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normal group, although treatment with bromocriptine effectively
suppressed circulating prolactin concentrations to below normal
at all the dose levels studied.

Life-tables'6 were used to calculate the cumulative conception
rate because this method includes patients who cease treatment
before the end of a study, and thus permits valid comparisons
to be made between different studies. The cumulative conception
rate reported here after bromocriptine treatment is dramatically
different from the spontaneous conception rate obtained in a
similar group of patients who were given no treatment.2 In the
latter series only 43", of the patients conceived spontaneously in
a period of eight years (10°, in the first year of follow-up,
whereas 63°,, of the patients in this study conceived in 10
months). The conception rate after bromocriptine in these
infertile women is still less than the reported rates for a normal
population. " 22

At this stage it is premature to speculate about the direct or
indirect effects of bromocriptine on follicular maturation and
function of the corpus luteum. The role of prolactin in the
regulation of reproduction in these women is undoubtedly
complex,22 and may well be only loosely related to circulating
prolactin concentrations.' Some mechanism apart from a mere
reduction in plasma concentrations is needed to explain the
resumption of menses in some euprolactinaemic women9 and
not others.2 In our own series of ovulating women, the preg-
nancies that occurred were not among the patients with the
highest prolactin concentrations, but were evenly distributed
throughout the range of prolactin concentrations measured.
Nonetheless, it seems most unlikely that the number of pregnan-
cies obtained here in a group of women who normally are very
difficult to treat successfully could be fortuitous and unrelated
to bromocriptine administration. This new and apparently
successful use of bromocriptine2; needs much careful research to
establish not only the precise mode of action but also the type
of ovulatory but infertile woman who is most likely to benefit
from it.

We thank Miss L Brook for performing the luteinising hormone
assays; Miss B McNeill for typing the manuscript; Sandoz Limited
for financial support for one of us (EAL); and Mr A Singer for his
co-operation in referring some of the patients.

Requests for reprints should be addressed to Dr E A Lenton, Uni-
versity Department of Obstetrics and Gvnaecology, Jessop Hospital
for Women, Sheffield S3 7RE.
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Effects of sputum on pulmonary function
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Summary

The specific airways conductance (SGAW) of 23 patients
with copious sputum production and airflow obstruction
was measured before and after physiotherapy to deter-
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mine the effect of bronchial secretions on pulmonary
function. Chest physiotherapy to remove these secretions
had the effect of reducing airflow obstruction, as
measured by SGAW.
These findings suggest that sputum has a detrimental

effect on pulmonary function and that physiotherapy can
reduce airways obstruction.

Introduction

Although cough and sputum are the cardinal features of chronic
bronchitis' and are also associated with bronchiectasis and cystic
fibrosis, few studies have been undertaken to assess the effect on
pulmonary function of liquid secretions within the bronchial
tree. Moreover, previous studies have not given conclusive
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results.2 3Part at least of the airways obstruction seen in chronic
bronchitis, bronchiectasis, or cystic fibrosis may be created by
bronchial secretions that narrow the airway lumen and create a
two-phase interaction between air and liquid during rapid or
forced breathing.4 The present study was designed to measure
the effect of bronchial secretions on pulmonary function before
and after removal of these secretions by physiotherapy.

Patients and methods

Twenty-three patients with chronic cough, sputum production,
and airways obstruction (forced expiratory volume in 1 second
(FEVy) forced vital capacity (FVC) < 70 % of predicted5 6) were
studied before and after physiotherapy. They all produced at least
30 ml sputum per day and had less than a 150% improvement in
FEVy after inhaling 150 tg of isoprenaline base. Their mean age was
49 years (18-62 years), and 10 patients were diagnosed as suffering
from bronchiectasis, 11 from cystic fibrosis, and two from chronic
bronchitis. The small proportion of patients with chronic bronchitis
in this study was due to the comparatively large sputum volume,
expectorated on a regular basis, that we determined as a minimum
requirement to enter the study. We chose this large volume to increase
the possibility of showing an effect on respiratory function before and
after removing these secretions.

PULMONARY FUNCTION STUDIES

Thoracic gas volume (TGV), airways resistance (RAW) (body
plethysmography performed with a Pulmostar SMB, Fenyves and
Gut7 8), the derivative specific conductance (SGAW =1/RAW x
TGV), FEV,, and FVC (vitalograph) were measured at 9.00 am on
the day of the study. SGAW was always determined first and three
estimates of each variate were obtained. If the variation was greater
than 5°O, the patient was excluded from the study. The patients had
been fully instructed in the techniques on the previous day. The
patient was then given physiotherapy for 20-30 minutes; this consisted
of breathing exercises, chest vibration, and percussion in different
postures.9 During this physiotherapy session sputum was collected
and its volume measured and nature noted. In 16 of the 23 patients
the sputum was considered to be mucopurulent and in the remaining
seven mainly mucoid. No bacteriological studies were carried out on
the sputum. No attempt was made to measure the sputum viscosity
or elasticity, as this lay outside the scope of the present study. After
physiotherapy 45-60 minutes lapsed to allow the patient to be in a
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steady state before pulmonary function tests were repeated in the same
sequence as before.

Control studies-Four of the patients were again studied on a
separate day but they had no physiotherapy and were allowed to
expectorate normally. Eight of the patients were studied on another
day when 150 ,tg of isoprenaline base by inhalation was given in
place of physiotherapy. Four normal subjects (aged 19-46) with no
sputum production or airways obstruction of any kind underwent a
similar study of pulmonary studies and physiotherapy to ensure that
any change in the respiratory values was not an effect of diurnal
variation or of physiotherapy itself.

Results

After physiotherapy SGAW improved in 17 of the 23 patients, was
unchanged in two, and fell in four (see figure). The mean improvement
was 18o% (Student's t test: 005 -P>0 02); the increase in FEVy was
less striking (8 %; Student's t test: 0 1 >P 0-05). There was no
relation between volume of sputum and improvement in SGAW, but
in the four patients who were studied again on a day when they had no
physiotherapy sputum volume was considerably reduced. They
showed no significant change in SGAW (see figure). The normal
subjects who were tested similarly showed no significant change in
SGAW (P=0 2).
Of the eight patients studied after inhaling isoprenaline, SGAW

improved in five, was unchanged in two, and deteriorated in one. The
mean change of +40% was not significant (0 2-P 0 1). FEV,
improved in three patients, was unchanged in three, and deteriorated
in two. The mean change was + 40% and, again, was not significant
(P = 02).

Discussion

Bronchial secretions together with mucosal oedema and
smooth muscle spasm are usually considered to play some part
in obstructing airflow in the bronchial tree in asthma, chronic
bronchitis, and bronchiectasis. Although the role of smooth
muscle spasm has been well defined, there are relatively
few studies that have attempted to determine the role of
secretions.2 This may in part reflect the difficulty of doing so.
We chose to measure specific conductance because (even in
patients) it reflects changes in the resistance of the large airways
rather than the smaller airways,'0 and the secretions that
physiotherapy may help to move are probably in the larger
airways.
SGAW also takes into account two factors that vary when the

degree of airways obstruction changes-namely, airways
resistance and functional residual capacity. For our purposes
FEV, is a much cruder value and has the serious drawback that
its measurement disturbs the bronchial "status quo" by shearing
the secretions in a manner similar to coughing and probably by
inducing reflex bronchoconstriction in patients with bronchial
lability. The dynamics of coughing and forced expiratory
manoeuvres are similar. We believe this criticism of the FEV,
is supported by our data, which show a greater change in SGAW
than in FEV,. We found no relation between SGAW and sputum
volume. The distribution of sputum throughout the airways is
probably more relevant in modifying airflow obstruction than is
volume, viscosity, or character. Nevertheless, the nature of the
bronchial disease, leading to either hypersecretion or airflow
obstruction, or both, will also play a part in any changes
detected. The control studies undertaken on normal subjects
showed that there was no significant change in airway calibre
after physiotherapy or diurnally. The possibility that the time in
the morning could account for significant changes in SGAW in
patients with sputum production but without physiotherapy
was also excluded by studying four patients on the second day.
The study of the eight patients who received isoprenaline
indicated that although change in bronchial smooth-muscle tone
after physiotherapy may have influenced our findings any
effect was probably small and insignificant.
The results suggest that bronchial secretions may account for
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a significant percentage of the airways obstruction (as determined
by SGAW) in our patients and that this airways obstruction
may be decreased by measures focused on bronchial clearance,
such as physiotherapy. Additionally, our findings reinforce the
value of chest physiotherapy in patients with a large volume of
sputum production and airflow obstruction; objective data on
its value has hitherto been sparse.

We thank all the consultant physicians at the Brompton Hospital
who kindly allowed us to study patients under their care and also
Miss J M Wright for secretarial help.
Dr G M Cochrane was supported by a grant from the Board of

Governors of the National Heart and Chest Hospitals.
Requests for reprints should be addressed to Dr G M Cochrane.
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Rapid increases in plasma prostaglandin concentrations
after vaginal examination and amniotomy
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Summary

Peripheral plasma concentrations of 13,14-dihydro-15-
keto prostaglandin F (PGFM) were measured in three
groups of women after the 37th week of pregnancy.
Samples were taken before and five minutes after (a)
amniotomy, (b) vaginal examination with sweeping of
the fetal membranes, or (c) vaginal examination without
sweeping ofthe membranes. Each procedure significantly
raised the circulating PGFM levels, although amniotomy
and vaginal examination with membrane sweep were
more potent stimuli than vaginal examination alone.
These findings suggest that there is a considerable

potential for rapid increases in prostaglandin production
during late pregnancy and provide a possible explanation
for the fact that amniotomy and vaginal examination
with membrane sweep often initiate labour.

Introduction

It is well known that in late pregnancy both amniotomy and
vaginal examination when the membranes are swept off the
lower uterine segment may initiate labour, although the
mechanisms responsible have not been elucidated. Recent
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evidence has shown that parturition in most species, including
primates, is associated with raised concentrations of prosta-
glandins in intrauterine tissues, plasma, or amniotic fluid,1-3 and
this has focused attention on the possibility that prostaglandins
may be released in response to disruption of intrauterine tissues
such as decidua4 or fetal membranes. 6

Recent work from this department7 has shown that amniotic
fluid concentrations of the primary prostaglandin PGF -and
its major circulating metabolite 13,14-dihydro-1 5-keto-
prostaglandin F (PGFM) are significantly higher in samples
obtained by amniotomy than at amniocentesis. We suggested7
that this may relate to the increased disruption at amniotomy of
the membranes that contain prostaglandin synthesising
enzymes," or it may be a process analagous to that found in
pregnant sheep,8 ' where marked PGF release into the uterine
vein occurs within minutes of vaginal and cervical stimulation.
Since amniotomy both stimulates the upper genital tract (vagina
and cervix) and disrupts the membranes, and since these two
procedures might theoretically stimulate increased intrauterine
prostaglandin production, it became clear that we had to
examine the effect of these procedures separately.
We therefore studied the effects of (a) stimulating the upper

genital tract (vaginal examination); (b) disrupting the attachment
of part of the fetal membranes by separating them from the
lower uterine segment (vaginal examination plus membrane
sweep); and (c) puncturing the membranes vaginally to induce
labour (amniotomy).
The availability of a sensitive and specific radio-immunoassay

for PGFM allowed us to study circulating concentrations of this
metabolite in the peripheral plasma in response to these
procedures.

Patients and methods

In all patients pregnancy had progressed beyond 37 weeks of
gestation from the first day of the last menstrual period. There was no
difference among the groups studied in the mean length of gestation,
age or parity of the patients, or cervical "ripeness." The pregnancies
were considered to be uncomplicated with no major maternal or fetal
pathology. All patients were subsequently delivered vaginally of single
healthy live born infants, who were considered to be "mature" with
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