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LONG-TERM EFFECTS OF THE CALCIUM-ANTAGONIST
FENDILINE ON EXERCISE PERFORMANCE
IN CORONARY HEART DISEASE
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Summary: In patients with coronary heart disease (N=7;, mean age 53,4 years) the effect
of the calcium antagonist, fendiline, was studied after a treatment perlod of four weeks.
Control data (C) were compared with measurements taken at the end of the treatment pe-
riod two hours after ingestion of 50 mg fendiline (daily dose 200 mg). Non-steady-state exer-
cise was used to assess physical performance by means of graded maximal bicycle ergo-
metry {two minutes increment test; ergospirometry). Central haemodynamlics were determi-
ned in recumbent position after volume-loading and at maximally tolerable steady-state exer-
cise (mean load 41 Watt). In symptom-limited stress testing work output (+7,7%, n. sig) and
the highest tolerable work load (C=85,7+74 Watt; F=929+4,6 Watt; +9,0%, n. sig.) in-
creased slightly, but maximal heart rate (C=130,7+4,3 bimin) and systolic blood pressure
(C=176,4+:6,2 mm Hg) were not affected. The range of endurance performance
(C=1,18+0,07 limin STPD oxygen uptake} and the degree of metabolic acidosis (base ex-
cess) related to work output were invariable. Fendiline produced no significant influence on
exercise induced ST-segment depression and on time elapsed for normalization. Haemody-
namic investigation revealed an increase in central-venous capacitante to volume-loading
(mean pulmonary arterlal pressure; —9,1%; 2P<0.05). At work the left ventricular filling pres-
sure (PAEDP) fell from 22,3+2,9 mm Hg to 145+1,0 mm Hg (2P<0,05). Fendiline caused no
effect on the mean arterial blood pressure (C=121,5+2,9 mm Hg) and on the exerclse heart
rate (- 3,3%; n. sig), but reduced the stroke work index significantly (~ 17,8%; 2P<0,10). The
results reveal no major increase of the exercise tolerance in coronary patients with low phy-
sical capacity by fendiline, as primary determinants of myocardial oxygen consumption
(heart rate and after-load) are not affected. Nevertheless, the mechanism of increasing cen-
tral venous capacltance (decrease of preload) may be of advantage during long-term treat-
ment with the calcium-antagonist, fendiline.

Introduction

Therapeutical considerations to improve
the exercise tolerance of a coronary patient
by means of anti-anginal compounds should
preferably be based on detailed information

about any abnormal behaviour of determi-
nants of myocardial oxygen consumptions in
order to select a drug with proper action (2,
7). Besides nitrates and beta-receptor bloc-
king agents calcium-antagonists, such as ve-
rapamil, nifedipine, perhexiline, prenylamine
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and fendiline proved some anti-anginal activi-
ty (11, 28, 20, 29, 9). Favourable effects of the-
se agents on myocardial oxygen consumption
may be attributed to the ability of inhibiting
the inward displacement of calcium ions
across cardiac cell membrane and from the
binding sites at the sarcoplasmatic reticulum
into the cell plasma, consequently affecting
the excitation-contraction coupling with resul-
ting negative inotropic actions. These inhibi-
tory effects of the Ca*-antagonists are re-
sponsible for relaxation of smooth muscles,
which means vasodilatation in the coronary
and peripheral circulation (6). Concerning the
onset of anti-anginal activity, the influence on
exercise heart rate and arrhythmias as well as
the divergent effects on pre and afterload the
specific Ca*-antagonists constitute a non-
homogenous group.

Table } Clinical data.

Clinical studies have demonstrated the effi-
cacy of fendiline in decreasing the. frequency
and intensity of angina pectoris attacks and
the consumption of nitroglyzerine (11, 30, 15).
Regarding the overall cardiovascular actions
of fendiline in man there is a paucity of data
(26, 28). The present study was undertaken to
assess effects of long-term treatment with
fendiline on ergospirometric data in maximal
non-steady-state exercise and -on central hae-
modynamics in steady-state exercise.

Patients and methods
of examination

The study included seven male patients,
aged 40 to 62 years, who participated
voluntarily after proper information.

N.N. a kg Bl RT-X RP-X FAIl WOP Mi X-abnor. Angio
AA. 54 79 109,7 75 ' 40 436 215 0 Cl, AP 3-vessel d.
R.H. 57 80 108,1 75 50 431 290 0 Cl, AP 3-vessel d.
H.F. 62 69 98,6 75 30 52,4 290 0 Cl, AP no angio
N.K. 62 77 110 75 50 48,7 290 0 Ci 3-vessel d.
F.K. 45 68 94,4 75 20 43.1 215 0 Cl, AP LAD, by-pass occl.
F.J. 54 68 971 100 50 60,7 390 inf. Cl no angio
H.J. 40 80 1053 125 50 62,5 615 0 Cl, AP 2-vessel d.
N=7 53,4 73,6 103,3 87,7 41,4 50,6 3293 mean

3,1 2,7 2,4 7.4 46 3.1 52,6 S.E. of mean

Watt Watt % W - min

Bf = Broca-Index (body-length — 100)/kg b.w.

RT-X ‘= non-steady-state maximal exercise, rectangular bicycle ergometry;

RP-X = steady-state exercise. rectangular progressive bicycte ergometry;

FA! = functional impairement (work load tolerated/work load predicted - 100);

WOP = work output during RT-X;

Ml inf. = inferior myocardial infarction;

X-abnor. = abnormal response to physical stress: ST-segment depression (Cl), angina pectoris (AP).
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Symptoms of exercise-induced angina pec-
toris and electrocardiographic signs of myo-
cardial ischemia limiting physical performan-
ce have been stated as criteria for acceptan-
ce. Pertinent data of the individuals are given
in Table 1. All patients had a typical history of
stable angina pectoris and had participated
previously in several bicycle ergometer tests
before they entered the study.

Design of investigation

During a wash-out period of 14 days only ni-
troglycerin preparation were permitted (no di-
gitalis, antihypertensives and diuretics). Sub-
sequently the patients were given fendiline
(Sensit® 200 mg daily; dragées, each contai-
ning 50 mg) over a period of at least four
weeks. Control data were obtained at the end
of the wash-out period. Additionally in three
patients the effect of 0.8 mg nitroglycerin on
exercise haemodynamics has been studied.
The measurements were repeated at the end
of the treatment period two hours after intake
of one dragée fendiline.

Technics and measurement

The exercise performance ‘of the patients
was assessed quantitatively by computer as-
sisted ergospirometry. The patients were fa-
miliar with the procedure of exercising in a
sitting position on an electrically braked bicy-
cle ergometer (Ergotest, Jéger, Fed. Rep. of
Germany). The test protocol was based on the
rectangular-triangular test procedure (two-
minute increment test (19), foltowing the prin-
ciple of symptom-limited maximal stress-
testing. The work load was incremented every
two minutes by 25 Watts, unless the patient

v

was physically exhausted or alarming signs
of physical intolerance gave reason for
prompt break-off.

The electrocardiogram was taken from pre-
cordial leads and monitored continually. The
blood pressure was measured by cuff every
second minute. Primary ergospirometric para-
meters (oxygen uptake, carbon dioxide relea-
se, minute ventilation volume, tidal volume,
respiratory quotient and others) were evalua-
ted by means of an open-air circuit system,
applying on-line computer techniques for ra-
ting of data and calculation of derived para-
meters (Ergopneumotest mit EDV, Jager, Fed.
Rep. of Germany). A print-out and a graphical
display of the data was available every 30 se-
conds. The anaerobic threshold (defined in
IImin STPD oxygen uptake) was assessed du-
ring non-steady-state exercise by plotting the
paired data of oxygen uptake and minute ven-
tilation in a rectangular co-ordinate system.
The threshold was indicated by the changing
of the linear relationship of delta VO2/VE cau-
séd by the onset of hyperventilation due to
acidaemia (23). During the recovery period
(two-minute) blood samples were taken from
the ear lobe to calculate the base excess. The
method of computer assisted ergospirometric
stress-testing has been fully described else-
where (21, 23).

Haemodynamic investigations were perfor-
med in a semi-recumbent position at rest,
after lifting the legs to the pedals of the er-
gometer (Volume-leading; 18) and at maxi-
mally tolerable steady-siate conditions of er-
gometer work. Besides ergospirometric data
the pressure in the pulmonary artery was as-
sessed by means of floating catheters (Pul-
moflex ® F-4; systolic, endiastolic and mean
pressure data were averaged electronically),
peripheral arterial blood pressure was mea-
sured by auscultation. Blood was withdrawn
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from the pulmonary artery to calculate the
mixed venous oxygen content. The arterial
oxygen content was calulated from data of
blood gas analysis obtained from blood
samples taken from the hyperemic ear lobe.
Fick’s principle was used to calculate car-
diac output and derived parameters of cen-
tral haemodynamics on-line (22).

Caiculations used to evaluate the cardio-
circulatory changes included the following:

— cardiac index (Cl)=cardiac output
(Q)body surface area (Ifmin/m?);

— peripheral vascular resistance (PVR)-
=BPpm - 1332- 107 - Q* - 60 (dyn. sec. cm™);

- mean arterial blood pressure
(BPpm) =diastolic pressure + 1/3 (systolic dia-
stolic pressure) (mm Hg);

— stroke work index (SWI)=BPpm -SV

(stroke volume) - 1,36 - 1,055 - 10-*/m?> b.s.a.
(g - mim?);
- pulmonary vascular resistance

(PulmVR)=mean pulmonary artery pressure
(APpm) - 1332 - 102Q"* - 60 (dyn. sec. cm™).

Statistical analysis was performed using
Student’s t-test with paired comparisons. All
the results in the text and in the tables are
expressed as the mean + S.E. of the mean.

Results

Ergospirometric stress testing
(non-steady-state exercise
sitting position)

The ergospirometric’ data are given in Table
Il. At the end of a four-week treatment period

Table 1l Ergospirometric data in non-steady-state maximal bicycle ergometry. Before and after long-term treatment

with fendifine. (N=17).

Parameter Control Fendiline

Maximal perfermance

Work output (Watt x min) 329,3 +£52,6 3543 322 n. sig.
Maximal load (Watt) 857 = 7,4 929 + 46 n. sig.
Work period (min) 63 = 05 68 + 03 n. sig.
Heart rate (beats/min) 130,7 + 43 133,7 = 50 n. sig.
Systolic blood pressure {mm Hg) 176,4 + 6,2 177,9 =115 n. sig.
fh x BPsyst (mm Hgxsec’x10?) 230,3 + 99 2398 +211 n. sig.
Oxygen uptake (I/min STPD), V02 141+ 0,13 1,51+ 0,07 n. sig.
Anaerobic threshold (I/min V02) 1,18+ 0,07 1,26+ 0,08 n. sig.
Base excess (BE, mmol/l) -394+ 1,1 —441x 08 n. sig.
Work period without pain (min) 55 = 096 (57 50 = 04147 n. sig.
Maximal ST-depression (mV) 0,21+ 0,04 0,23+ 0,06 n. sig.
Onset of ST-depression (more than 0,10 mV; work load) 678 = 7,1 65,0 =100 n. sig.
Normalization of ST-depression. after work (min} 4,42+ 0,87 4,42+ 152 n. sig.
Submaximal work load (50 Watt; 1. and 2. min)

Heart rate (2. min) 107,7 = 51 109,1 = 4,0 n. sig.
Oxygen uptake (1. min = adaptation) 0,87+ 007 0,95+ 0,03 n. sig.
Oxygen pulse (2. min; mi/beat) 8,20+ 0,53 8,97+ 0,39 2P=0,10
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with fendiline (50 mg, four times daily) the
work output increased slightly (+7,7%; n.
sig.) and the patients were able to tolerate a
higher work load (+ 8,4%; n. sig.).

Concerning maximal heart rate and systolic
blood pressure we found no difference com-
pared to the control. As the patients achieved
a slightly higher work load the maximal oxy-
gen uptake increased by 7,1% (n. sig.). Fendi-
line caused no change of the level of endu-
rance performance (anaerobic threshold) and
the degree of metabolic acidosis (s. base ex-
cess) related to work output.

At comparable work rates (50 Watt) the
heart rate was unchanged. The oxygen uptake
at the first minute per load exceeded the con-
trol state insignificantly (at the mean: C=0,87
If/min STPD VO2; F=0,95 Umin; reference:
0,83+0,11) and the oxygen pulse increased
from 8,20 (C) to 8,97 (F) mi/beat at the mean
(2P<0.10).

The onset of ST-segment changes (ST-
depression of more than 0,10 mV) referred to
work load (C=67,8+7,1 Watt) and time elap-
sed for normalization after the test
(C=4,42+8,87 min) were invariable. Under
treatment with fendiline, four patients (4/7)
had to break off the test primarily due to
chest pain (C=5/7).

Central haemodynamics
(steady-state exercise,
semi-recumbent position)

At rest. These data are listed in Tabte IIl.
The control values of cardiac output were
equal to a hypercirculatory state with an ade-
quately lower peripheral vascular resistance.
After treatment with fendiline the cardiac out-
put at rest lay within normal ranges. There
was no significant change of haemodynamic

aata except for a decrease of the PAEDP
(C=10,5+1,4 mm Hg; F=7,1+1,29 mm Hg;
2P=0,01) and an increase of the pulmonary
vascular resistance.

Volume loading by postural changes (lifting
the legs to the pedals of the ergometer). A vo-
lume displacement of about 200-300 m! blood
from the lower extremities centralwards cau-
sed no specific changes of haemodynamics
compared to data at rest after treatment with
fenditine. Compared to the control fendiline
reduced the pulmonary artery pressure signifi-
cantly, indicating an increase in central-
venous capacitance (s. Fig. 1 and Table ).
The arterio-venous oxygen concentration dif-
ference was not affected (C=48,8+1,5 ml/l),
but due to a decline in oxygen uptake
(C=0,36 I/min STPD on the mean; F=0,28
I/min) a lower cardiac index was calculated
(—28%; n. sig). Fendiline did not influence
heart rate and mean arterial pressure.

Central haemodynamics at work (steady-
state bicycle ergometer work). Fendiline im-
proved steady-state exercise tolerance in
three patients (3/7) by 25 Watt. Comparable

6 @ b -
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[of i
. > -2 0 controt
I/muin/m*; il @ fendiine
@ normal subjects at vark
2 A volume- loading
o at rest
!
5 9 5 20 25 30

FAEDP  mmHg

Fig. 1 Left ventricular function graph comparing cardiac
index and left ventricutar filling from rest and during
volume-loading to exercise. Note the shift to the left and
downwards. (Before and after long-term treatment with
fendiline, N=7; normal subjects, N=14).
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Table llE

Haemodynamic responses to fendiline treatment at resl, during volume loading and at work (N=7; mean
work load 41,1 Walt; normal sibjecls N=14; haemodynamics data at work have been extrapofated to 40 Watt, as

measurements have been taken at 20, 50 and 100 Watt).

At rest

Parameter

Control Fendiline Normal subjects {
fh {beats/min) 742 + 56 69,0 + 3,4 76,0 + 3,8 . )
cl {(imin/m* b.s.a.) 390+ 0,44 323z 0,48 3,76+ 0,26
sV (ml) 978 + 7,3 864 12,7 978 + 5,1
avD02 (miy 45,7 + 4,4 488 = 1,5 465+ 0,32 ;
Vo2 {I/min STPD} 0,32+ 0,03 0,28+ 0,03 0,32+ 0,02
PASP {mm Hg) 236 = 23 213 £ 22 229 + 1.2
PApm {mm Hg) 158 + 1,7 14,0 = 1,4 152 + 08
PAEDP {mm Hg) 10,5 = 1,4 71 = 1.2 haad 89 = 0,6
BPpm {mm Hg) 1041 + 35 1056 + 1,3 1030 = 35
FVR {dyn x sec x cm) 1188185 1594 +185 117973
PulmVR  (dyn xsecxcm™) 164,6 +30,3 2137 +£376 * 1749 +17,2
Swi (g x m/im?) 784 + 82 704 £120 74,7 £ 52

Volume-loading

Parameter

Control Fendiline Normal subjects
fh (beats/min) 724 = 60 69,4 = 25 77,4 = 33
Cl {l/min/m* b.s.a) 4,36« 0,56 321+ 0,38 4,15+ 0,32
sV (ml) 109,0 + 9,1 852 +10,3 1032 = 53
avD0o2 {mifly 48,0 + 50 487 + 1.4 451+ 0,27
Vo2 (IImin STPD) 0,36+ 0,03 0,28+ 0,02 0,34+ 0,02
PASP (mm Hg) 28,4 + 23 237 £ 19 28,7 = 16
PApm {mm Hg) 196 + 1,8 164 = 14 bt 189 = 1,0
PAEDP {mm Hg) 12,1 = 1,2 81 = 1,0 e 109 = 0,6
BPpm {(mm Hg) 107.9 = 35 1095 « 3,7 1041 = 30
PVR {dyn x sec x cm™) M71£191 1568 + 199 1104 £71
PulmVR  (dyn xsec xcm™) 192,1 +33,1 2281 +44.1 201,5 =176
SWI (g X m/m?) 91,1 = 96 71,2 = 95 80,7 + 59

At work

Parameter

Controil Fendiline Normal subjects ! ’
th (beats/min} 1075 = 25 1039 = 2,2 97,5
[¢]] (I/min/m* b.s.a.) 596« 0,43 493« 031 - 6,25
SV {ml) 1021 = 25 875 + 6,0 s 119,3 | ’
avbo2 (mifly 90,0 = 50 950 « 60 79,2 l\
Vo2 (i/min STPD) 099+ 0,07 0,85+ 0,06 * 0,94
PASP (mm Hg) 47,2 + 48 429 £ 47 35,0
PApm (mm Hg) 334 + 38 297 = 3,0 23,4
PAEDP  (mm Hg) 223 + 29 145 = 1,0 = 12,9
BPpm {(mm Hg) 1215 = 29 120,1 = 6,1 13,7
PVR {dyn x sec x cm™) 896 +43 1094 + 107 765
PulmVR  (dyn xsecxcm™) 252,0 +£33,4 2893 +39,3 165,9
SWit (g x m/m?) 96,7 + 5,2 82,1 + 7.7 99,4

fh=heart rate; Cl=cardiac index; SV =stroke volume; avD02 = arterio-venous oxygen difference; \702=oxygen uplake;
PASP =pulmonary artery systolic pressure; PApm =pulmonary artery mean pressure; PAEDP =puimonary artery endia-
stolic pressure; BPpm =mean arterial pressure; PVR = peripheral vascular resistance; PulmVR = pulmonary vascular re-
sistance; SW(=stroke work index; (means +S.E. of the means; *=2P<0,10; **=2P <0,05; **=2P <0,01, before and after

fendiline).
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steady-state work levels were taken for statis-
tical analysis (mean load: 41,4 Watt; range 20-
50 Watt). Fendiline reduced the evercise heart
rate only slightly (—3,3%; n. sig.). We obser-
ved a significant fall in oxygen uptake
(C=0,99+0,07 i/min STPD; F=0,85+0,06
I/min) and an increase of arterial-venous oxy-
gen extraction (avDO2); +5,6%; n. sig.).

Applying direct Fick’s principle a decrease
of cardiac output (C=5,96+0,43 I/min/m?
F =4,93+0,31; 2P =0,05) and of stroke volume
(C=102,1+6,0 ml; 2P =0,05) have been ascer-
tained. Mean arterial blood pressure was not
affected. Consequently the increase in peri-
pheral vascular resistance was attributable to
the decrease in cardiac output. The stroke
work index (SW!) declined by 17,8%
(2P =0,10).

In contrast to the influence on peripheral
arterial pressure fendiline caused a signifi-
cant fall in the pulmonary arterial pressure. in
particular the index of the left ventricular fil-
ling pressure (PAEDP) declined by 34,9%
(C=22,3+2,9 mmHg; F=14,5+1.0 mm Hg; s.
Fig. 1).

In three patients the response to fendiline
was compared with the acute effect of nitro-
glycerine, which was given after control data

had been obtained (Table IV). In contrast to
the long-term treatment with fendiline, nitro-
glycerin improved the cardiac index (+4%)
slightly and decreased the index of left ventri-
cular filling pressure (PAEDP) by 32,7%
(F =23,6%) in these patients.

Discussion

The impairment of physical performance in
patients with coronary heart disease is cau-
sed by a disparity between myocardial oxygen
demand and myocardial oxygen supply. To
improve this energetic imbalance measures
should be taken to reduce heart rate, left ven-
tricular wall tension during systole (arterial
blood pressure; ventricular afterload), endia-
stolic volume (preload) and contractility, con-
sequently increasing blood flow to areas of
ischemic myocardium during diastole (redi-
stribution of flow).

Analyzing our haemodynamic data with res-
pect to the influence of fendiline on determi-
nants of myocardial oxygen demand we may
conclude as follows: At comparable work ra-
tes the exercise heart rate was not changed
effectively (—3,3%; n. sing.). Concerning the

Table IV Haemodynamic response to fendiline in comparison to nitroglycerine at volume-loading and at work (N=3;

means+S.E. of the means).

Volume-loading

Parameter _
Control Nitroglycerine Fendiline
ct (ifmin/m?) 3,67+0,51 3,0 £061 2,8240,43
PAEDP  (mm Hg) 10,9 +2,5 9,0 £20 78 £16
At work
Parameter
Control Nitroglycerine Fendiline
[o]] (I/minfm?) 5,38 +0,43 5,60+0,67 4,24+0,31
PAEDP  (mm Hg) 22,0 =1,15 14,8 38 16,8 +1,04
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effect on exercise heart rate the Ca**--
antagonists constitute a non-homogenous
group: fendiline does not reduce exercise
heart rate, whereas verapamil (27) and perhe-
xiline (20) lower heart rate at work by —22,1%
and -5,6% respectively. Nifedipine increases
exercise heart rate (+9,7%) (5) due to barore-
ceptor stimulation by the fall of blood pressu-
re. Compared to the efficacy of beta-receptor-
blocking agents (e.g. pindolol: —19,3%) (8)
the fall in heart rate induced by the
Ca* —antagonist fendiline (~ 3%) is a negligi-
ble factor in lowering myocardial oxygen de-
mand.

The dose regime of fendiline applied in this
study did not lower arterial blood pressure.
Ca™-antagonists such as verapamil and nife-
dipine have some potent antihypertensive ac-
tivity (11, 13, 29, 25). This influence on after-
load may contribute to the prompt anti-
anginal activity of these drugs, which is mis-
sing in fendiline (9) and perhexiline as well (3).

In our study the reduction of cardiac index
(=19,9%; 2P<0,05) at bicyclie work in a semi-
recumbent position is primarily due to a lower
oxygen uptake, as the assessment of cardiac
output was based on direct Fick’s principle.
This effect under treatment with fendiline is
remarkable as oxygen uptake at steady-state
work loads is very constant. Studying the in-
fluence of sublinqual nitroglycerine on exerci-
se performance in patients with coronary
heart disease we have observed no alteration
of oxygen uptake (mean load 40,9 Watt; con-
trol VO2: 0,95+0,41 I/min STPD; nitroglyceri-
ne: 0,96 +0,07 I/min; Reiterer et al., 1978).

The reason for the decline in oxygen uptake
under treatment with fendiline (- 14,1%;
2P<0,05) may be due to the reduction of luxu-
ry perfusion, as is seen after beta-receptor
blockade (12). In addition, it should be poin-
ted out that the onset of subjective com-
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plaints, anxiety and the stress of the invasive
investigation may contribute to a greater va-
riability of oxygen uptake and consequently
of cardiac output at low work rates in disea-
sed people. The decrease of volume work of
the heart (stroke work index: —17,8%;
2P =0,10) was attributable to a fall of the stro-
ke volume in particular (—14,3%; 2P =0.05).
Concerning the underlying mechanism a re-
duction of myocardial contractility by the cal-
cium antagonist can be suspected. But as
cardiac output depends on preload as well, it
should be taken into account that fendiline
caused a distinct fall in ventricular filling
pressure (PAEDP) and pulmonary artery pres-
sure. This effect on the low pressure system
is to be interpreted as an increase in capaci-
tance (venous pooling), as after volume load-
ing by postural changes the pulmonary artery
pressure remains invariable.

The fall in pulmonary artery pressure at
work after long-term treatment with fendiline
is comparable to the prompt effect of nitro-
glycerine in coronary patients with low exerci-
se performance, we have studied previously
(PAEDP: —39,4%) (24). In contrast to nitrogly-
cerine (0,8 mg s.l.), which caused a small in-
crease in cardiac output, fendiline lowered
the cardiac index considerably. Compared to
slow release nitrates fendiline has been
shown to be of equipotent effect on the
PAEDP, but in this study control data were
not available (26).

At the end of the wash-out period three pa-
tients were given 0,8 mg nitroglycerine after
control data had been obtained. The exercise
test was repeated 15 minutes. afterwards.
Compared to the long-term effect of fendiline
nitroglycerine improved the cardiac index
(+4%) slightly and decreased the index of
the left ventricular filling pressure (PAEDP) by
32,7% (fendiline: —23,6%) in these patients.
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The calcium antagonist perhexitine does
not lower the cardiac output despite a decline
of the heart rate (- 10%) at work, but the re-
duction of the left ventricular filling pressure
is similar to that observed with nitroglycerine
(17).

The haemodynamic effect of verapamil in
subjects with coronary insufficiency has been
reported by Carlens (4). The heart rate, stroke
volume and cardiac output were unchanged
at rest and during exercise. But the systolic
and enddiastolic pressures in the left ventri-
cle were both significantly lower at compara-
ble load. Nifedipine reduced the systemic (11-
18%) and the diastolic pressure in the putmo-
nary artery (15-39%), the cardiac output is un-
changed during exercise (10). Some authors
have observed a somewhat more marked in-
crease in cardiac output (14, 16). Both verapa-
mil and nifedipine consistently show about
the same central haemodynamic effects provi-
ded they are given in equipotent doses.

In comparison to the haemodynamic ef-
fects of other calcium antagonists, which re-
fer to acute intervention studies, it should be
kept in mind, that we have studied the long-
term effect of a standard dose regimen of fen-
diline to reveal the efficacy of the compound
from a more practical standpoint.

With regard to the physical performance in
graded maximal stress testing (rectangular-
triangular bicycle ergometry) (20, 21, 22) the
improvement of work output by fendiline is ra-
ther small (+7,6%; n. sig.) and the ST-
depression at the maximal work joad was not
ameliorated. The computer assisted analysis
of ergospirometric parameter during non-
steady-state exercise, such as oxygen uptake,
minute-ventilation, endurance performance
(anaerobic threshold) and metabolic acidosis
revealed no changes by fendiline. In particu-
lar the oxygen uptake at the first minute per

load (50 Watt) increased fast, indicating the
adequate cardio-circulatory adjustment to
graded exercise (1).

In our study electrocardiographic signs of
myocardial ischemia have not been improved,
whereas Koénig et al. (11) and Streicher et al.
(28) have found a reduction of the ST-
depression at rest and at work. A decrease of
nitroglycerine consumption has been reported
by Kénig et al. (11) and by Weikl et al. (30).

In conclusion the long-term treatment with
the calcium antagonist fendiline caused a
small and insignificant improvement of maxi-
mal exercise tolerance in patients with very
low physical capacity. Haemodynamic investi-
gations revealed a decline in pulmonary arte-
ry pressure and a reduction of cardiac index
and stroke work index. Exercise heart rate
and mean arterial blood pressure as the major
determinants of myocardial oxygen consump-
tion were not affected.
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