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Almitrine bismesylate and oxygen therapy in
hypoxic cor pulmonale
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Abstract
The effect of oral treatment with the
thiazine derivative almitrine bismesylate
was studied in 28 patients with chronic
obstructive pulmonary disease and
arterial hypoxaemia receiving long term
domiciliary oxygen therapy in a placebo
controlled, double blind crossover trial.
The initial treatment was given for three
months and the second for two months.
Because almitrine had an unexpectedly
prolonged washout effect crossover
analysis could not be performed; data
from the placebo treatment adminis-
tered in the second arm of the trial were
used to calculate the halflife ofalmitrine.
Nine patients were withdrawn from the
study (5 almitrine, 4 placebo). Patients'
tolerance of the drug was good. The
estimated plasma half life of almitrine
was 20 5 days, considerably longer than
previously reported. Almitrine caused a
significant improvement in arterial
oxygen tension (Pao2) with a mean
maximum increase of0 7 kPa at a plasma
concentration of 500 nglml. Higher
plasma concentrations were not asso-
ciated with any further increase in Pao2.
There was no significant effect on arterial
carbon dioxide tension (Paco2). In a
second, acute study at the end ofeach arm
of the chronic trial nine patients were
subjected to increasing oxygen delivery
rates (2, 4, and 6 l/min) for 90 minutes or
until blood gas concentrations plateaued.
Almitrine increased Pao2 in a dose
dependent fashion at all delivery rates,
but the effect diminished as Pao2
approached normoxic levels. There was
no significant effect on Paco2. Almitrine
treatment results in a significant
improvement in Pao2 over that achieved
by oxygen alone, an effect that diminishes
at high flow rates. Whether this is of
clinical benefit is not known. In view ofthe
prolonged half life revised dosage
schedules are required.

Patients with cor pulmonale secondary to
chronic obstructive pulmonary disease have
reduced arterial oxygen (Pao2) and increased
carbon dioxide (Paco2) tensions. Their long
term prognosis is poor and about two thirds of
patients die within five years of the onset of
peripheral oedema.'2 Long term domiciliary
oxygen therapy provided at flow rates sufficient
to raise Pao2 to at least 8 kPa for 15 or more
hours a day is the only treatment that has been

shown conclusively to improve survivial,34 but
it is costly and onerous despite the use of
oxygen concentrators.5 During acute exacerba-
tions higher oxygen delivery rates may be
needed to achieve an adequate Pao2 but this
may cause an acute rise in Paco2, probably
resulting from a reduction in hypoxic drive and
an aquired insensitivity to carbon dioxide.6

In theory, respiratory stimulants would be
an attractive means of reducing the require-
ment for oxygen therapy during periods of
stability. Such drugs might in addition prevent
the rise in Paco2 associated with the use
of higher oxygen delivery rates during acute
exacerbations. So far, however, respiratory
stimulants have provided little convincing
therapeutic benefit and many undesirable side
effects.7

Almitrine bismesylate, a triazine derivative,
is a recently developed oral respiratory
stimulant that differs from previous respiratory
agonists by acting on peripheral chemo-
receptors, principally the carotid body, to
increase tidal volume. Oral doses of 50 mg
twice daily produce plasma concentrations of
200-400 ng/ml.' Almitrine in clinical trials in
patients with chronic obstructive lung disease
has been shown to increase Pao2 by 0-5-1 2 kPa
and reduce Paco2 by up to 10 kPa.9 0
The aims of this study were therefore

twofold: firstly, to evaluate the tolerance and
efficacy of almitrine in improving arterial blood
gas tensions in patients with hypoxic cor pul-
monale already receiving long term domiciliary
oxygen therapy; and, secondly, to assess the
effects of almitrine on arterial gas tensions in
patients with stable hypoxic cor pulmonale
breathing oxygen at high delivery rates, to see if
the drug would augment the increase in Pao2
while obviating any accompanying rise in
Paco2.

Methods
SUBJECTS
Seventeen men and 11 women (mean (SD) age
64-4 (6-2) years) with severe airways obstruc-
tion (FEVy 0-62 (0 28) 1, FVC 1-42 (0-45) 1)
were studied in the long term or "chronic"
trial. All were hypoxaemic (arterial blood gases
breathing air: Pao2 6 2 (0 9) kPa, Paco2 6-6
(0-8) kPa) and had had at least one documented
episode of peripheral oedema. They were
receiving controlled oxygen therapy by nasal
cannula at 2 1/min from an oxygen concentrator
or cylinders for a minimum of 15 hours a day.
They had received oxygen at home for a mean
of 49 (range 3-109) months.
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Nine of these patients (Pao2 6-3 (0-7) kPa,
Paco2 6-5 (0 06) kPa breathing air) also par-
ticipated in the second, "acute" study. In both
studies the patient's usual medications were

continued throughout; these were diuretics (23
patients), inhaled beta2 agonists (23 patients),
ipratropium bromide (11 patients), oral beta2
agonists (5 patients), and oral theophylline (5
patients). Three patients were taking digoxin.
All patients gave informed consent. The pro-
tocols were approved by the ethical committee
of the Royal Hallamshire Hospital, Sheffield.

TECHNIQUES
In the chronic study all arterial blood samples
were transported on ice in glass syringes.
Control studies using arterial blood samples
taken simultaneously and analysed
immediately and after storage on ice for the
same period showed no significant difference in
pH, Pao2, or Paco2. In the acute study of the
effects ofalmitrine during high oxygen delivery
rates blood gas analyses were performed
immediately. All samples were analysed with
a Corning 170 instrument (Coming Medical
and Scientific, Corning, Massachusetts).
Spirometry was performed with a portable
spirometer (Micro Medical Instruments,
United Kingdom). Plasma almitrine
concentrations were measured by gas-liquid
chromatography to a sensitivity of 5 ng/ml."

STUDY PROTOCOLS
Chronic study
The 28 patients were randomly allocated to
receive placebo or almitrine 50 mg twice daily
in a double blind crossover trial. The first arm
of the trial lasted for three months and the
second only two months as the initial analysis
showed that maximal changes in all variables
had occurred in the first arm by 4 weeks.

Patients were visited at home on day 0 (pre-
treatment) and day 7, and at four week intervals
thereafter throughout the trial. Subjects were

also visited one to three weeks before entering
the trial to check their clinical state and oxygen

delivery system. At each visit oxygen therapy
was continued from the previous night until
after an arterial sample had been taken to
ensure that gas tensions were measured during
a period of stability. The oxygen delivery
system was checked, patients were examined
clinically, spirometry was performed, and ven-

ous blood samples were obtained for plasma
almitrine estimation and routine haemato-
logical and biochemical tests. All blood samples
were taken two to three hours after the drug
was taken, when peak plasma almitrine concen-
trations would be expected.'2

Acute study

The study was designed as a double blind,
placebo controlled trial to be carried out on two
study days at the end of each arm of the chronic
trial, in which all nine patients also par-

ticipated. During each study day patients were

admitted to the respiratory function unit. An
indwelling radial artery cannula was inserted

and oxygen, initially at 2 1/min, was adminis-
tered via nasal cannulae. After a one hour
stabilisation period, arterial samples were with-
drawn for blood gas estimation at 15 minute
intervals and analysed immediately until three
consecutive measurements of Pao2 and Paco2
varied by 0 5 kPa or less. The last of these was
recorded and a blood sample taken for
almitrine estimation. The oxygen delivery rate
was then adjusted. This procedure was
repeated at flow rates of 4 1/min, 6 1/min, and
finally 2 1/min again. Patients continued their
routine medications on the day of study, but
refrained from taking beverages containing
caffeine.

DATA ANALYSIS
Chronic study
Plasma almitrine analysis obtained after com-
pletion of the study showed that almitrine was
detectable in the blood for several weeks after
drug administration had been stopped. Thus
patients given placebo tablets in the second arm
of the trial had appreciable blood concentra-
tions of almitrine for most or all of this time.
Conventional analysis, comparing the blood
gas results from each arm of the trial, was thus
impossible. The blood gas results and plasma
almitrine concentrations obtained from each
home visit for the 19 patients completing the
study were analysed. Arterial blood gas con-
centrations were related to plasma almitrine
concentrations and curves with 95%O con-
fidence limits were fitted to the data by means
of the GLIM statistical package and standard
curve fitting techniques.3 14 F ratios were gen-
erated to test the fit of these curves.
The half life of almitrine was estimated by

fitting an exponential function to the plasma
almitrine concentrations determined for the 10
patients who completed the second arm of the
chronic study taking placebo. Dependence of
half life on the initial drug concentration was
tested by estimating the rate of elimination
separately for each patient, and correlating
these rates with the initial drug concentrations
by the use of Spearman's rank coefficient.
Values of less than 0 05 were considered sig-
nificant.

Acute study
As almitrine had a longer half life than expec-
ted, the acute study similarly did not have a
crossover design. The relation between arterial
gas tensions and almitrine concentrations and
oxygen flow rates was obtained by regressing
blood gas tensions on the natural logarithms of
the blood almitrine measurements, with
oxygen flow treated as a factor with three levels.
The regression modes included a separate term
for the baseline value of each patient. F ratios
were generated to test the significance of the
estimated effects, which were considered sig-
nificant at or below the 5 o level. Approximate
9500 confidence intervals for the regression
estimates (that is, the predicted mean value)
were calculated for a patient with average
baseline gas tensions, the GLIM statistical
package"' 4 again being used.
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Results
CHRONIC STUDY
Withdrawals and side effects
Nineteen patients completed the study and
nine withdrew or were withdrawn. There was
no significant clinical or physiological
difference between the two groups on entry to
the trial. Five of the nine patients withdrawn
were taking almitrine. Two withdrew before
the first blood sample was taken for estimation
of drug concentration, complaining of nausea,
anorexia, insomnia, and non-specific malaise
(one was subsequently found to be diabetic). A
third was admitted with an exacerbation of cor
pulmonale and died after only six days' treat-
ment. A fourth withdrew after seven days,
complaining of increased shortness of breath
(the plasma almitrine concentration was 225
ng/ml) and a fifth complained of increased
shortness of breath after 84 days, having had
plasma almitrine concentrations of 200, 677,
and 962 ng/ml. Four patients withdrew when
taking placebo (with almitrine levels of zero),
three with increased breathlessness; the fourth
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Figure 2 Relation ofplasma almitrine concentration to

arterial oxygen (Pao2, solid line) and carbon dioxide
tensions (Paco, dotted line) with 95% confidence limits:
datafrom all home visitsfor 19 patients completing the
trial, totalling 114 values. Four points on each curvefor
almitrine levels above 500 ng/ml are not shown.

was withdrawn on day 28 when carcinoma of
the bronchus was diagnosed.

Half life of almitrine
Plasma concentration-time curves for 10
individuals after drug withdrawal and the
estimated half life of the drug are shown in
figure 1. Almitrine was detected in the blood of
some patients for many days after active drug
administration had ceased. The half life of
almitrine was calculated as 20-5 days (95%
confidence limits 13, 43 days). There was no

correlation between half life and initial drug
concentration (p > 0 05).

Arterial gas tensions
Changes in Pao, and Paco2 during the breath-
ing of domiciliary oxygen in relation to blood
almitrine concentrations from the 19 patients
completing the trial are shown in figure 2; each
curve comprises 114 data points. Four values
from each curve corresponded to almitrine
concentrations above 500 ng/ml and are not
shown. There was a curvilinear increase in Pao2
from a baseline concentration of 8-8 (95%
confidence limits 8-5, 9-0) kPa to a maximum of
9 5 (9-1, 9-8) kPa at a plasma almitrine concen-
tration of 500 ng/ml, beyond which the effect
plateaued. There was a slight but statistically
insignificant fall in Paco2 from a baseline
concentration of 7A4 (7-2, 7-6) kPa to 7-0
(6-2, 7-8) kPa at an almitrine concentration of
500 ng/ml.

Mean (SD) stable arterial oxygen and carbon dioxide tensions (Pao2, Paco2) with oxygenflow rates of 2,* 4, and
6 I/min in nine patients taking almitrine and nine taking placebo

Oxygen flow rate (I/min)

Pao, (kPa) Paco2(kPa) Mean plasma
2* 4 6 2* 4 6 almitrine (ng/ml)

Patients receiving almitrine 9-8 (1-9) 13-2 (3-9) 14 6 (3-9) 7-4 (1-5) 8-0 (1-7) 8-1 (1-8) 268
9-7(1-9) 74(1-6)

Patients not receiving almitrine 10-7 (2-0) 15-3 (2-3) 15-8 (2 9) 7 0 (1-2) 7-7 (1-6) 8-2 (1-7) 216
9-8(08) 74(1-4)

*This flow rate was used twice.

Figure 1 Plasma half life
of almitrine for the 10
patients who completed the
second arm of the study
taking placebo. There was
no correlation between half
life and initial drug
concentrations.

I
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Figure 3 Estimated relation between plasma almitrine concentration and arte
oxygen tension (Pao2) at oxygen delivery rates of 2, 4, and 6 I/min, with 95%
confidence bandsfor a patient with the average baseline Pao, (8 4 kPa) measu
he was breathing oxygen at 2 1/min.

ACUTE STUDY
The table shows mean values for th
arterial gas tensions obtained at oxyj
rates of 2 1/min (twice) and of4 and 6 1/
the mean plasma almitrine concer
(three at each delivery rate from all p
The latter varied very little in any sub
blood samples having been taken ov
hours after 12 weeks (first study day)
weeks (second study day) of treatmei
from the five patients taking placebo du
first arm of the chronic trial, who there
blood almitrine concentrations of zei
blood gases were estimated, are also
The estimated relation between
almitrine concentration and the Pao2 a
the three oxygen delivery rates is sl
figure 3. Only 67 of the total
measurements are represented, as five a
concentrations were well over 600 ng/:
increased significantly with in
almitrine concentration (p < 0-01). A
oxygen flow rates, however, the increasi
obtained from increasing doses of a

-- appeared to diminish. The estimated
increase in Pao2 obtained at a blood a
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Figure 4 Estimated relation between plasma almitrine and carbon dioxide tens
(PacoJ) at oxygen delivery rates of 2, 4, and 6 I/min, with 9500 confidence ban
for a patient with average baseline Paco2 measured while he was breathing oxyg
2 I/mmn.

concentration of 250 ng/ml during the breath-
ing of 2 1/min oxygen was 2-2 (95%O confidence

(gen flow limits 1-0, 3-4) kPa; at the same almitrine
concentration the improvement in Pao2 with

6 I/min the breathing of4 or 6 1/min was only 0-6 (95o%
confidence limits - 0 7, 1 -9) kPa. The relation

4 1/mmn between Pao2 and blood almitrine concentra-
tion differed significantly between 2 1/min
oxygen delivery and 4 and 6 1/min (p < 0 05).2 I/min The relation between Paco2 and almitrine at
the three oxygen flow rates is shown in figure 4
(67 measurements represented). Although
there was a significant increase in Paco2 at
higher flow rates, there was no evidence that
Paco2 changed in relation to almitrine concen-
tration, nor was there any suggestion of a

30 different relation between Paco2 and almitrine
concentration at the different oxygen delivery

?rial rates.

red while
Discussion
Almitrine was generally well tolerated by our

ie stable subjects, whose most frequent complaints were
gen flow increased breathlessness, nausea, and non-
min and specific malaise, which occurred equally in the
ntrations groups having placebo and active treatment;
)atients). only one patient had drug concentrations that
)ject, the were unacceptably high. Almitrine has been
er a few reported to cause breathlessness in normal
or eight subjects'5 and patients with chronic obstructive
nt. Data lung disease,'6 17 with an increased incidence at
aring the higher drug concentrations; other trials,
!fore had however, have reported a reduction in dys-
ro when pnoea scores.9 The other withdrawals in the
shown. active treatment group were associated with

L blood malaise and gastrointestinal symptoms, as has
It each of been reported previously.'5
hown in The plasma half life of almitrine in our study
of 72 (mean 20-5 days) is more than two weeks longer

Llmitrine than that reported after three weeks' oral
'ml. Pao2 administration in healthy subjects," though a
kcreasing more prolonged half life has been reported in
it higher patients with chronic obstructive lung disease
;e in Pao2 after several months' administration.'0 Delayed
ilmitrine clearance of almitrine may occur in patients
[average with cirrhosis, but there was no evidence of
ilmitrine hepatic dysfunction in any of our patients.

Reasons for the long half life may be straight-
forward. Studies with radiolabelled drug show

ygen flow a very large volume of distribution (15 1/kg in
man), indicating extensive tissue uptake of
almitrine. Plasma clearance of almitrine, which
corresponds closely to hepatic clearance, is low

6 i/min at 4 ml/min/kg.'2 The combination of a large
4 I/min volume of distribution and a slow rate of

plasma clearance inevitably results in slow
2 I/min elimination ofthe drug. Our data show that half

life is independent of initial plasma concentra-
tion. Earlier studies may therefore have failed
to follow plasma drug concentrations for
sufficient time after administration ceased and
may have suffered from loss of accuracy in
plasma almitrine estimations at the low drug

0 concentrations that would be expected-seve-ral
days after a single dose or a few doses. A long
half life implies that a long period is necessary

sion to attain steady state plasma concentrations and
xds shownien at carries a risk of drug accumulation. Drug

intolerance would resolve only slowly after
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treatment is stopped; new dosage schedules
may be required. Nevertheless, many of our
patients had drug concentrations above the
therapeutic range without evidence of side
effects, so close monitoring of drug concentra-
tions may not be strictly necessary.
A curvilinear association between plasma

almitrine concentration and increase in Pao2
has been found after a single oral dose of
almitrine, with no further increase in Pao2 with
plasma almitrine concentrations above 150 ng/
ml.'8 In our study concentrations greater than
200 ng/ml were not associated with further
increases in Pao2 and several patients had
concentrations well above this figure. A corre-
lation between plasma almitrine concentration
and increased hypoxic respiratory drive after
intravenous infusions of almitrine has been
observed in normal subjects, though other
studies have failed to relate drug concentra-
tions to blood gas improvement, resting venti-
lation, or stimulation of hypoxic respiratory
drive.'12' The apparent dissociation between
plasma drug concentrations and response may
be due to the small amount of free drug in the
blood by comparison with total plasma concen-
trations (almitrine is more than 99-5% protein
bound), or to selective tissue uptake at the site
of action.
The mean maximal increase in Pao2 in the

chronic study, 07 kPa, is similar to the
improvements of 0-5-13 kPa attained over
several months in patients with stable hypoxic
obstructive airways disease not having domi-
ciliary oxygen.2223 We found no association
between initial Pao2 and the increase in Pao2
with almitrine, though others have shown that
the effect of the drug diminishes as gas tensions
approach normal.24 Almitrine produced a sig-
nificant improvement in Pao2 with only a small
(non-significant) reduction in Paco2, which is
in accordance with previous reports.'023 If the
improvement in Pao2 occurred only through
increased alveolar ventilation a concomitant
fall in Paco2 might have been expected.
Changes in external ventilation are often
insufficient to account for blood gas improve-
ments,20 24 though small changes may be
difficult to measure accurately. Alternatively,
almitrine may improve ventilation-perfusion
(V/M) relationships, especially as it is known to
be vasoactive in the lung.'6 25

In the acute study we examined the change in
Pao2 and Paco2, measured at three oxygen flow
rates, in response to varying blood concentra-
tions of almitrine. The curves obtained suggest
that the effect of almitrine became less as the
subjects approached normoxia. Consequently,
a patient receiving 2 1/min oxygen with a
plasma almitrine concentration within the
therapeutic range may expect an increment of
up to 2-2 kPa, but this will diminish as Pao2
rises. No effect on Paco2 was observed. The
tendency for high flow oxygen therapy to cause
a rise in Paco2 has long been recognised, the
established explanation being that removal of
hypoxic drive in patients with chronic hyper-
capnia causes alveolar ventilation to fall.6 In
these circumstances the use of respiratory
stimulants would be appropriate. If, however,

the exacerbation of hypercapnia is due to
further deterioration in V/(Q matching, the use
of such drugs would be illogical.
Our patients were in a stable condition. It has

been suggested that patients with chronic
obstructive lung disease respond differently to
oxygen when they are stable and when they are
in acute respiratory failure, because Paco2 rises
more in the latter conditions.26 Our five patients
on placebo showed a mean rise of Paco2 of 1 1
kPa when oxygen delivery was increased from 2
to 6 1/min from a baseline already within the
hypercapnic range. Others have found that the
rise in Paco2 with oxygen therapy in patients
with stable chronic obstructive lung disease
correlates well with the initial degree ofhypox-
aemia and hypercapnia.27 It therefore seems
likely that the response of our subjects to high
flow oxygen when stable would reasonably
reflect their response during an acute exacerba-
tion. In this study almitrine caused an increase
in Pao2, but did not significantly alter Paco2. It
is not known whether the drug acts in a similar
way during acute exacerbations of chronic
obstructive lung disease, when high oxygen
flow rates are needed to achieve an adequate
Pao2. In common with other workers, we found
the effect of almitrine to diminish as normoxia
was approached.24 Almitrine would probably
be useful in an acute exacerbation of chronic
obstructive lung disease only if the Pao2 did not
reach the normal range with the use of oxygen
therapy alone.

Almitrine did not modify the rise in Paco2
seen with high oxygen flow rates. This,
together with the findings of the chronic study,
suggests that at least some of the improvement
in Pao2 was brought about by mechanisms
other than increased alveolar ventilation, such
as improvements in V/Q matching.'6 25
Our study suggests that the increase in Pao2

with almitrine is maintained over three months
in patients with hypoxic cor pulmonale receiv-
ing long term domiciliary oxygen. There was
no accompanying change in arterial Pco2. The
long half life of the drug means that dosage
schedules may need to be revised. In patients
with chronic obstructive lung disease receiving
long term oxygen who cannot attain a Pao2 of at
least 8 kPa without excessive hypercapnia sup-
plemental almitrine bismesylate may be a
useful additional treatment. The acute study
confirmed the effects ofalmitrine and oxygen to
be additive in increasing Pao2 in patients with
chronic obstructive lung disease. The effect of
almitrine diminishes as Pao2 approaches nor-
mal levels, but again no effect on Paco2 could be
found.
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Full tables of results for this study may be
obtained on request.
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