Eur Respir J
1988, t, 41-50

A one year double blind follow-up of |
tensions and haemodynamics in al

bismesylate therapy

Ch. Préfaut®, D. Bourgouin-Karaouni*,

A one year double blind follow-up of blood gas tensions and haemodynamics in
almitrine bismesylate therapy. Ch. Préfaut, D. Bourgouin-Karaouni, M.
Ramonatxo, F.B. Michel, J. Macabies.

ABSTRACT: Almitrine bismesylate, a chemoreceptor agonist, improves blood
gases in chronic obstructive lung disease (COLD). Some authors have observed
an increase in pulmonary artery pressure (Ppa) after single doses of almitrine
bismesylate (A). This led to the present one year double blind placebo (P)
controlled study to assess haemodynamic effects of long-term oral treatment in
COLD (1.5 mg/kg/day for one year), together with clinical benefit and blood
gas improvement. Twenty moderately severe patlents entered the study, fifteen
of whom completed it (eight in group (A), seven in group (P)). Blood gas values,
minute ventilation (VE), mean pulmonary artery pressure (Ppa) and cardiac
output (Qc) were periodically measured. Ppa and Qc remained unchanged in
both groups throughout the study. We observed relevant clinical improvement
without side effects and no significant increase in VE in group (A). Arterial
oxygen tension (Pao,) showed a 1.2 kPa (9 mmHg) mean increase in group (A)
and remained unchanged in group (P). These data and those from the literature
seem to indicate that almitrine induces a vascular effect, especially after a single
dose. However, as long as Pao, improves simultaneously no long-term
haemodynamic consequence is apparent. The discrepancy between immediate
and long-term vascular effects of almitrine might be explained by the
improvement in gas exchange which could reduce and/or counter-balance the
vasoactive response. In conclusion, after one year of therapy almitrine
bismesylate results in considerable clinical and blood gas improvements without
significant haemodynamic change.
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Almitrine bismesylate, a chemoreceptor agonist
[11], is a new drug which improves blood gas values in
chronic obstructive lung disease (COLD) when given
in single dose [19, 20, 26], short-term (< 1 month) [16,
25], or for 6-months [1]. The beneficial effect may be
related to improvement of regional distribution of
ventilation/perfusion ratios [20, 26], the mechanism of
which remains unclear. Both alveolar ventilation and
the pulmonary circulation might be involved.

Several authors have reported modifications of
pulmonary artery pressure (Ppa) after almitrine
bismesylate administration. NAEUE et al. [15], and
WEITZENBLUM et al. [31] have reported 1.1-1.3 kPa
(8-10 mmHg) Ppa increases after intravenous perfu-
sion of almitrine bismesylate; on the other hand,
CASTAING e al. [4] did not observe any Ppa increase
after oral administration of almitrine bismesylate but
MELOT et al. [14], and SIMONNEAU et al. [27] reported a
mean Ppa increase of 0.5 kPa (4 mmHg). These
observations raise the question of the persistence of
adverse haemodynamic effects after long term oral
almitrine bismesylate therapy. In order to assess
possible haemodynamic effects, together with thera-

peutic benefit and acceptability we carried out a
randomized double-blind placebo controlled study
for 1 yr using continuous oral therapy (daily dose: 1.5
mg/kg) in moderately severe COLD patients.

Patients and methods

Twenty patients aged 45-69 yr (table I) entered the
study. They had all been cigarette smokers for at least
30 yr, had COLD with chronic hypoxia (Pao,:
7.72+1.09 kPa (58+8.2 mmHg) (m+sD)), were
ambulatory and stable for at least three weeks as
shown by repeated blood gas values. No patients
showed clinical evidence of right heart failure before
onset of the study. Usual therapy was maintained
throughout including bronchodilators, mucolytics,
diuretics, cardiotonics, domiciliary oxygen-therapy
(four patients, two in the almitrine bismesylate
group), domiciliary ventilatory assistance (two pati-
ents in the almitrine bismesylate group).

Patients were randomized between almitrine bisme-
sylate (1.5 mg/kg/day) and placebo treatment. Almi-
trine or identical tablets of placebo were given in two
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Haemodynamic parameters were collected with a
Grandjean floating catheter [9] (flexo-pulmocath
125 x 0.1) placed inside the pulmonary artery. Correct
placement was checked by recording pressure curves.
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fixed mean mid-chest distance determined from a
sample of six patients and used on each test day and
for all patients throughout the study in order to
compare identical levels of pressure measurements in
all patients. Pulmonary artery pressure was measured
before each assessment of cardiac output (Qc). Each
pressure value was averaged for five respiratory cycles
and the mean of three successive values (Ppa) was
retained. Qc was indirectly determined according to
Fick’s principle and the rebreathing technique [5].
Patients were connected to a Douglas bag and expired
gases were collected; end-tidal arterial O, and CO,
pressure differences P(ET-a)0,, P(a-ET)CO, were
simultaneously measured.

End-tidal gases were measured by a mass spectro-
meter calibrated for each experiment using the same
gas mixture as the blood gas analyser (Centronic
MGA 200) and recorded by Gould ES 1000 appara-
tus; blood samples were simultaneously drawn from
the arterial line. At the end of the collection period,
CO, production (VCO,) was calculated. Patients then
rebreathed a hypoxic-hypercapnic gas (7% CO,, 12%
0,, 81% N,) from a 2-litre bag until CO, reached
equilibrium between bag, alveoli and capillaries; this
was obtained when CO, pressure reached a plateau
(Pp1a(CO,), usually within 15 s. PO, was measured
at same time as P, CO,. Mixed venous CO, and O,
pressure: (PVvCO,, PYO,) were respectively calculated
by subtracting P(a-ET)CO, from P,;,,CO, and P(ET-
a)0O, from P, 0, [6]. CO, arteriovenous concentra-
tion difference was calculated with the OLSZOWKA ef
al. nomogram [17) and Qc was then calculated. The
complete procedure for Qc evaluation was obtained
at least 3 times at 15 min intervals and the mean value
retained.

Wedge pressure cannot be systematically obtained
with a micro-catheter, thus preventing calculation of
pulmonary vascular resistance. Ppa/Qc ratio was used
instead as an index of pulmonary vascular resistance.

The values are reported as mean-+SeM. Data
collected on entry were compared for homogeneity
between the almitrine and placebo groups, using the
unpaired Student t-test. TO, T6 and TI12 data in
patients completing the study were analysed using
two-way analysis of variance with repeated measure-
ments to test for between-group differences and using
a one-way analysis of variance with repeated
measurements [32] to test for within-group changes. If
one way analysis of variance was significant the
different test day values were further compared two
by two using Newman-Keuls’ method. Statistical
significance was defined at the p<0.05 level.

Results

No significant differences were found between the
two groups for clinical, haemodynamic and func-
tional data, except for Paco, which was slightly but
significantly higher in the almitrine group (table I).
Five patients dropped out of the study: three refused
further catheterization (all almitrine bismesylate), one
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Table I. - Characteristics of the patients on entry to the study.
Male/ Age FEV, vC TLC TLC FEVIIV C Pao, Paco,
female yr ! l ! % predicted % kPa kPa
F 50 0.77 2.1 42 75 37 6.53 6.40
M 62 0.69 1.8 33 67 38 7.73 6.13
M 69 1.01 3.1 5.4 92 33 5.47 593
almitrine M 45 0.43 1.7 7.1 109 25 8.17 5.47
bismesy- M 66 0.62 1.7 49 84 36 933 6.00
late group M 52 0.70 1.9 6.4 103 37 7.67 593
(n=11) M 68 0.59 1.6 4.8 89 37 8.53 573
M 59 1.23 24 5.8 95 51 7.87 5.93
M* 44 0.59 1.7 4.8 86 35 599 5.99
M* 60 1.51 3.0 4.9 80 50 8.51 5.72
M* 53 0.49 2.0 5.4 95 25 6.92 6.65
xtSEM 10M/IF 57.14+27 0.78+0.10 209+0.1 5.18+031 88.7+37 367125 7.52+035 599+0.10

M 69 1.79 31

M 49 1.78 3.8

M 66 1.14 3.1
Placebo M 56 2.54 4.3
group M 57 2.00 3.6
(n=9) M 57 0.65 2.1

M 52 0.68 2.8

M* 60 1.23 2.4

M* 65 1.22 34
X+ SEM IM 59.0x22

145+0.21 3.18+0.23 6.00+036 97.8+7.2

5.7 106 58 8.40 520
6.2 91 47 8.80 4.87
5.7 90 37 9.33 5.07
1.2 126 59 8.33 5.07
6.2 93 56 8.00 5.07
4.0 57 31 7.20 5.87
7.1 116 24 7.87 4.80
49 82 51 7.85 532
1.0 119 36 5.85 4.79

443143 7.96+0.33 5.12+0.11

No significant differences were found between the two groups except for Paco, TLC: total lung capacity; VC: vital
capacity; FEV: forced expiratory volume in 1 second; Pa0,; Paco,: oxygen and carbon dioxide tensions in arterial blood,

*:drop-outs.

was lost to follow-up at four months (placebo) and
one stopped the tablets (placebo) at one month of his
own accord (attributing cor pulmonale to the tablets).
Fifteen patients (eight almitrine bismesylate and
seven placebo) completed the study.

All patients receiving almitrine bismesylate ex-
pressed the sensation of feeling better. Five patients
considerably improved their score on the dyspnoea
scale, and three others described no change. One
patient was able to stop domiciliary oxygen therapy
and another was able to stop domiciliary ventilatory
assistance, both at their request. Six patients receiving
placebo expressed an overall sensation of feeling
better. Five of these patients improved their dyspnoea
score, one described no change and one described
worse dyspnoea. No particular side effects were
observed in this study.

Pao, and Sao, time courses were significantly
different between groups. The values improved sig-
nificantly at T6 and T12 in the almitrine bismesylate
group compared to TO with no change throughout in
the placebo group. The Newman-Keuls’ test showed
significant improvement of Pao, and Sao, in the
almitrine bismesylate group between TO and T6 and
no further increase between T6 and TI12 (fig. 1).
Compared to T0O, Paco, values showed the same
slight but significant improvement at both T6 and

T12 in the almitrine bismesylate group and no change
in the placebo group (fig. 1).

The almitrine bismesylate group showed a slight
increase in ventilation (fig. 2) and a slight drop in O,
and CO, arterial-end tidal pressure differences
whereas there were no significant differences in any of
these data between groups (table II).

Although there were no statistical differences
between groups, placebo patients showed slightly
decreased Ppa and Ppa/Qc values (table II, fig. 3).
Almitrine bismesylate treated patients showed very
stable mean haemodynamic data throughout the
study. Considering the previously observed 0.53 kPa
(4 mmHg) Ppa modification after single oral doses of
almitrine bismesylate [15, 27], we calculated the power
of the statistical test. The power of the test used
comparing the two groups of seven and eight patients
was very satisfactory; the Beta (type II) error of not
detecting a 0.53 kPa (4 mmHg) difference was 8%
This result means that, despite the relatively
number of patients, there was a 92% chai
detecting a difference between the two groups,
significance level of p<0.05, if any such diff
existed.

Considering the importance of detecting h
dynamic variations, individual data were an;
Again we chose 0.53 kPa (4 mmHg) as the thr
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for individual Ppa variations. In the almitrine
bismesylate group, four patients were stable, one
showed a decrease in Ppa, and three a single increase
at one evaluation time (table III). In the placebo
group, five patients were stable and two showed a
decrease in Ppa (table III).

Discussion

This one year study in COLD patients with chronic
hypoxia showed that almitrine bismesylate adminis-
tered orally induced clinical improvement together
with a mean increase in Pao, of 1.2 kPa (9 mmHg)
without deleterious changes in haemodynamic values
or in ventilation.

On average, patients had moderate hypoxaemia
and low CO, retention similar to the majority of
patients treated by almitrine bismesylate in our
country. The therapeutic aim in such patients is to
improve life quality and, if possible, to delay oxygen
therapy and lengthen survival.

The need to repeat Ppa measurements led us to use
Grandjean’s floating catheter [9] as an easier and less
invasive method than the Swan-Ganz catheter. Initial
Ppa values were slightly increased, but were in the
range of values reported by WEITZENBLUM et al. [30]
in similar patients. The use of Grandjean catheters
with the smallest internal diameter, necessitated
measurement of cardiac output indirectly. We used
the CO, rebreathing method, which has been vali-
dated in healthy subjects [29]. In patients with
respiratory diseases the accuracy of such a method is
questionable in view of the ventilation/perfusion
mismatch. DAvis et al. [7] have reported that the CO,
rebreathing method for measuring cardiac output was
reliable in seriously ill patients (including respiratory
distress syndrome). Indeed, using arterial Pco, in-
stead of end tidal Pco, they found a very significant
correlation (n=18; r=0.935; p<0.001) between re-
breathing and direct Fick methods. Similarly, MaB-
LER et al. [13] observed a better correlation (r=0.84;
p=0.009) between the CO, rebreathing and direct
Fick methods in moderate air flow obstruction than
in severe airway disease. However, this good correla-
tion was associated with an underestimation of the
indirect values. CHABRILLAT et al. [6] improved the
Cerretelli CO, rebreathing procedure by correcting
the plateau pressures with the CO, and O, end tidal-
arterial pressure differences in order to obtain mixed
venous pressures. They observed a significant correla-
tion with values obtained by the thermodilution
technique (r=0.897; p<0.001; n=19) without
underestimation as long as cardiac output was smaller
than 8 /-min~'. Variability was low, since they
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Table Il. - Average data on each measurement tiM. w..c v crv wr «criee ~crrs s i e i s 9o
Almitrine bismesylate Placebo Between group
(n=8) (n=7) analysis of
Xt SEM X+ SEM variance
p value
TO Té T12 TO Té6 Ti12 time x group
interaction
Pao, 7.66 £ 0.42 8.75%* £ 048 890**+0.38 828+0.26 8.65%0.31 8.63+0.24 0.039
kPa
Paco, 5.94+0.10 563+0.11 536+0.17 513%+0.13 528+0.10 520+0.18 —
kPa
pH 742+ 0.01 74110.01 7401001 743+001 74210.01 741+£001 0935
Sao, 89.6 2.0 925¥+12 93.1*+1.0 927+08 93410.6 92.9+0.7 0.044
%
HCOy 28.1+0.7 258105 243+0.6 251+05 251406 23.81£0.7 0.060
mmol/!
P (a-ET)CO, 0.68 £ 0.09 0.40+0.12 041+0.11 0474011 047012 0521016 0.252
kPa
P(ET-2)O, 5361047 4.75+0.57 4754050 455+048 4.73+040 431+043 0.147
kPa
Epa 2.53+£0.40 247+023 2.54+028 2.03+0.19 1.77+£0.14 1.72+0.18 0549
kPa
Qc 4.72 £031 477+0.29 4724027 519+037 5021033 5.01+022 0.818
Imin
ITpa/Qc 0.59 £0.15 0.52+0.05 056+0.08 040+0.04 036+0.03 0341+0.04 0.857
kPa-l-min
VE 9.39+£0.33 10.27 £ 047 10.55+£0.74 9.72+052 9581048 1032+087 0552
I-min
YO, 939 +0.02 032+0.02 031+£0.02 030+001 030%0.01 032+0.01 0.176
I'min

When the analysis of variance showed a significant difference between groups, the values significantly improved at T6 and T12
compared to TO within the almitrine group not in the placebo group (*p<0.05, **p<0.01) HCO,: plasma bicarbonate; P(a-ET)CO,;
P(gT-2)O,;: arterial to end tidal CO, and O, differences; Ppa: pulmonary artery mean pressure; Qc: cardiac output; VE: external

ventilation; VO,: oxygen uptake.

observed a variation factor of 8.9% when three
measurements were made within one hour in 18
respiratory patients and 13.2% when three series of
three measurements were made within 10-12 days in
17 patients. In the present study we used the
correction proposed by CHABRILLAT et al. [6] and
observed, for three measurements, a mean variability
0of 9.4+4.3% (m +sp). The initial values observed for
cardiac output were in the range of values reported by
WEITZENBLUM et al. [30] in similar patients. No

change was observed after almitrine. Other studies
also found no change in Qc cither after a single dose
[14, 23, 31] or after short term therapy [10]. Right
ventricular ejection fraction and heart rate were
unchanged after three months of therapy [12]. All
these findings are consistent with the
present study.

It is difficult to obtain wedge pre
microcatheter. Pulmonary vascular res
could not be calculated. As an index
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used. Its reliability has been
bility of the wedge pressure after
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tts, using this ratio, were in the
roved in both groups, all but one
a sensation of feeling better and the
subjects improved their dyspnoea
' subjective nature of such improve-
but, it is noteworthy that in the
ne patient requested interruption of
latory assistance and another of
n therapy.
all but one of the patients were
ers, i.e. showed an increase of over
[g) in Pao, after almitrine [2]. The
se (2.4 kPa, 9.3 mmHg) was similar
n studies where almitrine bismesy-
ravenously [19, 26]. Similar values
short-term study where almitrine
iven orally in a larger daily dosage
present Pao, improvement was

superior to that observed after a single dose [20] or
after six-month therapy in a large group of COLD
patients [1]. The better than average results in this
study are possibly due to longer follow-up or more
suitable patients who were exclusively pure obstruc-
tive and non-asthmatic.

In this study, we observed a slight but insignificant
increase in ventilation. As previously emphasized [20,
26], the improvement in blood gas values with
almitrine bismesylate cannot be due solely to increased
ventilation. Previous studies showing the discrepancy
between blood gas improvements and ventilation
changes suggest that almitrine bismesylate might
improve ventilation-perfusion matching. Indeed, a
redistribution of blood flow has been demonstrated [4,
14, 22]. The redistribution of lung perfusion suggests a
vascular effect of almitrine bismesylate perhaps a
precapillary vasoconstriction. Such an effect might
cause a rise in pulmonary arterial pressure.

In animals [23] and normal subjects [8], intravenous
almitrine bismesylate causes an increase in pulmonary
artery pressure. Haemodynamic studies in COLD



ALMITRINE BISMESYLATE THERAPY

Table lll. - Individual Ppa values
Ppa kPa
TO T6 T2
5.00 3.20 4,04
Almitrine 227 2.12 2.29
bismesylate 3.12 2.86 2.76
group 223 333 2.21
(n=8) 1.96 2.09 2.83
2.69 2.77 2.83
1.49 1.87 1.97
1.49 1.52 1.40
X+ SEM 2531040 2471023 2541 0.28
2.24 1.87 231
Placebo 1.70 216 1.36
group 147 1.20 1.33
(n=T) 1.72 1.55 133
2.15 145 1.41
193 2.00 1.92
299 2.18 2.40
X+ SEM 203+0.19 1.77+014 1721018

Individual T’pa values recorded al each measuvrement time in
almitrine bismesylale and placebo groups.

patienis given a single infusion of almitrine bismesy-
late are contradictory. Some studies reported an
increase in Ppa due to an increase in right ventricular
pressure without change in cardiac cutput [15, 31},
other studies observed no change [24, 28)]. WEITZEN-
BLUM e! al. [31] explained these discrepancies by
differences in patients and methods but observed with
identical methodology, an early and transitory in-
crease in Ppa. After oral almitrine bismesylate
administration, a 4 mmHg increase, 2 to 3 h after
administration, has been observed [14, 27].

Thus, there is evidence that a single dose of
almitrine bismesylate can induce vasoconstriction.
Like the ventilatory effect this vascular eflect is
probably variable from one patient to another,

In the present work, there were no changes in
haemodynamic data in patients treated for one year
with almitrine bismesylate. The haemodynamic stabil-
ity confirms previous studies performed on more
severe patients after one [10], four [3] and 6 months
[[8] treatment; in addition stability of right heart
function in COLD patients treated with almitrine
bismesylate has been observed after more than five yr
(personal observations). In contrast to our findings
MACNEE ef al. [12] found in five patients a slight but
stgnificant rise in Ppa after three months of 100 mg of
oral almitrine daily. Therefore it is necessary to
compare their patients with those in other studies
{table TV). Initial hypoxia and CO, retention of
Macnee’s patients were identical to ours but less
severe than those of some other middle term
haemodynamic almitrine studies [3, 10]. Ppa values of

Macnee’s study were smaller than
including ours. The most strik
Macnee’s study is the lack of sig
Pao, after three months therapy
included a large number of noi
results in the literature, out of
COLD patients treated with almit
non-responders {2]. Non-responc
mixed restrictive and obstructive
or pure emphysema, and were no
from the Macnee population. H
shows that almitrine therapy witl
ment induces a slight increase in |
low initial values. From table IV i
patients with elevated initial Ppa,
occurs with almitrine. Thus one ¢
the initial Ppa the subsequent

Therefore the absemce of almit:
change in the present study is n
fact that the patients’ initial hai
were not sufficiently severe.

In conclusion, the existence of
ary hypertensive eflfect of almitri’
can be avoided by restricting a
patients who 1) are hypoxic due
COLD and 2) respond to almitri
months of therapy. When the
respected no long-term haeme
apparent,

A discrepancy between the in
term vascular effects of almitrine }
exist and should be discussed. '
might disappear after the transie
dose. If this were true, Ppa shou’
values and then further decrease w
gas exchange. We did not obse
decrease either in our study in wh
increased at TO, or in other studit
was even higher at TO. Therefc
retain this hypothesis.

The observation by MACNEE ef ai. y14), 01 & mouest
rise in Ppa with almitrine when Pao, does not
improve, suggests that a minimal vascular effect
persists in the long-term. Accordingly, one could
explain the absence of rise in Ppa in our study if the
initial vasoconstriction was reduced or balanced by
other factors, especially an improvemeni in pgas
exchange. RoMaLDING et al. [23] reported that an
increase in the inspired oxygen [raction resulted in a
decrease of the pressor response to almitrine in dogs.
The slight ventilation increase observed in our study
could have improved Pao, and induced a similar
phenomenon in our patients. The probable vasocon-
strictive effect of the drug could aiso have been
ncutralized by the direct effect of an improving PO,
which might reduce hypoxi
general and perhaps alsc poly
al. 1)

A minimal vasoconstricte
bismesylate may 1) persist in
balanced in those patients in
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augmenté en moyenne [-2 kPa dans le groupe A et est
gé dans le groupe P. Ces donndes ainsi que celles de ia
1onlrent que Palmitrine exerce des effets vasculaires
{ aprés une dose unique. Cependant pour aulant que
nle concomitiemment, aucune conséquence hémody-
ong lerme ne devient apparente. La discordance entre

les effets vasculaires aigiis et chroniques de I'almitrine pourrait
s'expliquer par I'amélioration des échanges gareux qui pourrait
réduire et/ou contrebalancer la réponse vasoactive. En conclusion,
aprés un an de iraitement le bismésylale d'almitrine enlraine une
amélioration clinique et gazométrigue notable sans changement
hémodynamique significatil.





