


Table 1. - Patient baseline data

Cardiac Total
output tung Max. working
Patient  Sex Age at rest Body surface capacity FEV, Total haemoglobin Pao, Paco capacity
yTs Ifmin area m? % pred % pred % pred kPa kPa w
1 F 59 3.7 1.64 110 23 8 10.5 55 58
2 F 55 438 140 152 19 149 65 6.6 46
3 M 63 53 1.88 128 - - 9.2 4.5 80
4 F 65 43 1.67 100 23 116 6.3 7.4 &4
5 F 45 6.2 1.58 128 21 139 7.1 8.1 70
6 F &4 4.3 1.58 141 36 114 8.8 5.7 73
7 M 58 58 1.88 114 20 104 7.8 6.2 56
B M 0 4.6 1.56 88 38 101 8.4 5.0 40
9 F 55 446 1.52 141 37 131 85 58 80
10 M 60 4.2 1.69 142 3 108 8.6 54 58
1 M 65 5.0 1.85 112 24 85 10044 70
x 568 48 1.66 1233 27.2 1125 830 55 63.0
5D 6.8 0.7 0.16 20.1 75 225 1.30 1.1 13.0
SEM 21 0.2 0.37 6.0 24 7.1 0.40 03 9
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: then ‘fixed’ in the same position, while the
ages were collected by a standard, gated
ique. The ventricles were outlined with a
1e large vessels and atria being excluded.
ound was designated around the lateral
e left ventricle (excluding the great vessels).
1ages, the ejection fraction (EF) of the two
as calcutated using the equation,

EF= EDC-ESC
EDC

and ESC are the counts of radioactivity,

ackground-corrected region of interest, at
iastole and systole [or each ventricle. The
ulated by the same operator.

ol

mts gave their informed consent to the

th was approved by the local Ethics

The day before the catheterization the

nderwent  exercise  electrocardiogram

plete spirometry, pulmonary X-ray, and a
physical examination. The patients were allowed to
continue their regular medication without interrup-
tion throughout the study.

After introduction of the catheters the patients
performed supine submaximal exercise {mean load of
L} W, approximately 1/3 of maximum).

Measurements of central haemodynamics and
blood gases were made during exercise and the ejection
fractions were measured immediately alter completion
of the exercise. The patient then rested for about 40
min to regain baseline resting condition and measure-
ments of ceniral haemodynamics, blood gases and
ejection fractions were again performed, A continuous
(i.v.) infusion of lelodipine, at a rate of 0.9 mg/h, was
then given and central haemodynamics, blood gases
and ejection fractions were measured at rest after 35
min ol infusion. During continued felodipine infusion,
the patient then performed supine submaximal exer-
cise at the same work load as before the infusion and
the same measurements were repeated.

The patients were then given oral felodipine (5-10
mg twice daily) for about 3 months (11-15 weeks).
Seven patients were able to complete the treatment
period (see “side effects’). At the end of the treatment
period, the patients underwent a new exercise ECG
and complete spirometry. Cardiac catheterization was
performed and central haemodynamics, blood gases,
felodipine concentrations and ¢jection fractions were
measured, at rest and during exercise {(same work load
as three months earlier), about 243 h after the intake
of a tablet of felodipine {ie. at the expected peak
concentration [4]).

Statistics

A two-sided paired t-test was used to assess the
significance of a difference between variables
measured before and during drug treatment, All data
are presented as mean + SEM.

The change in RVEF and in other variables, in
response to acute and long-term felodipine treatment,
were compared by linear regression analyses.

Results

Cardiac function and central haemodynamics before
and during felodipine infusion

Resting pretreatment values showed an increased
PYR in all patients, with a mean of 39
mmHg-/"''min. The stroke volume was slightly
subnormal (59 ml) (5] (table I1}. RYEF was lower than
normal (in our laboratory), 28 versus 45% [6] (table 2).
The left ventricular ejection fraction (LVEF) was
shightly subnormal, 49 vs 55% [6]. The end diastolic
volume of the two ventricles (RVEDY and LYEDY)
was estimaied by dividing the stroke volume by the
gjection fraction of the right and left ventricle,
respectively. RVEDV was approximately double
LVEDY. During exercise before felodipine treaiment,
the cardiac output increased by about 50% and the
mean pulmonary arterial pressure (Ppa) by 60%,
resulting in an unchanged PYR. LYEF and RVEF
rose by 25 and 14% respectively. The end-diastolic
volumes did not change significantly (table 2).

After 35 min of infusion of felodipine, cardiac
output was increased by 33% compared with the
resting value before the infusion. This increase was
associated with a significant increase in both the heart
rate and stroke volume (table 2). The systemic
arterial pressure had decreased by 12 mmHg. PVYR
was reduced by 18% (p<0.05) and SVR by 33%
(p <0.001}. Both RVEF and LVEF were significantly
increased (by 32 and 25% respectively). The end-
diastolic volumes did not change significantly (table
IT). During exercise, cardiac output rose by another
20%, compared with the exercise situation before the
infusion. The mean Ppa fell by 5 mmHg. The PYR
and SYR were both reduced by about 30%. The
ejection [ractions of the right and left ventricles both
increased by about 13-14% (individual EF changes
are depicted in fig. 1). RYEDY and LYEDY remained
unchanged {table 2).

During the felodipine infusion Pao, at rest was
reduced by 0.4 kPa (p<0.01). The total oxygen
transport {cardiac output x arterial oxygen content)
rose by 35% at rest and 25% during exercise
compared wilh pretreatment values (table 2),

Cardiac function and cenitral hoemodynamics during
long-term treatment

Seven patients continued the felodipine medication
throughout the trial period. The findings after
treatment were compared with the pretreatment data
in this group ol patients (table 3). In six of the seven
patients a second heart catheterization could be
performed. At rest the felodipine treatment resulted in
a significant increase in cardiac output of 36%
(p<0.01). PYR and SVR were reduced by about 20
and 25% respectively, but because of a wide scatter of
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Fig. 2. The relationship between individual changes in systemic
vascular resistence {ASVRY:) and in lefl veatricular ejection
Iraction (ALVEF%) (lefl pancl) as well as in pulmonary vasculisr
resislance {APVR%) and the changes in right veniricular ejection
fractiva (ARVEF®) {right panel), during oral felodipine tresiment
at rest, in comparison with pretrestment datz {r= —1.77 and
r= —0.76 respectively}. For funther details, see text.

headache. Four complained of dizziness and five of
occasional or reiterated episodes of tachycardia.

In three patients the medication was discontinued
due to side eflects: in one because of episodes of
supraventricular flutler; in one due o postural
hypotension and dizziness; and in one because of a
feeling of depression and general weakness (no
reduction in systemic blood pressure was recorded).

Another patient contracted a long-lasting respira-
tory tract infection and was therefore excluded from
the study.

In two of the seven patients who were able to
complete the study, a dose reduction was necessitated
by side effects.

Discussion
The method

Rather weak correlations have been found between
RVEF and indices of disturbed pulmonary circula-
tion, partly hecause of the difficully in designating an
accurale background correction when measuring
ejection fractions with radionuclide ventriculography.
[2. 8, 9]. The inverse correlation between RVEF and
mean pulmonary arterial pressure {r= —0.54) in our
study is comparable with the results of other
investigators [2, 8, 9).

None of our patients had radiological signs of left
ventricular failure or a history of coronary heart
disease and they all had a normal exercise ECG, In
spite ol this and in accordance with other studies [6],
five of the eleven patients had a subnormal LVEF
(<55%).

During exercise, image acquiring is difficult due to
body movements. We therefore performed ejection
fraction measurenents during a period of about 5 min
immediately following exercise. An exercise-induced
increase in RVEF was noted before drug treatment in
the present study, in contrast with other studies on
COLD patients [10], where RVEF decreased when
measured during exercise. However, RVEF was quan-
tiffied in the same manner in connection with exercise
before and during treatment. A comparison between
these measurements should therefare be relevant,

Haemodynamic effects

During the acute infnsion of felodipine, there was no
significant correlation between the changes in PVR and
RVEF. However, there was a significant correlation
between changes in RVEF and changes in cardiac
output (r=0.66), possibly indicating that during shori-
term trials RVEF is to some extent sensitive to changes
in flow [8) and therefore is also dependent on preload.
Other investigators have presented varying degrees of
correlation belween changes in PYR and in RVEF
during acute pharmacoiogical tnals in patients with
COLD and pulmonary hypertension [9. 11]. During
oral felodipine {rcaiment, an inverse correlation was
found at rest between changes in PVR and changes in
RVEF (r=—0.76) (fig. 2). When cardiac output
increased during exercise before treatrnent, the increase
was accompanied by a much higher increase in
pulmonary driving pressure {(mean pulmonary arterial
pressure minus wedge pressure) than that which
followed upon the felodipine-induced increase in
cardiac output at rest (fig. 3). Although the number of
patients is small, these data suggest that felodipine
exerts its action to a large extent by active vasodilation
of the pulmonary vasculature and that thereby an
afterload reduction of the right ventricle is achieved.

After three months of oral felodipine medication,
the vascular resistances seem to be the major
determinants of the ejection fractions. During the
felodipine infusion (i.e. the aculc cxperiment} this
relationship is possibly obscured hy baroreflex re-
actions and other acute adjustments. To our knowl-
edge, no previous study has addressed the long-term
effects of vasodilator therapy on PVR and RVEF in
the individual patients with pulmonary hypertension.

A calculation of RV stroke work (RVSW =stroke
volume x 0.0136 x (Ppam-RAPm) (gm) (where Ppam is
mean pulmonary arterial pressure and RAPm is mean
right atrial pressure} shows that RVSW is increased by
oral felodipine from 16.4+2.7 to 22.1 +4.3 gm ai rest,
p<0.05. and from 32.3+4.6 to 39.0+£4.3 gm during
exercise (ns). However, this increase was entirely due to
an increased stroke volume. In spite of this increment in
stroke volume, the RV end-diastolic volume remained
unchanged, implying that felodipine renders RV stroke
work more efficient.

Comparison with other studies

Ofr all the vasodilating agents which have been tried
in acute studies in pulmonary hypertension secondary
to COLD, the calcium antagonist nifedipine is one
that has been most extensively studied. Acute admin-
istration of nifedipine may cause a reduction in PVR
by about 30% [l2-14]. At rest, during long-term
treatment (2 weeks to 2 months), a sustained decrease
of the PVR (~20%) and a significantly improved
oxygen delivery have been reported [12, 13]. There
were no signs of definite clinical improvement.

In the present study, oral felodipine treatment at
rest, like nifedipine, resulted in a reduction of PYR of
about 20%. This reduction in PVR in the individual
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Fig. 3. Upper panel: The relationship between pulmonary driving
pressure {mean arlerial pulmonary minus wedge pressure, Ppam—w)
and cardiac output (QT, al rest {closed circles) and during exercise
{open circles) before felodipine treaimeni. Lower panef, The
relationship between Ppam—w and QT al rest before felodipine
treatment (closed circles) and at rest during oral felodipine treatment
(open triangles). Note the tendency towards a reduction of Ppam — w
in relation 10 QT with felodipine treatrment (i.e. a flatter slope of the
pressure-yolume curves than the PYR isopleths).

subject is accompanied by an improvement of right
heart function as measured by right ventricular
gjection fraciton measurements. The improvement of
right ventricular performance is probably explained
by a reduction ol right ventricular afterioad. Due to
[requent side effects careful supervision is needed.
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RESUME: L1 patient atteints de forme avancée de BFCO ent regu
une perfusion de Félodipine (antagoniste calcique) au taux de 0.9
mg/h. Au repos, les résistances vasculaire, pulmonaire et systémi-
que étaient réduites de 18% (p<0.05) et de 33% (p<0.01)
respectivement. Le débit cardiaque a augmentté de 33%. Les
fractions d'éjection ventriculaire droite et gauche, mesurées par
ventriculographie isotopique 4 I'équilibre, ont augmentc respective-
ment de 32% (p<0.0{ et de 25% p<0.01). Pendant f'eflfory, la
résistance vasculaire, pulmonaire el systémigue a baissé en
moyenne de 30% (p<0.01) tandis que les fractions d'éjection
ventriculaire droite et gauche augmentaient d'environ [4%
{(p<0.05 et p<0.01). Aprés trois mois de traitement oral 4 la
Felodipine, on a noté une diminution de la résistance vasculaire
pulmonaire, en relation avec la dose, par comparisan avec les
valeurs de pré-traitement, au repos (r= —0.83). D'autre part, il ¥
avait une augmentation de la [raction d*&jeclion ventriculaire droite
en relation avec fa réduction de la résistance vasculaire pubmonaire
{r=-—10.76). Trois paticnts ont interrompu Pessai pour effets
collatéraux. On conclut que la réduction de la résistance vasculaire
pulmonaire induite par la Félodipine esi accompagnée d’une
amélioralion de la fonction cardiaque droite qui se traduit par les
mesures de fraction d’éection.





