n S B P 

a n d D B P , respec t i ve ly , fo l lowing two w e e k s ' durat ion 

of 5 mg /day fe lod ip ine t reatment . T h e r e s p o n s e rate, 

wh ich w a s d e s c r i b e d a s " D B P lower than 9 0 m m H g " 

w a s 5 9 % (10 o f 17 sub jec ts ) . T h e d o s e o f fe lod ip ine 

in the rema inde rs w a s d o u b l e d . A t the s ixth w e e k , one 

pat ients w a s w i thd rawn f rom the s tudy , b e c a u s e the 

d rug h a d to be s t o p p e d d u e to s e v e r e h e a d a c h e wh i le 

on 10 mg /day fe lod ip ine r e g i m e n . A t the e n d o f the 

s tudy, m e a n d e c r e m e n t s i n S B P a n d D B P w e r e 8 . 0 % 

a n d 1 4 . 0 % , respec t i ve ly . T h e r e s p o n s e rate w a s 8 8 % . 

S tand ing S B P a n d D B P exh ib i ted d e c l i n e s para l le l t o 

sup ine m e a s u r e m e n t s . Or thos ta t i c hypo tens ion w a s not 

o b s e r v e d in any pat ient. M e a n fe lod ip ine d o s e s we re 

5 , 7.1 a n d 7 .5 m g / d a y dur ing the s e c o n d , third a n d 

fourth two w e e k s ' pe r i ods , respec t i ve ly (Tab le 1). 
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Table 1 . S u p i n e a n d s tand ing sys to l ic , d ias to l ic a n d m e a n b lood p r e s s u r e a n d heart rate v a l u e s dur ing the s tudy 

Before After 
Plaacebo 2. week 

4. week 
Treatment 6. week 

Supine 
S B P ( m m H g ) 
DBP(mmHg) 
M B P (mmHg) 
HR (/min) 

156±4 
103±1 
121 ±2 
74+3 

156±4 
101+2 
120±3 

76±2 

149±4 
95±2 

11313 
73+2 

144±4 
87±2 

107±3 
75±3 

140±2" 
88±2*** 

105±1** 
74+2 

Standing 
S B P (mmHg) 
D B P (mmHg) 
M B P (mmHg) 
HR (/min) 

149±5 
99±3 

116±3 
81+3 

150+5 
99±3 

116±3 
80±2 

143±4 
92+3 

110±3 
78±1 

136±5 
84±3 

101 ±3 
79±3 

133±3* " 
8 3 ± 2 * " 

100±2" * 
77±2 

S B P : Systolic blood pressure, D B P : Diastolic blood pressure,, M B P : Mean blood pressure, HR: Heart rate 
p < 0 . 0 5 , " : p<0 .01 , * " : p<0.001. 

Leng th o f P R , Q R S a n d Q T intervals a n d cr i ter ia 
o f left vent r icu lar hyper t rophy ob ta ined f rom E C G re
co rd ings didn't c h a n g e dur ing the s tudy per iod (Tab le 
2). 

Fo l l ow ing 6 w e e k s ' durat ion of t reatment with fe
lod ip ine, E S P W T i n c r e a s e d form 14.9±0.5 t o 16 .3±0.3 
m m (p<0.001). E S S , w h i c h w a s 74 .2±7 .9 m m H g a t the 
b e g i n n i n g o f f e l o d i p i n e t r e a t m e n t , d i m i n i s h e d t o 
56 .6±3 .7 m m H g after 6 w e e k s on fe lod ip ine (p<0.01). 
T P R d e c r e a s e d f rom 1 5 4 7 ± 1 0 4 t o 1441 ±87 d y n . s e c . 
c m " 5 . T h e sl ight d e c r e m e n t i n left vent r icu lar m a s s w a s 
not f ound to be s igni f icant (Tab le 3). 

T h e b i o c h e m i c a l a n a l y s i s o f b lood , inc lud ing rena l 
a n d l iver f unc t i on t es t s , b l o o d g l u c o s e , e l ec t r o l y t es , 
urate a n d s e r u m l ip ids we re all i n no rma l r a n g e s d u 
r ing the s tudy , e x c e p t c rea t in p h o s p h o k i n a s e , w h i c h 
s h o w e d i n c r e a s e f rom 76±9 IU/L a t the beg inn ing of 
the t reatment , to 109±27 IU/L, at the end of the s tudy. 
W h i t e b l o o d c e l l , red b l o o d ce l l a n d p la te le t c o u n t s 
a n d h e m o g l o b i n a n d hematocr i t v a l u e s didn't s h o w a n y 
al terat ion dur ing the s tudy . 

DISCUSSION 
T h e p reven t i on o f the c o m p l i c a t i o n s h a s k e y impor 

t a n c e in the m a n a g e m e n t o f s y s t e m i c h y p e r t e n s i o n . 

T h e r e f o r e , in add i t i on to e f fec t ive l ower ing o f b l ood 

p r e s s u r e , the r e g r e s s i o n of left vent r icu lar hyper t rophy 

shou ld a l s o be a i m e d in hyper tens ive pat ient. 

Table 2 . E l ec t roca rd iog raph i ca l v a l u e s dur ing the s tudy 

Before After After 
Placebo Placebo Felodipine 

P R (msn) 141 ±6 145±5 143±4 
Q R S (msn) 74±3 72+6 75±4 
QT (msn) 342±9 351+8 343±6 

T h e prototype o f the d rugs w h i c h h a v e lower ing 
effect on left vent r icu lar m a s s i s m e t h y l d o p a . C A ' s , a n -
g io tens in - conve r t i ng -enzyme inhib i tors, p - b l o c k e r s a n d 
d iuret ics have s imi la r e f fec ts . On the o ther h a n d , treat
ment o f hyper tens ion by di rect vasod i l a to rs c a u s e s in
c r emen t in left vent r icu lar m a s s (10,11) . M o r e in teres
tingly, i t h a s b e e n d e m o n s t r a t e d that m e t h y d o p a d e 
c r e a s e d left v e n t r i c u l a r m a s s i n n o r m o t e n s i v e ra ts , 
wh ich had not left vent r icu lar hyper t rophy ; a n d i t h a s 
lower ing effect e v e n on right ven t r i cu la r m a s s both in 
s p o n t a n e o u s l y hype r tens i ve rats ( S H R ) a n d no rmoten 
s i v e rats (7). In the light of al l t h e s e d a t a , i t h a s b e e n 
s u g g e s t e d that the ef fects o f an t ihyper tens ive d rugs on 
left vent r icu lar m a s s do not r ise so le ly f rom the h e m o 
d y n a m i c a l terat ions; the di rect e f fects o f the d rugs on 
myocard ia l protein a n d c o l l a g e n m e t a b o l i s m s m a y be 
d i ssoc ia ted f rom h e m o d y n a m i c ef fects (18). T h e min i 
m a l du ra t ion o f t r ea tmen t w h i c h is e f fec t i ve on left 
ven t r i cu la r m a s s h a s u s u a l l y b e e n o b s e r v e d a s 4 - 6 
w e e k s i n an ima l s t ud ies , a n d 8 -12 w e e k s i n h u m a n 
s tud ies . 

A l t hough i t is a h e t e r o g e n o u s g r oup acco rd i ng to 
s t ructura l , p h a r m a c o l o g i c a l a n d h e m o d y n a m i c proper 
t ies, the ef fects o f C A ' s on left vent r icu lar m a s s s h o w 
similari ty. I t is wel l k n o w n that d i l t i azem (19), v e r a p a 
mil (5), n i fed ip ine (7), n i t rendip ine (6) a n d n icard ip ine 
(20) r eg ress left vent r icu lar wa l l t h i c k n e s s a n d m a s s in 
S H R a n d hype r tens i ve h u m a n s . 

F e l o d i p i n e m a y i m p r o v e t h e c a r d i o v a s c u l a r 
c h a n g e s a c c o m p a n y i n g s y s t e m i c h y p e r t e n s i o n . T h e 
s tud ies o n S H R h a v e s h o w n that fe lod ip ine , a l one (21) 
or in c o m b i n a t i o n with me top ro lo l (22), m a y r e g r e s s 
co rona ry hyper t rophy . In t he s t u d y on m o r p h o m e t r i c 
ana l ys i s o f co rona ry r e s i s t a n c e v e s s e l s in S H R , i t i s 
repor ted that med ia l t h i c k n e s s o f the v e s s e l s d e c r e a 
s e d , med ia l t h i c k n e s s / d i a m e t e r rat io w a s n o r m a l i z e d 
a n d co rona ry c i rcu la t ion i m p r o v e d (23). W e t z c h e w a l d 
et al (24) have s tud ied the ef fects of fe lod ip ine a lone 
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Table 3. E c h o c a r d i o g r a p h i c a l pa ramete rs dur ing the s tudy 

Before Placebo After Placebo After Felodipine 

L V E D D (mm) 46.7+0.9 50.3±1.4 49.9±1.1 

L V E S D (mm) 30.6±0.9 30.1 ±1.3 30.2±1.1 

EDPWT (mm) 9.3±0.3 9.50±0.3 9.2±0.4 

E S P W T (mm) 13.9±0.4 14.9±0.5 16.3±0.3" 

EDST (mm) 9.3±0.3 9.2±0.4 8.9±0.3 

L V E D V (ml) 117±5 122±8 119+7 

L V E S V (ml) 38±2 37±5 37±3 

E F (%) 67.811.6 69.6±2.5 69.5±2.0 

F S (%) 38.2±1i»- 40.1 ±2.1 39.611.6 

S V (ml) 79.8±4.0 85.1 ±6.3 82.2±4.4 

SI (ml/m 2) 44.8±2.1 46.9±2.9 45.8±2.3 

C O (L/min) 5.9±0.3 6.7±0.5 6.2±0.5 
P I H ( m i n i m a o q+n 9 3.7±0.2 3.5±0.3 
U l 
T P R 

^ L / m i n / m ¡ 
(dyne.sec.cm 5 ) 1698+96 1547±104 1441±87 

E S S (mmHg) 80.1 ±4.7 74.2±7.9 56.5±3.7* 

V M (gr) 191 ±9 200±16 187±16 

VMI (gr/m2) 107+5 110±7 104±8 

L V E D D : Left ventricular enddiastolic diameter, SV Stroke volume, 
L V E S D : Left ventricular endsystolic diameter, SI Stroke index 
E D P W T Enddiastolic posterior wall thickness, CO Cardiac output, 
E S P W T Endsystolic posterior wall thickness, CI Cardiac index, 
EDST : Enddiastolic septal thickness, T P R Total peripheral resistance, 
L V E D V : Left ventricular enddiastolic volume, E S S Endsystolic stress, 
L V E S V : Left ventricular endsystolic volume, VM Ventricular mass, 
E F Ejection fraction, VMI Ventricular mass index 
F S Fractional shortening, *: p<0.01, " : p<0.001 

or in comb ina t i on with metopro lo l , on ca rd iac structure 
of hype r tens i ve pat ients w h o s e left vent icu lar pos ter io r 
wa l l s w e r e th icker than 11 .5 m m , by e c h o c a r d i o g r a p h y 
a s s e s s m e n t . Fo l l ow ing 9 mon ths ' durat ion of t reatment , 
i t w a s o b s e r v e d that left vent r icu lar m a s s d e c r e a s e d 
f rom 190 t o 1 7 0 g r a n d L V P W a n d sep ta l t h i c kness 
m e a s u r e m e n t s f rom 12 .5 to 11.0 m m . 

In the p resen t s tudy , i t is s h o w n that 6 w e e k s ' 
durat ion of t reatment of hype r tens i ve pat ients with ora l 
fe lod ip ine h a s bene f i ca l e f fects on sys to l i c func t ions o f 
left vent r icu lar m y o c a r d i u m . Th i s is r ep resen ted by the 
i n c r e a s e d E S P W T a n d d e c r e a s e d E S S . S l i g h t d e 
c r e a s e in vent r icu lar m a s s d id not r each to stat ist ical ly 
s ign i f i can t l eve l , p r o b a b l y b e c a u s e 6 w e e k s a r e not 
e n o u g h for lower ing of vent r icu lar m a s s , but th is led 
us th ink hopefu l ly on the reg ress i ve effect on left v e n 
tr icular m y o c a r d i u m of long- term fe lod ip ine t reatment . 

Felodipinin primer hipertansiyonda kardiak 
hemodinami üzer indek i etkileri 

Kalsiyum antagonistlerinin de, bir çok diğer antihi-
pertansif ajan gibi sistemik hipertansiyona eşlik 
eden sol ventrikül hipertrofisini geriletici etkileri 
vardır. Bu çalışmada felodipinin hipertansif hasta
larda kardiak hemodinami ve sol ventrikül kitlesi 
üzerine etkileri araştırıldı. Çalışma grubunu ortala

ma sistollk ve diastolik kan basıncı 156±3/103±1 
mm Hg olan 17 primer hipertansif hasta oluşturdu. 

Hastalara iki haftalık plasebo dönemini takiben 5 
mg/gün felodipin başlandı. İki haftalık tedaviyle 
diastolik kan basıncı 90 mmHg'nın altına inmeyen-
lerde doz iki katına çıkıldı; 10 mg/gün felodipin'le 
diastolik kan basıncı 90 mmHg ve üzerinde devam 
edenlerde tedaviye 100 mg/gün metoprolol eklen
di. Altı hafta süreli felodipin tedavisi sonunda yanıt 
oranı, ortalama 7.5 mg/gün felodipin'le %88 oldu. 
Altı hafta sonunda sistolsonu arka duvar kalınlığın
da artma ve sistol sonu stress'te azalma gözlendi; 
her iki değişiklik de sol ventrikül sistolik fonksiyon
larında düzelme olduğunu göstermektedir. Sol 
ventrikül kitlesinde az da olsa azalma saptandı. 
Sonuç olarak, etkin bir antihipertansif ajan olması
nın yanısıra, felodipinin sol ventrikül fonksiyonları 
açısından da yararlı olabileceği sonucuna varıldı. 
[Türk Tıp Araştırma 1992; 10(5):267-271] 

Anahtar Kelimeler: Felodipin, Hipertansiyon, 
Hemodinami 
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