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Oral progesterone treatment in chronic obstructive
lung disease: failure of voluntary hyperventilation to
predict response
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ABSTRACT Previous studies have shown that some patients with chronic obstructive lung disease
and hypercapnia will respond to medroxyprogesterone with improvement in arterial blood gases.
The exact mechanism of this effect is unclear but it is presumed to be a result of ventilatory stimu-
lation. To determine whether the ability to correct arterial blood gas abnormalities by voluntary
hyperventilation would predict a subsequent favourable response to progesterone, we studied 11

subjects with chronic obstructive lung disease and chronic hypercapnia. Five subjects had chronic
obstructive lung disease of moderate severity with mean (SE) FEV, 1 8 (034)1 maximum voluntary
ventilation (MVV) 40 4 (7 16) I/min ', arterial oxygen tension (Pao2) 53 8 (2A40 mm Hg, and
arterial carbon dioxide tension PaCo2) 49-6 (3-91) mm Hg, and were able to normalise their blood
gas tensions during voluntary hyperventilation (Pao2 85A4 (8-01) mm Hg; PaCo2 32'8 (3A43) mm
Hg). Six subjects had severe chronic obstructive lung disease with FEV, 077 (0 12) 1, MVV 19 (3-09)
I/min ', Pao2 600 (2 89) mm Hg and PaCO2 50 5 (1 38) mm Hg, and they could not significantly
alter their blood gases with voluntary hyperventilation (Pao2 62-5 (3-19) mm Hg, PaCo2 49.7 (1 84)
mm Hg). The groups were similar in age, height, weight, and resting Pao2 and PaCo2. Each subject
received one month of oral placebo and one month of medroxyprogesterone acetate (Provera), 20
mg orally thrice daily, given in a randomised, double blind fashion. The groups responded similarly
with a significantly higher Pao2 and lower PaCo2 while having medroxyprogesterone acetate than
while having placebo. Two patients with polycythaemia showed a reduction in haemoglobin con-
centration while taking progesterone. It is concluded that the response to medroxyprogesterone is
not predictable from spirometric or blood gas changes after voluntary hyperventilation.

Chronic hypercapnia may result from conditions that
impair the function of the lungs or chest bellows, or
from primary disorders of respiratory control even
when mechanical lung function is normal' 3 Par-
enteral and oral progesterone treatment have been
found to be effective respiratory stimulants in condi-
tions characterised by abnormal respiratory control,
such as the obesity-hypoventilation syndrome,4 s as
well as in some patients with chronic obstructive lung
disease.6- 10 The ability to correct raised carbon diox-
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ide tension (Paco2) with voluntary hyperventilation
has been used in diagnosing the obesity-
hypoventilation syndrome and for predicting a suc-
cessful outcome with progesterone treatment.245 11
One study suggested that response to chronic pro-
gesterone treatment among patients with chronic
obstructive lung disease could be predicted from vol-
untary hyperventilation.8 The object of the present
study was to compare the effects of
medroxyprogesterone on arterial blood gas tensions
in patients with chronic obstructive lung disease who
could and could not reduce their PaCO2 by voluntary
hyperventilation.

Methods

Twenty subjects with chronic airflow obstruction and
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Table 1 Clinical andfunctional characteristics of the patients (means with standard errors in parentheses)

Correctors Non-correctors (p) significance

Age(y) 57.2 (3-18) 61.0 (2-07) >02
Height (cm) 170 (0 94) 175 (3-74) > 0-3
Weight (kg) 94-0 (12-8) 81.0 (7.6) >0 3
FEV1 (1) 181(0-340) 0-77(0-116) <0-01
Maximal voluntary

ventilation (I min) 40-4 (7-16) 19 0 (3-04) <0 01

chronic hypercapnia were selected from the out-
patient pulmonary clinic of the James A Haley Veter-
ans Administration Hospital. All gave fully informed
consent to participate in the study. The protocol had
the approval of the University of South Florida Col-
lege of Medicine's Committee of Associates on
Human Experimentation and the Research Commit-
tee of the Veterans Administration Medical Center.

Chronic airflow obstruction was defined as a forced
expiratory volume in one second (FEV1) of less than
80% of the predicted value, a total lung capacity
(TLC) of over 80% of the predicted, and an
FEV1/FVC ratio of less than 70%.2 13 Chronic
hypercapnia was defined as a Paco2 of 44 mm Hg or
more on at least two occasions without concomitant
metabolic alkalosis (pH < 7.45).

Initial evaluation was based on a history; physical
examination, including measurement of height and
weight; posteroanterior and lateral chest radiographs;
an electrocardiogram; a complete blood count; blood
glucose and electrolyte concentrations; spirometric
indices, including maximal voluntary ventilation
(MVV), and lung volumes. After local xylocaine ana-
esthesia, a 20G catheter was inserted percutaneously
into the radial artery and arteral blood gas tensions
before and two minutes after voluntary hyper-
ventilation were determined. For the voluntary
hyperventilation the patients were asked to breathe as
deeply and rapidly as they could for two minutes;
exhaled gases were not collected. Subjects with
diabetes mellitus or atherosclerotic disease were
excluded.

During the course of the study patients continued
their usual treatment. An exacerbation of their under-
lying lung disease resulted in exclusion from the

study. After initial evaluation the patients were ran-
domly allocated in a double blind fashion to receive
either medroxyprogesterone acetate (Provera), 20 mg
orally thrice daily or a placebo tablet thrice daily
(supplied by the Upjohn Company, Kalamazoo,
Michigan). The treatment was given for one month,
after which the groups crossed over. At the end of
both the first and the second months of treatment
the history, physical examination (including weight
measurement), electrocardiogram, blood count,
blood glucose and electrolyte determinations, spiro-
metry, and measurement of lung volumes and blood
gases were repeated.

Statistical analysis of the results was performed
with paired and unpaired student's t tests.

Results

Eleven subjects met all of the criteria and were able to
complete the protocol as described. The other nine
had intercurrent chest illnesses and were therefore
excluded from the study.
With voluntary hyperventilation, five of the 11 sub-

jects were able to reduce their Paco2 to less than 44
mm Hg and were designated "correctors." Six of the
11 subjects were unable to reduce their Paco2 to less
than 44 mm Hg and were designated "non-
correctors." There were no significant differences (p
> 0 2) in age, height, or weight between the two
groups (table 1). Non-correctors, however, had much
more severe chronic airflow obstruction (p < 0.01) as

indicated by the FEV1 and MW (table 1).
The resting Pao2 and Paco2 were not significantly

different in the two groups. Differences were, how-
ever, noted in the values obtained after voluntary

Table 2 Arterial carbon dioxide (Paco2) and oxygen (Pao2) tensions (mm Hg) at rest and after two minutes of voluntary
hyperventilation (means with standard errors in parentheses)

Correctors Non-correctors (p) significance

Paco2
Rest 49-6 (3-91) 50-5 (1-38) NS
Hyperventilation 32-8 (3 43) 497 (1 84) <00025

Pao2
Rest 53-8 (2 40) 60.0 (2-89) NS
Hyperventilation 85-41 (8-01) 62-57-(3.196) <0.02

Conversion: Traditional to SI units-Blood gas tensions: I mm Hg 0 13 kPa.
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Table 3 Arterial carbon dioxide (Paco2) and oxygen (Pao2) tensions (mm Hg) during treatment (means with standard
errors in parentheses)

Correctors Non-correciors (p) significance

Paco2
Placebo 50 6 (150)i 51 3 (2 20) NS
Progesterone 46-6 (08 1)f* 46-0 (3 46)f** NS

Pao2
Placebo 56.4 (3 22) 55 2 (3 78) NS
Progesterone 61 41 (2 5) * 60.2 (4.48)f NS

*Significant at p < 0 05; **Significant at p < 0 025; tSignificant at p < 0 005; NS = p > 0 05.
Conversion. Traditional to SI units-Blood gas tensions: I mm Hg % 0 13 kPa.

hyperventilation (table 2). With voluntary hyper-
ventilation correctors were able to reduce their Paco2
from 49 6 to 32-8 mm Hg (p < 0.025), whereas non-
correctors had essentially no change in Paco2 (from
50 5 to 49 7 mm Hg; table 2). In addition, the oxygen
tension (Pao2) increased to normal values in cor-
rectors during hyperventilation, while there was no
significant change in Pao2 in the non-correctors.

In essence, correctors were characterised by a mod-
erate degree of chronic airflow obstruction, appre-
ciable resting hypoxia and hypercapnia, and the abil-
ity to normalise their arterial blood gas tensions
during voluntary hyperventilation. The non-
correctors had more severe chronic airflow obstruc-
tion with a similar degree of resting hypoxia and
hypercapnia but were unable to alter their blood
gases significantly during voluntary hyperventilation.

There were no significant changes in spirometric
values or lung volumes while the subjects were taking
medroxyprogesterone acetate or placebo. While
taking medroxyprogesterone acetate, but not
placebo, both groups had a significantly lower Paco2
and a significantly higher Pao2 (table 3). The response
to medroxyprogesterone acetate was similar in the
two groups of patients, who had almost identical
mean values of Pao2 and Paco2 while taking placebo
and medroxyprogesterone acetate. The changes in
Pao2 are potentially important because they occurred
on the steep portion of the oxyhaemoglobin dis-
sociation curve, so that they were associated with sub-
stantial changes in oxygen saturation.
Of further interest is the fact that two correctors

who had polycthaemia (haemoglobin concentrations
l9 5 and 18-8 g/dl) showed falls in haemoglobin con-
centration (to 15 and 17 3 g/dl) while taking
medroxyprogesterone acetate but not placebo.

There were no adverse effects or complications of
treatment in either group. There was also no consis-
tent symptomatic improvement in either group dur-
ing this short course of treatment.

Discussion

Progesterone is known to stimulate ventilation in nor-

mal subjects, in patients with the obesity-
hypoventilation syndrome,4 5 and in some patients
with chronic obstructive lung disease.6 -10 The new
observation made in this study is the identification of
a group of patients with chronic obstructive lung dis-
ease whose mechanical abnormality was sufficiently
severe for them to be unable to correct their arterial
blood gas tensions with voluntary hyperventilation
but who did improve them with long term
medroxyprogesterone acetate.

This finding was unexpected and its explanation is
not clear. Possibilities include (1) less carbon dioxide
production with medroxyprogesterone than with vol-
untary hyperventilation and (2) a more efficient pat-
tern of ventilation with medroxyprogesterone than
with voluntary hyperventilation, for example,
increased tidal volume rather than increased venti-
latory rate.8

Probably some patients with chronic obstructive
lung disease and chronic hypercapnia, in addition to
their mechanical limitation to ventilation, have an
abnormal ventilatory drive that is not treated with
standard medication. If some patients with chronic
obstructive lung disease "won't breath" as opposed
to "can't breathe," and if they could be detected and
treated more effectively with a respiratory stimulant,
this might considerably improve their condition.

For many years, clinicians have taken the patient's
ability to improve or normalise his arterial blood gas
tensions during voluntary hyperventilation to indi-
cate a defect of central respiratory control. In our
study patients who could significantly reduce their
raised Paco2 by voluntary hyperventilation had less
severe chronic airflow obstruction than those who
could not. This is consistent with findings in previous
studies.2 8 9 13 Otis has explained the inability of
patients with severe airflow obstruction to reduce
their Paco2 during hyperventilation in terms of the
associated increase in the work of breathing and car-
bon dioxide production that cannot be effectively
eliminated by the increased ventilation.'4 A further
consideration is the pattern of ventilation, since
increasing minute ventilation via an increased tidal
volume may be more efficient than by increasing the
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respiratory rate.8 The reason for the difference
between the results in our patients and those of Ska-
trud et al,8 which suggested that voluntary hyper-
ventilation did predict lack of response to
medroxyprogesterone, is not clear.
A noteworthy feature of our study was the appar-

ent reversal of polycythaemia in two patients while
they were taking medroxyprogesterone acetate. This
observation merits further investigation in a large
group of hypoxic patients with polycythaemia. It is
also possible that polycythaemia was reversed by sup-
pression of the production of testosterone, or that
retention of water while they were taking pro-
gesterone could have led to a reduced packed cell vol-
ume on a dilutional basis.
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