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Comparison of almitrine bismesylate and
medroxyprogesterone acetate on oxygenation
during wakefulness and sleep in patients with
chronic obstructive lung disease

E Daskalopoulou, D Patakas, V Tsara, F Zoglopitis, E Maniki

Abstract
The effects of almitrine bismesylate and
medroxyprogesterone acetate on oxy-
genation during wakefulness and sleep
were compared in six patients with
chronic obstructive lung disease and car-
bon dioxide retention. Patients received
1-5 mg/kg almitrine (a peripheral
chemoreceptor stimulant), 100 mg of
medroxyprogesterone (a central res-
piratory stimulant), or matched placebo
daily for 15 days in random order in a
crossover trial. When subjects were
awake almitrine increased the ven-
tilatory response to hypoxia and
increased arterial oxygen tension (Pao2)
to a greater extent than medroxyproges-
terone, whereas medroxyprogesterone
augmented the ventilatory response to
hypercapnia and decreased arterial car-
bon dioxide tension (Paco2) to a greater
extent than almitrine. Neither drug
influenced sleep architecture signifi-
cantly, except that medroxyprogesterone
increased the number of arousals.
Almitrine had a more favourable effect
than placebo on oxygenation as
estimated from arterial oxygen satura-
tion (Sao2) during the different stages of
sleep, the number of episodes of hypox-
aemia, and the amount of time that Sao2
was below 80%. The only change with
medroxyprogesterone by comparison
with placebo was a decrease in the num-
ber of hypoxaemic episodes. It is con-
cluded that both active drugs improved
blood gases during wakefulness, but that
1-5 mg/kg of almitrine is superior to 100
mg of medroxyprogesterone in improv-
ing Sao2 during sleep.

During the last few years there has been
renewed interest in the use of respiratory
stimulants to alleviate hypoxaemia in patients
with chronic obstructive pulmonary disease
during wakefulness and sleep. Some of the
factors responsible for this renewed interest
are the recognition that normoxaemic patients
with chronic obstructive pulmonary disease
may have hypoxaemic episodes during sleep';
the development of respiratory stimulants for
long term oral use with few side effects; the
reluctance of some patients to have long term
oxygen therapy; and the various practical
problems associated with oxygen therapy.

The most commonly used respiratory
stimulants are medroxyprogesterone acetate
and almitrine bismesylate. Although the two
drugs act by different mechanisms, both have
been shown to improve blood gases during
wakefulness and sleep."A Medroxyproges-
terone, which is considered to be a central
chemoreceptor stimulant, increases alveolar
ventilation during wakefulness and sleep.3
Almitrine, a peripheral chemoreceptor
stimulant, increases alveolar ventilation and
improves the ventilation-perfusion (V/Q)
ratio.'
The aim of this study was to compare the

effects of medroxyprogesterone and almitrine
on oxygenation during wakefulness and sleep
in patients with chronic obstructive lung dis-
ease and carbon dioxide retention. This is, we
believe, the first direct comparison of these
agents in the same individuals.

Methods
PATIENTS
We studied six non-obese men (mean age 62
(SD 6) years) with chronic obstructive lung
disease. Their respiratory function and blood
gas values are shown in table 1. All were
clinically stable for more than, four weeks
before and throughout the study. None was
receiving long term domiciliary oxygen
therapy. They continued their usual medica-
tions (inhaled beta2 sympathomimetics, theo-
phylline derivatives, diuretics, digoxin) in
unchanged dosage throughout the study.

STUDY DESIGN
The study was designed as a placebo con-
trolled, crossover trial. After a selection night
to exclude patients with the sleep apnoea
syndrome and for purposes of familiarisation,
subjects received in random order 15 mg/kg

Table 1 Mean (SD) valuesfor respiratory function
measures and arterial blood gases

Pulmonary function (%° pred) Arterial blood gases

FEV, 35 (1 1) Pao, 51 (3) mm Hg
VC 51 (4) Paco2 50 (4) mm Hg
RV 180(18) pH 7 41(002)
MMER 13 (5) Sao, 83 (3) 0

Conversion to SI units: 1 mm Hg - 0 133 kPa.
FEVI-forced expiratory volume in one second; VC-vital
capacity; RV-residual volume; MMER-maximum mid
expiratory flow (25-750, VC); Pao,-arterial oxygen
tension; Paco2-arterial carbon dioxide tension; Sac2-
arterial oxygen saturation. 1 mm Hg - 0 133 kPa.
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almitrine a day divided into two doses, 100 mg
of medroxyprogesterone a day divided into
two doses, or matched placebo for 15 days.
Drugs and placebo were administered at 0800
and 2000 hours. An acclimatisation night in
the sleep laboratory preceded every sleep
study. Each period of study was separated by
a four week washout period.

. The protocol was approved by the ethical
committee of the department of internal
medicine and each patient gave written, infor-
med consent.

AWAKE STUDY
The study procedures were carried out in the
morning, one hour after administration of the
'drugs.

Arterial blood samples were taken at rest
with the patient in the supine posture through
a small cannula inserted in the radial artery.
Blood was analysed for arterial oxygen tension
(Pao2) and arterial carbon dioxide tension
(Paco2) by electrodes (Radiometer, Copen-
hagen). The alveolar-arterial oxygen difference
(A-aDoD) was computed according to the sim-
plified formula

PaO2 = PIo2 -1 25.PaCo2.
Spirometry was performed with a water

sealed Godart spirometer. Lung volumes were
measured by the helium dilution method.6
The ventilatory response to hypercapnia

was estimated by the rebreathing method of
Read.7 The ventilatory response to hypoxia
was assessed by the use of progressive hypoxia
with progressive hypercapnia.8

SLEEP STUDY
All patients underwent a whole night
polysomnographic study with simultaneous
recording of the electroencephalogram, elec-

Table 2 Mean (SD) values for blood gas tensions, alveolar-arterial oxygen difference (A-
aDo2), and ventilatory response to hypoxia and hypercapnia after administration ofplacebo,
medroxyprogesterone, and almitrine in the six patients

Placebo Medroxyprogesterone Almitrine p*

Pao2 (mm Hg) 53 (2) 56 (3) 58 (2) <0 05
Paco2 (mm Hg) 52 (4) 44 (2) 47 (2) <0 01
A-aDo2 (mm Hg) 31 (3) 38 (4) 33 (4) <0-05
Hypercapnic

ventilatory response
(1/min/mm Hg) 0 93 (0 5) 1-19 (0 6) 0-94 (0 5) <0-05

Hypoxic
ventilatory response
AVE79 (1/min) 6-67 (5-1) 7-43 (4 2) 9-68 (4 2) <0-05

*Comparison between medroxyprogesterone and almitrine; the paired t test was used
with the absolute values.
Conversion to SI units: 1 mm Hg 0-133 kPa.
AVE,9-change in minute ventilation when Sao2 is 79%.
Other abbreviations as in table 1.

Table 3 Data on sleep quality (mean (SD) values)

Placebo Medroxyprogesterone Almitrine p*

Time in bed (min) 308 (49) 324 (35) 316 (29) NS
Sleep latency (min) 24 (11) 17 (13) 21 (14) NS
Sleep period time (min) 285 (24) 307 (31) 295 (18) NS
Total sleep time (min) 218 (15) 251 (38) 229 (22) NS
Sleep efficiency index (PO) 71 (6) 77 (12) 76 (9) NS
Arousals/hour 17 (4) 25 (3) 18 (4) <0 001*

*Comparison between placebo and medroxyprogesterone; the paired t test was used.

tro-oculogram, and submental electro-
myogram.9 Air flow was detected by continu-
ously analysing for carbon dioxide (Godart,
mark III) at the nose and mouth through a
common catheter. Rib cage and abdominal
motion was monitored by respiratory induc-
tance plethysmography with two bands (Res-
pitrace Jacket, Ambulatory Monitoring,
White Plains, New York). Oxygen saturation
was monitored by a Hewlett Packard
(47201A) ear oximeter. All variables were
recorded on an eight channel recorder (Alval)
running at 15 mm/s.

Baseline Sao2 when the patient was awake
was defined as the mean Sao.2 over a period of
10 minutes before sleep; a hypoxaemic
episode was defined as a fall in Sao2 of 10% or
more below baseline Sao2 lasting for at least
one minute.

STATISTICAL ANALYSIS
The data were analysed by comparing the
values obtained after administration of
placebo, medroxyprogesterone, and almitrine
with the paired t test. Values of p of 0-05 or
less were considered significant.

Results
AWAKE STUDY
Both medroxyprogesterone and almitrine had
a favourable effect on arterial blood gas ten-
sions during wakefulness without any change
in maximum expiratory flow or lung volumes.

Almitrine had the greater effect on Pao2 and
this was significantly different from that seen
with medroxyprogesterone (table 2). On the
other hand, medroxyprogesterone caused the
greater reduction in Paco2 and this was sig-
nificantly greater than the reduction seen after
almitrine.
There was an increase in the calculated

alveolar-arterial oxygen difference (A-aDo2)
after medroxyprogesterone (table 2).
The ventilatory response to hypercapnia

was increased after medroxyprogesterone and
almost unchanged after almitrine administra-
tion (table 2). The ventilatory response to
hypoxia increased greatly after almitrine and
to a lesser degree after medroxyprogesterone
administration.

SLEEP STUDY
There were no differences in the percentage of
each sleep stage seen on the different study
nights except that the number of arousals was
increased after medroxyprogesterone (p <
0-001, table 3). Sleep architecture was
unchanged, as judged by the duration of sleep
stages expressed as a percentage of sleep
period time (figure).
Mean Sao2 was increased during REM and

non-REM sleep after medroxyprogesterone
and to a greater extent after almitrine. Sao,
was significantly higher after almitrine than
after placebo (table 4). The lowest Sao2 recor-
ded during sleep, the time for which Sao2 fell
below 80%, and the number of hypoxaemic
episodes were less after administration of the
active drugs, almitrine causing . a greater

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.45.9.666 on 1 S

eptem
ber 1990. D

ow
nloaded from

 

http://thorax.bmj.com/


Daskalopoulou, Patakas, Tsara, Zoglopitis, Maniki

C)

.E 80-

*,60
a. 1 0

0

20-~~~~~~~~0

010

0 1 +2 3±+4 REM

Sleep stages

Mean (SD) duration of sleep stages expressed as percentages of sleep period time after
placebo O, medroxyprogesterone M, and almitrine M administration.

improvement in oxygen saturation than
medroxyprogesterone (table 5).
We calculated the probable mean fall in

Pao2 (,APao2) from Pao2 values when the
patients were awake, using mean Sao2 during
stage 2 and the oxyhaemoglobin dissociation
curve and assuming that pH values, body
temperature, and P50 (half oxygenation tension
of haemoglobin) were unchanged during stage
2 sleep (table 6). The calculated APao2 was
lower during almitrine treatment than with
medroxyprogesterone or placebo, though the
difference was not significant.

Discussion
Patients with chronic obstructive pulmonary
disease and carbon dioxide retention usually
have normal respiratory drive and normal
minute ventilation.'0 Carbon dioxide retention
is caused by insufficient respiratory effort and
an abnormal breathing pattern in the presence
of serious disturbances of the distribution of
lung perfusion." Respiratory stimulants with a
beneficial effect on the pattern ofbreathing may

Table 4 Mean (SD) values for arterial oxygen saturation (00 ) during the different sleep
stages in the six patients

Placebo Medroxyprogesterone Almitrine Placebo-almitrine

Awake 85 (2)* 88 (2)* 89 (2) <0 001
Stage 1 77 (3) 81 (6) 83 (3) <0 01
Stage 2 76 (3) 79 (5) 82 (4) <0 01
Stage 3 + 4 73 (8) 76 (8) 79 (5) < 0 05
REM(n= 5) 61(9) 66(9) 68(11) <001

*p < 0-01 (paired t test).

Table S Arterial oxygen saturation (Sao2) during sleep after administration ofplacebo,
medroxyprogesterone and almitrine

Placebo Medroxyprogesterone Almitrine

Lowest Sao2 during sleep (%) 41 (19) 45 (23) 55 (13)
Duration (min) Sao, < 80% 122 (35)** 85 (48) 62 (22)**
Total No ofhypoxaemic episodes 28 (7)*t 19 (8)* 16 (5)t

*p < 0-05, **p < 0-01, tP < 0-001 (paired t test).

have a place in therapeutic management of
these patients.
Non-apnoeic oxyhaemoglobin desaturation

is known to occur in patients with chronic
obstructive lung disease, mainly in association
with REM sleep, and this may have deleterious
consequences for the prognosis of these
patients. Low Pao, and high Paco2 during
wakefulness are predictors of deterioration of
hypoxaemia during sleep.' The principal
causative mechanisms for nocturnal desatura-
tion are alveolar hypoventilation and an
increase in the degree of V/(2 disturbance.'2 13
Although the exact mechanism of respiratory

stimulation caused by medroxyprogesterone
is still obscure, it is believed to operate directly
on the respiratory centre after crossing the
blood-brain barrier.'4 Medroxyprogesterone
increases respiratory drive," the ventilatory
and neuromuscular response to hypercapnia,'5
and the ventilatory response to hypoxia,'6 and it
restores the impaired load compensation in
patients with chronic obstructive lung dis-
ease."' When the patients react favourably to
medroxyprogesterone, an increase in their tidal
volume and mean inspiratory flow is observed
that persists during sleep.3 According to
Skatrud,'8 all our patients can be defined as
"correctors" as they showed a greater than 5
mm Hg (0 67 kPa) decrease in Paco2. The
remarkable increase in A-aDo2 in our patients
after medroxyprogesterone shows that the
increase in ventilation is not accompanied by an
appropriate increase in their Pao2. To interpret
this we would need detailed information about
pattern of breathing, cardiac output, and V/Q
distribution.
On the other hand, almitrine stimulates

peripheral chemoreceptors,'9 increases the ven-
tilatory response to hypoxaemia20 and alveolar
ventilation,2' and has a beneficial effect on
the ventilation-perfusion relationship.22 The
changes in the pattern of breathing seen with
almitrine consist ofa faster, deeper, and shorter
inspiration followed by a longer expiration
without any change in breathing frequency.23
The significant improvement in arterial blood
gas tensions without a significant change in
A-aDo2 after almitrine suggests some normal-
isation of V/Q matching in conjunction with
the increase in ventilation (otherwise A-aDo2
would be expected to have fallen). Almitrine
has a positive effect on the distribution of
ventilation2' in addition to redistributing blood
flow to areas with better ventilation.24
Both medroxyprogesterone and almitrine

have been shown to improve blood oxygenation
during wakefulness and sleep. Our comparison
of the two shows that almitrine in the doses we
used increases Pao2 during wakefulness more
than does medroxyprogesterone. Furthermore,
almitrine significantly improved oxygenation
during sleep by comparison with placebo,
whereas the improvement after medroxy-
progesterone administration was not sig-
nificant. The calculated change in arterial
oxygen pressure (A Pao2) after almitrine during
stage 2 sleep suggests that the improvement in
oxygenation with almitrine is not due only to
the higher baseline Sao2 during wakefulness.
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Table 6 Mean (SD) arterial oxygen saturation (Sao2) during wakefulness and stage 2
sleep, the corresponding arterial oxygen tension (Pao2) calculatedfrom the oxyhaemoglobin
dissociation curve, and the fall in Pao2 (APao2) between wakefulness and sleep after placebo,
medroxyprogesterone, and almitrine administration in the six patients

Placebo Medroxyprogesterone Almitrine

Sleep Sleep Sleep
Awake stage 2 Awake stage 2 Awake stage 2

Sao2 (0%) 85 (2) 76 (3) 88 (2) 79 (5) 89 (2) 82 (4)
Pao2(mm Hg) 52 (2) 41 (4)**t 56 (3) 44 (8)** 58 (2) 48 (6)t
a Pao2 (mm Hg) 12-1 (4.5)* 11 1 (5 0) 9-7 (6-2)*

*0.1 > p > 0-05, **p < 0-05, tp < 0-01 (paired t test). 1 mm Hg - 0 133 kPa.

This is in agreement with the finding of Cat-
terall et al,25 who showed that the level of
arterial oxygenation when the patient is awake
is not the sole determinant of the degree of
nocturnal hypoxaemia.
The basic sleep architecture was not affected

significantly by either drug. It is remarkable
that the number of arousals increased after
medroxyprogesterone administration. Sleep
disturbance in patients with chronic obstruc-
tive lung disease is multifactorial.26 Hypox-
aemia and hypercapnia are two probable
causes.27 The large rise in the number of
arousals after medroxyprogesterone was possi-
bly the result of the combined augmentation of
the chemosensitivity to hypercapnia (mainly)
and to hypoxia that was documented during
wakefulness.

Although, according to Voelkel,az "the
elusive mechanisms of alveolar hypoxia
induced constriction of lung vessels are still
one of the vexing problems of respiratory
physiology," this mechanism has been claimed
to originate, in part at least, from peripheral
chemoreceptors' and in part from the lung.'0
Almitrine is known to stimulate peripheral
chemoreceptors directly and experimental
studies have shown that it causes pulmonary
vasoconstriction, producing a local action on

the lung.3' Almitrine probably enhances the
rapid changes in perfusion distribution that
follow the uneven changes in the distribution of
ventilation during hypoventilation episodes,
thus preventing further V/(} inequalities and
securing a higher Pao2 during sleep.
We conclude that both almitrine and

medroxyprogesterone can improve blood gases
during wakefulness in patients with chronic
obstructive lung disease and carbon dioxide
retention. In the doses used, however,
almitrine seemed somewhat more effective in
improving nocturnal oxygen saturation.
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