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One year treatment with almltrlne 
Improves hypoxaemia but does not increase 
pulmonary artery pressure in COPD patients 

E. Weitzenblum*, F. Schrijen**, M. Apprill*, C. Prefaut***, J.C. Yernauftt 

One year treatment with almitrine improves hypoxaemia but does not 
increase pulmonary artery pressure in COPD patients. E. Weitzenblum, 
F. Schrijen, M. Apprill, C. Prefaut, J.C. Yernault. 
ABSTRACT: AJmltrine bismesylate, a chemoreceptor agonist, Improves 
hypoxaemia In a high percentage of chronic obstructive pulmonary 
disease (COPD) patients and Its long-term use may thus be of Interest 
In these patients. 

The course of pulmonary haemodynamics during a one year 
treatment was Investigated In severe COPD patients (forced expiratory 
volume In one second FEV

1 
• 1,040:t80 SEM ml) with persistent hypox

aemia (Initial arterial oxygen tension (Pao
1
) In the range 6.6-8.6 kPa 

(5~5 mmHg)). Patient. were given either almitrine (A, n=l7), 100 
mg·day·1, during two consecutive months per quarter followed by a one 
month wash-out period (Intermittent "schedule"), or placebo (P, n=18) 
with the same schedule. Eleven patients In group A and 8 In group P 
could not complete the one year study because of lack of compliance, 
worsening of respiratory Insufficiency, or for other reasons. In the 
remaining patients, Pao

1 
slgnlnc.antly increased ln group A (n•l6) from 

7.6:t0.1 to 8.3:tO.l kPa (56.9:tl.O to 62.7:t1.7 mmHg) (p<O.OOl) but not 
In group P (n•lO) from 7.S:t0,3 to 7.9:t0.3 kPa (56.1:t2.3 to 59.1:t2.1 
mmHg). Paco

2 
did not slgnlflcantly change In either group. Pulmonary 

artery mun ·pressure (PAP) was stable In both groups: from 26.8:tl.1 
to 2S.4:tl.9 mmHg In group A, a.nd from l0.6:tl.l to l0.9:tl.S mmHg 
In group P. Exercising PAP, right heart filling pressures, wedge 
pressure, cardiac ouput1 pulmonary vascular resistance did not change 
signltlcantly after one year In either group. 

It Is concluded that in patients with advanced COPD a one year 
treatment with almltrlne improves hypoxaemia without worsening 
pulmonary hypertension at rest and during exercise. 
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Recent studies have demonstrated that almitrine 
bismesylate, a peripheral chemoreceptor agonist [1), 
improved hypoxaemia in a high percentage (about 
80%) of patients with severe chronic obstructive 
pulmonary disease (COPD) (2) and that its long-term 
use could be of interest in these patients [2-4]. 
However, there is still some uncertainty about the 
pulmonary haemodynamic effects of almitrine, since an 
acute increase of pulmonary artery mean pressure 
(PAP) has been observed in short-term studies after 
either intravenous infusion of almitrine [5-7] or oral 
intake of the drug [8, 9), but these results were not 
confirmed by other studies [10, 11). One to six 
month's treatment with oral almitrine has been shown 
to increase PAP (9) or was not associated with any 
change in pulmonary haemodynamics [12-14). These 
results were generally obtained from limited series of 
patients and in the only one year study, that 

of PREFAUT et al. [15), cardiac output was obtained by 
an indirect (rebreathing) method and results of 
pulmonary vascular resistance and exercising data were 
lacking. 

PREFAUT et al. (15] did not detect any rise in PAP 
in the almitrine treated group. This point is so 
important, if almitrine is to find its place in COPD 
therapy, that we have undertaken a further trial in four 
centres. Several advances were possible, compared 
with PREFAUT et al. [15]. We used intermittent 
schedule since it is now realized that almitrine can 
build up in the blood when given over a long period 
[2]. We used Swan-Ganz catheters, measured wedge 
pressure, exercised our patients and were able to 
measure cardiac output by a better method. We also 
monitored blood almitrine levels which is extremely 
important if we are to relate therapeutic results to 
dosage. 
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In this double-blind, controlled study 45 COPD 
patients with moderate to severe hypoxaemia were 
included and 26 could complete the one year follow
up period. 

Methods 

Patients 

Patients were selected on the following criteria: they 
had COPD assessed on past history and clinical 
grounds and their forced expiratory volume in one 
second/vital capacity (FEV

1
NC) ratio was between 25 

and 65%, FEV1 being s7u% and total lung capacity 
(TLC) ~80% of the respective predicted values. FEY 1 
had not to increase by oat20% of its baseline value after 
inhalation of two puffs (200!-lg) of salbutamol. The age 
had to range between 35-75 yrs and the weight 
between 50-95 kg. Arterial oxygen tension (Pao~ in 
room air, during a stable state of the disease, was in 
the range 6.6-8.6 kPa (50- 65 mmHg) and arterial 
carbon dioxide tension (Paco~ in the range 4.6-8.6 
kPa (35-65 mmHg). 

Exclusion criteria were: a previous history of 
asthma, the presence of left heart disease, including 
unstable angina pectoris and recent myocardial infarc
tion, of an associated chronic lung disease (other than 
COPD), of a significant renal or hepatic disease, of 
central nervous system diseases, of a peripheral 
neuropathy (since peripheral paraesthesiae have been 
observed in patients undergoing continuous long-term 
treatment with almitrine [2]), and of any other severe 
disease. Patients could not receive pulmonary 
vasodilators (such as calcium channel blockers, 
hydralazine, beta-agonists given orally etc.), respira
tory analeptics (acetazolamide, doxapram, medroxy
progesterone), and long-term oxygen therapy (LTO) 
since LTO has been shown to improve pulmonary 
haemodynamics in hypoxaemic patients [16, 17]. 
Pre-menopausal women were excluded. 

Patients were informed about the aim of the study, 
the modalities of the follow-up and the investigations 
to be performed and a written consent was required. 
The study protocol was approved by the Ethical 
Committees of the University Hospitals of each of the 
four centres involved in the study. 

Schedule of the study 

The plan of the study appears on figure 1. Prior to 
the inclusion of the patients in the study, the stable 
state of their disease was assessed during a three week 
period (from T_

21 
days to T

0
). The criteria of 

T_21 days To T3 T4 
· --

Assessment of A or P Washout A or P 
stable-state 

Te 

stability were: the absence of any significant change 
in the clinical condition, a change in weight <2 kg, a 
change in FEV

1 <300 ml, changes in Pao and Paco 
<0.8 kPa (6 mmHg). Patients could only be included 
if they fulfilled the criteria of stability. At T the 
patients were randomly allocated either to almftrine 
treatment (two tablets of 50 mg per day) or to 
placebo (two tablets per day) in a double-blind 
manner. The randomization code has been balanced 
according to the ratio of three patients receiving 
almitrine bismesylate for two receiving placebo. 
Almitrine was given according to an intermittent 
schedule, in agreement with the Vectarion International 
Multicentre Study (VIMS) [2] which has clearly 
indicated that a continuous schedule (100-200 mg 
almitrine·day·1) resulted in a progressive increase of 
almitrine plasma concentrations and that paraesthesiae 
were frequently observed in the presence of a high 
almitrine plasma level (>500 ng·ml·1). The treatment 
(or the placebo) was withheld during one month after 
the first three months (from T3 t~ T4); the treatment 
resumed from T4 to T

6
, was withheld from T to 

T
7

, and so on up to T12 (fig. 1). The aim of 
6
the 

intermittent schedule was to stabilize the blood level 
of almitrine. 

Right heart catheterization was performed at T and 
again after one year (T1J. Clinical examination, 

0
a six 

minute walking test, laboratory tests (complete 
blood count, platelet count, prothrombin time, assess
ment of renal and hepatic function), measurement of 
plasma almitrine concentration, measurement of 
pulmonary volumes and of arterial blood gases in 
room air, were performed at T_ 1 days, T

0 
an·d 

repeated at T3, T
6
, T9, and T

12
• At f 4, T, T

10 
(end of 

the one month interruption of treatment) the evaluation 
was limited to clinical examination, arterial blood 
gases and measurement of plasma almitrine concen
tration. 

The compliance to treatment was assessed 
every three months from the interview with the patient, 
from the ratio of the number of tablets actually 
used to the number of tablets given to the patient, 
and from the level of plasma almitrine concentration. 

Methods of investigation 

Pulmonary volumes were measured with a closed
circuit spirograph or with a body plethysmograph 
according to the use of each centre. Reference val
ues were those of the European Community [18]. The 
obligatory measurements were those of vital capacity 
and FEV

1
, but total lung capacity had to be measured 

at least once, at T_21 days. 

T7 Te T,o T,2 
·--· 

Washout A or P Washout A or P 

~ig. 1. - Plan of the study. A: almitrine bismesylate (100 mg·day·1; P: placebo (lOO mg·day·1); T.21 days: onset of the stabilization period, 
r.e. 21 days before T

0
; T

0
: onset of the study; T,: after three months; T4: after four months etc. 
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Arterial blood samples were withdrawn in the supine 
position after a resting period of at least fifteen min. 
Pao

2
, Paco

2 
and pH were measured by conventional 

electrodes. 
Right heart catheterization was performed in the 

supine position, in the morning, without premedication. 
The method has been described elsewhere [19] and we 
will only record that F

7 
triple lumen Swan Ganz 

catheters were used. The zero reference point was at 
mid-thoracic level. Cardiac output was measured by 
the thermal dilution method and each result was the 
mean of a triplicate measurement. Right atrial pressure, 
right ventricular end-diastolic pressure, pulmonary 
systolic, diastolic and mean pressure, and wedge 
pressure, were averaged over five respiratory cycles. 
A catheter was inserted into a brachial or radial ar
tery and this allowed sampling of arterial blood and 
measurement of the systemic pressure. Measurements 
of intravascular pressures, cardiac output, and arterial 
blood gases were obtained after 15 min of rest and at 
the end of a 7-10 min steady exercise in the supine 
position, with a bicycle ergometer, the load being of 
40 W or less according to the degree of dyspnoea. 
The haemodynamic investigation was performed in the 
same way at T

0 
and T12• 

Plasma levels of unchanged almitrine bismesylate 
were measured by specific gas liquid chromatography 
method [20, 21]. 

Statistical analysis 

The stability before treatment (T.
21 

days, T~ was 
assessed with a two-way analysis of variance: group 
(almitrine, placebo) x time with repeated measures on 
one factor. 

The homogeneity of groups (almitrine, placebo) at 
T

0 
was analysed with the Student's t-test for unpaired 

data. 
A two-way analysis of variance (group x time) with 

repeated measures on time factor was used to compare 
the evolution between groups. A two-way analysis of 
variance (time x subject) was used to test the evolu
tion of each group. The level of statistical significance 
was p<0.05. 

Results 

Forty five subjects were included in the study after 
the stabilization period. There were only two women. 
Twenty seven patients were given almitrine (group A) 
and 18 placebo (group P). The average values (±SEM) 
of pulmonary volumes, arterial blood gases, and 
pulmonary artery mean pressure (PAP), at T

0 
appear 

in table 1. It can be observed that there were no 
significant differences between groups A and P. 
Bronchial obstruction was severe in both groups. A 
moderate hypoxaemia, in both groups, could be 
expected from the inclusion criteria (Pao2 ranging 
between 6.6--8.6 kPa (50--65 mmHg)). Most patients 
in either group (n=18 in group A and n=13 in 
group P) were not hypercapnic (Paco

2 
<6 kPa ( 45 

mmHg)). 
Pulmonary hypertension, defined by a resting PAP 

2:20 mmHg was observed in 19 patients of group A 
and 14 patients of group P. The difference between 
the groups was not significant. PAP markedly 
increased during steady state exercise (table 1), as 
generally observed in patients with advanced COPD. 

Nineteen of forty five patients (11 of 27 in group 
A and 8 of 18 in group P) could not complete the one 
year study for various reasons which are given in 
detail in table 2. Non-compliance to treatment and 
follow-up and worsening of respiratory insufficiency 
were the main reasons and were observed with the 
same frequency in the two groups. Side-effects, 
which occurred in two patients of group A, did 
not include peripheral neuropathy: depressive disorder 
in one patient, anxiety and anorexia in another 
patient. 

The patients who could not complete the study did 
not differ from the remainder except for resting and ex
ercising pulmonary vascular resistance which were 
found to be higher in the former, but only in the 
placebo group. The final almitrine group comprised 
16 patients (including one woman) and the final 
placebo group, 10 patients (no women). Arterial 
blood gases and pulmonary volumes at T0 were 
identical in the final A and P groups (table 3) but rest
ing PAP and pulmonary vascular resistance (PVR) 
were significantly higher in group A (table 4) due to 

Table 1. - Comparison of groups Almltrlne and Placebo at T0 

Almitrine Placebo Difference 
n=27 n=18 

Age yrs 60:t2 63:t2 NS 
Walking distance in 6 min m 445:tll 437:t23 NS 
Vital capacity l 2.68:t0.14 2.52:t0.13 NS 
FEV1 l 1.04:t0.7 1.04:t0.9 NS 
FEV

1
NC% 39:t2 40:t2 NS 

Pao2 kPa 7.6:t0.1 7.6:t0.1 NS 
Paco

2 
kPa 5.8:t0.2 5.7:t0.2 NS 

Haematocrit % 48.2:t1.3 45.9:t0.7 NS 
PAP rest mmHg 24.6:t1.5 22.8:t1.9 NS 
PAP exercise mmHg 43.9:t2.3 37.7:t2.9 NS 

FEV : forced expiratory volume in one second; FEV
1
NC: FEV/vital capacity ratio; 

Pao/and Paco
2

: arterial oxygen and carbon dioxide tension, respectively; PAP: mean 
pulmonary artery pressure; NS: statistically nonsignificant, (Mean:tSEM). 
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Table 2. - Causes for failure to complete the study by 19 out of 45 patients 

Causes Group A 11 out of 27 Group P 8 out of 18 

Non-compliance to 
treatment and follow-up 

Worsening of respiratory 
insufficiency 

Deaths from non-respiratory 
causes 

Side-effects 

Other causes 

4 

3 

1 

2 

1 

A: almitrine; P: placebo; •: including two deaths. 

2 

2 

Table 3. - Results of a one year treatment: arterial blood gases, pulmonary volumes and 
minute ventilation 

Almitrine n=16 Placebo n=10 

To T,z Difference To T,z Difference 

Pao
2 

kPa 7.6:t0.1 8.3:t0.2 p<O.OOl 7.5:t0.3 7.9:t0.3 NS 
Sao

2
% 88.9:t0.9 91.3:t0.5 p<0.05 89.3:t0.9 90.1:tl.O NS 

Paco
2 

kPa 5.9:t0.2 5.5:t0.2 NS 5.7:t0.2 5.7:t0.2 NS 
Vital capacity I 2.56:t0.18 2.76:t0.20 NS 2.56:t0.18 2.57:t0.18 NS 
FEV

1
/ 1.03:t0.12 1.04:t0.10 NS 1.04:t0.10 1.05:t0.12 NS 

FEV1NC% 39:t2 38:t2 NS 40:t2 40:t3 NS 
YE /·min·1 9.7:tl.O 10.0:t0.6 NS 10.6:t1.4 9.7:t0.8 NS 

Sao
2

: arterial oxygen saturation; VE: minute ventilation. 
(Mean:tSEM). 

For further definitions see legend to table 1. 

Table 4. - Results of one year treatment: haemodynamic data at rest 

Almitrine n=16 Placebo n=10 

To T,z Difference To T,z Difference 

PAP mmHg 26.8:t2.1• 25.4:t1.9 NS 20.6:tl.l• 20.9:t1.5 NS 
PAPsyst mmHg 40.8:t3.3•• 39.6:t3.2 NS 30.3:t1.4•• 30.9:t1.5 NS 
P APdiast mmHg 18.5:t1.5 18.3:t1.4 NS 15.2:t1.2 15.0:t1.4 NS 
PWP mmHg 7.9:t0.9 6.3:t0.9 NS 6.9:t0.8 8.0:t0.7 NS 
RAP mmHg 4.8:t0.8 4.0:tl.l NS 2.9:t0.8 4.1:t0.9 NS 
Q /·min·1 5.4:t0.4 5.2:t0.2 NS 6.6:t0.7 5.8:t0.4 NS 
PVR mmHg·/·1·min 3.6:t0.4• 3.2:t0.4 NS 2.2:t0.2• 2.3:t0.3 NS 

PAP: mean pulmonary artery pressure; PAPsyst: pulmonary artery systolic pressure; PAPdiast: pulmonary 
artery diastolic pressure; PWP: pulmonary wedge pressure; RAP: right arterial pressure; Q: cardiac output; 
PVR: pulmonary vascular resistance. • :difference between groups almitrine and placebo at T

0 
significant 

with p<0.05; ••: difference between groups almitrine and placebo at T
0 
significant with p<O.Ol. (Mean:tSEM). 

the fact that patients lost to follow-up had higher PAP 
than the remainder in group P, and lower PAP than 
the remainder in group A. The same differences were 
observed for exercising haemodynamic variables 
(table 5). 

After one year, Pao2 significantly (p<O.OOl) 
increased in group A from 7.6:t0.1. to 8.3:t0.2. kPa 
(56.9:tl.O to 62.7:t1.7 mmHg), but not in group P (ta
ble 3). Paco

2 
tended to decrease in group A but the 

difference did not reach the level of statistical signifi
cance. Improvement of hypoxaemia in the group 
treated with almitrine was not related to 
bronchodilation or to an. analeptic effect since FEV

1 
and minute ventilation (VE) were unchanged from T

0 
to T

12 
(table 3). 

The evolution of almitrine plasma levels from T
3 

to 
T

12 
in group A is shown on table 6. It appears that 

the mean almitrine plasma level was nearly identical 
at T6, T9 and T

12
, and that one month interruptions of 

treatment resulted in a decrease of plasma almitrine 
concentration, at T

7 
and T12.' by not more than 50% of 

its initial value at T
6 

and T
9

, respectively. 
The changes in haemodynamic data from T

0 
to T

12 
are shown in table 4 (resting data) and table 5 
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Table 5. - Results of one year treatment: haemodynamic data during exercise 

Almitrine n=16 Placebo n=10 

To Ttz Difference To T,z Difference 

PAP mmHg 45.4:1.7• 49.0:t2.6 NS 34.1:2.6• 35.6:t2.2 NS 
P APsyst mmHg 67.4:2.0 .. 76.7:4.6 NS 49.3:t3.9 .. 52.9:t2.2 NS 
P APdiast mmHg 33.0:1.7• 34.6:t1.7 NS 25.6:t2.1• 25.0:t1.2 NS 
PWP mmHg 15.7:t1.8 17.5:t1.9 NS 12.3:t1.6 13.6:t0.8 NS 
RAP mmHg 11.3:t2.0 9.0:t2.0 NS 6.5:t0.8 7.8:t0.7 NS 
Q l·min·1 8.8:t0.7 8.5:t0.7 NS 9.8:t0.6 8.7:t0.7 NS 
PVR mmHg·f·1·min 3.9:to.5• 3.9:0.6 NS 2.3:0.2• 2.8:t0.3 NS 

•: difference between groups almitrine and placebo at T0 significant with p<0.05; .. : difference between 
groups almitrine and placebo at T

0 
significant with p<O.Ol. For definitions see legend to table 4. (Mean:tSEM). 

Table 6. - Almltrlne plasma levels (ng·ml-1) In the group 
treated with Almltrlne 

T3 T• T6 T, Tv T!O T,z 

Mean 248 121 317 194 322 173 285 
SEM 35 24 41 35 48 31 38 

T
3

: after 3 months; T
4

: after 4 months etc. 

(exercising data). Resting PAP did not change 
in either group: from 26.8±2.1 to 25.4:1.9 mmHg in 
group A, and from 20.6±1.1 to 20.9:1.5 mmHg in 
group P. In group A, PAP increased by :.:3 mmHg 
in three patients, decreased by :.:3 mmHg in 
six patients and did not change by more than 3 mmHg 
in seven patients (table 7). In group P, PAP increased 
by :.:3 mmHg in three patients, decreased by 
:t3 mmHg in three patients and did not change 
by more than :.:3 mmHg in four patients. Resting 
right atrial pressure, wedge pressure, cardiac output 
and pulmonary vascular resistance were 
also unchanged after one year in both groups. 

Exercising PAP did not change significantly in either 
group nor did the other exercising haemodynamic 
variables. 

The individual results of Pao2 and PAP at T
0 

and 
T

12 
and of almitrine plasma level at T

12
, in group A, 

appear in table 7. It can be observed that there was 
no link between changes in Pao2 and PAP on the one 
hand and almitrine plasma concentration on the 
other. Linear regressions between almitrine plasma 
concentration and changes in Pao and PAP did not 
show any significant correlation. there was no corre
lation between initial Pao

2 
and the change of PAP in 

the almitrine group. 

Table 7. - Individual results of Pao
2 

and PAP at T
0 

and T12' and almltrlne plasma level at T12 
In the group treated with almltrlne 

Patient Pao2 kPa PAP mmHg Almitrine plasma level ng·ml-1 

no. To Tn To T,z T,z 

1 7.5 8.2 30 30 501 
2 7.3 8.6 24 15 420 
3 6.8 8.2 30 25 220 
4 7.0 8.1 16 17 452 
5 6.6 7.5 35 33 263 
6 8.2 8.8 23 28 307 
7 7.6 9.0 26 22 196 
8 7.7 8.1 25 24 58 
9 6.9 7.7 50 38 46 

10 7.5 7.6 27 29 150 
11 8.0 8.1 16 11 
12 8.0 8.1 23 28 376 
13 8.4 8.1 24 36 391 
14 7.7 9.0 29 22 
15 6.8 7.0 33 31 245 
16 8.5 11.0 18 17 368 

Mean:tsEM 7.6:0.1 8.3:t0.2 26.8:t2.1 25.4:t1.9 285:38 

For definitions see legend to table 1. 
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Discuss loo 

The present results clearly show that a one year 
treatment with oral almitrine, at the dose of 100 
mg·day·1

, according to the so-called intermittent 
schedule, results in a significant improvement of Pao

2
, 

which increased by nearly 0.8 kPa (6 mmHg) as a 
mean, without noticeable changes of pulmonary 
haemodynamics at rest and during exercise. The in
crease in Pao2 was not associated with any significant 
change of FEV

1 
or minute ventilation and could not, 

thus, be accounted for by a bronchodilating or a 
respiratory analeptic effect, in agreement with the 
results of previous studies [2, 3]. The changes in 
Paco2 were modest and not statistically significant, a 
result which was not unexpected since oral almitrine 
is known to improve ventilation-perfusion mismatching 
rather than to increase alveolar ventilation in COPD 
patients [11, 22, 23). 

Indeed, 19 of 45 patients (42%) could not complete 
the study but comparable percentages of patients lost 
to follow-up have been observed in one year trials 
including haemodynamic investigations [15). Even in 
the VIMS study [2], which was only devoted to the 
clinical and arterial blood gases evolution under 
almitrine (or placebo), the rate of patients lost to 
follow-up after one year, was 25% in the placebo 
group and 40% in the almitrine group. 

An acute rise of PAP and pulmonary vascular 
resistance has been observed after intravenous infusion 
of almitrine [5-7] and was generally attributed to an 
enhancement of hypoxic vasoconstriction by the drug. 
When almitrine was given orally the short-term results 
were contradictory and varied from no increase in 
PAP [11] to a slight but significant increase [8] and 
to a marked increase [9). The pulmonary haemody
namic effects of long-term treatment with oral 
almitrine have been investigated in few studies 
[9, 12-15] and no significant changes of PAP or any 
other haemodynamic variable were observed after one 
month {12], four months [14), six months [13] or one 
year [15]. However, MACNEE et al. [9) have reported 
a persistent increase of PAP after a 3-6 month 
treatment, in patients receiving 100 mg 
almitrine·day·t, but their study was limited to five 
patients and there was no control group. The indi
vidual results were not given but it appears from their 
figure 6 that a marked increase in PAP was only 
present in one patient. 

In all these previous studies [9, 12-15] several 
haemodynamic data were lacking: pulmonary wedge 
pressure, allowing the calculation of pulmonary 
vascular resistance, was not measured. Cardiac out
put was lacking in two studies [9, 13) and was 
obtained by an indirect (rebreathing) method in two 
others [14, 15]. Exercising data were absent in all of 
these studies. Furthermore, almitrine plasma concen
trations were only available in the study of MACNEE 

et al. [9]. The present study was the first to include 
all of the usual pulmonary haemodynamic variables 
both at rest and during steady-state exercise. 

Our results obtained in 16 patients (group A) are in 
good agreement with those of KoPMAN et al. [12], 
BoURGOUIN·I<AROUANJ et al. (14), PARAMEUE et al. [13] 
and PRBFAlJT et al. [15], which all together concern 34 
patients given oral almitrine. An additional difference 
between the data of MACNEB et al. [9) and those of 
other groups, including the present study, is that Pao

2 
did not increase significantly in their five patients after 
3--6 month's treatment with oral almitrine. Most of 
their patients were probably non-responders to 
long-term treatment, whereas the percentage of such 
non-responders has been estimated to be 20-25% in 
the study which has included the largest number of 
patients [2]. 

It must be emphasized that in our study pulmonary 
haemodynamic variables, both at rest and during 
exercise, were found to be stable after a one year 
treatment. In particular there was no significant 
change in exercising PAP and this is indeed an im
portant finding since resting pulmonary hypertension 
is generally mild to moderate in these patients (aver
age initial PAP in group A = 26.8±2.1 mmHg) 
whereas PAP markedly increases during steady-state 
exercise in most patients with advanced COPD (aver
age initial exercising PAP in group A = 45.42:1 .7 
mmHg) and a further increase due to treatment could 
have deleterious effects on the right ventricular func
tion. 

How can one explain that acute administration of 
almitrine often elicits a rise of PAP, probably due to 
an enhanced hypoxic pulmonary vasoconstriction, 
whereas long-term treatment is not accompanied by 
any significant change in pulmonary haemodynamics? 
There are at least three possible explanations: 
Firstly, the plasma levels of almitrine may not be 
comparable after an acute administration and after 
long-term oral intake. An acute administration, par
ticularly when almitrine is given intravenously, rapidly 
results in high plasma levels and the improvement of 
arterial blood gases is pronounced in most cases, av
eraging near 1.3 kPa (10 mmHg) for Pao2 and 0.7 kPa 
(5 mmHg) for Paco2 (6, 8]. In long-term trials the 
rise in Pao;. may be modest, even if significant, as in 
the study or PA.RAMEU.E et al. [13] and the present one, 
or may even not be found [9), which could be ac
counted for by lower levels of plasma almitrine. In 
fact blood levels of almitrine have been measured in 
few long-term studies [2, 4] and in none of those de
voted to the long-term evolution of pulmonary haemo
dynamics, except our own. In acute investigations no 
relationship between the level of plasma almitrine and 
the change in Pao1 could be demonstrated [9, 24) but 
a correlation between almitrine concentration and the 
rise of PAP was observed [9). In the present study, 
there was no link between long-term changes in Pao2 
and PAP on the one hand and almitrine plasma lev
els on the other (table 7), but it can be argued that 
blood almitrine concentration at T

11 
was rarely high, 

always s:SOO ng·mJ·1 whereas in the acute investigation 
of MACNEB et al. [9] two out of ten patients had 
plasma levels ~500 ng·ml·1 and four, 400 ng·ml·l. 
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Thus, a pulmonary vasoactive effe.ct of almitrine could 
be accounted for by high plasma levels which are 
unlikely to occur during long-term administration, 
when the "intermittent" schedule is used. 

Secondly, several studies have indicated that 
the pulmonary haemodynamic effects of almitrine 
are of short duration and disappear soon after the end 
of an intravenous infusion, whereas improvement of 
arterial blood gases is still present (5, 6). There 
is, at present, no explanation for this dissociation 
between gasometric and haemodynamic effects of 
almitrine. 

Thirdly, the potential vasoconstrictive effects of 
almitrine could be counterbalanced by the improve
ment of hypoxaemia which is known to induce a slight 
but significant decrease of PAP in COPD patients 
given long-term oxygen therapy (16, 17) . This 
hypothesis has been recently raised by PREFAUT et al. 
(15) to explain the observed stability of PAP after a 
one year treatment with almitrine. 

Whatever the mechanism involved, it is clear that 
long-term treatment with oral almitrine has no adverse 
effect on pulmonary haemodynamics at rest or during 
exercise, and it follows that there is no risk of 
overloading the right ventricle. Finally it must be 
underlined that side-effects were rare and did not 
include peripheral neuropathy, or weight loss which 
has been observed in a recent study [4]. This is prob
ably due to the intermittent schedule which allowed a 
rather good stabilization of almitrine plasma concen
tration with average values in the range 300-350 
ng·ml·l, i.e. significantly lower than values observed 
with the continuous treatment [2, 4). These results are 
of interest since it has been demonstrated that there 
is a close relationship between the almitrine plasma 
level and the occurrence of side-effects such as periph
eral neuropathies [2]. 

It can be concluded that long-term treatment 
with oral almitrine bismesylate, 100 mg·day·1, 

according to the intermittent schedule, is safe, 
ameliorates arterial blood gases and does not worsen 
pulmonary haemodynamics in patients with advanced 
COPD. 
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Un traitement d'un an par almitrine amiliore l'hypoximie 
mais n'augmente pas la pression artirielle pulmonaire chez 
les patients BPCO. E. Weitzenblum, F. Schrijen, M. Appril~ 
C. Prefaut, J.C. Yernault. 
RESUME: Le bismesylate d'almitrine, un agoniste des 
cMmor~cepteurs, ameliore l'hypoxemie chez un pourcentage 

~!eve de patients atteints de BPCO, et son utilisation au 
long cours pourrait d~s Iors Stre interessante chez ces 
patients. 

L'evolution de 1'bemodynamique pulmonaire au cours d'un 
traitement d'un an a ete investiguee chez des patients atteints 
de BPCO sev~re (VEMS = 1040:t80 SBM ml) avec 
hypoxemie persistante (Pao1 initiate situ~e entre 6.6 et 8.6 
kPa (50-65 mmHg). Les patients ont re~u, soil de 
l'almitrine (A, n = 27) A raison de 100 mg par jour pendant 
deux mois cons~cutifs par trimestre suivis d'un mois de 
periode de wash-out ("sch~ma intermittent"), soit un placebo 
(P, n=18) avec le mSme scMma. L'annee d'observation n'a 
pas pu !tre compl~tee chez 11 patients du groupe A et 8 
du groupe P, en raison de leur manque d'observance, d'une 
aggravation de l'insuffisance respiratoire, ou pour d'autres 
raisons. Chez les patients restants, la Pao

1 
a augmente de 

fa~n significative dans le groupe A (n = 16); elle est 
passee de 7.6:t0.1 ~ 8.3:t0.2 kPa (56.9:tl.O A 62.7:t1.7 
mmHg) (p<0.001). Par contre, dans le groupe P (n=10), 
)'augmentation de 7.S:t0.3 A 7.9:t0.3 kPa (56.1:t2.3 A 
59.1:t2.1 mmHg) n'est pas significative. La Paco

2 
ne s'est 

modifiee significativement dans aucun des groupes. La PAP 
est stable dans les deux groupes; elle varie de 26.8:t2.1 
A 25.4:t1.9 mmHg dans le groupe A, et de 20.6:tl.l A 
20.9:t1.5 mmHg dans le groupe P. La pression arterielle 
pulmonaire d'effort, les pressions de remplissage 
du ventricule droit, la pression bloqu~e. le d~bit cardiaque, 
et la resistance vasculaire pulmonaire, n'ont pas change 
de fa~on significative apr~s un an dans aucun des 
groupes. 

L'on conclut que chez les patients atteints de BPCO 
avancee, un traitement d'un an par almitrine est efficace sur 
l'hypox~mie, sans aggravation de !'hypertension pulmonaire 
au repos et A l'effort. 
Eur Respir J., 1991, 4, 1215-1222. 


