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~ Summary

Despite recent advances in the pharmacological and mechanical means of
- supporting ventricular function, congestive heart failure continues to be major
~ cause of morbidity and mortality. Impaired myocardial contractility remains to
- be a primary feature. Phosphodiesterase inhibition can lead to an increase in
- ¢yclic AMP and augment myocardial contractility. The results in this study
~ suggest that the positive inotropic drug may be beneficial for the treatment of
- Congestive heart failure. Furthermore ICI 153, 110 proves to be effective positive
~ inotropic drug with vasodilating effects and does improve left ventricular per-
formance during acute administration in patients with congestive heart failure.

Introduction:

. The present study was designed to evaluate the
" haemodynamic effects of ICI 153, 110, a phosphod-
jesterase inhibitor in patients with NYHA class III
- congestive heart failure. Haemodynamic effects
were evaluated by right and left heart catheter.

Nine patients were studied with mean age of
. 65.1 years. Heart rate remained unchanged. Sys-
temic vascular resistance decreased from mean of
22 to 17 . while cardiac output increased from 4.5 to
5.1. Left Ventricular dp/dt increased from 953
~ mmHg/sec to 1245 mmHg/sec. Left ventricular

End diastolic Pressure fell from 21 mmHg to

14mmHg.

The present study reveals that ICI 153, 110 is
effective in improving left ventricular performance
during acute administration in patients with con-
gestive heart failure. Clinical value of this drug
- depends on evidence of persistant haemodynamic
improvement on long term administration.

A .decrease in myocardial contractility is a
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central patho-physiological event in congestive heart
failure. Positive inotropic agents are administered
to patients with chronic congesive heart failure on
the premise that sufficient reserve cardiac contrac-
tility can be stimulated’. Despite an extensive
search, a perfect inotropic agent has not bren
developed. Recent efforts have been directed to-
wards investigating potential inotropic agents which
possesses the additional desirable effect of vasodi-
lation?.

A new class of drugs has now been described
that have both potent positive inotropic and vaso-
dilator effects. They are the non glycoside non-
cate cholamin drugs. A growing body of evidence
supports the contention that the effects of these

TABLE 1
DOSE 1 DOSE 2 DOSE 3
(Low Dose) (Intermediate Dose) (High Dose)
(15-25mg) (40-50mg) (65-100mg)
15mg(n=2)- 40mg(n=2)- 65mg(n=2)-
25mg(n=4) 50mgn=7) 75mg(n=2)
100mg(n=5)

n=number of patients receiving given dose.
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drugs are largely due to phosphodiestrase inhibi-
tion®. ICI 153, 110 (4,5 - dihydro - 6 - [2 - (pyride
-4 - y1) vinyl - 2H - pyridne - 3 - one) is a novel
compound with positive inotropic effects on the
heart and vasodilator effects on the peripheral
blood vessel®.

The present study was designed to evaluate the
cardiovascular effects of ICI 153, 110 in patient
with NYHA class III heart failure and to indicate
whether this compound has therapeutic value in
this group of patients.

Aims of the Study:

i) To determine the acute haemodynamic ef-
fects of dose of ICI 153, 110 (range 25-100 mg)
given intravenously in patients with congestive
heart failure NYHA grade-IIL

ii) ’fo determine the blood levels of ICI 153,
110 at which haemodynamic assessments are made.

iii) To drive any relationship between blood
levels of ICI 153, 110 and haemodynamic effects.

iv) To determine in the same patients. Blood

levels following single oral dose of 100mg.

v) Finally to determine the effects, if any, of
the doses of ICI 153, 110 on measurement of
haematological and biochemical parameters in
blood.

Method
Selection of patients

The patients were recruited from those who
presented to the cardiac department of King’s
college hospital London for investigation during
the the period 1987-88 patients were included
who:-

i) Were suffering from either ischaemic heart
disease or Dilated cardiomyopathy.

ii) Were in grade III cardiac failure (NYHA)
that is they had symptoms on minimal excrtion.

iii) Were on therapy with diuretic and/or digi-
talis preparation and not on any other third line
therapy.

Exclusion Criteria

Patients were not allowed to enter the study.

If
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i) They were suffering from heart failure due
10 aortic stenosis or mitral stenosis.

ii) They had evidence of gross hepatic or
- renal failure.

; iii) They were women of child bearing poten-
-~ tial.
. iv) They had evidence of ventricular arryth-
'r‘:- other than occasional isolated Ventricular
Premature Contraction.

By Théy were receiving therapy other than
digitalis and/or diuretics that could not be with-
1, €.8. vasodilators.

osing Regimen
'For the first two patients the doses given were:

dose 15mg cumulative dose 15mg.
ose 25mg cumulative dose 40mg.
dose 25 mg cumulative dose 60mg.

for the next two patients the doses given were:

25mg cumulative dose 25mg.
$¢ 25mg cumulative dose 50mg.
§¢ 25mg cumulative dose 75mg.

3

NS

100

Remaining patients were given following doses:

Ist dose 25mg cumulative dose 25mg.
2nd dose 25mg cumulative dose 25mg.
3rd dose 50mg cumulative dose 100mg.

As this was phase two dose ranging study,
hence to avoid any potential serious side effect of
the drug, initially a lower dose was introduced and
was gradually increased in subsequent patient. No
higher dose than last regimen was given. There
was 15-20 min. interval between each dose. It was
decided that for any dose, progression to the next
dose would not take place, if

a) The .increase in Left Ventricular dp/dt max
exceed 25%,

b) Systolic. BP fell below 90mmHg.

¢) Cardiac arrythmias were scen and considered
dose related.

d) Any untoward effect occurred which was con-
sidered detrimental to the patient.

Methods of Assessment
1. I/v Study

On the day of the catheter study, the following
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procedure was adopted for each patient.
1) Left Heart Catheterisation

Using the Seldinger technique a Millar cathe-
ter was inserted via the Right femoral artery into
LV to make following measurement in spontane-
ous ans paced heart rate.

a) Left Ventricular dp/dt max.

b) Left Ventricular end diastolic pressure.

- Rt. atrial Pressure.
c) Blood Pressure.
d) Hecart Rate.

Baseline measurements of haemodynamic Para-
meters as outlined above were made and a sample
of venous blood taken for estimation of ICI 153,
110 (a blanks). The first dose was injected then
and 15 min later haemodynamic measurement were
repeated and a second sample taken for estimation
of ICI 153, 110. Same procedurc was adopted for
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2) Right Heart Catheterisation

This was performed via right femoral vein and
measurements were made at free and paced heart
rate of:

- Cardiac output.

- Pulmonary arterial Systolic and diastolic Blood
Pressure.

- Pulmonary capalary wedge pressure.

the 2nd and 3rd doses of ICI 153, 110.
Data Analysis Statistics

For statistical analysis we utilised the SP SS/
PC &, the statistical package for IBM PC of the
University of London computer. Statistical signifi-
cancc of the haemodynamic measurements was
determined using a paired t test. A p value was
obtained for each measurement, P< 0.05 was re-
garded as significant and P< 0.005 was regarded as
highly significant.
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Patient Characteristics

Nine patients were studied with the mean age
9.1 years (range 47-74 years). All the patients
ngestive heart failure were either in class
of NYHA. Male to female ratio was 1:1.5
¢ being 5 and 4 female. The primary aetiology
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was coronary artery disease in 8 patients one of
them having concomitant hypertension, one was
suffering from dilated cardiomyopathy (table).

Heart rate remained unchanged. Mean Aortic
pressure fell significantly. SVR also decreased
significantly. Cardiac output increased with every
dose, at baseline being 4.5 and at third dose 5.6.

LV dP/dt

mm Hg/S Free
[[] mm Hg/S Pace

p=0.043*

—| NS

p=0.004**

| p=0.022%
p=0.053*

p=0.040*

6
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Left Ventricular dp/dt increased gradually with
increase in dose. Mean at base line was 953 mmHg/
sec. while at 3rd dose was 1277 mmHg/sec. With
increase in dose LVEDP fell significantly from 21
base line to 14 mmHg after the 3rd dose. Mean
pulmonary arterial pressure fell from 29 mmHg to
20 mmHg at 3rd dose.
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- MEAN PULMONARY ARTERY

Blood Level

Blood concentration of ICI 153, 110 were
increased in 6 paticnts (table). Initial dose of 15mg
showed mean blood level of 0.26 ug/ml while
cumulative dose of 40mg showed blood con of
0.68 ug/ml and dose of 65mg achieved 1.12 ug/ml.

mm Hg Free
[[] mm Hg Pace

p=0.011%*
p=0.008%*
p=0.009**
p=0.008**
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Finally cumulative dose of 100mg showed blood
level of the drug to 2.0 ug/ml. Hence there was a
dose related peak response of blood levels.

The biochemical and haematological screening
was within hormal range.
Discussion

~ Impaired myocardial contractility is a primary
- feature of congestive heart Failure. Use of inotropic
- agents to stimulate the depressed myocardium may

i/v administration!®,

Because of these disadvantages, active
consideration has been given to new orally active
group of non sympathomimetic non glycoside
inotropic agents that inhibit cardiac phospho-
diesterase''. Amrinone is one of these drugs, proved
effective in short term acute i/v administration'?
but has been limited in clinical use because of its
potential to produce thrombocytopenia and
arrythmias that precludes its clinical use orally',
Milrinone is more potent than Amrinone and shows

PATIENT CHARACTERISTICS

Initials Sex Age Height Weight B.S.A. Aetiology
Yrs. Cms. Kg. Sq. m.
K.C. F 68 . 72.3 : CCM
R.H. M 57 166 74 1.82 | CAD
AP. M 71 178 80 1.92 CAD
W.S. M 67 178 87.5 2.0 CAD
AP M 64 178 1125 2.25 CAD + HT
- M.W. F 74 157 54.6 1.58 CAD
Al M 47 - 78.5 - CAD
- M.C. F 67 168 58.8 1.65 CAD
| D.B. F 71 155 67.4 1.66 CAD

omatic improvement td patients with
heart failures®. Digitalis is still most
cardiotonic agent but doubt about its
atient with sinus rhythm® and its modest
fect in long term follow up study has
ts reduced use’. This controversy has led to

] search for therapeutic alternative. B-
IC receptor agonists in addition to aug-
ac contractility can bring about pe-
ilatation and achieve unloading ef-
eart® catacholamines as a whole have
for arrythmogenesis and development of
and their primary limitation by requiring

promising results with long term treatment!* but
needs to be taken 4-5 times/day and does not
improve prognosis of patient with advanced
congestive heart failure's.

The present study shows that the heart rate is
unchanged, while the drug has caused significant
dose related increases in peak positive dp/dt, indi-
cating increased myocardial contractility. The sig-
nificant reduction in right and left heart filling
pressure indicates that both preload and afterload
are decreased, with a resulting increase in cardiac
output and cardiac index suggesting improved

H :
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cardiac performance.

A change in peak positive Left Ventricle dp/dt
is a commonly used reference for determining
changes in myocardial contractility but must be
interpreted with caution in the setting of changes
in loading conditions. Decrease in preload and
afterload may both result in a decrease in peak
positive dp/dt, whereas an increase in heart rate
- can cause an increase in dp/dt'é, Based on signifi-
cant reduction in right and left héart pressures and
mean aortic pressure, it is highly likely that both
preload and after load fell, while the heart rate did
not change. Therefore the observed increase in dp/
dt could not be related to changes in loading
conditions or heart rate, as then it would tend to
have reduced the magnitude of left ventricular dp/
dt'’#!®, The reduction in ventricular loading with
no change in heart rate should prevent any increase
in myocardial oxygen demand!’. Hence the im-
provement in left ventricular dp/dt seen during
study suggests a positive inotropic effect of ICI
153, 110 and it improves left ventricular perform-
ance without increasing the metabolic cost to the
myocardium.

All the changes in haemodynamic parameters
were observed taking place gradually with each
dose of ICI 153, 110, maximum effects being
achieved after the third dose. Increase in drug
levels in the blood produced beneficial haemody-
namic effects without producing any undesirable
effect. Similar effects were observed after the oral
dose of 100mg given orally 24-48 hours after
initial i/v acute study. Serum drug level effectively
maintained peak levels at 12 hours, when it started
falling.

The Biochemical and haemotological data of
all the patients were within normal limits, follow-
ing both acute and oral therapy. The drug was well
tolerated and no undesirable or toxic effects were
observed. There was no evidence of arrythmias of
any Ssort.

Conclusion & Implications

The study population was small and the haemo-
dynamic effects were observed in acute study. It
could not be documented whether tachyphylaxis

occurs in response to its inotropic effects with long
term use. Due to short term nature of the i/v study,
no information could be gathered regarding dura-
tion of action of the drug when administered by
this route. The results in this study suggest that the
positive inotropic drug may be beneficial for the
treatment of Congestive heart failure. Furthermore
ICI 153, 110 proves to be effective positive
inotropic drug with vasodilating effects and does
improve left ventricular performance during acute
administration in patients with congestive heart
failure.

Despite optimal current therapy with digitalis,
potent diuretics and vasodilators, patients with
severe chronic congestive heart failure remain
symptomatic and generally face a progressive
declining clinical course with rapidly fatal out-
come?’. The aim of treatment is essentially amelio-
ration of the symptoms and prolonged survival.
The clinical value of this drug in the management
of congestive heart failure will depend on evidence
of persistent haemodynamic improvements on long
term administration in patients and documentation
of the absence of toxicity during chronic therapy.

If the loading conditions of the failing heart
have been optimised by the use of vasodilators,
left ventricular performance can be improved by
positive inotropic therapy. In failing heart, the
presence of contractile reserve has been demon-
strated by the phenomenon of extra systolic poten-
tiation?!. PDE inhibitors have the combination of
vasodilator and positive inotropic effect, hence
these agents are also known as “Inodilators”. Most
trials are conducted for observing acute hacmody-
namics over a short period. From the point of view
of patient the essential end points of positive
inotropic therapy are prolonged survival and/or
improvement of symptoms.

Hence there is a need to demonstrate the long
term benefits from PDE inhibitors as it is important
to determine that these agents do not exert
deleterious effects on myocardial function or patient
survival during long term use. Whether a mixed
positive inotropic and vasodilator agent (Inodilator)
will in future be developed and be shown to improve
symptoms, quality of life survival remain to be
established. To date, among PDE inhibitors, only
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Enoximone has shown premise without
haemotological side effects, however the basic
question as to whether or not they will improve
cardiovascular performance without side effects on
survival is improved.
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