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Correlation in asthmatic patients of
magnitude estimates of dyspnoea dur-
ing cycle exercise with walking distance
and subjective disability but not with
disturbed lung function

RC WILSON, FH QUIRK, PW JONES Division of
Physiological Medicine, St George's Hospital,
London In 33 asthmatics (17 males)
estimates of breathlessness during exercise
were compared with lung volumes, peak flow
(PEF) variation, six minute walking distance
(6-MWD) and disability (MRC dyspnoea
scale). The patients' mean age was 44 years
(range 17-70), mean FEV, was 85% predic-
ted (range 33-118%). Lung volumes (VC,
RV, TLC, RV/TLC) were measured spiro-
metrically and by helium dilution. PEF was
recorded twice daily for 14 days. Variation in
PEF was estimated using the amplitude or the
standard deviation of the daily variation as a
percentage of the mean or as a percentage of
predicted PEF. Exercise was performed on a
cycle ergometer. A one minute increment
protocol was followed with work rates selec-
ted according to size and sex. Minute ventila-
tion (VE) and dyspnoea were measured every
minute. Dyspnoea was measured using the
modified Borg scaleand defined as "anuncom-
fortable need to breathe." The mean number
of work increments was 10 (range 6-14). The
median r value for the dyspnoea/VE relation-
ship was 0-88 (range 0-0 99). In three patients
r was < 0-8; these were excluded from further
analysis. The dyspnoea/VE relationship was
normalised between patients by fitting height,
sex, and a height-sex term to the regression.
None of the measurements of lung volume,
spirometry, or peak flow correlated with the
dyspnoea/VE relationship (p > 0 3 in all
cases). 6MWD was negatively correlated with
dyspnoea/VE (p = - 0-46, p = 0-014) and
MRC dyspnoea grade was positively
correlated (p 0 38, p = 0 034). These results
indicate that patients giving low scores for
breathlessness relative to ventilation (after
adjustment for height and sex) indicated less
disability and walked faster than patients who
indicated high levels of dyspnoea. These
findings suggest that patients' perception of
the level of their dyspnoea during exercise
may condition their exercise tolerance and
ensuing disability, but dyspnoea perception
appears to be unrelated to disturbances in
lung volumes and measures of airflow limita-
tion.

Relationships between personality,
psychological morbidity, disease
severity, and self rated quality of life in
patients with asthma

F QUIRK, PW JONES Division of Physiological
Medicine, St George's Hospital, Medical
School, London Fifty adult asthmatic
patients (29 female) with a mean age of 43
years (range 20-80 years) and a mean FEV,
(as % predicted) of 80% (range 26-128%)

were recruited from an outpatient chest
clinic. Each patient completed the St
George's respiratory questionnaire
(SGRQ)-a measure of perceived impact of
chest disease on daily life, the hospital anxiety
and depression scale and the Eysenck per-
sonality inventory. FEV, was recorded with a
microspirometer. Scores for anxiety (A),
depression (D), neuroticism (N), and
extraversion (E) were derived from the
appropriate questionnaires. Simple regres-
sion analyses were performed between
SGRQ (dependent variable) and the remain-
ing variables together with FEV, as %
predicted (FEV%) and age. The results are
shown in the table, with the coefficient of
determination (r2) and p value (p). Multiple
regression analyses were then carried out to
examine the effect of FEV, together with
psychological measures in the same model.
The significant effects of all the variables
remained, although the proportion of the
variance explained by depression was
reduced because of an interaction between
depression and FEV,% (r2 = 0-08,
p = 0 007), suggesting that depression is
related to disease severity. These results
suggest that personality and psychological
morbidity are associated with patients' per-
ceptions of the effect of asthma on their lives
and are largely independent of disease
severity.

correlation of VAS against % fall in FEV,
from the baseline was used 17 out of 20
patients had statistically significant values.
With an arbitrary slope value of 0-2 (that is, a
score of only 5 for a 25% fall in FEVy) or
below as indicating insensitive perception
increased the number of poor perceivers to
5/20 (25%). There was no difference in the
proportions of non-perceivers between
asthmatics and non-asthmatics. Asthmatics
showed a significantly higher score for any
given % fall in FEV,. Diary card scores (0-3)
for wheeze and nasal blockage were compared
with % fall (from maximum for that
individual) in evening PEF and PNIFR res-
pectively with the Kendall correlation. Ten of
14 (71%) (six recorded no wheeze) patients
showed significant correlations between %
fall in PEFR and wheeze score and 15/18
(83%) (two recorded no nasal blockage) sig-
nificant correlations between% fall inPNIFR
and nasal blockage score. The non-perceivers
were different each time; only nine patients
were good perceivers on all parameters. In
conclusion, half the patients were inconsis-
tent in their ability to perceive acute and
chronic changes in airway and nasal obstruc-
tion. Correlations between PNIFR and per-
ceived nasal blockage compared favourably
with PEF and perceived wheeze in this study,
suggesting that PNIFR may be a useful
measure in rhinitis studies.

FEV,% Age A D N E

ri 0 3 002 025 0-23 012 0.0
p 0 0001 0 3 0-0002 0-0005 0 01 0 9

Perception of nasal and airway
obstruction

I WILKINSON, JM ARMITAGE Osler Chest
Unit, Churchill Hospital, Oxford To assess
consistency of perception and the usefulness
of measuring peak nasal inspiratory flow
(PNIFR) in rhinitis studies a three month
study of 20 hayfever patients (11 seasonal
asthmatics) over the pollen season inves-
tigated perception of acute and chronic chan-
ges in airway and nasal obstruction. We
looked at (1) visual analogue scoring (VAS) of
changes in chest sensations during metha-
choline challenge; (2) diary card scoring of
wheeze compared with % fall in peak flow
(PEF) and (3) diary card scoring of nasal
blockage compared with % fall in PNIFR.
Chest sensations during a modified Yan
method of bronchial reactivity (BHR)
measurement were scored using a 100 mm
line for the question "How does your chest
feel?" (VAS of 0 = normal, 100 = maxi-
mum discomfort). Patients marked the line 30
seconds after inhalation of methacholine and
30 seconds before FEV, was measured. BHR
was measured up to eight times and data from
individuals was pooled. When a Kendall

Personalised education of patients: a
computerised system

L OSMAN, JG DOUGLAS, JAR FRIEND, JS LEGGE,
IT RUSSELL Health Services Research Unit
and Department ofMedicine and Therapeutics,
University of Aberdeen A computer aided
patient education system is being developed
by the chest clinic, City Hospital, Aberdeen,
for patients with asthma. The education
system is part of a larger study evaluating
several options for improving patient care.
Patient education information is held on a
computer data base allowing booklets to be
generated with varying content. The educa-
tion data base can be linked to a patient record
data base to produce personalised patient
information. The program generates four
booklets, the first given at clinic appointment
and the later three posted to patients at one
month intervals (table 1, next page). Book 1
gives general asthma information, medication
information, reminders of asthma warning
signs, and suggested action in asthma attacks.
Books 2-4 expand on the information in book
1 and are personalised for each patient with
patient's own medication, use oforal steroids,
possession of peak flow meter, nebuliser use,
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Table I Guides distributed and questionnaire ratings of content

Questionnaires Information
Asthma guide Distributed returned New Useful

1 (non-personalised) 301 220(73%) 70% 95%
2 (personalised) 232 185 (80%) 91% 97%
3 (personalised) 122 86 (71%) 88% 99%
4 (personalised) 38 13 (34%) * 100%

*Not asked in guide 4.

Table 2 Asthma severity and management

Asthma self rating

Manages asthma Mild Moderate Severe Total

Fairly well* 17 (36%) 69 (65%) 27 (88%) 113
Very well 30 (64%) 39 (35%) 4 (12%) 73

*Includes "not well" = 6.

whether the patient is in clinic care only or
under the Grampian GP integrated care
scheme. Each book includes a questionnaire,
which rates satisfaction, newness, and useful-
ness of information; asks about patients'
asthma management; and allows patients to
ask for more information, which can be
included in the personalised guides from an
optional information set. Although self rated
severity and management (table 2) are sig-
nificantly related (X' = 23-38, p < 0-001),
analysis showed that neither related sig-
nificantly to rated usefulness and newness of
the guide information.
This study is funded by Allen and Hanburys
(Glaxo) Ltd.

Does the level of initial assessment of
severity ofacute asthma affect length of
inpatient stay?

R BANNERJEE, L MILLER, GM COCHRANE
Department of Thoracic Medicine, Guy's
Hospital, London The introduction of the
National Health Service bill requires medical
audit and a new contractual relationship
between commissioning and providing
bodies. The average length of hospital
inpatient stay for speciality and diagnostic
related groups will be a basis for funding.
Length of inpatient stay has been used as an
indicator of quality of patient care. To see
whether there was a correlation between
length of stay and initial severity in patients
with acute asthma we have carried out a
prospective study. A relatively simple scoring
system was devised, using the BTS guidelines
for acute asthma with some additional criteria
in order to increase sensitivity. This scoring
system was designed to be suitable for com-
puter use to analyse block data from the
accident and emergency department and
HAA data base. The case notes of 30 patients
admitted with asthma for a minimum of one
day between December 1989 and September
1990, aged 15-65, were examined. Using the
scores attributed to each case, least squares y
on x linear regression was performed on the
data with length of stay as the dependent
variable. The data yielded a correlation co-

efficient of r = -0-275. One day admissions
yielded severity scores 55, (potential range
40-75); so these milder cases were discarded.
For the remaining 26 cases, reanalysis gave a

correlation coefficient of r = - 0-632. The
results suggest that length of hospital
inpatient stay in patients with acute asthma is
an inadequate marker ofquality ofcare, either

because there is a poor relationship with
initial severity or because there are variations
in response and/or treatment.

Period prevalence of allergic broncho-
pulmonary fungal disease in an out-
patient population, 1985-48

CP BREDIN, S DONNELLY Department of
Respiratory Medicine, Regional Hospital and
University College, Cork, Ireland The
period prevalence, 1985-8 inclusive, of aller-
gic bronchopulmonary aspergillosis (ABPA)
and allergic bronchopulmonary candidiasis
(ABPC), the two most commonly reported
forms of allergic bronchopulmonary fungal
disease (ABPFD), was investigated in a
regional hospital respiratory medicine out-
patients department, in south west Ireland
(catchment area population 536 000).
ABPFD was defined by the presence of most
of the following seven criteria: asthma, blood
eosinophilia, elevated IgE, precipitins to
Aspergillus fumigatus or Candida albicans,
immediate skin test reaction to either fungus,
culture of either fungus in sputum, and
otherwise unexplained transient or perman-
ent lung field radiographic abnormalities.
Newly referred patients were investigated
further for ABPFD if they had asthma and
eosinophilia, or asthma and lung field
radiographic abnormalities. Fourteen
patients with ABPFD were identified from a
total of 1390 new referrals, a period
prevalence of just over 1%. It is concluded
that (1) ABPFD is a relatively common
disorder in a regional respiratory medicine
outpatient population and (2) ABPC con-
stitutes a higher proportion of this disorder
than previously considered.

Increased asthma admission rates in
Asian ethnic patients: Blackburn 1987

P MYERS, LP ORMEROD Chest Clinic, Black-
burn Royal Infirmary, Blackburn Acute
asthma admissions in children 1-14 and
adults 15-44 in the year 1987 in Blackburn
were studied to test the clinical impression of
increased asthma admissions in the Asian
ethnic group. Data on admissions were ob-
tained from HAA/KES statistics and the
admission books of medical and paediatric
wards. Population data was derived from the
1981 census details updated for 1987 by the
Office of Population Censuses and Surveys,
supplemented by local data on Asian births

and new immigrants. Children under 1 were
excluded from analysis because of the dif-
ficulty in making the diagnosis of asthma.
Two hundred and eleven children (145 white
and 66 Asian) had a total of 265 admissions,
and 115 adults (94 white and 21 Asian) had a
total of 148 admissions in 1987. Admission
rates/1000 population were derived (table
below). Admissions were not increased in
Asian patients aged 1-4 or (odds ratio 1 18;
95% confidence interval 0 85-1-64) 15-29
(odds ratio 1 57; 95% confidence interval
0 83-2 98). Admissions were significantly
increased in Asian patients aged 5-14 (odds
ratio 2-03; 95% confidence interval 1 -32-3 12;
0-01 >p >0-001) and 30-44 (odds ratio 5-85;
95% confidence interval 3 669-35;
0 001 > p). The increased admission rates in
Asians were not due to increased readmis-
sions in the Asian ethnic group. The data
supports the hypothesis that the difference in
asthma admissions is due to a truly increased
asthma prevalence in the Asian ethnic group.

White rate! Asian rate!
Age group 1000 1000

1- 4 1072 1269
5-14 2-08 4 23
15-29 1 05 1 65
30-44 115 670

Factors affecting asthma mortality in
Scotland

TW MACKAY, CG WATHEN, MF SUDLOW
Department of Medicine, Royal Infirmary,
Edinburgh Mortality and morbidity due to
asthma continue to cause concern. There is
evidence that mortality from this disease is
rising in many countries (Jackson R, et al.
Chest 1988;94:914-9) despite advances in
treatment and increased diagnostic aware-
ness. A previous review of asthma mortality
in Scotland (1938-88) (Mackay TW. Eur
Respir J 1990;3(suppl 10):817A) showed that
there is no evidence for a recent rise in
mortality such as has been experienced else-
where. The death rate has remained constant
at approximately 1 per 100 000 in the age
group 5-44 years since 1970 (mean (SEM)
annual % change -0-2 (1-7)) despite an
increase in the hospital discharge rate for
asthma of approximately 8% per annum
during this period. Two thirds ofthese deaths
occurred outside hospital. We have studied
several factors which have been postulated as
influencing asthma mortality. Peak mortality
occurred in August with a nadir in April (X'
= 30-8, p < 0-01). These points coincided
with previously reported peak and trough
atmospheric fungal spore levels (Jenkins et al.
Clin Allergy 1981;11:611-20). The peak
pollen count occurred 4-8 weeks earlier.
Ground visibility, which is inversely related
to total atmospheric pollution levels, in-
creased by 70% between 1960 and 1970 and
by a further 20% between 1971 and 1989 in
Scotland. Atmospheric sulphur dioxide
levels have also fallen during this period.
These data suggest that air pollution has
decreased since 1960. Monthly variation in
atmospheric pollution does not account for
the variation in asthma mortality. Given that
the variation in fungal spore counts noted in
Wales between 1962 and 1977 are represen-
tative of Scottish changes, this could be an
important factor accounting for seasonal
variations in asthma mortality.
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Weather patterns and seasonal varia-
tion in childhood asthma in Bristol

JF CHAVARRIA, F CARSWELL Institute of Child
Health, University of Bristol, and Royal Hos-
pital for Sick Children, Bristol The patient
list of hospital stay events for a three year
period (from 1 April 1986 to 3 March 1989)
were reviewed from the Hospital Activity
Analysis at the Bristol Children's Hospital.
Monthly admissions showed a seasonal varia-
tion with fewest admissions in winter, rising
in spring and early summer to peak in the
autumn. The correlation coefficients between
asthma admissions and the negative reci-
procal of maximum temperature in each one
of the three years were 0 7 (p < 0 02), 0 5 (p
< 0- 1) and 0 6 (p < 0-05). The relationship is
disturbed between May and October, during
which period asthma seems to rise to two high
peaks, separated by a rather deep trough. An
increased air pollution associated with
changes in temperature could be one of the
reasons of this association (Hartiner GH,
Martin FL. Dynamical and physical meteor-
ology. New York: McGraw-Hill, 1957:267).
No association of asthma admissions was

shown with minimum temperature, maxi-
mum or minimum humidity, rainfall, or

sunshine hours.

Child Health, Royal Hospital for Sick Child-
ren, Bristol Dermatophagoides pteronyssinus,
the house dust mite, has been implicated in
provoking allergic reactions in atopic
subjects. This mite is prevalent in most
homes. By measuring the levels of the aller-
gen Der PI produced by the mite it is possible
to hypothesise on the amount of exposure to
the allergen a patient receives. In Bristol we
have expressed our findings as quantity ofDer
PI vacuumed from a set area of 600 cm' for a
period of two min. Other workers express
results as quantity of allergen per gram of
dust. We have compared these two methods
of expressing the Der PI levels in samples.
Levels of allergen were measured in samples
of dust from four sites: mattress, bedroom
carpet, sofa, and living room carpet. The
respective correlation coefficients were: mat-
tress 0753 (p < 0001), bedroom carpet 0781
(p < 0-001), sofa 0-292 (p < 002), living
room carpet 0-792 (p < 0 001). An attempt
has also been made to evaluate the burden of
aeroallergen the patient is exposed to using a
Casella personal air sampler placed near the
bed for a period of eight hours and compare
this to levels of Der PI found in dust samples
from the furnishings. The results comparing
the two measurements showed poor correla-
tion: mattress dust with bedroom air 0 499,
bedroom carpet dust with bedroom air 0 397.

Prick skin test responses in adults in
relation to previous childhood asthma

CK CONNOLLY, RJ PRESCOTT Department of
Medicine, Memorial Hospital, Darlington;
Medical Statistics Unit, Edinburgh University
The prevalence of atopy as assessed by prick
skin test in asthmatic subjects decreases with
age. We have studied the 800 of the 817
patients in the Darlington and Northallerton
asthma follow up study who had complete
data for atopy and onset of asthma. Two
hundred and ten patients had asthma contin-
uously from childhood (childhood onset), in
497 asthma started after the age of 16 (adult
onset) and in 93 restarted after the age of 16 at
least five years after childhood symptoms had
completely remitted tgap asthma). Patients
with negative skin reactions were regarded as

non-atopic and those with one or more weals
3 mm greater than control as atopic. Data on

intermediate subjects (36) were not analysed.
Overall, the percentage atopic fell consisten-
tly with age from 95% in the third decade to
35% in the eighth, and slightly less consisten-
tly with age of onset from 82% in childhood
and the second decade through 55% in the
third and fourth to 32% in the seventh. Forty
two percent of patients with adult onset, 54%
with gap asthma and 84% with childhood
onset were atopic. The proportion atopic in
each group fell with age and age of onset.
Patients with adult onset in their third and
fourth decade had a similar proportion atopic
(68%) to those in the sixth and seventh
decade of the childhood onset group (69%).
Gap asthmatics showed the greatest fall with
age in the proportion atopic. Until the age of
50 they behaved more like the childhood
onset group with a high proportion atopic,
but at later ages they had assumed the charac-
teristics of the adult onset group.

Evaluation of methods of expressing
levels of Dermatophagoides pteronys-
sinus in the home

CARSWELL F, OLIVER J, CLIFFORD F

Respiratory Research Group, Department of

Incidence of easy bruising in patients
taking inhaled corticosteroids

R MELCHOR, VHF MAK, SG SPIRO Department
of Thoracic Medicine, University College Hos-
pital, London Inhaled corticosteroids (ICS)
are widely and increasingly used in the treat-
ment of respiratory diseases. Easy bruising
(EB) is a known side effect of long term oral
corticosteroid therapy, but it has not been
described as a side effect of ICS. However,
many patients taking ICS complain of easy
bruising. In order to determine the incidence
and characteristics of bruising in patients
taking ICS we carried out a survey in our

chest clinic. A questionnaire concerning
asthma medications was distributed to
patients taking ICS attending the clinic with
the question of easy bruising included among
other possible side effects. Patients on long
term oral steroids, anticoagulants or using
ICS for less than one year were excluded. Out
of 166 questionnaires returned, 156 (94%)
patients were taking beclomethasone and the
remainder budesonide; and 76 (46%) patients
admitted to EB (group A) and 90 (54%)
denied the symptom (group B). There was a

significant difference between the groups for
age (mean (SD)); group A 62 (13-4) years and
group B 52 (21 4) years, p < 0 0001); and for
dosage (group A 1429 (653) pg and group B
1070 (710) pg, p < 0-0001). No significant
difference was found in the duration of treat-
ment (group A 56 (44) months and group B 44
(32) months, p > 0 05). In group A there
were significantly more females 48 (63-2%)
than males 28 (36 8%) than in group B (41
(45 6%) females and 49 (54 4%) males (x 2),
p < 0 05. There was no significant difference
between the two groups in the number of
courses of steroids taken over the last year.

We conclude that a large proportion of
patients taking ICS complain of easy bruis-
ing. In this group there were significantly
more females and they were older and on

higher dosages, but not necessarily for a

longer period; duration of treatment does not

seem to be important. The exact cause of the
easy bruising remains to be determined.

RM was supported by FISSS.

Sputum and pulmonary function in
asthma

CK CONNOLLY, NK MURTHY, RJ PRESCOTT, SM
ALCOCK Department of Medicine, Memorial
Hospital, Darlington; Medical Statistics Unit,
University of Edinburgh Sputum history,
including colour, was added to the data base
of the Darlington and Northallerton long
term asthma study in 1988-9 when 733
patients were examined. Chronic sputum was
associated with age in both sexes, the effect
being more marked in men (mean age 61-3
with sputum, 48-7 without) than women (57 9
v 52 2). Relapse sputum, in contrast, tended
to be seen in younger patients with a consis-
tent effect in both sexes (mean age 47-5 v 53 2).
There was an inverse relationship overall
between chronic sputum and mean best peak
flow (83% v 96% ofexpected, best FVC (79%
v 89%) and best FEV, (68% v 83%). There
was no significant association between
presence or absence of relapse only sputum
and any respiratory variable. However,
patients with chronic sputum which in-
creased in volume or purulence during
asthma attacks had the poorest respiratory
function of all. The relationship between
chronic sputum production and the respira-
tory variables detailed above is strongly
modified by smoking habits. In non-smokers
the effect of sputum is small and non-
significant. Both current smokers and ex-
smokers show very large differences, account-
ing for the overall differences observed.
Control of wheeze at clinical attendance
(actual/best PEF) was worse with chronic
sputum (83% v 86%). This difference was
consistent over all smoking categories. When
allowance was made for other social and
demographic variables, the differences in con-
trol became non-significant but the relation-
ships between chronic sputum and the other
variables remained highly significant, though
the magnitudes of the differences were some-
what reduced. The colour of the sputum
during attacks had no association with pul-
monary function when considered univari-
ately but after allowing was more for social
and demographic variables pulmonary func-
tion declined significantly with the changes
from white to yellow to green sputum. The
results confirm an association between
sputum and obstruction in asthma and
demonstrate that it is largely dependent on
tobacco smoking.

Plasma catecholamine responses in
acute severe asthma

CE ROBERTSON, T PARKE, DJ STEEDMAN,
PF MAYCOCK, RA LITTLE Department of
Emergency Medicine, Edinburgh University;
North West Injuries Research Centre,
Manchester Previous researchers have sug-
gested an impaired catecholamine response in
patients with acute severe asthma. Adrenaline
is the most potent endogenous bron-
chodilator, and it would be surprising if levels
did not increase in a similar way to other acute
conditions such as myocardial infarction,
trauma and sepsis. Twenty patients aged 19-
71 years (mean 45 years) with acute severe
asthma were studied. The diagnosis was
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established on the basis ofa history of revers-
ible airway obstruction together with an acute
reduction in predicted PEF of >65%. All
patients received standard therapy including
nebulised beta, agonists, oxygen, steroids and
anticholinergic agents as clinically indicated.
All made an uncomplicated recovery. Prior to
therapy, an IV cannula was sited and a 5 ml
sample drawn into a heparinised tube on ice.
Plasma was immediately separated and stored
at - 80C. Arterial blood gases were sampled
simultaneously, and pre- and post-treatment
PEF, pulse rate, degree of pulsus paradoxus
and respiratory rates noted. Plasma cate-
cholamine concentrations were measured by
a well validated HPLC method. There are
significant correlations between log plasma
adrenaline levels and Paco2 (p = 0-002), pulse
rate (p = 0 006), reduction in PEF (p =
0-012) and degree of pulsus paradoxus (p =
005). There is no correlation between
adrenaline and Pao2 or respiratory rate. There
is significant correlation between log plasma
noradrenaline and Paco2 (p = 003) and
pulsus paradoxus (p = 0 04), but not with
pulse rate, Pao2, reduction in PEF or res-
piratory rate. This study demonstrates that
only in the most severe cases is there a
catecholamine response similar to that seen in
other life threatening states. The response to
impending respiratory arrest is associated
with a surge of adrenaline release. The
development of hypercapnia rather than
hypoxia appears to be the trigger for this.

Clinical effect of inhaled nedocromil
sodium (Tilade) in reversible obstruc-
tive airways disease

AM EDWARDS, VA ELEGANT, MT STEVENS
Fisons Pharmaceuticals, Loughborough
Seventy one placebo controlled, double blind
trials in asthma have been completed with
inhaled nedocromil sodium since 1983. As
common methods of measurement have been
used in all trials, a combined analysis is
possible. For this purpose each trial centre
(164 in total) is taken as providing an un-
biased estimate ofthe relative effects ofTilade
and placebo. For summary purposes, the final
period of treatment has been used and the
difference between Tilade and placebo on the
change in asthma severity from baseline
values is used in the analysis. Student's t tests
are performed in the paired observations of
the differences from baseline at each centre.
The centres have been classified according to
severity ofasthma during the baseline period.
Each differs significantly from the other two.
They are, in worsening order of asthma
control: (A) Patients well controlled on bron-
chodilators and inhaled corticosteroids. (B)
Patients on bronchodilator treatment alone.
(C) Patients not well controlled on broncho-
dilators and inhaled corticosteroids. Two
dose regimens were used: 4 mg twice daily
(8 mg/day) and 4 mg four times daily (16
mg/day) Tilade or placebo were added to
baseline treatment. The following measures
of asthma severity were analysed: daytime
asthma, night time asthma, cough, morning
tightness (scale 0-4), peak expiratory flow rate
and inhaled bronchodilator use recorded
daily by the patient and FEV, recorded at
each clinic visit. At the final visit the patient
recorded the effectiveness ofthe test treatment
on a 0-5 scale. In group A none of the
differences between Tilade and placebo are
significant, indicating that no further im-
provement is possible in this group. In group
B at 8 mg/day, five out of 10 variables are

significantly in favour of Tilade and at 16
mg/day the figure is nine out of 10. In group C
eight out of 10 variables are significantly in
favour of Tilade at 16 mg/day. Results at 8
mg/day are excluded as only six observations
exist. Inhaled nedocromil sodium (Tilade)
exhibits positive clinical benefit in asthma
whether added to bronchodilator therapy
alone or to bronchodilators and inhaled cor-
ticosteroids. The effect is present at a dose of
8 mg/day but is more consistent on both
subjective and objective measures at 16
mg/day.

Effectiveness of inhaled salmeterol
against exercise induced bronchocon-
striction in asthmatic patients

D NEWHAM, C INGRAM, J EARNSHAW, JBD
PALMER, DP DHILLON Department of Res-
piratory Medicine, King's Cross Hospital,
Dundee; St Andrew's University, St
Andrew's; Glaxo Group Research, Greenford,
Middlesex Salmeterol (SM) is a selective
beta, adrenoceptor agonist which has been
shown to produce sustained bronchodilation
for at least 12 hours. The aims of this study
were to compare the duration of action of
inhaled salmeterol (SM) with that of sal-
butamol (SB) and placebo (P) in protection
against exercise induced bronchocon-
striction. Twelve asthmatic patients took part
in this randomised crossover study and all the
patients received single doses of each of SM
50 ,Mg, SB 200 Mg and placebo on separate
study days. A six minute exercise test was
performed at one, six and 12 hours post
dosing. On each study day basal measure-
ments of FEV, and FVC were recorded and
repeated after each exercise test. The median
percentage fall in FEV, was used as a
measurement of the degree of protection
against exercise induced bronchocon-
striction. These data demonstrate that at one
hour SB and SM provide equal protection
against exercise induced bronchocon-
striction; however, the effect ofSM lasts for at
least 12 hours (table).

lh 6h 12h

P 37 3 38-1 34.3
SB -0 3 26-3 32 4
SM 04 19 18

Improved bronchodilation by modi-
fication of the physical formulation of
salbutamol

A WARD, N KASSEM, J EVANS, D GANDERTON, J
MOXHAM Department of Thoracic Medicine,
King's College School of Medicine and Dentis-
try, and Department of Pharmacy, King's
College, London Approximately 10% of
inhaled drug is deposited in the lung
(Newman S. Chest 1985;88(suppl):152-60S),
and improved delivery could be of clinical
and economic benefit. One important factor in
drug delivery is the physical formulation of
the drug. We have studied the effect of
modifying lactose (the carrier used in sal-
butamol powder inhalers) on the broncho-
dilator effect of the drug, in a double blind,
randomised, crossover trial. The modified
lactose was prepared by crystallisation of the
commercially supplied molecule. Eleven
moderate to severe stable atopic asthmatics
(FEV,: <80% predicted; > 15% reversi-
bility) were recruited. All were non-smokers.

We looked at changes in FEV, and Vmaxa
following inhalation ofstandard and modified
salbutamol. The mean increase in FEV, was
21-4% following conventional drug, and
27 5% following the modified formulation.
The difference, 6-1 %, was significant (paired t
test; p < 0-05; confidence interval 0 90-
11 -27). The wide confidence interval reflects
the large inter-individual variation in rever-
sibility. Changes in Vmax3a were not sig-
nificantly different, suggesting an enhanced
effect on predominantly larger airways (Pride
NB. Br J Clin Pharmacol 1979;8:
193-203). This study suggests that modifica-
tion of carrier characteristics can enhance
drug delivery.

Airway hypersensitivity responses to
inhaled and intravenous trimellitic
anhydride conjugate: comparison of
three methods of sensitisation

JP HAYES, R DANIEL, RD TEE, PJ BARNES, KF
CHUNG, AJ NEWMAN-TAYLOR Department of
Occupational and Environmental Medicine
and Department of Thoracic Medicine
National Heart and Lung Institute, London
Intradermal trimellitic anhydride (TMA)
induces specificimmune and airway responses
to TMA conjugated to guinea pig serum
albumin (GPSA) (Hayes et al. Eur Respir J
1990;3(suppl 10):264). We compared the
effect of three methods of intradermal sensit-
isation on airway responses to inhaled and
intravenous TMA-GPSA. Male Dunkin-
Hartley guinea pigs (GP) were injected with
TMA in corn oil as follows: 01 ml 30%
TMA (n = 5), 0-1 ml03%TMA (n = 5) and
0 1 ml x 4 TMA (n = 6). Controls (n = 6)
were injected with 01 ml corn oil alone.
Twenty one to 28 days following sensitisation
GPs were anaesthetised, tracheostomised and
ventilated. Pulmonary inflation pressure
(PIP) and blood pressure were measured.
GPs were challenged with 80 breaths of2 5%
TMA-GPSA followed by intravenous TMA-
GPSA (15 mg/kg). All GPs injected with
TMA had high levels of IgGI antibodies to
TMA-GPSA. Two GPs from each of the
groups injected with 0 3% TMA and 0 1%
TMA had immediate airway responses to
inhaled TMA-GPSA. GPs injected with
30% TMA did not respond to inhaled TMA-
GPSA. Following intravenous TMA-GPSA
four of five GPs injected with 30% TMA
showed an increase in PIP (136% (39) mean
(SEM)). All GPs injected with 0 3% TMA
and 0-1% TMA had significantly greater
increases in PIP (420% (70) and 357 (71), p <
0-05) than GPs injected with 30% TMA.
These responses were also significantly
greater 15 min after challenge. There was no
significant difference between GPs injected
with 0-3% TMA and GPs injected with 0-1%
TMA. Control GPs did not respond to in-
haled or intravenous TMA-GPSA. Single
injection of0 3%TMA was the most effective
method of sensitisation at inducing airway
responses to inhaled and intravenous TMA-
GPSA.

Effect offrusemide on cough induced by
low (Cl) solution: duration of action

RA STONE, PJ BARNES, KF CHUNG Department
of Thoracic Medicine, National Heart and
Lung Institute, London Inhaled frusemide
(F) reduces cough induced by low (Cl) solu-
tions, but not cough induced by capsaicin,
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suggesting that F has a complex effect on
afferent pathways involved in this reflex. We
determined whether the effect was sustained.
Nine normal subjects completed a double
blind crossover study in which the effects ofF
(40 mg) and placebo (P) on number ofcoughs
induced by a single low (Cl) solution (1-26%
sodium bicarbonate) were compared at 30,
120, 240 and 360 min (table). Baseline
challenge was performed before treatment
with F or P. F caused prolonged reduction of
the cough response, beginning at 30 min,
maximal at 240 min, and tailing off by 360
min. The effect was significant at 120 and 240
min (p < 0 05 for both). P caused no sig-
nificant reduction in cough number. Baseline
values were similar on each study day. The
table shows the onset and peak of this effect as
summarised by the total number of coughs
for the group before and after treatment with
F or P. We conclude that F has sustained
activity against this stimulus to cough. Its
profile of effect supports the idea that F
renders the cough challenge less potent by
altering mediators in the region of sensory
nerves or inhibiting sensory nerves directly.
Further studies are required to assess the
clinical relevance of this observation.

after treatment with A or V. On the left is the
combined response to the low (Cl) solutions
and on the right the response to all capsaicin
doses. Statistical comparison is by Wilcoxon
ranks. We conclude that, in common with
frusemide, A reduces the cough response to
low (CI) solution and not capsaicin.

Inhibition of inhaled metabisulphite
induced bronchoconstriction by inhaled
frusemide (F) and ipratropium
bromide (IB)

GJ BELLINGAN, CMS DIXON, PW IND
Respiratory Division, Royal Postgraduate
Medical School, Hammersmith Hospital,
London Inhaled sodium metabisulphite
(MBS) generates high concentrations of SO,
and induces bronchoconstriction which is
partially inhibited by low dose IB. Bron-
choconstriction is more effectively blocked by
cromoglycate (C) and by nedocromil (N).
Inhaled frusemide (F) has recently been
shown to have similar activity to C and N in
protecting against induced bronchoconstric-

Minutes

Baseline 30 120 240 360

Group cough F 149 103 79* 63* 89Total P 138 138 138 116 96

*p < 0 05, Wilcoxon ranks of paired individual data.

Amiloride reduces cough induced by
low (Cl) solution but not capsaicin

RA STONE, RW FULLER, PJ BARNES Department
of Thoracic Medicine, National Heart and
Lung Institute, London Frusemide reduces
the cough response to inhaled low (Cl) solu-
tion but not to capsaicin. To investigate the
mechanism of this, the effect ofamiloride (A),
an inhibitor of epithelial sodium ion trans-
port, was studied in 12 normal volunteers
who entered a double blind crossover study in
which A (5 mg) and its vehicle (V) were
compared against combined cough challenge
with two low (Cl) solutions and capsaicin. On
each study day baseline cough challenge was
followed by inhalation of A or V and repeat
cough challenge at 30 and 120 min (table).
The low (Cl) solutions 37-5 mM and 0 mM)
were nebulised for one minute each and
preceded single breath inhalations of cap-
saicin given in doubling dilutions. Cough
number was counted during and after each
low (Cl) and capsaicin inhalation. A reduced
cough responses to both low (Cl) solutions
significantly at 120 min (p < 0 05) but not at
30 min. A did not affect the cough threshold,
dose-response curve or total response to cap-
saicin. V had no significant effect on either
challenge. The table summarises the total
number of coughs for the group before and

tion. We have compared the effect ofpretreat-
ment with F 40 mg, high dose IB (0 5 mg)
and saline placebo (S) all delivered by
Hudson nebuliser over 10 min, in a ran-
domised double blind fashion. We studied
eight atopic subjects, mean age 29 (range 21-
40) years; four were female and three were
asthmatic. All were previously shown to re-
spond to MBS; geometric mean provocative
dose for a 35% reduction (GM PD,5) in
specific airways conductance (sGaw) was 18-4
pmol (9-5-35-3 confidence interval). Baseline
sGaw was the same on all three study days
and did not change significantly after S or F.
GM PD,5MBS after S was 18-0 (6-1-53-3)
umol showing reproducibility of MBS
challenge. After F GM PD35MBS was
increased to 59.0 (27-0-120) pmol (p < 0 05
compared with S, Wilcoxon test). IB pro-
duced significant bronchodilatation (mean
increase sGaw 26% SD 8 0%) and GM
PD35MBS increased to 45-1 (180-113) pmol
but this did not achieve statistical significance
(p = 0-1). We have confirmed the findings of
Nichol et al (Am Rev Respir Dis
1990;142:576) that F, like N and C, inhibits
MBS induced bronchoconstriction. Inhibi-
tion occurs to a greater extent than after IB
even at high dose. This makes an interaction
of F with the cholinergic nervous system
unlikely.

Minutes Minutes
Baseline 30 120 Baseline 30 120

A 275 179 167* A 364 262 273V 316 257 257 V 399 327 309

*p < 0-05.

Alveolar macrophage (AM) driven
mixed lymphocyte cultures (MLC) in
bronchial asthma

MONICA A SPITERI, RA KNIGHT, M WORSDELL, PJ
BARNES, KF CHUNG National Heart and Lung
Institute and Royal Brompton Hospital,
London Macrophages possess the requisite
properties for the initiation ofallergen specific
reactions characteristic of bronchial asthma.
Little information is available about macro-
phage interaction with, and their influence on,
other immune effector cells in the asthmatic
lung. To address this, bronchoalveolar lavage
(BAL) was performed on six non-smoking
atopic asthmatics (baseline FEV, > 60%
predicted; PC,0 metacholine 2-13 (SD 0-21
mg/ml). Peripheral blood mononuclear cells
(PBM) were isolated using density gradients.
Isolated plastic adherent and depleted BAL
cells and PBM were cultured on their own,
and in autologous and allogeneic MLC, using
a fixed macrophage/monocyte: responder cell
ratio. Incorporated 'H-thymidine was
measured after five days. The reactivity of
non-adherent and adherent lavage cells in
asthmatics was significantly higher than in
normal subjects (p < 0-001). Asthmatic non-
adherent PBM proliferation was enhanced
three fold over normal. Non-adherent BAL
cell reactivity was suppressed on admixture
with autologous adherent BAL in both
groups, more so in the normal. Interestingly,
although, as in normal, asthmatic adherent
AM suppressed T cell MLC responses, in
four out of six asthmatics adherent AM
abolished autologous and allogeneic blood T
cell proliferation. These data suggest that in
asthma cellular reactivity is increased in both
lung and peripheral blood. There also
appears to exist a suppressor influence within
the asthmatic lung, capable of modulating T
cell responses. We postulate that this action
may be associated with the emergence of
functionally specific AM phenotypes in the
BAL of stable asthmatics, as observed in
other diseases (Spiteri. Clin Exp Immunol
1988;74:359).

Effect of eosinophils on human airway
epithelial cells in vitro

JL DEVALIA, RJ SAPSFORD, DT McCLOSKEY, RJ
DAVIES Department ofRespiratory Medicine,
St Bartholomew'is Hospital, London Gleich
and colleagues have demonstrated that
several eosinophil derived proteins are
capable of damaging the respiratory epithe-
lium of both animals and humans and have
suggested that the eosinophil is the chief
effector cell of epithelial damage in asthma.We have cultured human nasal epithelial cells
from surgical explants and studied the effect of
isolated eosinophils and neutrophils on the
ciliary beat frequency (CBF) of these cells, in
vitro. Eosinophils and neutrophils were iso-
lated from blood of atopic individuals, to
purities of > 85% and > 90% respectively,and cocultured with epithelial cell cultures in
either the absence or the presence of 0-1 pMphorbol 12-myristate 13-acetate (PMA).Prior toand at different times after exposure to
the leucocytes the CBF of the ciliated cells
was measured by the analogue contrast en-
hancement technique. Exposure of the epi-thelial cells to eosinophils in the presence of
PMA led to a significant attenuation of CBF
from 10-2 (0 4) to 8-9 (0 5) Hz (p < 0 05) and
8-3 (0 6) Hz (p < 0 02) after 15 and 24 hours
exposure respectively. Exposure to PMA
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alone and eosinophils in the absence ofPMA
did not alter the CBF. Similarly, incubation
with neutrophils either in the absence or

presence ofPMA did not have any significant
effect on ciliary activity of the epithelial cells.
These studies suggest that exposure to

human airway epithelial cells to stimulated
eosinophils, could lead to functional changes
in vivo, and therefore may have an important
role in the aetiology of airways disease.

Eosinophils undergo programmed cell
death (apoptosis)

M STERN, L MEAGHER, J SAVILL, Y REN,

C HASLETT Department of Medicine
(Respiratory Division), Hammersmith Hos-
pital, London, and Department of Respiratory
Medicine, City Hospital, Edinburgh Eosino-
phils are important in the pathogenesis of
asthma but the mechanisms controlling their
tissue residence and removal are obscure. We
have reported in vivo and in vitro evidence
that neutrophils undergo apoptosis, time
related programmed cell death, which leads
to their recognition and ingestion, while still
intact, by macrophages via a mechanism
involving the macrophage thrombospondin
receptor CD36. (Savill J et al. J Clin Invest
1989;83:865-75; J Leuk Biol (in press). We
now report that aging eosinophils also
undergo apoptosis, at a slower rate than
neutrophils, and that this is further retarded
by interleukin 5. (1) Eosinophils purified
(85-90% pure) from the peripheral blood of
asymptomatic, atopic donors underwent
changes of apoptosis in culture. After 72-96
hours, less than 5% showed evidence of
necrosis (by trypan blue exclusion), but 80
(6)%, (mean (SD), n = 3) of the eosinophil
population showed the light microscopic
appearances of apoptosis. Electrophoresis of
the DNA from these cells, but not from fresh
cells, demonstrated the characteristic ladder
pattern of internucleosomal DNA cleavage,
the hallmark of apoptosis associated endo-
nuclease activation. (2) The rate of apoptosis
was modulated by IL-5, a cytokine known to
prolong eosinophil but not neutrophil life.
Eosinophils cultured in the presence of IL-5
(5 U/ml) demonstrated the features of apop-
tosis 80 (6) hours (n = 5) later than in parallel,
untreated cultures. (3) Apoptotic eosinophils,
but not fresh or aged pre-apoptotic eosino-
phils, were recognised by macrophages in a

manner similar to apoptotic neutrophils.
Aged eosinophils were ingested by 40 4
(4 4)% macrophages (n = 5). Recognition
was specifically inhibited by an IgM mono-

clonal antibody to CD36 (SM-0, gift ofDrN
Hogg, ICRF) to 22-5 (46)% of internal
control, and a control antibody of similar
subclass had no effect. Thus, eosinophil apop-
tosis, modulatable by IL-5, leads to recogni-
tion of senescent, intact cells by macrophages
via a CD36 dependent mechanism. Elucida-
tion of these processes may be important in
the understanding of diseases where eosino-
phil load is implicated in the mediation of
tissue injury.

Allied Respiratory Disorders, Guy's Hospital,
London The mechanism of corticosteroid
resistance in bronchial asthma has been
studied by determining the rank order of
potency for different corticosteroids in
inhibiting the generation of a 3 Kd molecule
from peripheral blood monocytes isolated
from corticosteroid sensitive (CS) and cor-
ticosteroid resistant (CR) asthmatic subjects,
which augments leukotriene B4 (LTB4) gen-

eration by human neutrophils (PMN) stimu-
lated by calcium ionophore. Binding studies
with ['H] dexamethasone have been per-

formed to determine the dissociation constant
(Kd) and receptor numbers (Ro) in the
monocytes of these two groups of subjects. In
addition, glucocorticoid pharmacokinetics
have been determined in CS, CR and normal
subjects. The concentration of corticosteroid
producing 50% inhibition of enhancing
activity (IC50) was 600 nM, 70 nM and 0 5
nM for hydrocortisone, methylprednisolone
and dexamethasone respectively in mono-
cytes from CS individuals. There was a lack
of inhibition of the generation of enhancing
activity by corticosteroids in the CR asth-
matic individuals. The dexamethasone Kd
was 2-45 (0 58) nM (mean (SEM), n = 6) in
the CS group and 1-6 (0 35) nM (n = 6) in the
CR group of patients (p = 0 14). The Ro in
the CS group was 3605 (984) binding sites per
nucleus (mean (SEM), n = 6) and 4757 (692)
binding sites per nucleus (n = 6) in the CR
group (p = 0-23). The areas under the curves

were 2778 (374) and 2510 (206) h/ng/ml in the
CS and CR groups respectively, (p = 0 92).
Peak serum levels were 645 (43) and 676 (52)
ng/ml in the CS and CR groups respectively
(p = 0 92). Estimated clearances were 155 (8)
and 157 (7) ml/min/1-73 m' in CS and CR
patients respectively. There was no difference
between the asthmatic groups studied and
normal subjects. We conclude that cortico-
steroid resistance in bronchial asthma cannot
be explained by receptor defects or pharma-
cokinetic abnormalities.

Effect of beta adrenergic agonists on
neurogenic airway microvascular
leakage in guinea pig airways

KP HUI, P VENTRESCA, AC BROWN, PJ BARNES,
KF CHUNG Department of Thoracic Medicine,
National Heart and Lung Institute, Royal
Brompton Hospital, and Zambon UK Ltd,
London Leakage of plasma proteins into the
airways is an integral feature of asthma and
may be induced by neural mechanisms (Eur
Respir J 1990;3:329-37). We examined the
effect ofthe 2 adrenergic agonists, salbutamol
and broxaterol, on this response in guinea pig
airways. After urethane anaesthesia, injection
ofEvans Blue (EB) dye (30 pg/kg) to measure
albumin leakage and pretreatment with
atropine (1 mg/kg), the cervical vagi were
dissected and the distal ends stimulated with
platinum electrodes (5 Hz, 5 mV, 5 ms for 3
min). Five minutes later, the animal was
perfused, the thorax opened and the lungs
removed. EB dye was extracted from the

respiratory tract. Salbutamol (100 pg/kg) or
broxaterol (100 pg/kg) or placebo was injec-
ted five minutes prior to vagal stimulation.
After placebo, there was a significant increase
in EB dye in trachea (78 (15-2) pg/mg tissue),
main bronchi (134-7 (14-3)) and intrapulmon-
ary airways (86-6 (27 5)). Salbutamol had no
effect on EB dye leak but broxaterol signifi-
cantly inhibited the leak to 23-2 (4-0), 46-7
(5-7) and 35 5 (5 7) at the respectively airway
levels (p < 0 05). This effect was blocked by
pretreatment with propronalol. Neither sal-
butamol nor broxaterol inhibited substance P
induced microvascular leakage. Broxaterol
may penetrate more effectively at neural sites
ofaction within the airways ofguinea pigs and
inhibit the release of neurotransmitters from
non-cholinergic nerves.

Action of platelet derived growth factor
on human lung fibroblasts derived from
normal and diseased lungs

M DEMPSEY, I PRATT, C O'CONNOR, MX
FITZGERALD Departments of Pharmacology
and Medicine, University College, Dublin, and
St Vincent's Hospital, Dublin Pulmonary
fibrosis is characterised by proliferation of
fibroblasts in the alveolar interstitium. It is
suggested that this response may be mediated
by the secretion of fibroblast stimulating
cytokines from macrophages and other
inflammatory cells present in the lungs of
patients with interstitial lung disease. One of
the major growth factors released by the
macrophage is platelet derived growth factor
(PDGF). PDGF is a peptide composed of
two chains, A and B, which give rise to three
possible isoforms-AA, AB or BB. The
action ofPDGF is mediated by specific recep-
tors on the target cells. Studies on normal
skin fibroblasts have indicated that the
stimulatory effect ofPDGF can vary depend-
ing on both the peptide and cell receptor
isoforms. In this study, we compared the
effect oftwo PDGF isoforms (AB and BB) on
two human lung fibroblast cell lines establi-
shed from normal lung (NL fibroblasts) and
from bronchoalveolar lavage of a patient with
interstitial lung disease (BAL fibroblasts)-
see table. Saturation analyses showed high
affinity specific binding ofPDGF to both cell
types. The BAL fibroblasts were found to
have 2-3 fold fewer PDGF receptors, though
the affinity ofbinding was comparable in both
NL and BAL fibroblasts (table). Dis-
placement of "'I-PDGF(BB) with BB and
AB isoforms suggest that the type of PDGF
receptors present are similar in the two cell
lines. The NL and BAL fibroblasts were
therefore found to differ principally in the
absolute number ofPDGF receptors present.
It is possible that down regulation of recep-
tors may have occurred in BAL fibroblasts
due to chronic exposure to high levels of
growth factors in vivo in the diseased lung.

This work was supported by the Health
Research Board of Ireland.

This work was funded by the Asthma
Research Council.

Glucocorticoid receptor characteristics
and pharmacokinetics do not determine
corticosteroid resistance in bronchial
asthma

SJ LANE, TH LEE Department of Allergy and

NL fibroblasts BALfibroblasts

Total PDGF receptors/cell 32 850 13 500
Receptor subtype 1

Affinity 0-483 ng/ml 0-423 ng/ml
Bmax 20 fmol/106 cells 7-25 fmol/106 cells

Receptor subtype 2
Affinity 11 62 ng/ml 10-44 ng/ml
B,., 148 fmol/106 cells 59-5 fmol/106 cells
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Modulation ofneutrophil chemotaxis by
cell surface serine proteinases

DA LOMAS, SC AFFORD, RA STOCKLEY Lung
Immunobiochemical Research Laboratory,
General Hospital, Birmingham Neutrophil
(PMN) chemotaxis is an important feature of
the inflammatory response. Studies of
proteinase inhibitors have suggested that a

cell surface proteinase (possibly Cathepsin G)
may be important in mediating PMN migra-
tion in vitro (Am J Respir Cell Mol Biol
1990;2:163). In order to investigate this
process further we have studied the effect of
inhibitors of cathepsin G on PMN response
to the chemotactic peptide FMLP (104 M).
Amonospecificantibodywas immunopurified
and then pre-incubated with PMN for 30
minutes prior to the assessment of chemo-
tactic response (n = 6). A dose related
inhibition of chemotaxis was seen from a

control value of 30-5 (SE 3-1) cells per field
(cpf) to 21-9 (1-0) cpf at 2-28 ug/ml
(p < 0-025), 15-8 (1-8) cpf at 3 8 ug/ml
(p < 0 025) and 11-0 (2-2) cpf at 5-7 pg/ml
(p < 0-025). At these concentrations the
antibody buffer alonehadno effect. AnFMLP
dose response curve showed pansuppression
(rather than a shift in the curve) with the peak
response still occurring at 10' M. The effect
was specific as similar studies with anti-
cathepsin B antibody (an enzyme not expres-

sed on PMN membranes) did not inhibit
chemotaxis (control 24-2 (2-3) cpf, anti-cath-
epsin B antibody 23-3 (1-9) cpf at 5-7 pg/ml.
The chlorolmethylketone Gly-leu-phe-
CMK (a specific inhibitor ofcathepsin G) also
caused a dose related reduction in PMN
chemotaxis to 10' M FMLP (p < 0-025)
from a control 39-5 (SE 4-4) cells per field
(cpf) to 29-1 (6-5) cpfat 35 pM; 8-5 (4-6) cpfat
45 pM and 3-9 (2-6) cpf at 55 MM. FMLP
dose-response curves again showed pansup-

pression of the chemotactic response. Similar
results were obtained for Gly-Gly-Phe-
CMK, which inhibits chymotrypsin like
enzymes, including cathepsin G. Control
values (36-6 (2-7) cpf) fell to 26-2 (5-2) cpf at
35 MM (p < 0-025); and 1-5 (1-1) cpf at
55 pM (p < 0-025), but assessment of the
FMLP dose-response (at 45 MM) showed
that the maximum had shifted from 10' to 10-
7 M. None of these CMKs affected cell
viability, and an irrelevant CMK, tosyl-Lys-
CMK (trypsin inhibitor), had no effect on

chemotaxis at concentrations of up to
100 MM. These data suggest that PMN cell
surface proteinases (especially cathepsin G)
are involved in the chemotactic response to
FMLP.

Influence of endothelium derived relax-
ing factor (EDRF) on basal vascular
resistance in isolated perfused human
lungs

G CREMONA, T HIGENBOTTAM, AT DINH XUAN,
F WELLS, S LARGE, S STEWART, J WALLWORK
Papworth Hospital, Papworth Everard, Cam-
bridge We have demonstrated in vitro for
conduit pulmonary artery rings that EDRF
released in secondary pulmonary hyperten-
sion is impaired (Eur J Pharmacol
1989;163:301). In order to assess the influence
ofEDRF on basal pulmonary vascular resis-
tance (PVR), we have studied isolated per-
fused human lungs (four from patients with
cystic fibrosis (CF), one with pneumoconiosis
(PNEUM) and one with primary pulmonary
hypertension (PPH)) from explants at heart-
lung transplantation. Lungs were obtained
immediately following excision, the pulmon-

Base PH ACH Base MB

CF1 6 6-6 6 6-6 11
CF2 9 10 11 10 24
CF3 4 6 6 6 23
CF4 3 5 4 5 9
PPH 46 46 46-5 46 80
PNEUM 4 11 10 11 34
Mean (SD) 12 (16) 14 (15) 14 (16) 14(15) 30 (26)

ary artery and bronchus cannulated and per-
fused in a recirculating system at 1 1/min
constant flow or amaximum pulmonary artery
pressure of 20 mmHg using Krebs-Hensel-
heit buffer with 3% dextran (37°C, pH 7-33-
7-45) and 10-5 M indomethacin. Pulmonary
venous pressure was maintained at atmos-
pheric level. Lungs were ventilated with air,
tidal volume 300 ml, at the rate of 15 mint.
Following stabilisation, lungs were precon-

tracted with 10b M phenylephrine (PH) and
pulmonary vasoreactivity studied using
acetylcholine (ACH) (10 - 10' M), methy-
lene blue (MB) (10A M). After infusion of
ACH, pulmonary vascular resistance was

allowed to return to the same levels achieved
after PH infusion before infusion of MB.
PVR values (in mm Hg/l/min) are shown in
the table above.
For a range of PVR 4-46 mm Hg/l/min, no

increase in PVR was observed following PH
infusion or following ACH, but a pronounced
increase (mean 139% range 67-283%) in
PVR was observed after infusion ofMB. The
lack of response to ACH confirms the impair-
ment of EDRF release in diseased lungs.
However, the increase in PVR induced by
MB, which is known to inhibit the effects of
EDRF, indicates that basal release ofEDRF
is still present in disease and may have a role
in the regulation of basal vascular resistance
in these conditions.

Endothelin-3 is a potent vasodilator in
the rat isolated perfused lung
DE CRAWLEY, SF LIU, PJ BARNES, TW EVANS
Department of Thordcic Medicine, National
Heart and Lung Institute, London We have
shown that endothelium derived relaxing
factor (EDRF) modulates hypoxic pulmon-
ary vasoconstriction (HPV) in the rat (Am
Rev Respir Dis (in press)). Endothelin-3
(ET-3) has been reported to elicit vasodila-
tion in both the cat hindquarter vascular bed
and the perfused rat mesentery. Further-
more, in the rat mesentery, this vasodilation
is dependent on the presence of an intact
endothelium and involves the release of an

endothelially derived relaxant factor. In this
study we examined the effects of ET-3 in the
rat pulmonary vascular bed with particular
reference to hypoxic vasoconstriction (HPV).
Male Wistar rats (300-350 g) were anaesthet-
ised and exsanguinated and their lungs per-

fused with blood at 38°C at a constant 18 ml/
min and ventilated with either normoxic
(21% 02, 5% CO2, 74% N2) or hypoxic
(3% 02, 5% C02, 92% N2) gas. At baseline
perfusion pressures, ET-3 caused a concen-

tration dependent increase in pulmonary
artery pressure (PPA) and from this a thre-
shold concentration of ET-3 was determined
(10 nM). Pretreatment with a threshold dose
of ET-3 did not affect the size of the HPV
response, but significantly slowed the time
taken to achieve maximal PPA compared with
vehicle control. In a second set of
experiments, animals were paired in terms of
their pulmonary vascular response to hypoxia
and prostaglandin F,. ET-3 (10 nM) was

then added at the peak PPA. A relaxant
response was demonstrated that was sig-
nificantly greater during HPV (100 (8)% of
peak response to HPV v 65 (8)% of peak
response to PGF24). The ET-3 relaxation was
not affected by indomethacin pretreatment,
but was attenuated by the inhibitor ofEDRF
production L-NMMA. In conclusion, ET-3
has both vasoconstrictor and vasodilator
actions in this preparation, and the vasodila-
tion involves the release of EDRF.

Chronic hypoxia augments pulmonary
vasodilatation by atrial natriuretic
peptide in the rat

TK ROGERS, AH MORICE University Depart-
ment of Medicine and Pharmacology, Royal
Hallamshire Hospital, Sheffield Atrial
natriuretic peptide (ANP) is a vasodilator and
may be particularly potent in the pulmonary
circulation. We have investigated its effect on
the pulmonary arteriole of rats acclimatized
to chronic hypoxia. Male Wistar rats were
exposed to an Fio2 of 10% in an atmospheric
chamber for between 16 and 30 days, by
which time pulmonary hypertension and pul-
monary vascular remodelling are known to be
established. By using an operating micro-
scope pulmonary arterioles were dissected
free. In each experiment (n = 6) a vessel
from a hypoxic rat was compared with one
from a littermate control reared in normoxic
conditions. Vessels, between 100 and 200 pm
in diameter, were mounted in the bath of a
Cambustion automated myograph in physio-
logical saline solution bubbled with 95% 02,
5% CO2. A passive transmural pressure of
17 5 mm Hg was applied and vessels were
maximally precontracted with prostaglandin
F22 (100 pM). Cumulative doses of human
ANP were added to construct a dose-res-
ponse curve. Significantly greater relaxation
occurred in the hypoxic vessels (maximally
58% versus 37%, p < 0-001), but the
potency of ANP was unchanged. The pul-
monary haemodynamic effects ofANPmay be
even more profound in conditions of chronic
hypoxia.

relaxation
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60- + +
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10- 4 +
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Effect of hypoxia on relaxation to ANP

Effect of pulmonary artery pressure on
the release ofANP

JS THOMPSON, J HALL, J SCOTT, AH MORICE
University Department of Medicine and
Pharmacology, Royal Hallamshire Hospital
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Sheffield, and Papworth Hospital, Papworth
Everard, Cambridge Atrial natriuretic pep-
tide (ANP) is released following distention of
the right atrium by plasma volume expansion.
We have previously demonstrated elevation
ofplasma ANP in primary pulmonary hyper-
tension (Thorax 1987;42:720). Winter et al
(Thorax 1989;44:58) have demonstrated
elevation ofANP in pulmonary hypertension
of chronic obstructive airways disease. In
both these studies no correlation was found
between plasma ANP and right atrial pres-
sure (RAP), pulmonary artery pressure
(PAP), or the degree ofhypoxaemia. We have
demonstrated that ANP causes profound
relaxation of the pulmonary artery (PA) at
physiological levels, and hypothesise that
ANP acts as a modulator PA via tricuspid
regurgitation and increased atrial distension.
To determine whether PA ANP levels are

dose ANP lowers the intercept, higher doses
lower the slope. Intercept changes are
greatest in CH/HPV. Low doses ofANP have
little effect on intercept in C. Results as % of
difference between constricted and non-con-
stricted state are: Low dose ANP seems to act
particularly at the site of the Starling resis-
tors, the probable site of HPV. The greater
action ofANP in CH may be due to dilatation
of the newly muscularised alveolar vessels.
ANP may have an important role in modulat-
ing Ppa particularly in conditions of chronic
hypoxia.

HPV (ng) PGF2, (ng)

C rats 298 300
CH rats 98* 296

*p < 0-01 compared with all other groups.

(ANP) C/HPV CH/HPV CH/PGF2,. C/PGF2,

Change in:
slope 100 ng 37 27 27 16
intercept 100 ng 34 55 40 4
slope 300 ng 53 63 50 37
intercept 300 ng 54 73 67 38

correlated with PAP or RAP we have
measured the concentration of ANP in 16
subjects, mean age 34 (10) years, with PPH
and 5 normal subjects, mean age 54 (14) years,
who were undergoing right heart catheterisa-
tion. Mean (SD) PAP was 67-6 (17-62)
mm Hg for PPH subjects and 16 4 (5 24)
mm Hg for normals. PAANP was elevated in
PPH-72-96 (68-16) pM compared with nor-

mals (18 5 (14-98) pM). A significant expon-
ential correlation was found between PA
ANP and PAP (r = 0 56, p = 0 008) and
RAP (r = 0 65, p = 0-002). PA ANP was

also found to increase significantly with
degree ofhypoxaemia (r = 065, p = 0 005).
The elevated levels of ANP associated with
raised PAP in PPH indicates a role for ANP
in the modulation of PA tone.

Our thanks to TWH, JW, and MP for
permission to study their patients. This study
was supported by the British Lung Founda-
tion.

Comparison of the actions of atrial
natriuretic peptide (ANP) on hypoxia
and prostaglandin F,, (PGFZL) induced
pulmonary vasoconstriction

AG STEWART, AH MORICE University Depart-
ment of Experimental Medicine, Royal
Hallamshire Hospital, Sheffield ANP is a

potent vasodilator of pre-constricted pul-
monary arteries. We compare the effects of
ANP on isolated pulmonary lung prepara-
tions constricted with hypoxia or PGF2, in
terms of reduction in pulmonary artery pres-
sure (Ppa) and alterations in the Ppa/blood
flow relationships. Six control (C) male
Wistar rats were compared with six litter-
mates adapted to a 10% 02 environment in a

hypoxic chamber (CH), for both constricting
factors. Five pg PGF2, produced similar
increases in Ppa of 13 mm Hg in C,
15 mm Hg in CH, compared to 13 and 19
respectively with hypoxic vasoconstriction
(HPV). ANP reduced Ppa in a dose depen-
dent manner over the range 30 ng-3 pg in
both. The ANP dose to producing 50%
inhibition of constriction was over the flow
range 7-20 ml/min. Ppa/flow lines were linear
and were extrapolated to they axis; intercept
is the critical closing pressure and slope is
pulmonary vascular resistance. In CH low

Effects of ibopamine on pulmonary
haemodynamics in patients with stable
chronic obstructive pulmonary disease
(COPD)

K SKWARSKI, A BARRATT, W MACNEE Unit of
Respiratory Medicine, Department of
Medicine (RIE), City Hospital, Edinburgh
The effects of inotropic drugs, apart from
digoxin, have been sparsely studied in
patients with COPD and cor pulmonale (CP).
Ibopamine, an oral sympathomimetic,
dopamine derivative, has been shown to
increase cardiac output (CO) and decrease
pulmonary arterial pressure (Pap) in patients
with congestive heart failure. The aim of our
study was to assess the effect of ibopamine on
pulmonary haemodynamics, right ventricular
function and gas exchange in patients with
COPD. We performed a right heart catheter-
isation in seven patients with stable COPD
(mean (SD) age 62 (12) years, FEV, 0-7 (0 2)
1, FVC 1 8 (0 7) 1, Pao2 6 56 (0 68) kPa, Paco2
6 95 (0 64) kPa). Gated right and left ven-

tricular ejection fractions were measured
using radionuclide ventriculography and
arterial blood was sampled from an indwell-
ing radial canula. Measurements were made
every 30 min for 180 min after 100 mg
ibopamine was given. Ibopamine increased
mean Pap from 27 (5 6) to 30 (5 2) mm Hg,
CO from 5-9 (1-0) to 6-8 (1-0) 1/min
(p < 0-05) and cardiac index (CI) from 3-2
(0 5) to 3.7 (0 4) l/m2/min (p < 0-01) 30 min
after the drug was given, without change in
blood gas values. We did not observe any
statistically significant changes in pulmonary
haemodynamics or blood gas values during
the further two hours ofthe study. This study
does not suggest that ibopamine has any
significant beneficial effect on pulmonary
haemodynamics in patients with stable
COPD and pulmonary hypertension, nor

does it worsen gas exchange in such patients.

Ventilatory assessment of the new

respiratory analeptic S9581, a
derivative of almitrine bismesylate, in
chronically hypoxic rats

D BEE, Cj EMERY, P HOWARD Department of
Medicine and Pharmacology, Royal
Hallamshire Hospital, Sheffield Almitrine

bismesylate (Servier), a well known res-
piratory analeptic, acts on the carotid body
and pulmonary circulation. It improves blood
gases acutely and long term but its use in
chronic obstructive lung disease has been
complicated by poorly regulated treatment
regimens owing to its long half life caused in
part by its lipid solubility. S9581 is a water
soluble derivative and it is necessary to assess
its performance as a respiratory stimulant.
This was tested in a rat model of chronic
hypoxia (CH, 3 wk at 10% 2, n = 12) and
their littermate controls (C, n = 12). Rats
were anaesthetised (Inactin, BYK 100 mg/kg
ip), the femoral artery and vein and the
trachea cannulated, and placed in a plethys-
mograph with the cannulas connected to the
outside. Hypoxic gas was blown across the
tracheal port. Slow infusions of S9581 were
made and increased in a stepwise manner
three minutes after each step ventilation (VE)
and blood gases were recorded. Cumulative
dose (0-300 pg) v VE response was measured
in two groups of rats breathing air or 12% 02.
Initial VE was similar in C and CH rats;
during hypoxia VE increased 50% and 38%
respectively so that basal VE before the dose-
response test was different (p < 0 001,
unpaired t test). Maximum increase in VE
with S9581 was greater in C than CH rats in
air (68 ml/min (SEM 8 cf 36 (7), p < 0 001)
or 12% 02 (54 (9) cf 22 (9), p < 0-001). At
maximum dose Pao2 improved 34% in nor-
moxic controls and 20% in all other groups.
VE rose rapidly at low doses achieving ec5O
responses at 40-50 pg in CH and 70-80 Mg in
C rats. These experiments show that in rats
S9581 stimulated ventilation and improved
blood gases with an effective dose range that is
pharmacologically low, especially in the
chronically hypoxic condition.
This research was generously supported by
Servier Laboratories, France.

Assessment of a new water soluble
almitrine (S9581 Servier) on the
pulmonary vasculature of the rat

CJ EMERY, D BEE, P HOWARD Department of
Medicine and Pharmacology, Royal
Hallamshire Hospital, Sheffield Almitrine
causes both constriction and dilatation in the
pulmonary vascular bed of many species.
There is evidence that it increases Pao2 in
hypoxic chronic obstructive airways disease
patients by enhancement ofhypoxic pulmon-
ary vasoconstriction (HPV) improving V/(2
mismatching. In animal studies we have
shown that low dose almitrine (1 pg) enhan-
ces while high doses (5, 50, 200 pg) attenuate
HPV (Emery and Russell. J Physiol
1988;399:44P). Solvent (PEG) itself is
vasoactive and affects HPV. The action of a
water soluble almitrine derivative (S9581) on
pulmonary vascular tone and HPV was asses-
sed in the rat. Isolated lungs from male wistar
rats were perfused in situ with homologous
blood at constant flow and ventilated with air
and 5% CO2 (normoxia) or 2% 02 and 5%
CO2 (hypoxia); changes in pulmonary artery
pressure (Ppa) reflect changes in pulmonary
vascular resistance. Increasing bolus doses of
S9581 (0-1, 05, 1, 2, 5, 10, 50 and 200 pg)
given during normoxia caused a dose depen-
dent constriction (rise in Ppa) up to 10 Mg; the
rise inPpawith 50 pg was less than with 10 pg
and dilatation (fall in Ppa) predominated with
200 pg. Hypoxia caused a reversible rise in
Ppa (HPV), whichwas enhanced by low doses
of S9581-for example, mean (SEM) HPV
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pre 1 pg was 12-6 (26) mm Hg and post 19-0
(3 5) (n = 8, p < 0-01, paired t test). HPV
was attenuated by high doses (50-200 ug)-
for example, pre 200 pg HPV was 15-6 (2-1)
and 6-2 (0-81) post (p < 0-001). Saline had no
effect. In the rat isolated lung S9581 showed
similar dose-dependent constrictor and
dilator actions compared with PEG soluble
almitrine (Emery and Russell. J Physiol
1987;407:32P). S9581 also showed similar
enhancement of HPV with dose and attenua-
tion with high doses (1988 ref above). This
water soluble almitrine derivative should aid
the study ofthe mechanism ofalmitrine in the
pulmonary circulation.
This research was generously supported by
Servier Laboratories, France.

Endothelial control of pulmonary ves-
sels in rats: actions of almitrine and
ligustrazine after blockade of nitric
oxide (NO) synthesis

D BEE, CJ EMERY, GR BARER, P HOWARD
Department of Medicine and Pharmacology,
Royal Hallamshire Hospital, Sheffield
Almitrine has been used with benefit and
raises Pao2 in chronic obstructive lung dis-
ease. It is still debated whether this is due to
pulmonary vasoconstriction in hypoxic areas
of lung which could improve V/4 matching.
Ligustrazine, synthesised principle of an
ancient Chinese herbal remedy, is a powerful
pulmonary vasodilator (Cai and Barer. Clin
Sci 1989;77:515). Since endothelium is
frequently damaged in human lung diseases,
we tested whether these two drugs, respec-
tively constrictor and dilator, remained active
after blockade ofNO synthesis from L-argin-
ine with the arginine analogue L-name (N-
nitro-L-arginine methyl ester, 4 x 10' M).
NO is a potent endothelial derived smooth
muscle relaxant. Isolated rat lungs perfused
at constant flow with blood ofnormal pH and
haematocrit at 38°C were ventilated with air
and 5% CO2 (normoxia) or 2% 02 and 5%
CO2 (hypoxia). L-name had little or no effect
on pulmonary artery pressure (Ppa) in nor-
moxia. It increased Ppa substantially during
preconstriction by hypoxia (hypoxia
+ 12 7 mm Hg (2-1 SEM); L-name in
hypoxia +4 7 (0 6) n = 6). In rats exposed
chronically to hypoxia, by contrast, L-name
raised Ppa in normoxia (+9-2 mm Hg (1-2)
n = 6). This difference could be due to release
of NO through mechanical shear stress in
vessels narrowed by constriction (normal
rats) or by growth of new arteriolar muscle
which narrows the lumen (chronically
hypoxic rats). Almitrine, 1 pg was an effective
constrictor after L-name though the effect was
sometimes reduced (n = 7). Ligustrazine
(2-4 mg) also had a powerful dilator action
after L-name during hypoxia (hypoxia Ppa
+29 5 mm Hg (0 9); ligustrazine -20 9
(1-0), n = 7). These two drugs would be
expected to work in endothelial damaged
lungs.

Aspiration and dysphagia in acute
stroke

D KIDD, J LAWSON, R NESBITT, J MACMAHON
Departments of Radiology, Speech Therapy,
and Respiratory Medicine, Belfast City
Hospital, Belfast A prospective study was
carried out to define the relationship between
absence of pharyngeal sensation, dysphagia
and aspiration ofpharyngeal contents follow-
ing acute stroke in 60 consecutive patients

admitted to medical wards of Belfast City
Hospital within 24 hours of acute stroke who
were conscious and had no preceding dys-
phagia and who gave verbal consent to enter
the study. All patients were assessed with 24
hours of acute stroke by one of the inves-
tigators (DK). Pharyngeal sensation was tes-
ted with an orange stick applied to both sides
of the pharyngeal wall in turn. Patients were
asked to swallow 50 ml of water in 5 ml
aliquots. Dysphagia was diagnosed if the
patient was unable to complete the test
because of choking. Videofluoroscopy was
performed within 96 hours of the stroke.
Quantities (2 ml) of a variety of barium
coated food stuffs were swallowed under x ray
screening and the presence or absence of
aspiration was observed. No subjects with
normal pharyngeal sensation aspirated.
Twenty five subjects of 39 with diminished
pharyngeal sensation aspirated. Twenty five
patients had dysphagia, of whom 20
aspirated. Five subjects out of 35 who had no
dysphagia aspirated. It is concluded that lung
aspiration as demonstrated by videofluoro-
scopy is common following acute stroke, but
did not occur when pharyngeal sensation was
present. The dysphagia test was not as good
as the gag reflex in predicting a negative test
response for aspiration.

Prolonged lethargy in hospital staff
after legionella infection

RS LLOYD, D GUEST, AJ FAIRFAX Department of
Thoracic Medicine, Stafford, and Department
of Statistics, West Midlands Health
Authority A prospective survey of mor-
bidity was performed in hospital staffinfected
by L pneumophila during the 1985 Stafford
outbreak. Of790 stafftested, 237 (30%) had a
positive serological response. A group of 26
staffwith IFAT titres > 128 were matched for
age, sex and employment with a control group
of staffwho had been seronegative in 1985. Of
the infected group 88% had initially
experienced influenza like symptoms. A
detailed general health questionnaire, which
included respiratory symptoms and mental
impairment, was completed by both groups.
Some 45 months after the original infection
23 of the 26 seropositive staff felt that their
health had been adversely affected and five felt
serious consequences. A comparison of the
two groups showed that legionella infection
was followed by persistent lack of energy
(p = 0-001); inability to enjoy normal
activities (p = 0-01); inability to concentrate
(p = 0 02) and breathlessness. These results
indicate that persistent symptoms such as
lethargy may continue for many months after
apparently mild legionella infections (Pontiac
fever).

Aerosol deposition during mechanical
ventilation

HM FIDLER, SHL THOMAS, C PAGE, TO NUNAN,
DF TEACHER, MJ O'DOHERTY St Thomas'
Hospital, London Administration of inhaled
drugs to patients undergoing mechanical
ventilation using jet nebulisers is difficult
because of the closed ventilator circuit
involved. This problem can be overcome by
driving the nebuliser using a known quantity
of gas during the inspiratory cycle of the
ventilator. The deposition of aerosol in the
lung produced by this method is unknown,
and was therefore measured in seven patients

with "healthy" lungs who were undergoing
routine mechanical ventilation after open
heart surgery. Each received 74 MBq (0 05
mg) technetium-99 labelled human serum
albumin in a total volume of 3 ml saline via a
Siemens Servo 945 nebuliser system (14
1/min "high" setting) using a System 22
nebuliser unit over a period of 30 min.
Pulmonary deposition was monitored
continuously during inhalation using gamma
camera (anterior view), and also measured
after nebulisation (anterior and posterior
view). The lung edges and regions were
defined by performing a xenon-133 scan prior
to aerosol inhalation, and pulmonary deposi-
tion was estimated from the lung radionuclide
activity using corrections derived from lung
phantom studies. Deposition was completed
in 22 (SD 4) min. Pulmonary deposition
values are shown in the table. Fifty one per
cent of the nebuliser solution was retained
within the nebuliser unit; the remainder was
deposited in the apparatus, endotracheal
tube, and exhalation port filter. We conclude
that this method of aerosol administration is
inefficient and further research is needed to
find a more effective way of administering
aerosols to patients requiring mechanical res-
piratory support.
Mean percentage of initial nebuliser dose
f95% confidence intervals/

Total 3 6 [1-7-5 4]
Right lung 2 3 [1-3-3-3]
Left lung 1 3 [03-2 3]

Role ofpulse oximetry in the assessment
of acute severe asthma

S LOZEWICZ, C BRITT, MR PARTRIDGE Chest
Clinic, Whipps Cross Hospital, London
Measurement of arterial blood gas tensions
has been recommended in the routine man-
agement ofacute severe asthma (Wood-Baker
R, Holgate ST. Prescribers Journal 1989;29:
86). Pulse oximeters have recently become
widely available for the non-invasive assess-
ment ofthe oxygen saturation ofhaemoglobin
in arterial blood (Sao2). We have investigated
the role ofpulse oximetry in the assessment of
patients presenting to the accident and emer-
gency department with acute severe asthma
(ASA). Twenty one patients with ASA (12
male, age range 18-67 (mean 34 7) years)
were studied. Immediately on arrival and
prior to the administration of oxygen, or
hospital treatment for asthma, simultaneous
measurement was made of arterial blood gas
tensions (Pao2, Paco2, and pH) and Sao2 by
pulse oximetry. Pre-treatment values of peak
expiratory flow rate (PEF) and heart rate were
also obtained. Subsequently, serial records
were made of PEFR and inpatient medica-
tion. On arrival, mean values (range) were as
follows: Sao2 by oximetry 91 (58-99)%, Pao2
9-56 (6-33-15-11) kPa, Paco2 5-22 (313-
11-47) kPa, pH 7-39 (6 88-7 54). Sao2 was
positively correlated with Pao2 (r = 0 509,
p < 0 02) and negatively correlated with
Paco2 (r = -0-879, p < 0 001). There was a
significant association between Sao2 values of
<90% and Paco2 values (of 6 0 kPa ( x2,
p < 0 001). There was a significant (p < 0 02)
correlation between Sao2 and admission PEF
expressed as a percentage of the maximum
PEF recorded following recovery (r = 0 584).
These results suggest that Sao2 assessed by
pulse oximetry provides a simple and rapidly
available non-invasive indicator of the
severity of acute severe asthma.
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Detection of airways obstruction in the
pharmacy

HW CLAGUE, A PHILLIPS Bishop Aukland and
Trimdon, Co Durham Approximately
60 000 people visit a retail pharmacy per day
to seek advice and to buy over the counter

medicines for treatment of respiratory symp-
toms but it is unknown how many have
undiagnosed or untreated airways obstruc-
tion (AWO) and in particular asthma. A pilot
study was performed to examine the feasi-
bility of using a questionnaire and peak flow
testing to identify individuals with airways
obstruction. Individuals presenting with
cough, wheeze or nocturnal breathlessness
were invited to participate. Those with a PEF
> 80% predicted were reassured that at the
time of testing their lung function was nor-

mal. Those with a PEF between 70% and
80% predicted were invited to have a repeat

test in two weeks and those with a PEF
<70% predicted were referred to their GP
for further assessment. Twenty retail phar-
macies agreed to participate but only 11
collected data. A completed proforma includ-
ing PEF was available for 139 individuals.
Ages ranged between five and 79 years. Sixty
eight subjects were male and overall 56%
were either current or ex-cigarette smokers.
In total 29% had a PEF <70% predicted
(PEF 279-2 (82 0)) and of those, 70% were

smokers or ex-smokers (PEF 263 2 (85 3)).
Cough and wheeze was not as good a predic-
tor for airways obstruction (18 of 57) as

nocturnal waking (eight of 15) and the latter
was considered to be sufficiently important to
warrant referral irrespective ofPEF. Ofthose
with symptoms and an abnormal PEF, 21
were on respiratory medication suggesting
under-treatment. For example, nine were on

bronchodilators alone. A further 19 had no

medication perhaps reflecting under-diag-
nosis. Inappropriate prescribing was in-
dicated by the discovery of four symptomatic
individuals with a low PEF who were receiv-
ing beta blockers. The retail pharmacist with
the help of a simple proforma and PEF
measurement can identify individuals with
unrecognised or potentially under-treated
AWO some of whom are on inappropriate
medication. A larger study giving greater
attention to outcome is planned.

Useofpeakflow measurementingeneral
practice in new patients with obstruc-
tive airways disease referred to hospital

AS VATHENEN, MQF HATTON, NJ COOKE

Respiratory Medicine Department, General
Infirmary, Leeds Home peak expiratory flow
(PEF) monitoring is now considered essential
in the management of difficult asthma. We set
out to determine, by means ofan eight month
prospective study, how widely PEF measure-

ments had been made in patients referred to

hospital by general practitioners (GPs) with a

definite or implied diagnosis of asthma or

chronic airflow limitation (CAL); patients in
this category who had not previously atten-
ded hospital for treatment of obstructive
airways disease were studied. Information
about lung function measurement was ob-
tained for each patient from the GP referral
letter and a patient questionnaire. A total of
65 consecutive referrals were studied, 35 with
a GP diagnosis of asthma, 21 with a GP
diagnosis ofCAL and nine without a specific
diagnosis (the initial outpatient clinic

physician diagnosis of these same patients
were 33 asthma, 15 CAL, 14 either asthma or

CAL and three not obstructive airways dis-
ease). Of the 65 referrals, 41 (63%) patients
had had PEF measured at least once by the
GP within the three months preceding the
referral date (17% ofasthma referrals had had
PEF measured at least once). Only nine ofthe
65 patients (14%), however, had measured
PEF at home and of these only seven (11%)
had been asked to keep a record of PEF at

home. All the seven patients who had been
instructed to keep a PEF chart at home had
been asked to do this twice daily but only four
(6%) of these patients had been specifically
told that the PEF recording should be carried
out prior to taking their inhaled broncho-
dilator. This prospective survey suggests
that, although a substantial proportion of
GPs now use PEF measurements in their
surgery in the management of obstructive
airways disease (63% in our study), only a

small proportion (11% in our study) carry out
recorded PEF monitoring at home. There is
therefore a need to increase the awareness of
the usefulness ofhome PEF monitoring in the
management ofobstructive airways disease in
general practice.

Screening respiratory outpatients for
long term domiciliary oxygen re-

quirements

CM ROBERTS, J BUGLER, R MELCHOR, MR HETZEL,
SG SPIRO Department of Thoracic Medicine,
University College Hospital, London The
number of prescriptions for long term

domicillary oxygen (LTDO) issued in the
UK is far less than the number of patients
estimated as requiring this treatment
(Williams BJ. Lancet 1985;i:369). One reason

for this may be that patients fulfilling DHSS
criteria for LTDO are not identified by clini-
cians. This study aimed to assess the number
of patients attending a general respiratory
outpatient clinic who fulfilled DHSS criteria
for LTDO, using spirometry and pulse oxi-

metry as screening tools. All respiratory
patients who attended clinic over a four

month period had spirometry. Those with an

FEV, below 1 51 after inhaling salbutamol
400 mcg underwent oximetry. Patients with a

saturation less than or equal to 93% had

arterial blood gas analysis. Two hundred and
fifty one patients were screened, 117 had an

FEV, below 15 1 post bronchodilator, 23
(27%) of these had an Sao2 Pao2 < 93%. Ten
(44%) a Pao2 < 7 4 kPa and nine a Paco2 of

>6 kPa. A further six patients had a Pao2
between 7 5 and 8 kPa. Three of these
patients were already receiving LTDO. We
conclude that a significant number of patients
attending respiratory outpatients who are not

receiving LTDO qualify for this treatment
and can be detected using non-invasive
screening methods.

Economic activity in users of
domiciliary nasal intermittent positive
pressure ventilation

AK SIMONDS, M ELLIOTT, MA BRANTHWAITE

Royal Brompton andNational Heart Hospital,
London The beneficial effects of domiciliary
nasal intermittent positive pressure ventila-
tion (NIPPV) on cardiorespiratory function
and quality of life have been documented. We
have surveyed economic activity in 74 Royal
Brompton Hospital patients (39 male, 35

female: mean age 50-2, range 19-74 years).
Respiratory failure was due to restrictive
chest wall disease and/or respiratory muscle
weakness in 67 and seven had chronic ob-
structive lung disease. Duration of NIPPV
was two months to four years. Eleven indi-
viduals had retired and six had taken early
retirement. Of the remaining 57, 36 (63 2%)
were in full-time or part time employment
(full time in 24); 10-5% (6) classified them-
selves as housewives and 26 3% received long
term sickness benefit. Fourteen (38 8%) of
those working judged they were better able to
cope with their job and required less sick
leave on NIPPV, four felt that they would be
unable to continue working without venti-
latory assistance, and following commence-
ment of NIPPV two individuals returned to
full time work after long term unemploy-
ment. Thirty one of 65 who had been receiv-
ing NIPPV for over six months reported
fewer chest infections and/or reduced hos-
pital admissions per year. In this population,
a substantial proportion of recipients of
NIPPV are in full or part time employment,
despite additional disabilities in 21/74 (three
wheelchair bound, 18 with limb weakness).

Comparison of liquid and gaseous
oxygen for domiciliary portable oxygen
therapy

SH LOCK, MS PAYNE, G BLOWER, JA WEDZICHA
Department of Thoracic Medicine, London
Chest Hospital, London Portable oxygen is
administered in the UK by small cylinders of
gaseous oxygen, which have a limited dura-
tion of oxygen supply of up to two hours at a
flow rate of 2 1/minute. In other countries
liquid oxygen systems are used, which have
the advantage of a duration of oxygen supply
of eight hours at 2 I/minute, but the systems
are costly. We have compared the use and
acceptability of these two systems, in patients
with chronic airflow obstruction who had
shown an improvement of at least 10% on
standard portable oxygen assessments.
Fifteen patients were studied, mean age 62
years, (SD 7 years), FEV, 0-76 (SD 0'33) 1,
FVC 1-84 (SD 0 57) 1, Pao2 7-7 (SD 1-7) kPa,
Paco2 6-6 (SD 1 3) kPa. Patients received
either a portable oxygen cylinder or a liquid
oxygen system (Puritan Bennett Companion
1000) for an eight week period, in random
order, and were assessed before and after each
eight week period, with six minute walking
tests, lung function tests, and diary cards.
There was no difference in the patients' mean
Pao2 with the gaseous liquid oxygen. There
wasnosignificantdifferencebetweenthewalk-
ing distance on each system (median for gas
255 m, median for liquid 250 m), or between
the walk on each system and a baseline walk
with oxygen supplied from a cylinder carried
by the physiotherapist (median 250 m). This
suggests that the weight ofthe full liquid flask
(3-5 kg) andgas cylinder (2-4 kg) didnotaffect
exercise tolerance. Visual analogue scale
scores for breathlessness also showed no
significant difference after the walk with the
systems and the baseline walk. Information
from diary cards in 13 patients showed that on
average the patients used the liquid oxygen
for a significantly greater period of time (23-3
h/wk) than the gas cylinder (9-8 h/wk) (95%
CI 4-1-23-9 h/wk). When using liquid oxygen
patients went out ofthe house on average 19-5
h/wk, while with gaseous oxygen they went
out 15-8 h/wk, which was a small but sig-
nificant difference (95% CI 0-13-7-46 h/wk).
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Patients who were using portable oxygen
preferred the liquid oxygen system because of
the freedom gained by the increased duration
of supply; the cylinder was easier to fill from
the large reservoir and it was more comfort-
able to carry. Problems encountered related
to the requirement for regular two weekly
refilling ofthe large reservoir as liquid oxygen
evaporates. Liquid oxygen may be of benefit
in selected patients with chronic airflow ob-
struction.

Domiciliary oxygen therapy in
Edinburgh: survival and compliance
with treatment

D MORRISON, K SKWARSKI, A BARRETT, W

MACNEE Unit of Respiratory Medicine,
Department of Medicine (RIE), City Hos-
pital, Edinburgh, Scotland Long term
domiciliary oxygen therapy improves
survival in patients with hypoxic chronic
obstructive pulmonary disease (COPD)
(MRC. Lancet 1981;i:681). However, some

patients clearly do not respond to this
therapy. We studied the factors affecting
survival in a group of 99 patients (FEV, 0-5
(0-3)1, Pao2 6.7 (1 0) kPa, Paco2 6-7 (1-1)
kPa), in our long term oxygen clinic, who
receive domiciliary oxygen therapy. With
Cox's survival analysis the most significant
predictor of survival was a pulmonary arterial
pressure (PAP) > 28 mm Hg measured at the
time of prescription of oxygen. Arterial Pao2
and FEV, are also significant predictors of
survival but to a lesser degree. Of these
patients, 62 fitted the Department of Health
and Social Security (DHSS) criteria for
domiciliary oxygen therapy. A random group
of 46 patients (FEV, 0 7 (5)1, Pao2 6-3 (1-1)
kPa, Paco2 6-8 (16) kPa) were studied fur-
ther. The mean hours ofusage ofoxygen were
12 8 (6 4) (range 1-23) hours and only 48% of
patients were using oxygen > 15 hours per
day. In 31 of these patients randomly selec-
ted, following the prescription of oxygen,
nine (29%) blood gas values when breathing
oxygen at the flow rates initially prescribed
(1-3 1/min) were found not to produce an

adequate arterial oxygen level (Pao2 > 8 kPa).
These results suggest that continued follow
up of patients receiving domiciliary oxygen
with adjustment of this therapy and patient
education is indicated.

Outcome of early hypoxic chronic ob-
structive airways disease in the com-

munity

JC WATERHOUSE, CG BILLINGS, AG STEWART, J

NICHOLL, P HOWARD University of Sheffield
In 1983 Williams and Nicholl reported on the
incidence of hypoxia in the City of Sheffield,
identifying people in the community by ques-
tionnaire, spirometry and transcutaneous gas

tensions. (Williams BT, Nicholl JP. Lancet
1985;ii:369). We have attempted to follow up
that subset of the population who in 1983 had
a Pto2 of <8-3 kPa and/or an FEV, of less
than 70% predicted, to discover whether
early hypoxaemia progresses to more serious
respiratory failure. The subset consisted of

202 people from a 1:50 sample of the popula-
tion aged over 45. Fifty three had died in the
six year interval, 13 refused, 41 were lost to
follow up or had left the area, and we have re-

examined 95. Mean FEV, remained unchan-
ged (62% pred in 1983 and 61-3% in 1989), as

did Pao, (9 9 kPa in 1983 and 10-3 in 1989).
This masked wide fluctuations within the
group, but there was little evidence that the
direction of change was related to smoking
habit. We suggest that the early phase of the
disease in the community is very unstable,
from which a few patients develop progres-
sive disease. Incidence of breathlessness on

gentle exercise and regular sputum produc-
tion was significantly higher in 1983 in the
group who subsequently died. The FEV%
pred was also significantly lower. None of
these were strong predictors of outcome,
groups of predictors are being studied. Six
hypoxics were identified by the 1983 survey;
we have four hypoxic deaths and there are

now four people with a Pao2 < 8 kPa, suggest-
ing that the incidence of respiratory failure
has changed little.

Acetylcholine sweat spot test as an

assessment ofautonomic nerve function
in chronic obstructive airways disease
(COAD)

AG STEWART, F MARSH, JC WATERHOUSE, P

HOWARD Department of Medicine and
Pharmacology, Royal Hallamshire Hospital,
Sheffield We have previously shown im-
paired autonomic nerve function in patients
with COAD (Stewart et al. Thorax 1989;44:
899). Parasympathetic dysfunction assessed
by cardiovascular-respiratory reflexes cor-

relates with Pao, (r = 0-67). The sympathetic
tests used are relatively crude and showed no

abnormality. These autonomic reflex arcs are

complex and could be affected by abnormal-
ities in receptors, afferent nerves, central
processing, efferent nerves and the effector
organ. The acetylcholine sweat spot test
(Ryder et al. Lancet 1988;i:1303) allows a

peripheral and sensitive assessment of sym-
pathetic nerve function. Sympathetic den-
ervation leads to sweat gland atrophy and
failure to respond to intradermal acetyl-
choline. It has been used as a sensitive early
indicator of autonomic neuropathy in
diabetes mellitus. Sixteen patients, age range

57-79 with varying degrees of hypoxic
COAD (Pao2 64-11-2 kPa), had cardiovas-
cular and sweat spot autonomic tests (table).
Acetylcholine sweat spot test abnormalities
show the best correlation with severity of
hypoxaemia in COAD and confirms that
patients with hypoxic COAD have a peri-
pheral sympathetic nerve dysfunction
correlating with hypoxaemia. This test may
be more suitable for autonomic nerve testing
as it avoids the confounding variables seen in
respiratory based tests.

Failure of reversibility tests of airways
conductance to predict response to a

home nebuliser in chronic obstructive
airways disease (COAD)

C TEALE, JM GOLDMAN, MF MUERS Res-

piratory Unit, Killingbeck Hospital, Leeds
Previous studies have suggested that
laboratory tests are poor predictors of long
term response to a home nebuliser (Thorax
1989;44:884P; 1990;45:343P). However, we

recently reported a possible association be-
tween short term reversibility of airways
conductance (sGaw) and long term response

(Thorax 1990;45:343P). We have now per-
formed a prospective study to determine if
sGaw reversibility will predict response to a

home nebuliser. We studied 20 subjects with
severe COAD, mean age 63 (range 43-76)
years, and mean FEV, 0 9 (range 0 4-1 5) 1).
sGaw was measured before and one hour after
a mixture ofnebulised ipratropium (I) 0 5 mg
and salbutamol (S) 5 mg. Subjects then re-

corded twice daily PEFR (best of three) while
taking nebulised saline placebo (P) or S 5 mg
+ I 0 25 mg four times a day each for one

week. Mean home PEF improved from 228
1/min on P to 249 1/min on I + S (p < 0-05 by
paired t tests). Correlation between short
term reversibility of sGaw and long term
home PEF response was poor, r =-0 06,
p = 0 82 (Pearson correlation coefficient). We
conclude that, in patients with COAD, short
term reversibility of sGaw is a poor predictor
of long term response to a home nebuliser.
Home recordings of PEF are probably the
best objective method ofassessing response to
a home nebuliser in COAD.

How should reversibility to cortico-
steroids in chronic obstructive pul-
monary disease (COPD) be defined?

M NISAR, JE EARIS, MG PEARSON, PMA
CALVERLEY Regional Thoracic Unit, Faza-
kerley Hospital, Liverpool Epidemiological
studies suggest that the FEV, is the best
single guide to prognosis in COPD (Traver
et al. Am Rev Respir Dis 1979;119:895) and
patients with "asthmatic" features fare
better. Whether the FEV, is the best way to
define the response to a short term cortico-
steroid trial and whether this response relates
to subsequent progress is unclear. We have
studied 104 patients with stable COPD (age
62 years, 64 male, FEV, 1-07 (0-53) 1) and
measured the FEVy before and after 30 mg
prednisolone daily for two weeks (PN). The
change inPEF was calculated as the difference
in mean PEF (recorded twice daily) between
the first and last three days of the trial. Such
PEF recordings were available in 85 patients.
Response criteria were selected to exceed
their respective coefficients of variation
(200 ml) FEVI, 400 ml FVC, 50 1/min PEF).
Results for different criteria of response are

given in the table (top of p288). No change in

Spearman rank correlation coefficients (p < 0 01)

1 2 3 4 5

1 Pao2 - 0-93 0-76 0-76 0-66
2 Sweat spot 0-93 - 0-84 0-68 0-74
Heart rate response:
3 Valsalva 0-76 0-84 - 0 70 0-80
4 Breathing 0-76 0-68 0 70 - 0-67
5 Standing 0-66 0-74 0-80 0-67 -
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FEV, FVC Both PEF (n = 85)

No showing:
PN response 24 38 22 18
FEV, increase at one year 13 15 12 8

baseline FEV, occurred at one year in 82
patients. There were no systematic differences
in maintenance therapy between the groups
defined by different criteria. PEF identified
two patients showing baseline FEV, rise over
one year not detected by FEV, response to
PN but seven others would have been clas-
sified according to PEF change as responders
to PN who did not improve over one year.
Likewise FVC criterion found three extra
cases with baseline FEV, rise but 13 others
would be treated who did not show this
improvement. Four patients showed sig-
nificant improvements who were not detected
initially by any combination of tests. Ofthese
criteria, FEV, appears to be the most sensitive
and specific using this end point but short
term steroid trials, however evaluated, are not
an absolute "gold standard." This has
implications for maintenance therapy in
COPD.

Comparison of a measure of quality of
life in patients with cystic fibrosis (CF)
and chronic airflow obstruction (CAO)

DC WEIR, W FREEMAN, KT ROBERTS, DE
STABLEFORTH, PS BURGE Department of Res-
piratory Medicine, East Birmingham Hospital,
Birmingham Quality of life was assessed in
105 patients with CAO (49-78 years, FEV,
(mean (SD)) 40 (16) % pred) and 51 patients
with CF (15-35 years, FEV, 54 (25) % pred)
by a questionnaire designed for use in
patients with chronic respiratory problems
(Guyatt GH, et al. Thorax 1987;42:773); and
related to spirometry and disease state. CF
patients identified fewer activities of daily
living which caused dyspnoea (CAO: 4-6 (1 2)
v CF: 3-5 (1-6); p < 0-001), and therefore the
dyspnoea scores were adjusted. In each group
the correlation of the four dimensions of the
questionnaire to spirometric measurements
were weak (table below: *p < 0 05, **p <
0-01, ***p < 0-001). When all patients were
included, the correlations were stronger be-
tween each dimension and lung function. To
assess the possible effect of disease state, a
covariate analysis was performed to control
for differences in FEV, in each disease group.
There were no differences between the groups
for dyspnoea, fatigue or emotional function,
although the CF patients scored higher on the
mastery dimension (p < 0 05). Differences in
spirometry, at best, account for only 10% of
the variability in the quality of life measure-
ments from the Guyatt questionnaire in both
groups. Quality of life should be assessed in
patients with lung disease in addition to the
severity of airflow obstruction.

Nocturnal hypoxia after coronary
artery bypass grafting (CABG)

JSS DAVIES, SC JENKINS, S COTTAM, J MOXHAM
Departments of Anaesthesia, Physiotherapy
and Thoracic Medicine, King's College
Hospital and King's College, London Fol-
lowing CABG patients are profoundly
hypoxaemic as demonstrated by daytime
arterial blood gas analysis (Thorax
1989;44:209). Although the risk of hypoxia is
greater during sleep we showed that noctur-
nal 02 therapy on night 2 after CABG correc-
ted the hypoxia. Supplementary 02 therapy is
not routinely given on night 3. We therefore
investigated five males, aged 52-4 (39-65)
years with an FEV, of 92% pred (63-109%)
both prior to and on night 3 after uncom-
plicated CABG (including an internal mam-
mary artery graft). A pulse oximeter
(Ohmeda Biox 3700 with finger probe) and a
microcomputer were used. On both occasions
arterialised ear lobe capillary blood samples
(on air) were taken prior to the oximetry
recordings. During the postoperative study
no patient received parenteral opiate anal-

Their mean age was 59 (6) years. The mean
CPB time was 50 (13) min. Myocardial
protection was by either cold cardioplegia
(n = 6) or intermittent aortic cross clamping
(n = 7). Thermodilution measurements of
cardiac output were determined (a)
preoperatively, (b) on sternal closure and (c)
90 min postoperatively, following extubation.
The intrapulmonary shunt (Qs/Qt) rose from
9-6 + 3-1% at (a) to 18 5 + 9-3% at (b) and
was 18-8 (7 9)% at (c). The respiratory index
correlated well with Qs/Qt (n = 39,
R = 0-75, p < 0-001). Oxygen delivery
(arterial oxygen content x cardiac output)
increased by 1-7% after extubation, and
could be accounted for by a 113% rise in
haemoglobin content. Oxygen utilisation
(arterial-mixed venous oxygen gradient x
cardiac output) increased from 144 (125) ml/
min at (a) to 229 (100) ml/min at (b) and to 235
(57) ml/min at (c). The cardiac index
improved significantly from 2-0 (0-4) I/min/m'
at (a) to 2-88 (0 73) 1/min/m2 at (b)
(p < 0-001), and was 2-75 (0 6) 1/min/m2 at
(c). Both the systemic and the pulmonary
vascular resistances did not change to a
significant extent following extubation. All
patients were discharged from the cardiac
recovery area within 16 hours. Following
CABG extubation within one hour ofthe end
of operation is a safe procedure that does not
adversely affect gas exchange or haemo-
dynamic parameters.

Preop Postop

Pao2 121 (10-5-13 2) 81* (57-108)
Median Sao2 (%) 96 (93-96) 89 (87-93)*
>4% Sao2 dips/h 0-12 (0-0-42) 0-87 (021-094)*
% time Sao2 <90% 0 (0-122) 69-6 (5 1-86)*

Median (range). *p < 0 05, Wilcoxon signed rank test.

gesia. Postoperatively the patients had an
Sao2 of <90% for a significantly greater time
and had more dips in Sao2 (table). Our
findings suggest that hypoxia is significant on
night 3 after CABG and that nocturnal
oxygen therapy should be continued to at
least include the third postoperative night.
grafting (CABG), the effect of extubation
within one hour of surgery was evaluated.

Effects ofearly extubationon oxygen flux
and haemodynamic parameters in
patients undergoing coronary artery
surgery

J BUTLER, GM ROCKER, JL CHONG, R PILLAI,
S WESTABY Oxford Heart Centre, John
Radcliffe Hospital, Oxford Prolonged seda-
tion and ventilation following routine cardiac
surgery may be unnecessary. In 13 patients
undergoing elective coronary artery bypass

Dyspnoea Fatigue Mastery Emotionalfunctioning

CAO FEV, 0-068 0 167 0.290** 0-183
FVC 0-062 0-106 0-184 0-166

CF FEV, 0-218 0-222 0-196 0-147
FVC 0-156 0-107 0093 0059

All FEV, 0 216** 0-228** 0 365*** 0-231**
FVC 0107 0-120 0-181* 0147

Failure of pentoxifylline to improve
pulmonary dysfunction after cardio-
pulmonary bypass (CPB)

J BUTLER, GM ROCKER, S WESTABY, R PILLAI, DJ
SHALE John Radcliffe Hospital, Oxford, and
Respiratory Medicine Unit, City Hospital,
Nottingham Similar mechanisms underly
pulmonary dysfunction after CPB and lung
injury in early adult respiratory distress syn-
drome (ARDS). Pentoxifylline (PTX) in
animal models modifies acute lung injury in
both (Ishizaka A et al. Am Rev Respir Dis
1988;138:376). Its potential to abrogate
cellular, haemodynamic, and respiratory res-
ponses to CPB in man was assessed in 10
patients undergoing elective coronary artery
surgery (group 1, PTX infused at 1 mg/kg/h
during operation). Ten well matched control
patients were also studied (group 2). Serial
radial and pulmonary arterial blood samples
for leucocyte differential counts, determina-
tion of intrapulmonary shunt (Qs/Qt) and
respiratory index (RI) were taken (a)
preoperatively; (b) after heparin administra-
tion; (c) at end ofCPB; (d) after protamine, (e)
on sternal closure; and (f) 2, (g) 4, (h) 6 h
postoperatively. Cardiac index (CI), systemic
(SVR) and pulmonary (PVR) vascular resis-
tances were measured at (a)-(f). Pulmonary
leucocyte sequestration occurred in neither
group. Peripheral neutrophil and monocyte
counts rose similarly to peaks at (f); lym-
phocyte counts peaked at (b). Similar and
significant changes from baseline in Qs/Qt,
RI, CI, SVR and PVR occurred in both
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niques in pulmonary disease Dekker, 579). The
development of lung transplantation at
Freeman Hospital has led to the need to
perform TBB frequently and over the last two

Preoperative (a) Peak/trough

Group 1 Group 2 Group I Group 2 At time:

Qs/Qt (%) 9-22 (4 32) 9-44 (3-27) 25-02 (12 19) 26-53 (19 0) (c)
RI 0 77 (0 47) 0-60 (0-31) 1-81 (0 95) 1-82 (0-98) (c)
CI (1mM2 Min'1) 2 04 (0 46) 2-07 (0-47) 2-83 (0 48) 3-11 (0 64) (d)
SVR (dyne cm-') 1603 (388) 1691 (533) 923 (230) 907 (215) (d)
PVR (dyne cm-5) 146 (104) 168 (85) 68 (33) 86 (31) (d)
Neutrophils (10'/l) 3 50(0-71) 3-94(1 90) 10-55 (2 96) 10-61 (3-47) (f)
Lymphocytes 1-95 (0-63) 168 (0 52) 2 51 (0-73) 3 05 (0 80) (b)
Monocytes 0 30 (0 13) 0-28 (0-14) 0-60 (0 27) 0-71 (0 32) (f)

Timing of bronchial washing at
fibrebronchoscopy improves the
diagnostic rate of primary bronchial
carcinoma

NJ RAYMOND, S MCLEOD, PE
THORNLEY Departments of Respiratory
Medicine and Pathology, Princess Margaret
Hospital, Christchurch, New Zealand In 113
consecutive fibrebronchoscopies (FB) -in
patients with primary bronchial carcinoma,
the diagnostic rate of bronchial washings
taken after bronchial brushing and biopsy
(BBB) was compared with bronchial wash-
ings taken before BBB. In 53 FBs of central
tumours (seen at FB) the,diagnosis was made
in 53 (100%)-by bronchial biopsy in 47
(89%), by bronchial brushings in 40 (75%),
by bronchial washing after BBB in 40 (75%)
and by bronchial washing before BBB. in 37
(70%). In FB ofcentral tumours the diagnos-
tic rate for bronchial washings after BBB was
not significantly different from bronchial
washings before BBB. in 60 FBs ofperipheral
tumours (not seen at FB) the diagnosis was

made in 44 (73%)-by bronchial biopsy
under radiographic screening in 34 (57%), by
bronchial brushings in 20 (33%), by bron-
chial washings after BBB in 27 (45%) and by
bronchial washings before BBB in 15 (25%).
In FB of peripheral tumours, the diagnostic
rate for bronchial washings after BBB was
significantly higher than bronchial washings
before BBB (p < 0-005). AtFB an exclusive
cytological diagnosis made in two of 53 cen-
tral tumours (one by bronchial brushings, one
by bronchial washings before and after BBB),
and in three of 60 peripheral tumours (all
three by bronchial washings after BBB). At
FB in primary bronchial carcinoma bronchial
washings taken after BBB gave a higher
diagnostic rate than bronchial washings taken
before BBB, especially with peripheral
tumours.

Use oftransbronchial lung biopsy in the
diagnosis of diffuse lung disease

A GASCOIGNE, T ASHCROFT, D VEALE, GJ GIBSON,
PA CORRIS Department of Respiratory
Medicine and Pathology, Freeman Hospital,
Newcastle upon Tyne Although early series
of transbronchial lung biopsy (TBB) sugges-
ted that a "specific" diagnosis could be made
in up to 85% of patients with diffuse lung
disease (Anderson HA Chest 1978;73:734),
review ofthe data suggested that ifthose cases
diagnosed as having non-specific fibrosis and
normal lung were excluded the overall yield
was only 30% (Gaensler EA. Diagnostic tech-

years 200 such biopsies have been performed.
Our technique now comprises three to four
biopsy samples from each lobe of one lung
using 4 mm alligator forceps under screen-
ing. The high diagnostic yield (85%) together
with low incidence of complications (3
pneumothoraces, 12 episodes of bleeding
>100 ml) has led us to adopt the same
technique in patients with interstitial lung
disease. Twenty six such patients have under-
goneTBB over the last 12 months; a definitive
diagnosis was made in 19 including four
desquamative interstitial pneumonia, seven

cryptogenic organising pneumonia (five with
and two without bronchiolitis obliterans),
threediffusecarcinomaandfivemiscellaneous.
In the remaining seven cases histology
showed non-specific interstitial fibrosis com-
patible with cryptogenic fibrosing alveolitis.
There were no pneumothoraces and no

episodes of bleeding > 100 ml. We conclude
that TBB is ofvalue in the diagnosis ofdiffuse
lung disease in the immunocompetent and
recommend the use of -multilobe biopsies
using 4 mm alligator forceps under screen-

ing.

Mini and Wright peak flow meters

CK CONNOLLY, NK MURTHY, E TIGHE, S ALCOCK,
T HARDING Memorial Hospital, Darlington
and Friarage Hospital, Northallerton Mini
peak flow meters are soon to be prescribable.
Experience suggests that the readings of the

Mean recordings were Wright 284 1/min
(range 70 to 660) and mini 323 1/min (range 60
to660)(t = 17-2,p < 0-001).Thedifference,
mini less Wright (mean 38-5, range -110 to
+155) and appeared greatest around 200
1/min. On quadratic regression of difference
between the meters on log e of the mean
reading, the best fit for greatest difference was
ate"25 = 191 I/min (r = 0 35, p < 0-001). As
volume to peak flow is inversely related to the
difference, the Wright might be the less sen-
sitive meter. We tested this hypothesis by
repeating the maneouvre without zeroing the
meters. We were advised by the manufac-
turers that this might produce a slightly
higher reading with the Wright, but not the
mini. In 100 subjects one additional blow
reduced the difference from 46-1 to 23'3 1/min
(t = 5-26, p < 0-001) and in 43 further
subjects several additional blows reduced the
difference from 40-2 1/min to 18-6 1/min
(t = 3-31, p = 0-001) with virtually no
change in the mini readings. This suggests
that the difference is due to poorer sensitivity
ofthe Wright rather than error ofthe mini. It
is suggested that the standard Wright meter
should be reserved for certain laboratory
procedures.

Accuracy of measurement of peak flow
with different pea flow meters

SA DICKINSON, DJ HITCHINS, MR MILLER
Department of Electrical Engineering,
Staffordshire Polytechnic, and Department of
Medicine, Birmingham University, GoodHope
Hospital, Sutton Coldfield Within subject
variability of peak expiratory flow (PEF) is
often used to help with the diagnosis and
management of asthma. The validity of using
variability in this way depends on the lin-
earity of response of the flow meter used. If
there is appreciable non-linearity then true
variability and recorded variability may be
importantly different. We have tested a Mini-
Wright (MW), Ventilometer (VM1),
Vitalograph MW (VMW) and Fleisch
pneumotachograph (PT), using a computer
driven servo controlled piston pump of six
litres capacity able to generate flows up to 900
1/min. The PT was calibrated independently
ofthe pump. All devices were tested five times
at each flow and the absolute (percentage)
errors from mean value are shown below.
The needle readings from the MW and

I/min MW VMI VMW PT

60 0 (0) * * 0 (0) 2 (4)
120 0 (25) -11 (-10) 10 (8) 1 (1)
180 60 (33) -38 (-21) 20 (11) -6 (-3)
240 60 (25) -3 (-1) 25 (10) -12 (-5)
300 65 (21) 6 (2) 25 (8) -13 (-4)
360 60 (17) 8 (2) 20 (6) -4 (- 1)
420 50 (12) 7 (2) 10 (2) -1 (0)
480 30 (6) -8 (-2) 0 (0) -3 (-1)
540 20 (4) -12 (-2) -15 (-3) 3 (1)
600 -5 (- 1) -36 (-6) -30 (-5) 3 (1)
660 -20 (-3) -41 (-6) -50 (-8) 10 (2)
720 -50 (-7) -63 (-9) -60 (-8) 6 (1)

mini exceed those of the standard Wright by
more than shown in published data. We
confirmed this and showed a relationship
between the difference and volume to peak
flow in 62 subjects (Connolly CK, Murthy
NK. Eur Respir J (in press)). We now report
differences in 255 subjects with all types of
airway obstruction. The best of three read-
ings from a specially calibrated Wright meter
and the same mini meter were compared.

VMW were always the same. The maximum
SD of digital for VM1 was 15 at 660 I/min and
for the PT was 3 at 660 I/min. We conclude
that only the PT meets ATS criteria for the
measurement offlow and the non-linearity of
the portable PEF devices will distort true
within patient variation of PEF. A true PEF
variation of 20% may be recorded as 13% or

25% according to device and the magnitude
of the average PEF.

Proceedings

groups (table). Pentoxifylline, at a dosage of
1 mg/kg/h, had no effect on cell counts,
pulmonary gas exchange or haemodynamic
parameters after CPB.
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Table 1

% with good technique

n Firing Delivery Hold

Physiotherapists 11 82 45 64
Pharmacists 9 89 67 78
Physicians 9 78 11 78
Respiratory technicians 7 100 38 100

Use of a novel device, the Vitalograph
aerosol inhalation monitor, to assess
inhaler techniques in those who teach
patients
JC WATERHOUSE, AG STEWART, P HOWARD
University of Sheffield The Vitalograph
aerosol inhalation monitor is a device measur-
ing aspects of a subject's inhaler technique in
three areas. It asks: (1) Is the inhaler actuated
at a low inspiratory flow rate? (2) Is the
inspiratory flow maintained below 50 1/min
and does the subject continue the inspiration
for at least three seconds? (3) Does the subject
breathhold for at least five seconds? The
device gives a green light at the end ofthe test
if the manoeuvre was performed correctly
and a red light ifperformance was unsatisfac-
tory. Four groups of health workers within
one hospital who teach inhaler technique
used the device. Scores are shown in table 1.
The machine failed to work on two occasions,
once because the subject used the open mouth
technique and once because, unlike a stan-
dard metered dose inhaler, it is necessary to
release finger pressure from the canister. Of
the people tested, 15 had formal "on the job"
training, five read the instruction leaflet in an
inhaler box and 15 were told by their peers.
Two physicians claimed to be "self taught."
Three people assessed were inhaler users

themselves. To a question ofpotential useful-
ness in patient education 28/37 graded the
device "very useful" and seven thought it
should prove "useful." It seems that despite
all the effort that has gone into clarifying
instruction leaflets poor inhaler technique is
common, even among the "experts."

Pressurised metered dose inhaler tech-
nique: how good are the doctors?

K YOGANATHAN, D SEATON, TJ COADY, AN

CRUICKSHANK Ipswich Hospital, Ipswich
Although pressurised metered dose inhalers
(MDIs) are the most widely used devices for

delivering inhaled medication, many patients
have difficulty operating them, so that ins-
truction by a trained person is essential to
ensure correct technique. We have examined
the MDI prescribing practices of 21 house
physicians and senior house officers working
on the general medical unit of a district
hospital over a period of eight months. The
subjects responded to a questionnaire and
their technique was recorded electronically
by a placebo MDI containing a transducer to

detect time of firing and connected to a

pneumotachograph to record inspiratory flow
and volume. MDIs were prescribed frequen-
tly or very frequently by 90-5% of respon-
dents; 48% gave their patients no instruction
on inhaler usage at the time ofprescribing and
29% of doctors did not check their sub-
sequent technique, although all respondents
estimated that over halfoftheir patients could
use an MDI adequately. Of those who gave
instruction, 64% failed to mention that the

inhaler should be shaken before use, 27% that
inspiration should be slow and 18% that
breath should be held. When the doctors'
own techniques were recorded electronically,
no subject operated the MDI satisfactorily at

the first attempt using well established criteria
(Newmans, Clarkes. Aerosols in medicine.
Elsevier, 1986). When a second attempt was
made after reading a card containing six
simple instructions, breath holding time
increased (p < 0-001), as did the time bet-
ween onset of inspiration and firing
(p < 0-05). Peak inspiratory flow rate fell
(p < 0-02), as did the inspiratory flow rate at
which firing occurred (p < 0-05). On this
second attempt 62% of the group performed
satisfactorily, 33% improved but still failed
to meet the criteria and 5% showed no
improvement. It is concluded that house staff
themselves require instruction on inhaler
technique.

Use of a chamber device and mask in
young children with asthma
TP MCCARTHY Hardwicke House, Sudbury,
Suffolk Although inhalation is the preferred
route for the administration of asthma
therapy, in infants and small children this
presents considerable difficulties. Sugges-
tions have been made offiring an aerosol into a
coffee cup (Wamer JO, et al. Arch Dis Child
1989;64:1065) or attaching a Laerdal face
mask to the chamber device (O'Callaghan C,
et al. BMJ 1989;298:160). I suggest the use of
an adapted Intersurgical paediatric mask fit-
ted to a nebuhaler. The adapted mask has no
side holes and is used upside down as in this
way a good fit is achieved over the child's face
(McCarthy TP. Lancet 1990;335:983). A seal
is not enforced and the nebuhaler is tilted
downwards so that the valve remains open. In
cases where administration is resisted therapy
can be given while the child is asleep without
disturbance. This device has now been in use
for four years with good results (tables 2-4).
Out of a total of 93 children under the age of
3'/2 good compliance and effectiveness was

Table 2

No started on device 93
No remaining on device 62

Table 3

Drug Current Past

Bud 32 20
Bud + Ter 24 19
SCG 2 0
Bud + SCG 3 3
IB 0 0
Bud + IB 1 2

Bud-budesonide; Ter-terbutaline; SCG-
sodium chromoglycate; IB-ipratropium
bromide.

Table 5

Table 4

Age treatment No of
started (mth) patients

<6 25
7-12 31
13-18 14
19-24 14
25-30 2
31-36 4
37-42 3

seen in all but three children, who were
unwilling to use the device under any circum-
stances. Apart from these the only withdr-
awals were children whose symptoms regres-
sed or who graduated to other devices.

Occupational asthma: use ofa pocket com-
puter in the recording of peak flow data
AW COLMAN, JG WILLIAMS Halton General
Hospital, Runcorn, Cheshire Keeping a hand-
written peak flow diary in the work place and its
subsequent analysis by the physician is often
tedious and time consuming. There is a risk that
measurements may be adjusted on the basis of
previous peak flow readings now that there is an
increased awareness in the work force ofthe peak
flow pattern in occupational asthma. We demon-
strated a user friendly system based on PSION
ORGANISER II featuring auto date and time
logging of peak flows. Each patient is instructed
on the use of the ORGANISER and given an
instruction leaflet. Patients are also given a diary
to enter their medication, shift hours and
materials encountered during the day. At the end
of the recording period, which may be up to one
month, the peak flow data is uploaded to an IBM
compatible PC connected through a serial com-
munication link. A menu ARCHIVE database
program enables calculation of daily maximum,
mean and minimum peak flow values for the
recording period and their subsequent display
(in EASEL graphics program). Hourly peak flow
measurements for any particular day or days can
be plotted on a printer. Retrospective analysis of
hand written peak flow measurements is also
possible using the above program. All records
can be stored.

Pressure stability ofCPAP machines
M JACKSON, MA KING, JM SHNEERSON Assisted
Ventilation Unit, Newmarket General Hos-
pital,Newmarket, Suffolk The dynamicper-
formance of 5 CPAP machines were studied.
The machines were Sleepeasy 3, Sefam mini-
pression, Healthdyne 7001, Puritan-Bennett
515a and a newly available Si-Plan CPAP
unit. A patient's inspiratory effort was
simulated using a negative pressure cuirass
pump at flow rates of 20-60 1/min and cycle
volumes of 0 5, 0 75 and 1 1. The pressure
waveform was a half sine wave. Each machine
was initially set at 5, 10 and 15 cm H2O and
the maximum fall of CPAP pressure during
the "inspiratory" cycle was measured and
expressed as a percentage of the peak pres-
sure. The percentage falls of pressure at the
10 cm H2O CPAP setting are summarised in
table 5. At a CPAP setting of 5 cm H20 the
mean pressure fall ranged between 4-5% and
35-4%. Similarly at a setting of 15 cmH2O the
range was between 2% and 13-7%. A similar
comparison was made using a full sine wave

Flow rate (I/min)

20 30 40 50 60 Mean

P-B515a 167 16-1 40 24-3 27-3 24-9
Healthdyne 12-1 12-9 16-8 22-8 17-3 16-4
Sleepeasy 3 6-9 17-3 14-1 16-3 22-4 15-4
Sefam 77 12-5 14-3 10-5 25-4 14-1
Si-Plan 0 0 37 33 57 2-5
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pressure with the machines set at 10 cm H,O
and a flow rate of45 1/min. The peak to trough
pressure difference ranged between 6 5% and
34 5% of the peak pressure. The Si-Plan unit
demonstrated the best stability of CPAP
pressure at all combinations of operating
pressure and flow rate.

Nasal plugs (Adams circuit) for the
delivery of CPAP and non-invasive
intermittent positive pressure ventila-
tion

AK SIMONDS, D CRAMER, J WEDZICHA Royal
Brompton and National Heart Hospital and
London Chest Hospital, London The Adams
circuit nasal plug delivery system (Puritan
Bennett) has been compared to a conven-
tional mask system (Respironics) in a cross-
over study of nine patients (six male, three
female: mean age 53 years) with sleep dis-
ordered breathing. Seven patients were
receiving 7 5-10 cm H2O CPAP for obstruc-
tive sleep apnoea/hypopnoea syndrome and
two patients were being treated with nasal
intermittent positive pressure ventilation
(NIPPV) using either a BromptonPac or
BiPAP machine to control nocturnal
hypoventilation secondary to restrictive chest
wall disease. Eight patients who had been
using the nasal mask were changed to the
nasal plugs and one subject who had been
using the nasal plugs was transferred to the
nasal mask. Overnight monitoring of
oximetry and transcutaneous Pco2 was
carried out on each delivery system after 1-7
nights' acclimatisation. Diurnal arterial
blood gas tensions were measured and
patients completed visual analogue scores of
sleep quality and tolerance of delivery device.
Mean (SD) nocturnal minimum oxygen
saturation, % study time Sao2 < 90% and
maximum transcutaneous Pco, did not differ
significantly (nasal mask 81 4 (5 9)%, 21
(30 5)%, 7 4 (0 74)) kPa; nasal plugs 82 7
(7 6)%, 14 4 (27 1)%, 7 6 (0 73) kPa respec-
tively). Diurnal arterial blood gas tensions,
sleep quality and tolerance were similar. Four
patients expressed a preference for the plugs,
two for the mask; three had no preference.
Inflation pressures of up to 30 cm H2O were
successfully achieved in the patients receiving
NIPPV. For this application the Adams cir-
cuit requires modification by closure of the
expiratory port, insertion of an expiratory
valve and adjustment of the headgear to
compensate for the increased weight of the
system. We conclude that the nasal plugs offer
an effective alternative to the nasal mask for
delivery of CPAP and NIPPV.

An open crossover study comparing the
efficacy and acceptability of sodium
cromoglycate (SCG) (10 mg four times
daily) delivered via the metered dose
inhaler (MDI) and the breath actuated
autohaler (Auto)

D LUYT, H ARSHAD, A GOODWIN, D HIDE, A
JONES, H SIMPSON, I WILLIAMS Leicester
Royal Infirmary, St Mary's Hospital, New-
port; West Wales Hospital, Carmarthen: Gor-
seinnon Health Centre; and Queen's Medical
Centre, Nottingham Poor coordination is a
well recognised problem with metered dose
inhalers, especially among children (Pedersen
et al, 1986). The Intal Autohaler (Fisons and
3M Healthcare) is a breath actuated device
that automatically releases 5 mg SCG with
inspiration. Existing Intal patients aged 5-18
years were studied to compare the efficacy and
acceptability of the Auto with that of the

MDI. All were recorded as competent MDI
users. Patients received Intal 10 mg four
times daily for eight weeks, being randomly
allocated to four weeks' treatment with one
device followed by four weeks with the other.
Patients were assessed at entry and after each
treatment period. Lung function was
measured at each visit. Opinions oftreatment
effectiveness and acceptability of the devices
were assessed at visits 2 and 3. At the final
visit, the devices were compared with respect
to ease of use, actuation, coordination and
asthma control. Patients scored their symp-
toms daily, measured peak flows twice daily
and recorded bronchodilator usage. One hun-
dred and sixty six patients completed the
study. There was no statistically significant
difference between devices for any efficacy
variable. Both patients and clinicians felt
the Auto provided significantly more effective
treatment (p < 0-01) and patients felt
the Auto controlled their asthma better
(p < 0 001). The Auto was considered easier
to use (p < 0001) and easier to actuate
(p < 0 001) and co-ordinate (p < 0-001).
Patients felt the Auto was the more acceptable
device (p < 0 05). Unusual events were
similar for the two devices. The Auto, as an
alternative to the MDI, offers patients sig-
nificant benefits while being an equally
efficacious method of drug delivery, and in
this study was considered to be the superior
device.

Comparison of Diskhaler and Turbo-
haler in asthmatic adults

PH BROWN, SA ARMSTRONG, J LENNEY, GK
CROMPTON Respiratory Unit, Northern
General Hospital, Edinburgh An open
crossover study was performed to compare
the efficacy and acceptability of the Diskhaler
(D) and Turbohaler (T) inhalation devices
for the delivery of beta agonists. Following a
two week run in, 30 adults with chronic
asthma requiring inhaled beta agonists four
times daily were randomised to two four week
treatment periods taking salbutamol 400 pg
qds via D or terbutaline 500 ug qds via T.
Rescue bronchodilator via pressurised
aerosol was permitted but other medication
remained constant. Peak flow (PEF) was
monitored in the morning (before and after
bronchodilator) and in the evening. Written
instructions regarding inhaler use were
supplemented by verbal instruction after two
weeks and inhaler technique assessed at
fortnightly intervals. A similar degree of
bronchodilation was obtained with the two
drugs (mean morning PEF using T 288 1/min,
rising to 339 1/min; mean morning PEF using
D 279 1/min, rising to 341 1/min). Mean
evening PEF was 325 1/min during both
treatment periods. Rescue bronchodilator use
did not differ between periods. After two
weeks there was a trend towards more
patients using the D correctly (n = 26) than
the T (n = 18; p = 0-08 McNemar test). This
was due to patients not loading the T in the
upright position, a fault which was corrected
after verbal instruction. After four weeks one
patient failed to use T correctly (exhaling
through device) and two patients did not
breath hold after using the D. The T was
preferred by 13 patients and D by 10 (dif-
ference not significant). It is concluded that
terbutaline 500 pg qds via Turbohaler and
salbutamol 400 pg qds via Diskhaler were
equally effective. Failure to load the Turbo-
haler in the upright position may not be as
important as previously thought.

Measurement of respiratory pressures
with a low cost disposable arterial pres-
sure transducer

JR BUGLER, VHF MAX, SG SPIRO Department of
Thoracic Medicine, University College Hos-
pital, London Maximal mouth pressures
(PEmax and PImax) are useful in the detec-
tion of respiratory muscle weakness.
However, the equipment available for
measuring these pressures is often very
costly. As a low cost alternative, we have
evaluated a MedexR arterial pressure trans-
ducer in the measurement of gas pressures.
A Medex5 MX900 disposable pressure

transducer with a single line attachment was
connected in series with either water or

mercury manometers. Positive and negative
pressures were generated across this series by
syringes. The output of the transducer was

amplified and recorded on a Micromovements
UV-recorder. Six runs over three different
pressure ranges were measured on separate
days. With the readings from the water and
mercury manometers as the standard, the
mean bias and precision (standard deviation
of the bias) of the transducer are shown in the
table. The transducer seems to be most
accurate at lower pressures. Across the nor-
mal physiological range ofpressures (- 150 to
+ 250 cm H2O) the Medex transducer main-
tains a level of precision which compares
favourably with other pressure transducers.
If the transducer is fitted via a Luer-lock
connection to a 3 cm bore tube with a 1 mm
air leak and a mouthpiece, mouth pressures
can be easily measured. This device has
proved reproducible, robust, and reliable in
everyday use in both the laboratory and the
wards. An additional advantage over com-

mercially available mouth pressure devices is
that a trace of the pressure curve is displayed,
so an acceptable manoeuvre can be chosen.
We conclude that this nominally "dis-
posable" transducer can be easily adapted as a
low cost mouth pressure measuring device for
clinical use. At less than £15 per unit (includ-
ing VAT), or nothing if "rescued" from an
ICU, one must have a good reason for in-
vesting substantial sums on commercially
available devices.

Pressure range Bias Precision
(cm H20) (cm H20) (%)

0-20 positive 0-25 +2-21
negative -0 17 ±1 46

0-140 positive 0-19 +1-49
negative -0-42 ± 186

0-250 positive 4 80 + 1-59
negative 3-28 ±1 33

EffectofGR32191 (athromboxane recep-
tor antagonist) on airway responsive-
ness in asthma

SC STENTON, A HARRIS, JBD PALMER, CA YOUNG,
P NEILL, DJ HENDRICK, EH WALTERS Chest
Unit, Newcastle General Hospital, University
of Newcastle upon Tyne, and Glaxo Group
Research, Greenford, Middlesex It has been
suggested that thromboxane may be a parti-
cularly important mediator in the patho-
genesis of asthma and that treatment with
thromboxane antagonists decrease airway
responsiveness (AR). To study this further,
we have performed a double blind, placebo
controlled cross over study on the effect of
three weeks' treatment with the thromboxane
receptor antagonist GR32191 on AR. Twelve
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asthmatic subjects (22-53 y, nine male, seven
atopic) were recruited. All were taking beta
agonists and regular inhaled corticosteroids.
AR (PD,OFEV, for methacholine with a
dosimeter technique) was measured before a
two week run in period, before and after three
weeks' treatment with GR32191 (40 mg qds)
or identical placebo capsules and after a two
week washout period (table). The entire
sequence was then repeated. Three subjects
failed to complete the study, two because of
intercurrent respiratory infections and one
because of the possibility of pregnancy.
Among the nine subjects analysed, no sig-
nificant differences (two way analysis of
variance) in AR were seen throughout the
study. The geometric mean PD20FEV,
measurements (ug methacholine) and 95%
confidence limits for the means are shown in
the table. These results suggest that throm-
boxane antagonists are unlikely to offer any
significant benefit in the treatment of chronic
asthma.

induced bronchoconstriction at one hour
(3 5 doubling dilutions; p < 003,
n = 5), three hours (3 doubling dilutions;
p < 0 01, n = 6) and five hours (1 5 doubling
dilutions; p = 0-08, n = 5); There was no
effect at seven hours. Further studies with
BAY U 3405, using higher dosages, and
chronic dosing are underway. This
compound may be useful in preventing
prostanoid mediated bronchoconstriction in
clinical asthma.

Effectofacysteinyl-leukotriene receptor
antagonist ICI 204.219 on allergen
induced bronchoconstriction and air-
way hyperreactivity in atopic subjects

IK TAYLOR, KM O'SHAUGHNESSY, RW FULLER, CT
DOLLERY Departments of Clinical Phar-
macology and Medicine, Royal Postgraduate
Medical School, London The cysteinyl-
leukotrienes (LTC4, LTD4 and LTE4) are

Run in Pre Post Washout

GR32191 30 6 (7-122) 290 (8-100) 38 5 (11-125) 31-4 (10-92)
Placebo 31 6 (11-94) 29-6 (9-96) 243 (8-77) 29 0 (8-99)

Effect of BAY U 3405, a thromboxane
receptor antagonist, on prostaglandin
(PG) D2 and histamine (H) induced
bronchoconstriction

SL JOHNSTON, ST HOLGATE Immunopharma-
cology Group, Southampton The potent bron-
choconstrictor prostanoids PG D2, PG F2,
and thromboxane A2 (TXA2) are thought to
have a role in the pathogenesis of asthma.
Their contractile activity is thought to be
mediated via the thromboxane (TP) receptor.
BAY U 3405 is a potent selective competitive
TP receptor antagonist. This randomised,
double blind placebo, controlled crossover

study investigates the effect of a single oral 20
mg dose of BAY U 3405 on PGD2 and H
induced bronchoconstriction in 12 asthmatic
subjects. All were atopic, had a screening H
provocative concentration causing a 20% fall
in FEVy (PC20) of < 12 mg/ml and were

treated with inhaled bronchodilators and/or
steroids alone. Subjects underwent PGD2
andH challenge on two occasions each, at the
same time of day and at intervals of at least
one week, having withheld inhaled broncho-
dilators and steroids for at least six and 12
hours respectively. Subjects were fasted for
four hours, then one hour prior to challenge
were premedicated randomly with either
active compound or placebo for each
mediator, to coincide the challenges with
peak plasma levels. FEV, was monitored at
five minute intervals after ingestion, to look
for any bronchodilator action. Six subjects
also underwent PGD2 challenge one, three,
five and seven hours after BAY U 3405 and
placebo in a randomised double-blind time
course study. The geometric mean PC20
PGD2 was 0-04 mg/ml for placebo and 0 19
mg/ml for BAY U 3405 (p < 0-001 Student's
paired t test) while that for H challenge was

0 28 mg/ml for placebo and 0-52 mg/ml for
BAY U 3405 (NS). Thus BAY U 3405
protects against PGD2 induced broncho-
constriction by approximately 2-5 doubling
dilutions, while having no effect against H
induced bronchoconstriction. No bron-
chodilator action was found. The time course

study showed protection against PGD2

peptido-lipid conjugates formed following
lipoxygenation of arachidonic acid and have
been implicated as important mediators in the
pathogenesis of asthma. Previous clinical
trials with cysteinyl-LT antagonists in man
have used compounds with poor selectivity
and low potency which have consequently
shown minimal protection against allergen
induced bronchoconstriction. Using a double
blind, placebo controlled crossover design,
we have evaluated the effect of a new highly
selective LTD4 receptor antagonist, ICI
204.219, on bronchial allergen challenge.
Eleven mild atopic subjects with a history of
seasonal wheeze (6M, age 19-39 and his-
tamine PC20 < 8 mg/ml) on intermittent
inhaled bronchodilator therapy were

recruited into the study; three subjects sub-
sequently dropped out of the study for
reasons unrelated to the study medication.
On each of two study days at least two weeks
apart, baseline PC20 histamine was deter-
mined prior to the ingestion of a single oral 40
mg dose of ICI 204.219 or matched placebo
(P). Two hours later subjects underwent
bronchial allergen challenge and FEV, was

recorded over the following six hours when
the PC,0 histamine determination was

repeated. ICI 204.219 significantlyattenuated
both the early and late bronchoconstrictor
responses to inhaled allergen. Maximum
early falls (mean (SEM)) in FEV, following
allergen were observed at 10 minutes (8-0
(3 6)% for ICI 204.219 v 32-9 (5-7)% for P,
p < 0 01) while maximal late falls were seen

at 6 h (10-7 (3 8)% for ICI 204.219 v 33-5
(8-2)% for P, p < 0-03): the two phases were

inhibited by 81% and 55% respectively.
Similarly there was significant attenuation of
allergen induced bronchoconstriction as cal-
culated from the area under the FEV, time
course curve (AUC) for the periods 0-120
min (p < 0-001), 120-360 min (p < 0-01) and
0-360 min (p < 0-001, ICI 204.219 v

placebo) with respective mean inhibition of
these AUC values by ICI 204.219 of 109, 86
and 86% compared with placebo. The
increase in airway reactivity following aller-
gen, expressed as the doubling dose shift in
histamine PC20, was significantly reduced fol-

lowing treatment with ICI 204.219 (1-29
(0-26) v 2-58 (0 37) following placebo,
p = 0 022).

Adenosine 5'-monophosphate (AMP)
induced bronchospasm in asthma: effect
of repeated challenges with bradykinin

R POLOSA, K RAJAKULASINGAM, ST HOL-
GATE Medicine 1, Southampton General Hos-
pital, Southampton Bradykinin (Bk)
provokes potent bronchoconstriction when
administered by inhalation to subjects with
asthma. Repeated bronchial challenge with
Bk leads to a rapid loss of the broncho-
constrictor response and this has been sug-
gested to be due to depletion of contractile
neuropeptides from sensory nerve endings.
Although adenosine induces bronchocon-
striction in asthmatics probably as a result of
mast cell mediator release, neural reflexes,
causing the release of neuropeptides, have
also been implicated in the response. If AMP
and Bk share a common pathway in inducing
bronchoconstriction in asthma, then repeated
Bk challenge should reduce the response to
subsequent inhalation of AMP. In the first
phase of this investigation, eight asthmatic
subjects attended on three separate occasions
to undertake concentration-response (C-R)
studies with inhaled histamine (H), AMP and
Bk in order to derive their respective
PC20 FEV, values. In the second phase,
subjects attended on two separate occasions
to undertake two consecutive C-R studies
with either inhaled H or Bk administered
double blind and in random order. The
airways were then allowed to recover spon-
taneously until the FEV, had returned to
within 5% of baseline value. On achieving
this, a third consecutive inhalation challenge
with AMP was performed and the PC20 FEV,
value for this agonist derived. The final phase
of the study consisted of a single visit, during
which subjects undertook two consecutive C-
R studies with inhaled Bk followed by a third
inhalation challenge with H. The 15 fold
reduction in Bk responsiveness after the
second Bk challenge (the geometric mean
PC,( value increasing from 0-21 to 3 11 mg/
ml) significantly reduced the airway respon-
siveness to AMP, the geometric mean PC20
value increasing from 28 1 to 59-8 mg/ml
despite a comparable reduction in Bk respon-
siveness, the FEV, response to a subsequent
inhalation with H remained unchanged.
Moreover, repeated challenge with H failed
to alterAMP reactivity. In summary, we have
shown that Bk tachyphylaxis reduces the
airways response to inhaled AMP, thus sug-
gesting that neural peptidergic pathways are
probably involved in the bronchospastic res-
ponse provoked by AMP in asthma.

Comparison of the repeatability of the
histamine bronchoprovocation test
using two different measures of airflow
obstruction

OP TWENTYMAN, ST HOLGATE Papworth
Hospital, Cambridge, and University of
Southampton, Southampton Different in-
dices of airflow obstruction including FEV,
and maximum expiratory flow rate at 50% of
FVC (Vmax,,) have previously been used to
measure the response to inhaled histamine in
bronchoprovocation tests. Since the
measurement of bronchial responsiveness is a

292P

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.46.4.277P

 on 1 A
pril 1991. D

ow
nloaded from

 

http://thorax.bmj.com/


Proceedings

useful research tool it is important to know
whether the repeatability of the test depends
on the measure of airflow obstruction used.
We studied 18 stable atopic asthmatic
subjects (7 F, 11 M), median age 23 (range
21-31) years, geometric mean PC20 FEV1
histamine 0-51 (range 0 077-8 4) mg/ml,
mean (SEM) baseline FEV, 90-1 (3-1)%
predicted and baseline Vmax50 74-7 (6 6)%
predicted. Histamine bronchoprovocation
was performed by inhaling doubling concen-
trations of nebulised histamine mono-
phosphate in saline at five minute intervals.
Five full inspirations over 30 s were adminis-
tered from an Inspiron nebuliser driven at a
flow rate of 8 1/min. Airway responses were
recorded at three minutes on a Vitalograph
adapted to produce simultaneous digital
readouts of both FEV, and Vmax,0. The
provocative concentration of histamine
causing a 20% fall in FEV, (PC20 FEV,) and
30% fall in Vmax50 (PC30 Vmax50) were cal-
culated by linear interpolation from the log
concentration-response curve. Histamine
bronchoprovocation was repeated at the same
time of day on two consecutive days. The
repeatability of PC20 FEV, and PC30 Vmax50
measurements were determined by the
method of Bland and Altman (Bland and
Altman, Lancet 1986;i:307) using the log
transformed data. The repeatability of the
two measures of responsiveness were com-
pared by calculating the ratio of the variances
(F ratio). For PC20 FEV, the bias between the
first and second test was 0-05 (95% confidence
interval (CI)) -0 29 to +0 19) doubling
dilutions with a coefficient of repeatability of
1 0 doubling dilutions. For PC30 Vmax50 the
bias was 030 (95% CI -0-11 to +070)
doubling dilutions, coefficient ofrepeatability
1-72 doubling dilutions. The repeatability of
the PC20 FEV, measurement was significantly
better than that for the PC30 Vmax,o
measurement (F ratio 2-9, p < 0-025). We
conclude the measurement of the PC20 FEV,
is significantly more repeatable than the
measurement of the PC30 Vmax50.

Effect ofinhaled atrial natriuretic factor
on bronchomotor tone in asthmatic
subjects

G HULKS, NC THOMSON Department of
Respiratory Medicine, Western Infirmary,
Glasgow We have previously demonstrated
that significant bronchodilation may be
achieved in asthmatic patients with
moderately severe airflow obstruction by the
intravenous infusion of atrial natriuretic
factor (ANF). The current study was desig-
ned to ascertain whether ANF was able to act
as a bronchodilator when given by inhalation.
Six (1 F) asthmatic patients were studied,
mean (SD) age 33-2 (12-3) years, FEV, 1-92
(0 85) litres (50-8 (16-4)% predicted), each of
whom demonstrated > 25% reversibility to
inhaled salbutamol on screening. On each of
three study days an intravenous cannula was
placed in an antecubital vein and the subject
left to relax (seated) for 20 minutes. Baseline
measurements were then taken consisting of
plasma ANF and pulse/blood pressure
together with FEV, (Vitalograph). Each sub-
ject then received 3-5 ml saline, 0-1 mg ANF
or 1-0 mg ANF (ANF dissolved in 3-5 ml
saline) in a randomised, double blind manner
via a Mizer aerosol conservation device.
Aerosolisation took approximately nine min-
utes and thereafter hormonal, cardiovascular
and spirometric data were repeated at 2, 5, 10,

20, 30, 40, 50, and 60 minutes (table). At 60
minutes subjects received 2 5 mg nebulised
salbutamol to assess the degree of broncho-
dilation attainable by conventional therapy.
We conclude that despite achieving elevation
of circulating plasma levels nebulised ANF
has no significant bronchodilator effect at the
doses studied.

This study was supported by the Wellcome
Trust and the Chest, Heart and Stroke
(Scotland) Association.

dose of histamine the changes in airway
reactivity for the three groups were 1 5 (0 46)
(P), - 044 (0 38) (SB) and 1 69 (0 54) (SM)
(p = 0 0033 SB v P; p = 0-0025 SM v P; p =
0 0042 SM v SB). There were no differences
between groups for the urinary excretion of
LTE4 in the 0-2 h period. In the 2-4 h period,
however, there was significant attenuation in
both SM and SB groups (p = 0-01 SB v P; p
= 0 037 SM v P). Over the 0-4 h period as a
whole only SM caused significant attenuation
of LTE4 excretion (p = 0-037, SM v P; p =

A FEV, (litres)
Min
post neb 2 5 10 30 60 Salbutamol

Placebo 0.19 (0-17) 0-13 (0-07) 0-23 (011) 0-22 (0-15) 0-20 (0-10) 0-97 (0-21)
0 1 mg 0-15 (0 08) 0-23 (0 07) 0-26 (0 10) 0-18 (0 07) 0-20 (0 08) 1-07 (0-19)
10Omg 0-24 (0 10) 0-22 (0-12) 0-24 (0 11) 0-20 (0 07) 0-19 (0-14) 0-96 (0-14)

Plasma ANF (pg/ml; normal 5-50)
Placebo 15 (3) 19 (3) 17 (3) 18 (3) 15 (3) 19 (4)
01 mg 18 (2) 18 (2) 16 (1) 14 (2) 17 (5) 16 (4)
1 0mg 28 (3)* 25 (5) 22 (5) 16 (3) 17 (4) 19 (5)

*p = 0 01 v placebo.

Comparative study in atopic asthmatic
patients of the inhibitory effects of sal-
meterol and salbutamol on allergen
induced bronchoconstriction, change in
airway reactivity, and urinary leuko-
triene E4 excretion

KM O'SHAUGHNESSY, IK TAYLOR, NB CHOUDRY,
M ADACHI, J PALMER, RW FULLER Department
of Clinical Pharmacology, Royal Postgraduate
Medical School, London, and Glaxo Pharma-
ceuticals, Greenford, Middlesex Salmeterol
(SM) is a novel beta2 adrenoceptor agonist
with a duration of action exceeding 12 hours
in vitro evidence suggests that it may have
anti-inflammatory effects not seen with the
short acting beta2 agonists such as salbutamol
(SB). Using a double blind placebo controlled
crossover design we have compared the
inhibitory effects ofSM and SB on bronchial
allergen challenge. Twelve atopic asthmatics
(7 M, FEV, > 60% predicted, PC20 > 32 mg/
ml) were studied on three occasions. On each
study day the PC20 histamine was measured
one hour before inhalation ofSM (50 ,ug), SB
(200 gg) or placebo (P) from metered dose
inhalers. Fifteen minutes later subjects were
challenged with house dust mite or grass
pollen extracts. FEV, was recorded over the
next four hours and urine was collected in two
fractions (0-2 and 2-4 h) for determination of
LTE4 by HPLC-RIA. The maximum early
bronchoconstriction to allergen was sig-
nificantly reduced by both SM and SB; the
falls (as % baseline) were 6-2 (4 9) (SM) v 57
(2 5) (SB) v 40 4 (6 3)% (P) (p = 0-0025 SM
v P; p = 0-0025 SB v P; SM v SB; NS). The
area under FEV, time profile for the early
phase was also markedly reduced by both
agonists (p = 0-0025 SM vP; p = 0 004 SB v
P). At four hours the SB and P groups showed
residual bronchoconstriction compared with
bronchodilatation in the SM group: FEV,
measurements were 14-3 (7 1) (P), 9.3 (3 7)
(SB) and -6-3 (2 7)% (SM) (p = 0-0025 SM
v SB; p = 0-017 SMvP;SBvP;NS). SM but
not SB also caused significant attenuation
of the AUC for the late-phase (2-4 h)
(p = 0 0068 SM v P; p = 0-0025 SM v SB).
The log PC20 histamine repeated four hours
post challenge were significantly different on
the SB and SM days compared with P (p =
0-0038 for SB or SM v P). The SM group was
also significantly different from SB (p =
0-0033): in terms of the change in doubling

0-054 SB v P). We have confirmed the pro-
longed action of SM v SB, but have not
demonstrated marked differences between the
two in terms of LTE4 excretion.

Local hyperthermia protects against
exercise induced asthma (EIA), but not
against histamine (H) challenge

SL JOHNSTON, D PERRY, QA SUMMERS, ST
HOLGATE Immunopharmacology Group,
Southampton General Hospital, Southampton
Prior treatment with local hyperthermia
prevents mast cell degranulation and can
improve the symptoms of the common cold
and rhinitis, possibly via an anti-inflam-
matory action. We tested local hyperthermia
in asthma using EIA and H challenge.
Asthmatics were screened by a six minute
treadmill walk, measuring FEV, every 5 min,
for 30 minutes postexercise. Ten subjects
(nine atopic, one non-atopic) with a repro-
ducible fall from baseline FEV, of greater
than 20%, received heated humidified air in a
randomised double blind placebo controlled
crossover manner. A patent pending device
(Virotherm) was used to deliver air at 100%
humidity and 40 1/min, at either 31°C
(placebo) or 42°C (treatment) through a face
mask. Subjects inhaled the air by continuous
tidal breathing for 30 minutes, followed by 30
minutes rest; the exercise test was then
repeated. Subjects returned for an exercise
challenge 24 hours later to observe any
prolonged effects. After a two week washout
period, subjects received the second treat-
ment, and repeated the exercise tests. After
two weeks the subjects followed the same
protocol, substituting H challenge for the
exercise testing. The mean max % fall in
FEV, from baseline (SEM) for the two treat-
ments was 30 8 (3 1) (placebo) and 22 3 (2 9)
(active) (p = 0-017) at one hour, and 28-8
(4 0) and 21 9 (4-3) (p = 0-17) at 24 hours.
Coefficient ofvariation for the screening visits
was 15%. Baseline geometric mean PC20H
was 0-22 mg/ml; there were no significant
changes in PC20H for the two machines at
either one (0 101 mg/ml placebo and 0-24 mg/
ml active, p = 0 08) or 24 hours (0-169 mg/ml
placebo and 0-194 mg/ml active, p = 0 8).
Prior administration of heated humidified air
at 42°C reduces the severity of EIA when
tested one hour later. There is a trend towards
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protection at 24 hours, but this did not reach
statistical significance. There were no sig-
nificant changes in H responsiveness, though
there is a trend towards protection at one
hour, consistent with a direct effect on smooth
muscle contraction that had worn off by 24
hours. These findings are in keeping with
proposed mechanisms, including (a) inter-
ference with degranulation; (b) production of
heat shock proteins in place ofproteins essen-
tial for synthesis/release of mediators; (c)
impairment of reactive hyperaemia.

Effect of an inhaled opioid peptide on
airway responses to sodium metabisul-
phite in asthma

Bj O'CONNOR, M CHEN-WORSDELL, PJ BARNES,
KF CHUNG Department of Thoracic Medicine,
National Heart and Lung Institute, Royal
Brompton Hospital, London Opioids have
been shown to inhibit bronchoconstriction
induced by nonadrenergic noncholinergic
(NANC) nerves in the guineapig, suggesting
that opioid receptors are present on airway
sensory nerves (Br JPharmacol 1989;95:413).
Inhaled sodium metabisulphite (MBS)
induces cough and bronchoconstriction in
asthmatic subjects which is mediated
primarily through noncholinergic mechan-
isms (Thorax 1989;44:1009). We studied the
effects of inhaled 443c81, a novel opioid
peptide with limited entry to the CNS, on
airway responses to MBS in nine men with
mild atopic asthma (FEV, 96 (3)% predic-
ted). Each attended on three occasions to
receive two doses of active drug, either 1 mg
(1) or 4 mg (H), or matched placebo (P) in
randomised double blind manner 10 minutes
before challenge with doubling concentra-
tions of nebulised MBS (0-6-80 mg/ml).
FEV, and cough number were recorded after
each increment ofMBS until PC,,, (calculated
by linear interpolation) was achieved.
Subjects were asked to indicate on a visual
analogue scale (VAS) the degree of chest
tightness experienced at the end of each
challenge. The results (mean (SEM)) are
shown in the table. Bronchoconstrictor and
cough responses to MBS were unaffected by
either dose ofopioid. The higher dose ofdrug
(H) caused a small overall reduction in sensa-
tion of chest tightness which did not reach
statistical significance (p = 0 08). These
results suggest that airway responses to MBS
are not inhibited by opioids. MBS induced
bronchoconstriction may
excitatory NANC pathways.

log PC20 No of
(mg/ml) coughs

P 1-23 (0-13) 4-8 (2-1)
L 1.09 (0-11) 5 4 (1-2)
H 1-25 (0-16) 4 2 (0-8)

Budesonide reduces bron
responsiveness (BHR) t
monophosphate (AMP) 1

degree than to sodium m
or methacholine in asthma

BJ O'CONNOR, SM RIDGE, P

FULLER Department of Thor
National Heart and Lung I
Brompton Hospital, London
costeroids reduce BHR to hist

and bradykinin to a similar extent suggesting
an effect, as yet undetermined, common to
both direct and indirect stimuli. Sodium
metabisulphite (MBS) and AMP provoke
indirect bronchoconstriction through shared
mechanisms which involve neural pathways
as the responses to both stimuli are attenuated
by nedocromil, frusemide and anticholiner-
gics. AMP has an additional action on airway
mast cells. We studied the effects of 14 days'
treatment with budesonide, BUD, 1 6 mg
daily via Turbohaler or placebo, P, on BHR
to methacholine (MCH), MBS and AMP
(table). In double blind randomised crossover
manner, with a washout period of 28 days, 12
mild asthmatic subjects inhaled doubling
increments of MCH, MBS and AMP (0 06-
64, 0-6-80, and 04-400 mg/ml respectively)
before and after each treatment period until
PC20 was achieved. Treatment with BUD
reduced responses to MCH and MBS to the
same extent (1 1 doubling dilutions) but
caused a significantly greater reduction in
BHR to AMP (3 0 doubling dilutions). Thus
budesonide reduces BHR in asthma by (1) a
non-specific action central to the mechanisms
of both direct and indirect stimuli; (2) a
reduction in mast cell numbers.

MCH MBS AMP

p
Pre -0 11 (011) 0-69 (0 11) 1 01 (0 18)
Post -0 10(0-15)079(0-11)1.09(0 19)
Difference 001 (0-13)010(0 09)0 07(0 09)

BUD
Pre -0-21 (0-12)0-73 (0-11)0-98 (0 19)
Post 0-15 (0-16) 115 (0-16) 194 (0-19)
Difference 0-36 0-42 0-96

(0.11)* (0 10)* (0 13)**

Mean (SEM) log PC20mg/ml. *p < 001, **p <
0-001, ANOVA.

Effect of inhaled nedocromil sodium
delivered by metered dose inhaler and
the breath actuated Autohaler on aller-
gen induced bronchospasm

M HERDMAN, RJ DAVIES St Bartholomew's
Hospital, London The effect of inhaled
nedocromil sodium administered by metered
dose inhaler (MDI) and the breath actuated
Autohaler (Fisons and 3M Healthcare) on
allergen induced bronchospasm was assessed
innimiltl aLnhmatirea 'h..nrnun1-atinnLA nep

not involve III I/. liiU a4UllMLlCS3. I 11 provocationl uose
of allergen (Dermatophagoides Pteronyssinus)
required to produce a 30% fall in forced
expiratory volume in one second (PD30 FEV,)

VAS (cm)
was assessed for each subject. This dose was

VAS(cm) then administered on three successive
occasions to each subject 40 minutes after

55 (0-8) treatment with either nedocromil sodium or547 (0 8) placebo from a MDI or an Autohaler in a46 (0
double blind, double dummy, triple cross-
over fashion. The maximum percentage fall
in FEV, was recorded. There was no sig-
nificant difference between treatment with the
MDI and the Autohaler (mean fall in FEV,

kchial hyper- being 6-4% with both devices). The mean
:o adenosine percentage fall in FEV, following treatment
to a greater with placebo was 26-5%. This was signi-
ketabisulphite ficantly greater (p < 0-05) than the fall in

FEV, following nedocromil sodium via either
the MDI or the Autohaler. These data con-

'J BARNES, RW firm that nedocromil sodium protects against
racic Medicine, antigen challenge. They also suggest that the
nstitute, Royal protective effect of nedocromil sodium
Inhaled corti- delivered by the Autohaler is similar to that of
zamine, exercise nedocromil sodium delivered by the MDI.

Evaluation of the potassium channel
opener (KCO) RP 52891 on broncho-
spasm in anaesthetised and conscious
guinea pigs

D RAEBURN, SL UNDERWOOD, SA LEWIS (SPON-
SOR NC THOMSON) Rhine-Poulenc Rorer Inc,
Biological Research, Dagenham, Essex
Recently there has been considerable interest
in the development of KCOs to treat the
various aspects of asthma. Here we present
data on the effects of a novel KCO, RP 52891
((-) N- methyl - 2 - (3 - pyridyl) - tetrahydro-
thiopyran-2-carbothioamide-1-oxide), on
mediator or neurogenic induced broncho-
spasm in anaesthetised and conscious guinea
pigs. In anaesthetised guinea pigs broncho-
spasm was induced by intravenous histamine,
vagal stimulation (cholinergic) or vagal
stimulation in atropine (1 mg/kg) pretreated
animals (non-cholinergic, eNANC) and
measured as increased pulmonary inflation
pressure. Nebulised RP 52891 was adminis-
tered one minute prior to challenge. In
conscious animals bronchospasm was
induced by exposure to an aerosol of hista-
mine or ovalbumin (OA, 1%, in sensitised
animals) and the time to convulsive cough
measured. RP 52891 (2 5 mg/kg po) was
given 60 or 180 minutes before challenge.
Results are shown in the table below. RP
52891 (60 minutes prior to exposure) com-
pletely prevented convulsive cough and at
180 min significantly (p < 0 05) increased the
time to cough from 90 (2) s to 137 (26) s (n =
6-11). RP 52891 given 60 minutes prior to
OA exposure significantly (p < 0 05)
increased time to cough from 132 (18) s to 296
(49) s (n = 6). These data demonstrate that
RP 52891 exerts physiological antagonism by
inhibiting mediator and neurogenic mediated
bronchospasm and indicate that RP 52891
may be a useful bronchodilator in asthma.

Inhibition (%) of
bronchospasm by inhaled
RP 52189 at
concentration (/sg/ml):

200 500 1000

Histamine (n=6) 19 (3) 50 (7) 46 (8)
Cholinergic (n= 4) ND 41(10) ND
eNANC (n= 6) ND 58(5) ND

Effect ofindomethacin on the protection
afforded by inhaled frusemide against
exercise induced asthma

ID PAVORD, A WISNIEWSKI, AE TATTERSFIELD
Respiratory Medicine Unit, City Hospital,
Nottingham Inhaled frusemide has been
shown to protect subjects with mild asthma
against the bronchoconstrictor response to a
wide variety of indirect challenges including
exercise, allergen and inhaled sodium meta-
bisulphite. We have investigated whether this
protection is related to the known ability of
frusemide to generate prostaglandin (PG) E,
by examining the effect of the PG synthetase
inhibitor indomethacin (indo) on the protec-
tion afforded by frusemide against exercise
induced asthma. Ten subjects with mild
asthma were pretreated with either indo (50
mg thrice daily) or placebo capsules for three
days prior to a seven minute treadmill exer-
cise test previously shown to cause a 20-30%
fall in FEV,. They received inhaled
frusemide (40 mg) or placebo 10 minutes
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before exercise. Drug combinations were
administered double blind in random order.
Pre-exercise FEVy (10 minutes post inhala-
tion) did not differ significantly on any of the
treatment days, although there was a small
increase in FEV, after frusemide on the indo
treatment day (mean increase 0 16, 95% CI
0 035-0289 litres). There were significant
differences in mean (95% CI) maximum %
fall in FEV, from pre-exercise FEV, (p <
0 01) and area under the plot of a % fall in
FEV, against time (AUC) (p < 0 005) (table
below). Thus the maximum fall in FEV, and
AUC following frusemide were significantly
greater after indo than placebo (mean dif-
ference 7*5% [0-6, 14-4] p < 0 05 and 225
[45,405] p < 0 02 respectively). These data
strongly suggest that production of prosta-
glandins such as PGE2 underlies the protec-
tive properties of frusemide against exercise
induced asthma.

Maxfall (%) AUC

Placebo and 14 3 [9-4, 168 [70,
frusemide 19.1] 266]
Indo and frusemide 21 8 [16-1, 393 [290,

27-4] 497]
Indo and placebo 25 2 [18 5, 514 [312,

32 0] 716]
Placebo and placebo 26 0 [19 5, 482 [296,

32 6] 668]

Respiratory muscles in short term
hypothyroidism
M MAYOS, MA GARCIA, J GINER, P CASAN, J
SANCHIS Hospital Sta Creuzi St Paulo,
Barcelona, Spain Spontaneous hypo-
thyroidism may induce a reduction of
respiratory muscle force (Laroche CM et al.
Am Rev Respir Dis 1988;138:472). To deter-
mine how respiratory muscles are affected by
short term functional hypothyroidism, we
studied 19 patients (17 female), aged 41 (14)
y, post-thyroidectomy for papillary car-
cinoma during replacement therapy with LT4
(period A) and after six weeks of hormonal
reduction (three of them in complete sup-
pression) prior to scanning for metastasis
(period B). Patients entered the study during
period A or B in random order. TSH and T4
blood levels, standard flow and lung volumes
and maximal static respiratory pressures
(Pimax, PEmax) were recorded in both
instances. Average values for the group are
shown in the table below. Hormonal levels
showed functional hypothyroidism in period
B, while flow and lung volumes were not
different. Unexpectedly, in period B Pimax
and PEmax were slightly but significantly
greater. The change in Pimax was strongly
influenced by the variation observed in two
patients. The data suggest that short term
suppression of thyroid function does not
induce clinically relevant changes in
respiratory muscle force.

Supported by a grant from Departament
d'Ensenyament de la Generalitat de
Catalunya.

Measurement of inspiratory muscle
performance with incremental thres-
hold loading: comparison of two tech-
niques

PA BARDSLEY, S BENTLEY, HS HALL, SJ SINGH,
MDL MORGAN Department of Respiratory
Medicine, GlenfieldGeneral Hospital, Leicester
Incremental threshold loading (ITL) is used
as a test of inspiratory muscle performance.
This is usually performed by breathing
through a weighted inspiratory plunger. The
load on the inspiratory muscles is increased
by externally adding weights to the intake
valve (Nickerson BG, Keens TG. J Appl
Physiol 1982;62:768). This is not a true
threshold device and we have had problems
with its reproducibility. We have compared
this method with a true threshold device
consisting of a solenoid valve which only
opens to supply air at a certain negative
mouth pressure. This opens rapidly and
completely, closing on expiration and pres-
sures can be selected on a digital display. Six
normal subjects (four men and two women
aged 23-41 years) underwent three tests at
least one week apart using each system. The
inspiratory loads were increased by 5 cm H2O
or by 50 g every minute until the subjects
could not inspire or sustain inspiration for a
full minute. There was good correlation bet-
ween the mouth pressure achieved and ins-
piratory load applied using both systems (r =
0-998 for the solenoid valve and 0 935 for the
weighted plunger). At higher loads there was
much wider variation in recorded mouth
pressures using the weighted plunger (95%
confidence intervals at load of 10 cm H2O
10 8-11-4 and 100 g 27-4-32-8, at load 70 cm
H20 706-714 and 700 g 1123-1588 cm
H20). The work performed (expressed as the
pressure-time product cm H2O/sec)
increased much more steeply using the
weighted plunger (log slope 307 cm H2O/s/g
compared with 31 7 cm H20/s/cm H20). ITL
using the solenoid valve generates a more
accurate mouth pressure response and is less
variable at higher loads than the weighted
plunger. It also maintains more regular
increments in the work performed through-
out the test.

Effect of combined acute hypoxia and
hypercapnia on sternomastoid twitch
MRR

VHF MAK, JR BUGLER, SG SPIRO Department of
Thoracic Medicine, University College Hos-
pital, London The slowing of sternomastoid
twitch maximum relaxation rate (TMRR)
with fatigue is a potential tool for the detec-
tion of respiratory muscle fatigue (Mak VHF,
Spiro SG. Thorax 1989;44:887P). In order to
be of value the TMRR should not slow under
conditions of hypoxia and hypercapnia. We
set out to determine if sternomastoid TMRR
is affected by combined acute hypoxia and
hypercapnia. Six normal subjects were
studied (age 24-33 years, four male). The

A B p

TSH (mU/l) 0-15 (011) 78(17) <0-0001
T4 (pm/l) 24-6 (2-7)
FEV, (1) 2-9 (0 9) 2-8 (0-9) NS
VC (1) 3-6 (1 1) 3-6 (1-0) NS
RV (1) 1-5 (0-6) 1-4(0 6) NS
TLC (1) 5-1(1 3) 5-0 (1-2) NS
MVV (1/min) 93 (38) 90(35) NS
Pimax (cm H20) 77 (23) 86 (30) < 0 05
PEmax (cm H,O) 122 (43) 135 (56) <0-05

subjects were tested in the supine position
connected by a three way breathing valve to
room air or a reservoir containing 11%
oxygen and 4-5% carbon dioxide. Subjects
had oxygen saturation (Sao,) and end tidal
carbon dioxide (Petco,) monitored through-
out. The resting TMRR was measured (as
described previously) each minute for five
minutes breathing room air via the mouth-
piece. The subjects, unknown to them, were
then switched over to the hypoxic-hyper-
capnic mixture (Hypox) and the TMRR was
measured every minute for five minutes. Fol-
lowing this they were switched back to room
air and the TMRR measured over the next
five minutes during recovery. The mean
(±SD) Sao2 fell from 97-2% (1-7) to 88 9%
(4 4) and mean Petco, rose from 5 70 (0 21) to
6-01 (0 28) kPa. The mean TMRR during
each period is shown in the table below. We
conclude that the sternomastoid TMRR is
not slowed by acute combined hypoxia and
mild hypercapnia. In some subjects the
sternomastoid TMRR was actually accel-
erated secondary to increased activity of the
muscle.

Fresh
TMRR

Subject (% force
No loss/lO ms) Hypox Recovery

1 8-82 8-99 9 09
2 10-5 11-38 11-02
3 7-74 8-89 8-35
4 9.35 9 73 10-41
5 6 16 6-57 6-38
6 7-28 8-44 8-16

Supported by the
Association.

Chest, Heart, and Stroke

Effect of graded respiratory work loads
without task failure on the sterno-
mastoid twitch MRR

VHF MAK, JR BUGLER, SG SPIRO Department of
Thoracic Medicine, University College Hos-
pital, London The sternomastoid twitch
maximum relaxation rate (TMRR) has been
shown to slow following inspiratory loaded
breathing to 70% of the initial inspiratory
pressure (Mak VHF, Spiro SG. Thorax 1990;
45:315P). However, the effect of different
respiratory work loads on the degree of slow-
ing and time course ofrecovery ofthe TMRR
is not known. Six normal subjects (age 24-44
years, four male) were tested, each on three
separate days. Their resting TMRR
measured as described previously (Mak
VHF, Spiro SG. Thorax 1989;44:887P), and
they were then exercised by breathing in
maximally through a fixed inspiratory resis-
tance, expiration being unloaded. The
maximal inspiratory pressure generated
across the resistance was measured (Pimax).
Three graded exercise protocols were used:
(1) 40 breaths at minimum of 95% Pimax;
(2) 80 breaths at minimum of 90% Pimax;
(3) 120 breaths at minimum of85% Pimax. If
the target pressure was not reached, the
breath was not counted. Inspiratory efforts
were of two seconds duration, followed by
two seconds rest, giving an average tension
time index of47 5%, 45% and 42-5% respec-
tively. All subjects could still achieve the
target pressure at the end of each protocol
(that is, no task failure). The mean (± SD)
fresh TMRR for the six subjects on each of
the three separate tests was 10-24 (2-67), 9-85
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(2 14), 10-03 (1-27) % force loss/10 ms. The
mean (SD) duration of exercise for 40, 80 and
120 breaths was 189 (23), 339 (24), and 576
(77) s respectively. The mean (SD) fall in
TMRR expressed as percentage of the fresh
state for the three protocols is shown in the
table below. We conclude that, in the absence
of task failure, the sternomastoid TMRR
increasingly slows with increasing work
loads, and takes longer to recover back to the
fresh state levels.

Minutes
after
exercise 40 breaths 80 breaths 120 breaths

1 99-6 (23-9) 84-6 (22-5) 74-4 (16 6)
3 91-6 (13-4) 89-8 (17-5) 75-8 (15 0)
5 93-6(11-0) 91-9(14-6) 82-1 (15-7)
10 100-9 (16-8) 100-7 (21-2) 88.4 (17 7)

Supported by the Chest, Heart, and Stroke
Association.

Ipsilateral lung function after thoraco-
plasty

MJ WALSHAW, M O'DRISCOLL, M CRITCHLEY, D

RUSSELL, CC EVANS, CRK HIND Department of
Nuclear Medicine, Royal Liverpool Hospital,
and Cardiothoracic Centre, Liverpool
Patients who underwent thoracoplasty for
tuberculosis are known to be at risk from
respiratory failure many years later. This has
been attributed to respiratory muscle fatigue.
However, although thoracoplasty results in
disordered chest wall mechanics on the affec-
ted side, there have been no studies looking at
function in the residual ipsilateral lung. To
investigate this further therefore, we perfor-
med lung spirometry, blood gas analysis
before and after 40% Fio, and radioisotope
quantitative ventilation-perfusion lung scans
in seven well patients (mean age 65 years,

range 55-69; six female) who had undergone
thoracoplasty (four right sided) for tuber-
culosis in the 1950s. All patients had restric-
ted lung volumes (mean FEV, 48% predic-
ted, range 34-61; mean FVC 62%, range 48-
74), but no evidence of significant pulmonary
shunting (mean Pao2 breathing air 10-8 kPa,
range 8-9-12 9; mean Pao2 when FIo2 40%
21 1 kPa, range 150-24-9; mean calculated
shunt 5%, range 0-10). In terms of ipsilateral
lung function, all patients had well matched
ventilation (mean 31% of total counts, range

6-52) and perfusion (mean 33% of total
counts, range 1-59). In three patients with an
apparently small ipsilateral residual lung
(< 30% of total ventilation counts) the
volume was remeasured and confirmed with
single photon emission computed tomo-
graphy (SPECT) using radiolabelled
albumin (26% v 26%, 11% v 9%, and 12% v

6% respectively), demonstrating that func-
tion was appropriate for lung size. These
results demonstrate that ipsilateral residual
lung function is maintained and appropriate
in these patients, and suggest that ventilation-
perfusion abnormalities are not the cause of
respiratory failure many years following
thoracoplasty.

Applied potential tomography (APT), a

technique for continuous non-invasive
monitoring ofpulmonary function

ND HARRIS, DC BARBER, BH BROWN, AH

MORICE Department of Medical Physics and

Clinical Engineering and Department of
Medicine and Pharmacology, University of
Sheffield, Royal Hallamshire Hospital,
Sheffield Electrical impedance measure-
ments across the chest (impedance pneumo-
graphy) using electrodes supplied with a
constant high frequency current is an establi-
shed technique for the non-invasive monitor-
ing of respiration. The magnitude of the
impedance changes varies with the shape and
size of the subject as well as with posture but
is a useful means ofmonitoring the depth and
rate of respiration (Baker J. Med Biol Engn
1966;4:371). Applied potential tomography
(APT), utilises a 16 electrode array to
measure voltage profiles around the trunk and
by a process of back projection, produce
cross-sectional images of the distribution of
resistivity within tissue. Relatively large
changes in resistivity are known to occur in
lung tissue during respiration (Witsoe J. Med
Biol Engn 1967;5:239). APT images of the
thorax show a large increase in the resistivity
of the lungs on inspiration. In normal volun-
teers (n = 6) we have demonstrated a 50%
distribution of ventilation between the right
and left lungs and have measured changes in
this distribution with posture at different lung
volumes. Clinical studies have confirmed the
ability ofAPT to identify ventilatory defects
demonstrated by independent radiographic
or radioisotope investigations. There is a high
correlation between lung resistivity and the
volume of air inspired (r > 0-95); calibration
of the system allows continuous monitoring
of the level of ventilation. A fast reconstruc-
tion algorithm has been developed which
allows continuous monitoring of changes in
regional lung ventilation. Exercise studies
have been performed on normal subjects (n =
5) on a bicycle ergometer with loads of up to
100 watts. The volumetric accuracy is gen-
erally within + 10% of spirometric
measurements (mean 0 5% (8 2%) at ventila-
tion of 10-85 1/min.

Rapid optical system to assess shape and
volume

ND DUFFY, S McGOWAN, GB DRUMMOND
Department of Electrical and Electronic Engin-
eering, Heriot-Watt University, and Depart-
ment of Anaesthetics, Edinburgh University,
Edinburgh Assessment of shape by analysis
of signals from a video camera gives more
detail than devices such as magnetometers.
Even with automated techniques, data pro-
cessing is lengthy (Saumarez J. JAppl Physiol
1986;60:702-9), so interactive studies have
been impractical. By electronically process-
ing the video signal, we have reduced the
subsequent data manipulation needed. A low
energy HeNe laser beam passes through a

cylindrical lens to generate a plane of light,
and is reflected by a mirror mounted on a

galvanometer to produce a line of light on the
chest wall. A video camera is mounted to view
the resultant line from a different angle. The
line of light appears deviated by the shape of
the form that it is illuminating. The camera is
oriented so that the line is viewed at right
angles to the camera raster scan direction.
The video signal from the camera is processed
so that the time between the start of each
raster line and the pulse caused by the laser
light is measured. This time is sent to the
computer in the video line blanking period.
In any 20 ms a complete set of values relating
to the illuminated profile is obtained. The
shape of a vertical section of an object is

calculated from the geometry of the system,
and volume can be estimated from successive
sections. The accuracy and reproducibility of
the system was tested using test objects
varying in volume from 340 to 3670 cm.3 For
an object in a single position the system was
accurate to within 10 cm', and the SD of
repeated measurements was 3 cm3 (n = 18).
For a malleable object (2453 (SD 14) cm3 by
water displacement) a systematic under-
estimate of 36 ml was found. The SD of the
measurements was less than 5 cm' (n = 8),
despite changing the shape between each
measurement. The system can analyse the
shape of up to five sections of the chest wall,
measured at 20 ms per section, for sampling
periods of up to 108 seconds.

Supported by SHHD equipment research
grant.

Endobronchial sonography (EBS) for
the assessment of the lungs and media-
stinum

T HUERTER, P HANRATH Department of Inter-
nal Medicine I, University Clinic (RWTH),
Aachen, Germany Sonographic examina-
tion of the lungs and mediastinum is still an
unresolved problem in clinical medicine. The
main reason is an interposition of air both
in central airways and lung parenchyma,
making transthoracic and transoesophageal
sonography difficult. We have succeeded in
circumventing this problem by catheter
based sonography. The 20 MHz transducer
rotates within a 6-2 F sheath, which can easily
be passed through a fiberbronchoscope during
routine endoscopy (Boston Scientific, Water-
town, Mass). It produces two dimensional,
cross sectional images with an axial resolution
of about 0-2 mm on the imaging console
(Diasonics, Milpitas, Calif). We report on the
examination of 58 patients suffering from
malignant intrathoracic tumours. The nor-
mal bronchial wall of central and peripheral
airways is composed of an inner and outer
echodense layer and an intermediate, echo-
lucent zone corresponding to the mucosa,
adventitia and cartilage. Pulmonary arteries
are located in the immediate vicinity of the
bronchial wall. Their internal diameter is
comparable to the bronchial lumen. Bron-
chial carcinomas appear echolucent and cause
disruption of the trilaminar wall structure,
which makes intramural and peribronchial
tumour growth visible. Tumour stenosis of
up to 2 mm in diameter can be passed by the
catheter. Lymph node enlargement can be
easily visualised thus allowing successful
transbronchial needle aspiration. It is con-
cluded that EBS provides additional informa-
tion during routine fibre bronchoscopy.

Characteristics of laser Doppler blood
flow measurements in human airways

DJ GODDEN, EM BAILE, PD PARS University of
British Columbia Pulmonary Research
Laboratory, Vancouver, Canada, and Univer-
sity of Aberdeen Laser Doppler flowmetry
(LDF) is a method of measuring microcircu-
latory blood flow which has been used to study
blood flow patterns in human skin, nasal
mucosa, stomach and intestine. We have
examined the characteristics of LDF
measurements of human airway mucosal
blood flow in six awake volunteers and in eight
subjects undergoing cardiopulmonary by-
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pass. In both groups a laser Doppler flow
probe (Laserflo BPM 403, TSI inc), inserted
through a bronchoscope, was applied to the
airway mucosa under direct vision. In the
awake subjects measurements were made at
15 sites on the lateral tracheal wall, 4 cm
proximal to the main carina. In the bypass
subjects measurements were made at four
sites in each of four regions (posterior and
lateral trachea, right and left main bronchi).
Mean (SD) blood flow measurements on the
lateral tracheal wall were 16 (11) LD units in
the bypass group, and 16 (13) LD units in the
awake group. Variation between subjects was
large, the coefficient of variation (CV) being
66% for the bypass group, and 78% for the
awake group. More importantly, within
regions in each subject there was substantial
variation between sites, the CV between sites
being 20 (14)% for the bypass group and 23
(14)% for the awake group. The major poten-
tial sources of artefact in the awake subjects
were respiratory movement, eliminated by
breath holding, and cardiac pulsation. How-
ever, the findings in the bypass subjects, in
whom ventilation and cardiac pulsation were
absent, suggest that the LDF signals reflect
true variations in capillary density and
microvascular flow. The magnitude of these
variations, which are also observed in other
organs, is sufficient to preclude the use of
present LDF technology to detect small
changes in blood flow in human airways,
except when the probe can be held at a single
site throughout the entire manoeuvre under
study. The development of integrating
probes, sampling multiple sites, may over-
come this problem.

Membrane transfer factor (Tm) and
pulmonary capillary blood volume (Qc)
at varying lung volume and posture
derived from simultaneous single
breath TLNO/TLCO measurements

C BORLAND, Y COX, T HIGENBOTTAM
Papworth Hospital, Papworth Everard,
Cambridge We have previously described a
method for simultaneous measurement of
transfer factor (Tm) for nitric oxide (NO) and
carbon monoxide (CO) (Borland C, Higen-
bottam T. Eur Respir J 1989;2:56). On the
assumption that DLNO can be described by
Roughton and Forster (1/DL = 1/Tm +
1/(c) Tm and 2c can be calculated from a
single breath combined TLNO/TLCO
measurement (Borland C. Eur Respir J (in
press)). To determine normal values for Tm
and Qc and to explore the effects of altered
lung volume and posture measurements were
made in 10 healthy volunteers at TLC in the
sitting position and in six individuals at TLC
and approximately TLC/2 in the sitting and
supine postures. TmNo (sitting, TLC) =

105-81 mmol min' kPa -1 SD 47-93). Tmco
= 52-89 mmol min -'kPa - I (SD 23 96) and
ON = 0-056 (SD 0-012) litres. Reduction in
lung volume was associated with a reduction
in TLNO (p < 0-001) Tmco (p < 0-0) TmNo
(p < 0-01) but an increase in Kco (p < 0-001)
and Qc (p < 0-001) and no change in TLCO or
KNO. Change to the supine posture increased
Kco (p < 0-001) and 2c (p < 0-01) and small
increases in DLco, KNo, TmNo, Tmco (p <
0 05) were observed. Tm and ()c can be
simply measured from combined TLNO/
TLCO measurement. TLNO appears to reflect
Tm and Kco reflects 2c. The increase in Tm
with increased lung volume may reflect ex-
pansion and recruitnent ofalveoli. The fall in

(c with increased lung volume may be due to
a fall in capillary pressure or to recruitment of
alveoli of increased V/Q.

Effect of upper airway support in addi-
tion to cheek support on plethysmo-
graphic lung volume estimations in
patients with chronic obstructive pul-
monary disease

DPS SPENCE, MG PEARSON, PMA CALVERLEY
Regional Thoracic Unit, Fazakerley Hospital,
Liverpool The body plethysmograph is
reported to over-estimate lung volumes in the
presence ofairflow obstruction (RodensteinD
et al. J Appl Physiol 1982;52:949). This
overestimate may reflect the increased time
constants for pressure equilibration in
chronic obstructive lung disease but this
should be minimal when panting at 1 Hz, or
may be due to compliance ofthe extrathoracic
airways since it is abolished by bypassing the
extrathoracic airways with an endotracheal
tube. Recently Listro et al. (J Appl Physiol
1989;67:933) demonstrated that airways res-
istance measured by the interrupter tech-
nique was lower when support was given to
the floor of the mouth in addition to the
cheeks. We examined the effect of support to
the floor of the mouth on plethysmographic
estimation of lung volume in chronic ob-
structive lung_disease. Twenty nine subjects,
age 62 (7-8), FEV, 0-86 (0 29), each had FRC
measured in a constant volume body plethys-
mograph (PK Morgan). Three measure-
ments were made with cheek support alone
(C) and three with additional support to the
floor ofthe mouth (C + F). Each measurement
was performed with the subject panting at
1 Hz. Values for FRC were lower with cheek
and floor ofmouth supportX67 (1-42)1) than
with cheek support alone (6-5 (133) 1 (p <
0 05). Variability of the measurement was
similar for both methods (C + F 482%, C
4-47%. These results suggest that support to
the floor of the mouth in addition to cheek
support reduces the compliance of the extra-
thoracic airways, and reduces the over-
estimations of lung volume consequent upon
this, and that it should be performed rou-
tinely when making plethysmographic
volume measurements in subjects with sig-
nificant airflow obstruction.

Arterial blood gases and performance
during a bicycle exercise test

CK CONNOLLY, NS CHAN Department of
Medicine, Memorial Hospital, Darlington
The relationships between performance and
blood gases in a two stage bicycle exercise test
were studied. The test has a rapid logarithmic
first stage to maximal output, which predicts a
load sustainable by 70% of subjects for at
least five minutes (Respiration 1985;47:114).
Forty subjects (32 male, eight female, mean
age 61 5, range 45-74) had moderate or severe
airway obstruction (mean FEV, 0 96, range
0-4, 2-7 before and 1-04, 04-2-8 after bron-
chodilator). Each subject performed a test
while breathing oxygen, followed by a test
breathing air (group 0) or vice versa (group
A), the order being determined randomly.
The groups had similar characteristics,
including pulmonary function, but group 0
achieved higher mean levels of maximum
work, particularly when breathing air (163 v
118 watts, p = 0 04). The relationships
between maximum work and other variables

were examined separately for each group. In
all cases the two groups did not differ sig-
nificantly and pooled results are presented,
though the relationships tended to be stron-
ger in group 0. For exercising on air there
was a significant association between max-
imum work and FVC (r = 0-63, p < 0-01)
and Kco (r = 0O51, p < 0 01). There was also
a direct relationship between work done and
resting Po2 (r = 0 46, p < 0 01) and an
inverse relationship with fall in Po2 during
exercise on air (r = 0-46, p < 0-01). Work
done was not associated with absolute or
exercise change in Pco,. Overall, the maxi-
mum performance was little better with
oxygen than with air (150 v 144 watts); the
individual differences correlated only weakly
and non-significantly with a fall in Po2 and a
rise in Pco2 while exercising on air. When
work output was corrected for vital capacity
using the published equations, the results
were very similar. The relationships demon-
strated were all as expected. That they were
best seen in group 0 might be due to chance
or reflect greater confidence generated by the
use of oxygen in the first test.

Twelve minute walking distance
correlates with maximum oxygen con-
sumption (Vo2 max) on an incremental
treadmill test for patients with end
stage pulmonary vascular disease
(PVD)

G CREMONA, BA OTULANA, B MIST, L SHARPLES,
AT DINH XUAN, TW HIGENBOTTAM Papworth
Hospital, Papworth Everard, Cambridge
The 12 minute walking test is an accepted
method for the assessment of exercise per-
formance (McGavin et al. BMJ 1978;ii:241).
In order to determine whether the degree of
exercise tolerance could be inferred from a 12
minute walk in patients with PVD, we have
prospectively compared the 12 minute walk-
ing distance with Vo2 max in 92 patients (43
male, mean age 30 (16) years) with primary or
secondary pulmonary vascular disease re-
ferred to our centre for consideration for
heart-lung transplantation. The two tests
were performed on the same day. Vo2 max
was estimated from mixed expired gases by
mass spectrometry. During the 12 minute
walking test heart rate (HR) and arterial
oxygen saturation (Sao2) were measured by
digital pulse oximetry. Linear regression gave
a significant correlation between Vo2 max and
total distance (D) walked (r = 0 6, p < 0-001)
but not with Sao2 or HR. The predictive
equation is Vo2 max = 3-19 + 0-051 D
(figure). We conclude that in PVD patients
who otherwise would be unable to perform a
strenuous exercise test an estimate of the
degree of exercise impairment (Vo2 max) may
be predicted from the total distance walked in
a 12 minute exercise test. This may also serve
to follow the clinical course of the disease and
assess response to treatment.
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Effectoflaserresectionofendobronchial
obstructing tumour on physiological
deadspace

CM ROBERTS, JR BUGLER, VHF MAK, MR HETZEL
Department of Thoracic Medicine, University
College Hospital, London Laser resection of
endobronchial obstructing tumour is effective
in providing a patent airway enabling reflation
of collapsed lung. A recent study demon-
strated that both ventilation and perfusion of
lung distal to obstructing tumour increases
significantly after laser resection but that the
relative increase in ventilation is greater than
perfusion (George J. Thorax 1990;45:248-
53). It is therefore possible that such a
resection may create an increase in the
physiological deadspace (VD) and increase the
work of breathing. We studied 15 patients
with bronchial carcinoma occluding a major
bronchus who underwent laser resection.
Deadspace estimation and spirometry were
performed before and after the procedure.
Subjects were subdivided by site of tumour
(main bronchus or lobe) and by success of
treatment (reventilation of lobe or lung). Six
subjects had main bronchus and nine lobar
occlusion. In only one case was a main
bronchus occlusion completely resected. In
all other cases an upper lobe tumour occlud-
ing the main bronchus was resected back to
the upper lobe orifice allowing ventilation of
the lower but not upper lobe. Overall,
spirometry showed some improvement
(FEV, mean (SD) pre 1-31 litres, (0 34) to
post 1-24 (0-48) which did not reach statistical
significance. VD did not increase after resec-
tion (pre 299 ml (90) to post 297 (112) ml),
nor did VD/VT (tidal volume) ratio (pre 0 50
(0-07) to post 0-48 (0 08)). When subgroups
of lobar or main bronchial obstruction were
analysed there was still no significant change
in dead space post resection. We conclude
that successful laser resection of a tumour
resulting in reventilation of an obstructed
lobe produces this beneficial effect without
resulting in an increase in the physiological
deadspace.

Resolution of lung function tests

CT YEO, S WARD, D CRAMER, DM DENISON
Royal Brompton Hospital, London Ranges
ofnormality ofroutine lung function tests are
so wide that it is possible to have as much as
36% deterioration before they are transgres-
sed. It is argued such tests are better at
determining trends. We have calculated their
reproducibility in a group of highly moti-
vated healthy young adults, in whom vari-
ability with time ought to be least marked.
Routine tests were performed on 60-160
occasions in each of 20 people aged 20-28
years at onset, over periods spanning 1-12
years. All tests were conducted, on the same
apparatus, at the same time of day (9 am), in
the same upright sitting posture. The best of
three results each day was recorded. The first
five sets ofdata were considered, training runs
being excluded from analysis. Coefficients of
variation were: forced vital capacity 3 5%,
total lung capacity 3-5%, alveolar volume
3.5%, total carbon monoxide transfer 5%,
specific transfer 6%, functional residual
capacity 7 5%, and residual volume 14%.
Variability reduced with time over the first 30
sets of tests for each parameter. Variabilities
were greater over 10 than over five con-
secutive tests. As this implied non-random
distribution ofresults with time, we tested the

resolution ofconsecutive runs oftests directly
and concluded that a 5% change in function
would be missed in two thirds of the subjects
but a 10% change would be detected in all.
These findings are relevant to clinical practice
and to the design of drug trials.

Measurement of carbon dioxide gas
transfer and FRC in ventilated normal
subjects

PD MACNAUGHTON, CJ MORGAN, DM DENISON,
TW EVANS Clinical Physiology and Intensive
Care, Royal Brompton and National Heart
Hospital, London The assessment of pul-
monary function in patients with severe
respiratory failure, particularly those under-
going mechanical ventilation remains rudi-
mentary. We therefore developed a method
for measuring total carbon monoxide gas
transfer (TLCO), specific gas transfer (Kco),
and functional residual capacity (FRC) by a
rebreathing method for use in such circum-
stances and validated it in seven normal
subjects (age range 25-35 years, six male, one
smoker). To assess the effects of a common
therapeutic intervention on the measured
parameters, measurements were made at
three levels of PEEP (0, 5 and 10 cm H2O).
Subjects were ventilated with a mouthpiece
and a Siemens Servo 900D electronically
controlled ventilator. By means of a bag in
box system, the subject was switched at the
end of a tidal expiration to ventilate via a bag

MORRIS JONES, HR GATTAMANENI, A WOODCOCK
Wythenshawe Hospital, Manchester The
nitrosourea drug BCNU is known to produce
a progressive pulmonary fibrosis with severe
functional impairment. We investigated 16
(of 16) survivors of childhood intracranial
tumours treated with the related drug CCNU
for any similar effects. All received CCNU
(mean dose 519, range 180-960 mg). In
addition 15 received procarbazine, five
received vincristine and all were treated with
craniospinal radiotherapy (cranial 1500 cGy,
craniospinal 3000 cGy). Nineteen patients
treated in childhood for acute lymphoblastic
leukaemia (ALL) with cranial radiation
(1800-2400 cGy), vincristine, daunorubicin,
6-mercaptopurine and methotrexate were
also studied. The findings are shown in the
table below. The CCNU group had restricted
lung function even when the predicted values
were recalculated using heights corrected for
the effects of radiation on spinal growth
(Shalet et al. Arch Dis Child 1987;62:461).
The ALL group results were lower than
predicted (VC p = 0 003; TLC p = 0 04;
TLCO P = 0-028), though unlikely to be of
clinical significance. No member of either
group had clinical or radiological pulmonary
disease. These results indicate that CCNU,
like BCNU, damages lungs when given in
childhood.

Supported
grant.

by a British Lung Foundation

CCNU ALL p (t test)

Mean age (y (range)) 17 2 (8-26) 15 9 (11-24) NS
Mean years since treatment (range) 8 7 (6-13) 8 8 (3-19) NS

Lungfunction (mean (SEM)% predicted)
FEV, 69 3 (3 65) 95-0 (3-16) <0 0001
VC 65 4 (4-21) 90-8 (2 84) <0-0001
TLC 72-9 (4 06) 93 7 (2-96) <0 0001
TLCO 78-3 (4 59) 93-9 (2 67) < 0-005
Kco 109-7 (6 60) 106-8 (2 18) NS

containing a measured volume (about 1 litre
or 15 ml/kg) of a gas mixture of known
composition (about 0-3% CO, 14% He, 35%
02, balance N2). Rebreathing continued for a

time period of six respiratory cycles (20
seconds in all) and was terminated at the end
of expiration. Bag CO and He concentrations
were analysed and TLCO, accessible gas
volume (VA) and Kco derived from standard
formulae. An estimate of FRC was obtained
by deducting bag volume and equipment
deadspace volume from the measured VA.
With the application of five and 10 cm PEEP,
mean (SD) FRC increased from a baseline
value of 2296 (458 ml) by 416 (82) ml (p <
001) and 828 (159) ml (p < 0 01) respec-
tively. TLCO was significantly reduced only by
10 cm PEEP, from a baseline value of 5-10
(0 92) to 4.7 (0 87) mmol/kPa/min (p < 0-02).
Kco fell from a baseline value of 1-45 (0 27) to
1 26 (0-29) (p < 0-01) and to 1-06 (0-23)
mmol/kPa/min/l (p < 0 01) with 5 and 10 cm
of PEEP respectively. PEEP of 5 and 10 cm
H2O increased FRC and reduced Kco, but
affected TLCO only at the higher value. We
postulate that the fall in TLCO at high levels of
PEEP was due to a reduction in accessible
pulmonary capillary blood volume.

Impairment of pulmonary function
after treatment with 1-(2-chloroethyl)
3-cyclohexyl-l-nitrosourea (CCNU)
and craniospinal radiotherapy

S KALRA, MEM JENNEY, BR O'DRISCOLL, P

Can respiratory involvement in sys-
temic lupus erythematosus and mixed
connective tissue disease be predicted
by laboratory parameters and muscle
biopsy?

SA EVANS, ND HOPKINSON, WJM KINNEAR, L
WATSON, RJ POWELL, IDA JOHNSTON Univer-
sity Hospital, Nottingham SLE (systemic
lupus erythematosus) and MCTD (mixed
connective tissue disease) often affect the
respiratory system. Laboratory parameters
(complement levels, erythrocyte sedimenta-
tion rate (ESR), lymphocyte count) and lym-
phocytic vasculitis seen by muscle biopsy are
thought to reflect disease activity. It is not
known if such indices predict respiratory
involvement, and if evidence of vasculitis in
quadriceps muscle reflects respiratory muscle
function. Fourteen consecutive untreated
patients (11 SLE, 3 MCTD) and 19 clinically
active follow up patients (14 SLE, five
MCTD) were prospectively evaluated with
spirometry, lung volumes, diffusing capacity
(TLCO), mouth pressure during a maximal
sniff (Pmo), quadriceps needle muscle biopsy
histology, ESR, lymphocyte count and C3
degradation products (C3dg). Lung function
tests were abnormal in 12/25 SLE and 2/8
MCTD patients. Percent predicted FVC was
reduced in four (2 SLE) and TLCO in seven
(6 SLE), and Pmo was below the normal
range of our laboratory in six (4 SLE).
Lymphocytic vasculitis was seen in the
muscle biopsy specimens of 12 patients (9
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SLE). No correlation was found between
lymphocytic vasculitis and Pmo, or between
the laboratory parameters and Pmo or lung
function. In the untreated SLE patients ESR
and C3d were inversely correlated with %
predicted TLCO (r = 0-06, 0-61 respectively p
< 0 05) and ESR with % predicted FVC (r =
0 59, p < 0 05). We conclude that muscle
biopsy evidence of lymphocytic vasculitis is
not predictive ofinspiratory muscle weakness
in SLE as measured by Pmo. Though in un-
treated patients there was a relation between
laboratory parameters and lung involvement,
this was not the case for the whole group. In
SLE and MCTD such parameters are there-
fore likely to be of limited clinical value in
predicting lung involvement.

Smokers respond less well to a physical
training programme than non-smokers:
a study ofarmy recruits

NA HOAD, DN CLAY Army Chest Unit, Cam-
bridge Military Hospital, Aldershot, andArmy
School of Physical Training Too many sol-
diers continue to smoke, despite the strong
evidence that many premature deaths are
smoking related. The incidence of ischaemic
heart disease in soldiers is higher than in a
matched civilian popoulation, mainly owing
to excess smoking (Lynch and Oelman. BMJ
1981;283:405), and an anti-smoking cam-
paign is needed. Soldiers who smoke still
regard themselves as physically fit, and
attempts to make them give up fail partly
because standard lung function tests are un-
able to detect early smoking related lung
damage, evidence of which would reinforce
our advice. Recent studies on US servicemen
have suggested that tests of physical fitness
can show that smokers are less fit than non-
smokers (Bahrke et al. Mil Med 1988;153:
229). We used the more detailed Army Per-
sonal fitness assessment (APFA), which com-
bines several tests of strength and endurance
to study both the initial fitness and the re-
sponse to a six month training programme
in 50 recruits, 15 of whom were smokers.
Smokers and non-smokers had a similar mean
age, and initially the smokers tended to be less
fit, as shown by APFA scoring. Both groups
improved significantly during training, but
the smokers were then significantly less fit (see
table below), implying a poorer response to
training. Evidence such as this, ifconfirmed in
a larger study, may help to encourage young
smokers to give up.

Total score on APFA
(mean (SEM))

n Pre training Post training

Smokers (15) 107 (6.4)* 124 (3-6)
I 1*

Non-smokers(35) 117 (4.7)** 139 (43)

Difference in scores: *p = 0-05, **p = 0 01.

Enhanced germination of Aspergillus
fumigatus in the presence of mast cells

M ROBERTSON, X YIANG-LI, J SLIGHT, A SEATON
Institute ofOccupational Medicine, Edinburgh,
and University of Aberdeen Previous work
in our laboratory has investigated mechan-
isms whereby Aspergillus fumigatus has a
survival advantage over other fungal spores in
the lung (Seaton A, Robertson MD. Lancet

1989;i:893). It produces a low molecular
weight substance that inhibits macrophage
functions and is also able to use serum
components to resist killing. We have now
investigated the effect on its survival of
exposure in vitro to cells characteristic of the
asthmatic lung. Mast cells have been harves-
ted from the pleural space of PVG rats and
the proportion of these cells increased by
density gradient centrifugation. The effects of
this population of cells (76% mast cells, 20%
macrophages, 4% others) on the germination
ofAfumitagus spores has been compared with
the effects ofthe unaltered pleural cell popula-
tion (11% mast cells, 83% macrophages, 6%
others) and a macrophage enriched popula-
tion (1% mast cells, 94% macrophages, 5%
others). Greater survival, measured by counts
of colony forming units (CFU), occurred
following exposure to the enriched mast cell
preparation. (a) Control spores-126-5 CFU
(16 6) (mean (SEM)). (b) Mast cell enriched
treatment-143-6 (15 2).** (c) Unaltered
pleural cell treatment-I 13 (13 4) (10-7%
killed). (d) Macrophage enriched treatment-
103 (16-3) (18 6% killed). The results of
exposure ofAfumigatus spores to cell popula-
tions containing macrophages (c and dabove),
as in our previous studies, show limited
killing of spores. The presence of high con-
centrations of mast cells (and correspond-
ingly lower concentrations of macrophages)
appears to enhance the germination rate of
the spore.
**bSignificantly greater than a-p < 0 05.

Supported by Asthma Research Council.

Effect of bone marrow transplantation
on the respiratory burst of alveolar
macrophages in children

ABM FOOT, S ARNETT-JONES, N COX, A OAKHILL,
JR CATTERALL Bristol Children's Hospital
and Bristol Royal Infirmary, Bristol Because
pneumonitis is a common and often fatal
complication following bone marrow trans-
plantation (BMT), we investigated alveolar
macrophage (AM) function in BMT recip-
ients. Since the microbicidal activity ofAMs
relies heavily on the release of toxic oxygen
radicals, we elected to examine their ability to
mount a respiratory burst. Fourteen children
(six to 18 years) (10 male, four female) treated
for haematological conditions with BMT,
and conditioned with chemotherapy (n = 15)
and radiotherapy (n = 14), underwent
routine bronchoscopy and bronchoalveolar
lavage (BAL) both prior to and again three
months following transplant. BAL was also
performed in five controls (eight to 11 years
(four male, one female) undergoing routine
surgical procedures. AM isolated from the
BAL were adhered to plastic 96 well micro-
titre plates (1-5-2 x 106 per plate), and
incubated in minimal essential medium sup-
plemented with 10% fetal calfserum at 37C,
5% CO, for 24 hours. The amount of
superoxide (02-) produced by AM was
measured in triplicate as the superoxide
dismutase (SOD) inhibitible reduction of
ferricytochrome c, both spontaneously and
following stimulation with phorbol 12-myris-
tate 13-acetate (PMA), nmol 0-/min/ 106 cells

(mean (SD)), and is shown in the table below.
We conclude that AM exhibit a normal
respiratory burst pattern following the heavy
conditioning programme ofBMT.

Effect of cardiopulmonary bypass on
release of tumour necrosis factor and
neutrophil elastase in man

J BUTLER, GM ROCKER, S WESTABY, R PILLAI, DJ
SHALE Oxford Heart Centre, John Radcliffe
Hospital, Oxford, and Respiratory Medicine
Unit, City Hospital, Nottingham Tumour
necrosis factor (TNF) and neutrophil elastase
have been implicated in the aetiology of acute
lung injury. Plasma levels were studied in 19
patients (mean (SD) age 59 (10) years) under-
going elective coronary artery surgery with
cardiopulmonary bypass (CPB) (mean CPB
time 72 (20) min). Differential white cell
counts, TNF and elastase (as elastase-a
antitrypsin complex) were determined (a)
preoperatively, (b) after heparin administra-
tion, (c) during CPB, (d) at the end ofCPB, (e)
on sternal closure, and (f) two hours and (g)
24 hours postoperatively. Neutrophil and
monocyte counts rose progressively to peak at
(f)(10-4(33) x 109/1,0-84(0*3) x 109/lres-
pectively). The lymphocyte count peaked at
(b) (2 73 (1-29) x 109/1). TNF was detectable
in 10 patients at (a)-median 0-2 U/ml, range
0-101 U/ml-but was unaffected by CPB.
Neutrophil elastase, 191 (41) ng/ml at (a),
peaked significantly at (e), 786 (356) ng/ml,
p < 0-001, falling to preoperative values by
(g). Oxygenation fraction (Pao,/Fio,) was
markedly impaired at (d), 30-13 (19-61), and
remained impaired at 24 hours post-
operatively, 16 72 (17-63). Elastase showed a
significant correlation with Pao,/Fio,
(R = -0-55, n = 35, p < 0-001). Pulmon-
ary dysfunction following CPB may be
related to systemic release of neutrophil elas-
tase but there was no evidence of significant
perioperative release ofTNF.

Rat lymph node proliferative responses
and interleukin-l production after
pulmonary deposition of dust collected
from the air ofwool mills
DM BROWN, K DONALDSON Institute of
Occupational Medicine, Edinburgh To study
the immunological effects ofwool dust inhala-
tion by workers in wool textile mills, we used
a rat model and showed that pulmonary
deposition of wool dust resulted in stimula-
tion of the immune system. Inspirable dust
was collected from the air ofwool mills in the
north of England and instilled into rat lungs.
Disaggregated cells from mediastinal lymph
nodes one, three, seven and 14 days post
exposure were assessed for uptake of tritiated
thymidine after stimulation with the T cell
mitogen phytohaemagglutinin (PHA). Sig-
nificantly increased mitogenic activity was
observed in lymph node lymphocytes from
treated rats compared with saline instilled
rats, and this effect was demonstrated at all
time points: 1 day, 50 ug/ml PHA, control
4963 (1263) cpm (mean (SEM)), wool dust S
exposed 20 034 (1935) cpm (p < 0-001).
Lymph node activation could occur by action
of cytokines such as interleukin-1 (IL-1),

PreBMT (n = 14) PostBMT (n = 14) Control (n = 5)

Spontaneous 0 34 + 0-14 0 40 + 0-21 0 47 + 0-21 NSStimulated 0-64 + 0-23 0-74 + 0-27 0-69 + 0-16 NS
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which is produced by alveolar macrophages
(known to migrate to the lymph nodes). Rat
alveolar macrophages treated with wool dust
in vitro secreted significantly increased
amounts of IL-1 (9731 (545) cpm) compared
with an inert control dust TiO, (1183 (31)
cpm, (p < 0 05) when supernatants were
diluted 1: 8 with medium. We have been able
to measure endotoxin in the wool dust sam-
ples which could contribute to their activity
in inducing cytokine release and lymph node
stimulation.

Research funded by the Health and Safety
Executive.

Effect of neutrophil adherence on
expression of receptors for tumour
necrosis factor a

A CHAMBA, RA STOCKLEY, D BURNETT General
Hospital, Birmingham Cytokines, such as
Tumor Necrosis Factor-a (TNF), may
influence neutrophils (PMN) in the lung by
increasing their antimicrobial functions, but
also their potential to cause tissue damage.
TNF induces PMN adherence ofneutrophils
and also increases extracellular proteolysis
and superoxide production by PMN, but
only if the cells are adherent. The purpose of
the present study was to determine whether
the different effects ofTNF on adherent and
non-adherent PMN could be due to altered
expression of receptors for TNF (TNFr).
Human blood PMN were isolated by Percoll
density gradient centrifugation. Human
recombinant "'TNF was incubated, at con-
centrations ranging from 0 03-0 50 nM, for
60 min with PMN in suspension (non-
adherent), PMN adherent to fibronectin-
coated culture dishes (adherent) or with
adherent PMN which had been scraped off
into suspension (post-adherent). The amount
of "'TNF bound was measured with a y
counter. Binding of "'5TNF to all PMN
increased with doses of added "'TNF but
non-adherent cells bound more "'TNF
(mean 20-3 pM bound/106PMN with 0 5 nM
added (SEM 2-1)) than adherent cells (mean
4-2 (SEM 1 1)). The post-adherentPMN also
bound more '15TNF (mean 10 3 pM (SEM
3 7)) than the adherent cells. Scatchard
analysis showed that non-adherent PMN
expressed significantly more (p < 0-01)
TNFr (mean 1212 TNFr/cell (SEM 488))
than post-adherent PMN (mean 547 (SEM
454)) and TNFr affinity ofnon-adherent cells
(0 28 nM (SEM 0 07)) was significantly
(p < 0-001) higher than those of post-
adherent cells (mean 0-12; SEM 0 03)). Bind-
ing ofTNF to adherent PMN was insufficient
for Scatchard analysis of these cells. The
results suggest that when PMN adhere TNFr
are reduced in number and affinity and are
relocated largely on the adherent surface of
the cell. The location, numbers and affinity of
TNFr might determine the nature of the
response ofPMN to TNF.

Heterogeneity of mutations in the a,
antitrypsin gene commonly associated
with chronic obstructive airways
disease

N KALSHEKER, K MORGAN Department of
Medical Biochemistry, University of Wales
College of Medicine, Cardiff Royal Infirmary,
Cardiff The loss ofaTaqI recognition site in
the 3' end of the a, antitrypsin (AAT) gene

occurs in about 17% of unrelated patients
with chronic obstructive airways disease
(COAD). The polymorphism confers
approximately a 13 fold increased risk for
developing COAD as compared with a 20 fold
to 30 fold risk associated with classical AAT
deficiency. By gene amplification in vitro and
DNA sequencing we have characterised the
mutations resulting in the TaqI polymorph-
ism in six unrelated patients with COAD.
The mutations occur in either the first or the
third base of the TaqI recognition site
(TCGA) and occur in individuals who have
apparently normal AAT protein concentra-
tions in the serum. The normal sequence of
the AAT gene in the region of the TaqI
polymorphism has important structural
motifs that may significantly influence the
expression of AAT. Enhanced expression of
AAT is of importance in inflammation, when
AAT is required most. It is suggested but not
yet proved that these mutations occur in a
region of the AAT gene that will significantly
influence the expression ofthe AAT gene and
hence directly contribute to the pathogenesis
of COAD.

Effect ofphosphodiesteraseinhibitorson
macrophage superoxide generation

NC TURNER, T GUEREMY (SPONSORED BY RW
FULLER) Dagenham Research Centre, Rhone-
Poulenc Rorer Inc, Dagenham, Essex, and
Department of Pharmacy, University of Paris
Alveolar macrophages may play an important
part in the genesis and regulation of human
airway disease (Am Rev Respir Dis 1990;141:
471); regulation of their activity may
therefore be of therapeutic significance. We
describe here an investigation of the effects of
phosphodiesterase (PDE) inhibitors on
macrophage superoxide generation (SOG).
Macrophages were harvested by peritoneal
lavage of polymixin B (1 mg/ml, 1 ml bi-
weekly) pretreated guineapigs and purified on
a discontinuous Percol gradient. Cells resus-
pended in HBSS containing Ca+ + and Mg+ +
(106/50 pl/well) were added to 96 well plates
(Gibco) to a final volume of 250 p1 HBSS
containing 0 5 mg/ml p-iodonitrotetrazolium
violet (INTV). Cells were preincubated with
the PDE inhibitors with or without drugs or
0 1% DMSO vehicle for 15 min at 37'C prior
to challenge for 30 min at 37'C with FMLP.
SOG was measured as the absorbance of
reduced INTV (492 nm) in the solubilised
cell pellet (DMSO/5% HCI). FMLP (10'-
10' M) elicited a dose related reduction of
INTV that was inhibited by superoxide dis-
mutase (100 Mg/ml) and resting SOG was
reduced by 62 (3)%. Pretreatment with the
non-selective PDE inhibitor isobutyl-
methylxanthine (IBMX; 10' M), or the
selective type IV PDE inhibitors Ro20-1724
and Rolipram (both 10-' M) reduced resting
SOG (25 (6)%, 36 (10)% and 27 (4)%
respectively; n = 5-12), therewasno effecton
the increase in SOG due to FMLP. The
selective type III PDE inhibitor SK&F
94120 (10-5 M) was without effect (n = 5).
Prostaglandin E2 (10' M) and salbutamol
(10' M) reduced resting SOG by 38 (6)% and
30 (5)% respectively (n = 5). In combination
with IBMX the increase in SOG due to
FMLP was also inhibited. We conclude that
the PDE responsible for inhibition ofSOG in
these cells is predominantly type IV and that
the effects of PDE inhibition is enhanced in
the presence of some agents that activate
adenylate cyclase.

Collagen gene expression during
bleomycin induced lung fibrosis in mice

S SHAHZEIDI, RJ MCANULTY, GJ LAURENT Bio-
chemistry Unit, National Heart and Lung
Institute, London After a single injection of
bleomycin intratracheally in mice, lung
collagen content rises to a maximum after
about two months. To obtain information on
the activation of collagen producing cells
during the development ofpulmonary fibrosis
in mice, we have employed in situ hybridisa-
tion techniques to detect products of the type
III collagen gene. We examined tissues at six
time points: three, 10, 35 days and two and
seven months after bleomycin injection.
Mouse type III collagen cDNA was ligated
into a PAM,, vector and in vitro transcription
performed using T7 polymerase and "S
labelled nucleotides to produce a RNA probe.
This probe was applied to tissue fixed with
paraformaldehyde and embedded in paraffin.
Slides were immersed in photographic emul-
sion and autoradiograms developed. Results
demonstrated that the collagen type III gene
was maximally activated at 21 days, with
fewer signals at the other time points. No
signals were detected in controls. Cells were
most activated around the airways, alveoli
and subpleural spaces. These cells were either
adjacent to areas of fibrosis or in areas where
no fibrosis was apparent. We conclude that (1)
in situ hybridisation is a useful additional
approach to examine collagen gene expres-
sion during lung fibrosis; (2) in this animal
model of pulmonary fibrosis the increased
collagen gene expression preceded the peak of
collagen deposition; (3) the presence of
activated cells in regions distant from, or
peripheral to, areas of apparent alveolar dis-
tortion and fibrosis suggests that interactions
with matrix may have a role in regulating cell
activation in vivo.

Interleukin-6 (EL6) and IL6 inhibitor
production by alveolar macrophages or
blood monocytes from HIV positive
patients with Pneumocystis carinii
pneumonia

AB MILLAR, A VERYKAKI, RF MILLER, SJG
SEMPLE, GAW ROOK Departments of Medicine
and Medical Microbiology, University College
and Middlesex School of Medicine, London
Interleukin-6 is of interest in pulmonary
disease because of its ability to stimulate and
be produced by fibroblasts. Some HIV
positive patients with Pneumocystis carinii
pneumonia (PCP) have persistent radio-
graphic and physiological changes after clin-
ical recovery. We wondered whether IL6
production might play a role in these develop-
ments. We have assayed cell culture super-
natants from alveolar macrophages (AMs)
and peripheral blood monocytes (PBMs)
using a bioassay. The AMs and PBMs were
cultured both alone (spon) and with lipo-
polysaccharide LPS (stim). The bioassay
utilises the IL6 growth dependence ofthe B9
murine hybridoma cell line. These cells were
cultured in a 96 well microtitre plate with
reference dilutions of IL6, control media or
cell culture supernatants. Protein turnover
was assessed after three days. IL6 inhibition
was determined in an identical manner but
with a fixed concentration of IL6 in each test
well in addition to samples. The results (mean
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(SEM)) are shown in the table below. These
data suggest that the production of IL6 and
its inhibitor normally occurs only when
mononuclear cells are stimulated. Their
spontaneous production in HIV positive
patients with PCP may be detrimental.

sed by AWUV (mean 19 17 mm2/mm'; range
21 75-17-18) and with an age range of 21-68
years (mean 52 2). A significant correlation
(r = 0 779, p < 0-05) was demonstrated be-
tween increasing age and the alveolar macro-
phage density in these patients without

PCP Controls

AMs PBMs AMs PBMs

IL6 (pg/ml) spon 5-9 (0 7) 12 2 (3-7) <1 <1
stim 16 3 (1-6) 25 7 (3-4) 7 2 (13) 14 2 (4-5)

IL6 inhibitor spon 43 (8) 90o0 (10) 2-7 (12) 40 (13)
(% inhibition) stim 63 (23) 100 (14) 43 (15) 62 (18)

Neutrophil kinetics in rat lungs

GM BROWN, E DROST, K DONALDSON,
w MaCNEE Institute of Occupational
Medicine and Unit of Respiratory Medicine,
Department of Medicine (RIE), City
Hospital, Edinburgh We have developed a
rat model to study neutrophil (PMN) seques-
tration in the lung. Neutrophils were harves-
ted from peripheral blood of untreated rats
(PBN) and from bronchoalveolar lavage of
inflamed rat lungs (IN) following intratra-
cheal instillation of Corynebacterium parvum.
These were chromium-51 labelled and injec-
ted intravenously into control rats, together
with technetium-99 labelled erythrocytes
(RBC). Ten minutes after injection, the fold
increase in the PMN:RBC ratio in lung over

that in peripheral blood was significantly
greater with IN (90 5 (10-5)) (mean (SEM),
n = 6) than with PBN (15 7 (4 4), n = 9)
(p < 0 001). In vitro treatment-that is,
agitation (AN) and exposure to cigarette
smoke (SN) in a tonometer-also caused
increased sequestration of PMN (fold in-
creases 34-5 (6 7) and 27 2 (2 4) respectively,
p < 0-001). Lung inflammation in the rats,
induced by intratracheal instillation of
Corynebacterium parvum, also caused
increased sequestration of PBN (26-9 (7 6)).
IN and SN, but not AN, exhibited decreased
cell deformability, assessed as an increase in
the filtration pressure measured in vitro as
cells passed at a constant flow through a 5 jM
pore size micropore membrane (IN-11-0,
SN-71, AN-13, PBN-08 cm H2O at 6
minutes). Thus PMN sequestration in the
lung is influenced both by changes in the
PMN and changes in the pulmonary micro
vasculature. Some but not all of the changes
in PMN sequestration may be due to altered
deformability of these cells.

This work was funded by the Chest, Heart,
and Stroke Association.

Age related change in the intra-alveolar
macrophage density in non-smokers

WAH WALLACE, M GILLOOLY, D LAMB Depart-
ment of Pathology, University of Edinburgh,
Medical School, Edinburgh We have coun-
ted the number ofintra-alveolar macrophages
(IAM) in nine resected lung lobes for small
peripheral lesions. For each case the alveolar
surface area/unit volume (AWUV) was recor-
ded using a fast interval processor (Gillooly et
al. Thorax 1990;45:326P) and from this the
alveolar macrophage density was calculated
(IAM per mm2 alveolar surface area). All the
cases studied were current non-smokers
(seven life long; two >6 months) with no

evidence of microscopic emphysema as asses-

evidence of microscopic emphysema. We
have previously reported an increase in IAM
density in association with the development
of microscopic emphysema (Wallace et al.
Respir Med 1990;84:430) in smokers. It is
unclear whether this observation in non-
smokers is related simply to aging or whether
this represents a reactive process.

Neutrophil retention in the lungs and its
relation to emphysema

C SELBY, E DROST, S O'NEIL, M GILLOOLY,
D LAMB, E CAMERON, W MACNEE Unit of
Respiratory Medicine, Department of
Medicine (RIE), with Department of Thoracic
Surgery, City Hospital, Edinburgh, and
Department of Pathology, University of
Edinburgh We have previously demon-
strated that neutrophil deformability
measured in vitro correlates with the reten-
tion of "'In labelled neutrophils (PMN) on
first passage through the lungs (FPR) in
normal subjects. In contrast, PMN seques-
tration in the lungs at 10 minutes (10'S), but
not FPR, correlates with local blood velocity,
a relation which is lost in patients with stable
COPD. Destruction of the pulmonary vas-
cular bed by emphysema may alter neutrophil
traffic through the lungs. We therefore
studied ten patients (8 M; 59-75 y) with
clinically stable COPD (FEV, 8-57% pred)
who underwent CT assessment of lung den-
sity as a measure of microscopic emphysema
(Gould. Am Rev Respir Med 1988). Neutro-
phil FPR correlated significantly with mean
CT lung density when either the whole lung
data (r = 0-71, p = 0 02) or lung regional
data (r = 0-51, p = 0 004, n = 30) were
used in the analysis. There was no significant
correlation between CT lung density and
10'S; although 10'S correlated. significantly
with CO transfer- (Kco, r = 0-7, p = 002)
whereas FPR did not (r = 0-6, p 0-06).
Thus worsening emphysema is associated
with less PMN retention. In seven subjects
(7 M; 53-70 y) undergoing lung resection,
intraoperative reinjection of autologous "..In
PMN and 'Tc erythrocytes RBC allowed
determination of PMN: RBC fold excess
(FX) in the resected lung above that present
in peripheral blood as a measure ofneutrophil
retention. There was no significant corre-
lation between FX and the degree of micro-
scopic emphysema measured morpho-
metrically as the alveolar wall/unit volume.
These studies do not indicate increased
intravascular sequestration of neutrophils in
emphysematous lungs.

Supported by the Norman Salvesen
Emphysema Research Fund.

Microscopic emphysema in relation to
age and smoking

M GILLOOLY, D LAMB Department of
Pathology, University of Edinburgh, Medical
School, Edinburgh Smoking and age are
recognised as factors which influence macro-
scopic emphysema. However, emphysema is
only visible to the naked eye when up to 75%
of the alveolar surface area has been lost. We
have measured microscopic emphysema in
terms of airspace wall surface area/unit
volume of lung (AWUV), expressed in
mm'/mm3. AWUV was measured with an
automatic image analysis system, the fast
interval processor, a scanning device which
we have previously described (Gillooly et al.
Thorax 1990;45:326P). Our aim was to
observe the relationship betweenAWUV and
age, and to examine the influence, if any, of
smoking on this relationship. The sample
consisted of 89 cases, 59 lobar resections and
30 autopsies with known smoking histories
(15 non-smokers). There was a strong
negative relation between AWUV and age in
the non-smokers (r = -0-76, p < 0-01).
The regression line for the non-smokers and
its 95% prediction limits were used to estab-
lish a normal range of AWUVs for the
sample. We found that two thirds of the
smokers in the sample hadAWUVs which fell
within the normal range for their age, and one
third had AWUVs which were below normal.
We conclude that, while many smokers
develop microscopic emphysema, a substan-
tial number do not.

Regular three monthly ciprofloxacin in
adult patients with cystic fibrosis infec-
ted with Pseudomonas aeruginosa

CD SHELDON, BA ASSOUFI, ME HODSON
Department of Cystic Fibrosis, Royal
Brompton Hospital, London Chronic infec-
tion with P aeruginosa is a major cause of
morbidity and mortality in cystic fibrosis
(CF). Intravenous (IV) antibiotics improve
the clinical condition of patients with exacer-
bations of respiratory symptoms and regular
IV treatment has been shown to improve
survival (Acta Paediatr Scand 1987;76:955).
Regular oral ciprofloxacin may provide an
alternative to regular hospital admission for
IV antibiotics. Forty adult CF patients who
were chronically infected with P aeruginosa
were enrolled in a double blind placebo
controlled trial. Patients received either
ciprofloxacin 500 mg tds or an identical
placebo for 10 days every three months for
one year. Patients were assessed clinically
before each treatment course and three
months after completing the final course of
tablets. Thirty one patients completed the
trial; 15 received ciprofloxacin and 16 placebo.
In those receiving ciprofloxacin the mean
percentage predicted PEF improved from
50-7% to 56-7% during the study period (p =
< 0 05), whereas there was no change in those
taking placebo. During the year there was no
significant difference in FEV,, FVC, number
of days off work, days in hospital, hospital
admissions or courses of IV antibodies in
either group. Diary cards were available for
29 courses of ciprofloxacin and 38 courses of
placebo. The mean PEF improved by 34-6
1/min during active treatment compared with
6-71 1/min in those receiving placebo (p =
< 0 005). Sputum volume and breathlessness
also improved (p = < 0 005). At the start of
the study two patients receiving ciprofloxacin
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had isolates ofP aeruginosa resistant to cipro-
floxacin; this had increased to 10 patients by
the end of the study. Four patients in the
placebo group had resistant isolates at the
start of treatment and this increased to five
during the year. The change during treat-
ment- was not significant (Fishers exact test
p = 0-18). Repeated courses oforal ciproflox-
acin resulted in a small but significant
improvement in PEF over a period of one
year. Analysis of diary cards showed an
improvement in PEF and symptoms during a
course of ciprofloxacin. However, regular
ciprofloxacin did not prevent hospital admis-
sions or reduce the number of days spent off
work when compared with placebo.

Pulmonary deposition of nebulised
amiloride in cystic fibrosis (CF)

SHL THOMAS, A GRAHAM, C PAGE, P BLOWER,
TO NUNAN, DM GEDDES, MJ O'DOHERTY St
Thomas's Hospital and Royal Brompton and
National Heart Hospital, London, and Kent
and Canterbury Hospital, Canterbury
Inhaled nebulised amiloride has been found
to improve mucus clearance in patients with
CF by increasing mucociliary and cough
clearance and by reducing sputum viscoelas-
ticity, and has therefore been proposed as
regular therapy for these patients. The effec-
tiveness of this treatment will depend in part
on the delivery ofamiloride to its site ofaction
within the lung. In this study the pulmonary
deposition of nebulised amiloride (1 mg in 3
ml saline) was compared when given via a jet
(System 22 with CR 60 compressor) and an
ultrasonic (Fisoneb) nebuliser in eight
patients with CF. Technetium-99m human
serum albumin (16 pg/ml) was used as a
marker for amiloride. We have shown that
this does not affect the particle size output of
either nebuliser and that the marker is dis-
tributed in aerosol particles of different sizes
in a similar manner to amiloride. The lung
edges and regions were defined by using a
Xenon-133 equilibrium scan and pulmonary
aerosol deposition was measured during and
after aerosol inhalation with a gamma camera
and by employing geometric correction fac-
tors derived from lung phantom studies.
Amiloride inhalation caused no side effects or
changes in spirometric indices. Mean (SD)
pulmonary deposition (pg) is shown in the
table below. Pulmonary deposition was
greater with Fisoneb, particularly in the cen-
tral lung region, and was completed more
rapidly using this nebuliser (4-S5 min) than
with System 22 (7-8 min). Fisoneb therefore
appears more suitable for administering this
treatment.

System 22 Fisoneb

Total 57 (24) 103 (53)*
Right lung 31 (15) 53 (31)
Right central zone 7 (4) 16 (10)*
Right peripheralzone 21(11) 34(11)
Right upper zone 5 (3) 12 (7)*
Rightlowerzone 11 (6) 14(11)

*p < 0-05 Fisoneb v System 22 (ANOVA).

Experience with a totally implantable
central venous drug delivery system in
cystic fibrosis

F NOBELS, L VAN SCHIL Sint Vincentius
Hospital, University ofAntwerp, Belgium In
cystic fibrosis several bacterial organisms
chronically infect the airways, leading to a
progressive decline of the pulmonary func-
tion. In order to retard this deterioration
frequent intravenous courses of antibiotic
therapy are needed. Repeated use of peri-
pheral veins, however, causes thrombo-
phlebitis, making peripheral venous access
extremely difficult or impossible. Percutan-
eous central venous lines offer an alternative,
but are inconvenient and have a substantial
rate of infectious complications. We report
our experience with a subcutaneously im-
plantable reservoir and catheter (Port-A-
Cath) to establish permanent central venous
access in nine patients with cystic fibrosis.
Antibiotics and parenteral nutrition were
administered via the system. The device was
in place for a total of 7087 patient days.
Occlusion ofthe catheter occurred 10 times in
five patients. In seven instances this could be
reversed by the injection of streptokinase. In
three patients removal of the system was
necessary. In two cases routine cultures ofthe
portal of one patient were positive for two
different bacteria. Three patients died as a
result of their pulmonary disease with a
functional catheter in situ. Five of the cath-
eters in place for over 12 months are still
working. The functional survival of the sys-
tem exceeds three years. The Port-A-Cath is
a relatively safe, highly convenient means of
permanent central venous access for cystic
fibrosis patients.

Antibodies to Pseudomonas aeruginosa
do not precede isolation from sputum in
cystic fibrosis (CF)

SM CORDON, JS ELBORN, RJ RAYNOR, EJ HILLER,
DJ SHALE Respiratory Medicine Unit,
University of Nottingham, City Hospital,
Nottingham IgG antibodies specific to
Pseudomonas aeruginosa (PA) have been sug-
gested as a means of identifying infection of
the lungs before regular isolation from
sputum occurs. Specific IgG antibodies to PA
were measured in whole blood spot or serum
from 108 adult and paediatric patients with
CF (Thanasekaraan V et al. Arch Dis Child
1989;64:1599) by ELISA using soluble
antigen, serotypes 01-17. Patients were fol-
lowed for up to 28 months and serology was
compared with sputum culture results. Forty
patients consistently isolated PA and had
highly positive specific IgG tires (mean 64-2
(27-0 SD) ELISA units 99% upper CI
(15-0)). In 45 patients PA was never isolated
and specific IgG was always within normal
limits (5-3 (93-1)). IgG was increased (24-2
(4-5)) in three patients without isolation ofPA
and two patients developed positive titres
without culture of PA. Of the remaining 18,
PA was isolated before or during the study
period. Fourteen patients had PA infection,
nine intermittently (three isolations/year) and
five chronically without a positive antibody
response (7-26 (2-8) n = 14; 8-4 (2-9) n = 9).
Only four had an antibody response, either
coincident with (2) or after culture ofPA (2).
We conclude that these preliminary results
call into question the value of specific IgG to

PA as an early indicator of infection when
adequate microbiological facilities are
available.

Ciliary beat frequency is reduced in
transplanted single lungs

D VEALE, P GLASPER, JH DARK, A GASCOIGNE,
GJ GIBSON, PA CORRIS Department of
Respiratory Medicine, Regional Cardio-
thoracic Centre, Freeman Hospital, Newcastle
upon Tyne Mucociliary clearance of radio-
labelled microspheres is impaired following
lung transplantation (Read et al. Eur Respir J
1990;3:152S). We have examined ciliary beat
frequency (CBF) on mucoscal samples ob-
tained at bronchoscopy from equivalent sites
in the transplanted and native lung of six
patients who had undergone single lung
transplantation for end stage fibrosing lung
disease. All patients were in a stable state and
not suffering from current-infection or rejec-
tion episodes. CBF was measured by photo-
metry (Veale et al. Thorax 1988;43:828P) and
areas of apparent fastest and slowest ciliary
beating examined in four to 10 mucosal strips.
Mean CBF of the fastest beating cilia was
significantly higher in the native lung (12-04
(1 -27) Hz v 9-67 (1-95) Hz in the transplanted
lung; p < 0-05). Similarly, the CBF of
apparently slowest beating cilia was higher in
native lung (8 46 (1-69) Hz v 6-03 (2 57) Hz in
transplanted lung; p < 0-001). We conclude
that CBF is impaired in transplanted lung
which may reflect the denervated state. This
may contribute to susceptibility to infection
in the transplanted lung in these immunosup-
pressed patients.

Inhaled 'Tc DTPA clearance as a
marker ofpulmonary disease activity in
progressive systemic sclerosis (PSS)

AU WELLS, R LAWRENCE, CM BLACK, RM DU
BOIS Interstitial Lung Disease Unit, Royal
Brompton Hospital, Royal Marsden Hospital,
and Royal Free Hospital, London DTPA
clearance from the lung has been used as an
index of increased lung epithelial per-
meability (an early feature ofinflammation) in
several lung disorders. We have measured
DTPA clearance to address two questions.
Firstly, does DTPA clearance relate to lower
respiratory tract (LRT) inflammation as
evidenced by abnormal BAL cell profiles?
Secondly, is fast DTPA clearance a predictor
of progressive pulmonary disease? In 55
patients with PSS, with or without evidence
of fibrosing alveolitis (FA) on open lung
biopsy (24) or CT criteria (16) the mean BAL
eosinophil percentage was significantly higher
(p < 0-05) in FA patients with rapid DTPA
clearance than in FA patients with normal
DTPA clearance and in patients without FA.
Mean neutrophil percentages were increased
whether or not FA was present; however,
neither neutrophil nor lymphocyte percen-
tages varied significantly with speed ofDTPA
uptake. In 32/49 patients with PSS, with or
without FA, DTPA clearance was rapid at
first measurement; in 10 ofthese 32 (31%) the
Kco subsequently declined significantly
(>10%) compared with 0/17 of those with
normal DTPA clearance (p < 0-05, follow
up pulmonary function 3-1 (1-1) years).
DTPA clearance was repeated 0-5-2-0 years
later and remained rapid in 23/32; in this
group contained all patients (10/23. 43%)
with a significant decline in Kco.We conclude
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that (1) increased epithelial permeability in
FA is associated with an increase of eosino-
phils in the LRT and (2) increased epithelial
permeability in PSS is a predictor of sub-
sequent progressive pulmonary disease.

Perioperative staging of non-small cell
lung cancer

GMK TSANG, DCT WATSON East Birmingham
Hospital, Birmingham The treatment and
prognosis of non-small cell lung cancer
depends on the stage of the disease. Compar-
ison of results from different series requires
that accurate staging procedures are under-
taken. To determine the current staging prac-
tices of cardiothoracic surgeons in the United
Kingdom, a postal questionnaire survey was
undertaken. Replies from 72 surgeons perfor-
ming a total of 4975 thoracotomies for lung
cancer have been analysed. Eleven per cent of
surgeons routinely undertake preoperative
mediastinal lymph node biopsy and 88% of
surgeons would do so only if the CT findings
were abnormal. Only 53% of surgeons
routinely perform a mediastinoscopy or
mediastinotomy-that is, 43% ofsurgeons do
not routinely CT scan their patients or per-
form mediastinoscopy or mediastinotomy
and theoretically may embark on a thora-
cotomy for stage III disease. During
thoracotomy 51% of surgeons do not rou-
tinely sample mediastinal lymph nodes, but
of these 14% will excise all lymph nodes as
part of the operation and 86% will remove
macroscopically involved lymph nodes.
There is a possibility that up to 44% of
surgeons will understage their patients as NI
rather than N2 in cases where there is only
microscopic mediastinal lymph node in-
volvement.

Nutritional state of patients with small
cell lung cancer (SCLC) before and dur-
ing cytotoxic chemotherapy

HSR HOSKER, GM JONES, PA CoRRis Depart-
ment of Respiratory Medicine, Freeman Hos-
pital, Newcastle upon Tyne The nutritional
state of patients with SCLC was assessed
before (n = 35) and six weeks after (n = 28)
treatment with cytotoxic chemotherapy and
was compared with age matched healthy
controls (n = 30) and patients with severe
chronic airflow obstruction (COAD) (mean
FEV, 0-91) (n = 7). Patients with SCLC had
lower mean body mass index (BMI), total
lymphocyte count and skinfold thickness
measurements (measured at three sites) than
controls. Patients with COAD, however, had
more severe nutritional abnormalities with
BMI, total lymphocyte counts and skinfold
thickness lower than either controls or
patients with SCLC. Total protein, albumin
and transferrin levels did not discriminate
between the groups of patients. The creatin-
ine-height index and delayed hypersensitivity
skin testing were too variable to be of use.
Most indices ofnutritional state tended to fall
in the first six weeks after treatment, although
skinfold thicknesses remained unaltered.
Changes in total lymphocyte counts were
mostmarked, probably related to direct effects
of cytotoxic chemotherapy. Total lym-
phocyte count at diagnosis correlated with
survival time (r = 0-46, p < 0-01), but no
other index of nutrition showed an associa-
tion with either extent of disease at diagnosis
or outcome. These results suggest that body

mass index, total lymphocyte counts and skin
thickness measurements are the most useful
estimates of nutritional state in such patients.
Patients with SCLC at diagnosis have a
reduced nutritional state compared with nor-
mal matched controls; however, results were
better than in patients with severe airflow
obstruction. With the exception of total lym-
phocyte count at diagnosis, measurements of
nutritional state appear to have little prognos-
tic significance in patients with SCLC in this
series of patients.

Effect of cytomegalovirus on the ex-
pression of phenotypic markers in
alveolar macrophages from immuno-
compromised patients

SB SQUIRE, DH BRAY, EK BAGDADES, JE GRUNDY,
MA JOHNSON, LW POULTER Departments of
Virology, Thoracic Medicine, and Immun-
ology, Royal Free Hospital and School of
Medicine, London Cytomegalovirus (CMV)
is frequently identified by bronchoalveolar
lavage (BAL) in the lungs of HIV positive
patients with pneumonitis. However, it is
often isolated with other infectious organisms
and is not an independent predictor of the
severity of the pneumonitis (Millar AB et al.
Am Rev Respir Dis 1990;141:1474-7). This is
in marked contrast to the situation in
recipients of allogeneic transplants, where
identification of CMV at BAL is associated
with a mortality of 85% and the lung damage
is thought to result from an inappropriate
immune response (Grundy JE et al. Lancet
1987;ii:996). We have used monoclonal
antibodies (MoAb) and immunoperoxidase

make it the first fluoroquinolone likely to be
acceptable for therapy of chest infections
where the organism is initially unidentified.
There has been one report of good clinical
efficacy (Davies BI et al. J Antimicrob
Chemother 1990;26:237) but concentrations
in vivo have yet to be reported for any
quinolone in alveolar macrophages (AM) or
epithelial lining fluid (ELF). Therefore the
concentrations oftemafloxacinweremeasured
in serum, bronchial mucosa (BM), AM and
ELF in 14 patients undergoing diagnostic
bronchoscopy. Patients selfadministered 600
mg bid for three days prior to sampling
serum, BM and performing 200 ml bron-
choalveolar lavage (BAL). BAL fluid was
separated by centrifugation, the supernatant
removed immediately and freeze dried to
yield a 10 fold concentration before being
assayed against 9% saline temafloxacin stan-
dards. Total cell and differential cell counts
were performed and the cell pellet was
assayed separately. Temafloxacin was
measured using a microbiological plate dif-
fusion technique with a coefficient ofvariation
of 7 9%. A peripheral lavage method was
used to estimate ELF total protein which was
then used as an endogenous marker ofELF in
BAL fluid. Ten patients received a full course
of temafloxacin and the results are shown in
the table below. In two patients who stopped
treatment 15 hours prior to sampling ELF
and AM levels were still measurable. Tema-
floxacin is concentrated in the sites inves-
tigated which favours its use in chest
infections. The high AM and ELF levels
suggest good activity against both
intracellular and extracellular pathogens.

Serum BM AM ELF
Concentrations (mg/i) (mg/kg) (mg/l) (mg/1)

Median 8 3 15 4 65-6 25-5
Range 6-2-20 29-22-9 493-138-7 93-41-2
% of serum ( ( %
Median - 178 795 330
Range - 47-193 600-1335 46-430

techniques to analyse expression of phen-
otypic markers in alveolar macrophages on
cytospin preparations from 29 HIV positive
patients according to whether or not CMV
was identified at BAL. A combination of
detection of early antigen fluorescent foci
(DEAFF) and conventional cell culture was
used on BAL fluid to detect CMV. Mean
percentages of macrophages (80%), lym-
phocytes (10%) and neutrophils (9%) were
similar in the two groups. Identification of
CMV was associated with a significant reduc-
tion in the mean percentage of cells express-
ing the immature monocyte phenotype as
recognised by MoAb UCHM1 (0 3% (SD
0 4%) where CMV was identified compared
with 8-61% (10-7%) where CMV was not
identified; p < 0 005). No difference was
found in the proportions of cells expressing a
panmacrophage marker (MoAb EBMl1) or
markers for antigen presenting cells (MoAb
RFD1) or mature phagocytic cells (MoAb
RFD7). Equivalent investigations in
recipients of allogeneic transplants are in
progress.

The bronchoalveolar distribution of
temafloxacin
DR BALDWIN, R WISE, JM ANDREWS, D HONEY-
BOURNE Departments of Thoracic Medicine
and Medical Microbiology, Dudley Road Hos-
pital, Birmingham The improved in vitro
activity of temafloxacin against pneumococci

Prevalence of Pneumocystis carinii
infection in immunosuppressed
patients without human immuno-
deficiency virus (HIV) infection

TR LEIGH, B TUCKER, J WIGGINS, WR CATTELL,
R DUBOIS, JV COLLINS Department of Res-
piratory Medicine, Westminster Hospital;
Smithfield Renal Unit, St Bartholomew's Hos-
pital; and Royal Brompton Hospital, London
Pneumocystis carinii pneumonia (PCP) is a
major cause of morbidity in patients with the
acquired immunodeficiency syndrome
(AIDS) and is particularly associated with
immunodeficiency states that depress T cell
function. We have previously found no
evidence to suggest that Pneumocystis carinii
(PC) is a commensal of normal individuals
(Leigh TR. Thorax 1990;45:304P). However,
carriage of PC may be associated with drug
induced immunosuppression, and par-
ticularly with the use of cyclosporin A (CyA),
which specifically inhibits T cell function. We
therefore set out to look for PC in non-AIDS
patients receiving long term immuno-
suppressive therapy. Specimens were ob-
tained through sputum induction (SI), which
has previously been shown to be a sensitive
and specific test for the identification ofPC in
patients with AIDS (Leigh TR, Lancet 1989;
ii:205). Two groups of patients without
symptoms ofPCP were studied: 11 recent (3-
9 months) recipients of a renal transplant
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(RT) (mean age 44, range 24-63 y) taking
CyA and prednisolone and 11 patients with
fibrosing alveolitis (FA) (mean age 52, range
43-66 y) taking either prednisolone alone (7),
or in combination with cyclophosphamide (3)
or azathioprine (1). SI was performed on all
patients, specimens were stained for PC using
both a silver and an immunofluorescent (IF)
stain. Mean daily doses of prednisolone and
CyA were 11 (range 10-12-5) mg and 405
(range 200-750) mg respectively in the RT
group, with mean serum CyA levels of 140
(range 93-243) Mg/l. In the FA group the
mean daily dose of prednisolone was 14
(range 6-60) mg, cyclophosphamide 73
(range 40-100) mg and azathioprine 100 mg.
There was no evidence of PC in the FA
patients, or in 10/11 of the RT patients.
However, two PC cysts were identified on IF
alone in one RT patient, although a repeat SI
specimen was negative and the patient re-
mained asymptomatic. We conclude that PC
may be present as a commensal in certain
immunosuppressed subjects. Thus its detec-
tion in asymptomatic immunosuppressed
individuals may have doubtful clinical sig-
nificance. Further studies with asymptomatic
HIV infected patients are now required.

Computerised -lung sound analysis in
early detection of crackles in asbestos
workers: comparison with high resolu-
tion computed tomography (CT)

N AL JARAD, SH LOCK, G BOTHAMLEY, B STRICK-
LAND, RM RUDD London Chest Hospital, and
Brompton Hospital, London In a prospective
study we performed clinical examination,
chest radiography, high resolution CT
(HRCT) and computerised lung sound
analysis using a time expanded wave (TEW)
on 51 asbestos workers (49 men and two
women, mean age 58, range 35-75). They
were 27 smokers, 16 ex-smokers and eight
non-smokers. Chest radiographs and HRCT
scans were assessed by two independent
readers for detection of interstitial shadow-
ing. HRCT was performed in the supine
position with additional sections at the bases
in the prone position. Auscultation for persis-
tent fine end inspiratory crackles was perfor-
med by two independent examiners. TEW
analysis was obtained from a 33 s recording of
lung sounds over the lung bases using a
condenser microphone linked to a computer.
Patients were divided into two groups:
patients in whom the chest radiograph was
scored less than 1/0 and 1/0 or more on the
ILO scale. The results
are shown in the table below. All patients
with HRCT evidence of interstitial disease
or gravity dependent subpleural lines had
crackles detected by TEW. We conclude that
computerised lung sound analysis is at least as
sensitive as the HRCT in detecting minimal
asbestosis.

ILO

Diagnosis < 1/0 1/0
of asbestosis (n = 31) (n = 20)

Crackles on auscultation 6 20
Crackles on TEW* 14 20
HRCT-definite

interstitial disease 9 20
HRCT-gravity
dependent subpleural
lines 3 0

*p < 0-03 compared with auscultation.

Chlamydial serology in bird breeders

SJ BOURKE, CE FREW, D CARRINGTON, G BOYD
Departments of Respiratory Medicine and
Microbiology, Royal Infirmary, Glasgow
Further serological studies of chlamydial res-
piratory infections are required due to the
identification of a new strain, C pneumoniae
TWAR. We have reported a high prevalence
of antibody to this agent in pigeon fanciers,
although it is not known to have an avian
source (Thorax 1990;45:324). Problems arise
in studying chlamydial serology in bird
breeders since those with bird fancier's lung
show a polyclonal rise in immunoglobulins
(Scot Med J 1978;23:267), and cross reactions
occur to avian and egg materials on which
antigens are prepared (Thorax 1977;32:563).
In this study 271 pigeon fanciers had
antibody measured to egg antigens, pigeon
globulin, C psittaci, C pneumoniae, C
trachomatis, and C psittaci/LGV antigen. An
antibody titre of 1/16 was found in 73% of
fanciers to C pneumoniae and in 39% to C
psittaci by microimmunofluorescence (MIF).
Overall 50% had antibody to pigeon
globulin, 34% to egg membrane, 22% to
virion egg antigen and 0-7% to yolk sac.
Results were not related to the number of
pigeons kept, duration of avian exposure or
weekly contact with birds. Antibody to egg
membrane and to pigeon globulin were
related (p = 0-01); as were antibody to virion
egg antigen and to Cpsittaci/LGV (p = 0 05).
There was a correlation between antibody to
C psittaci and C pneumoniae, suggesting that
cross reactions may be occurring even on type
specific MIF tests: 31% had antibody to both
agents, 5% to C psittaci alone, and 36% to C
pneumoniae alone-a higher prevalence than
found in general population surveys. This
was not attributable to cross reactions to egg
antigens, sensitisation to pigeon antigens or
the occurrence ofpigeon fancier's lung. Cross
reactions between C pneumoniae and C
psittaci are not likely to be the only explana-
tion for the high prevalence of C pneumoniae
infection in bird breeders, and the possibility
of an avian source of infection needs further
consideration.

Respiratory protection in a non-indus-
trial population: the practice of pigeon
breeders

K ANDERSON, S BOURKE, C MCSHARRY, G BOYD, F

BRITTON, PP LYNCH Department of Res-
piratory Medicine (Royal Infirmary, Glasgow)
Adequate respiratory protection using
efficient respirators has been demonstrated in
pigeon breeders disease during antigen
challenge (Hendrick et al. Thorax 1981;
36:917) and over the long term in the pigeon
loft (Anderson et al. Clin Exp Allergy
1989;19:45). Despite these observations there
is little information available concerning the
general use of respirators in these subjects
who form a unique group, distant to the
direction and choice available in industry.
Factors determining the use of respirators
and the perceived need for respiratory protec-
tion was assessed by questionnaire in 269
volunteers who attended a major pigeon
fanciers' show. Of the 124 (46 1%) who had
ever tried some form of respiratory protec-
tion, 43 (34 7%) wore this at all times in the
loft, and 61 (49-2%) only during spells when
the loft was thought to be dustiest-usually
during cleaning out the loft. The device worn

was more often cloth or paper (74-1 %) than of
the negative pressure (17-7%) or positive
pressure (4 0%) type, which might be con-
sidered more appropriate given the character-
istics ofthe airborne material. Out of 124, 106
(85%) thought that their choice ofrespiratory
protection was beneficial; however, 76 (60%)
could not recall the name of the respirator
they used. The prime aim was considered to
be prevention (56/124) and reduction (41/
124) of symptoms. Factors influencing the
choice of respirator were cost (121%),
availability (40 3%), received advice
(16-9%), and comfort (12 9%). Various
reasons were given why a respirator was never
worn-6/145 were spectacle wearers and 4/
145 complained of more marked respiratory
impairment. Our conclusion is that res-
pirators are not used as often as is desirable,
partly because of lack of awareness and
possibly of previous choice of an inefficient
unit which has been found to be ineffective.

Accelerated silicosis in stonemasons: a
cautionary tale

A SEATON, JS LEGGE, KM KERR Departments of
Environmental and Occupational Medicine
and of Pathology, University of Aberdeen
Accelerated silicosis has probably never
previously been described in Britain. It
follows relatively short term high concentra-
tion exposure to quartz, and because of its
atypical presentation may cause diagnostic
difficulties. We report two such cases, occur-
ring in stonemasons employed in a govern-
ment department on cathedral renovation.
One died with the diagnosis of diffuse
cryptogenic pulmonary fibrosis, but retro-
spective analysis of lung tissue revealed
extremely high concentrations of quartz. The
very fine size of these had prevented their
being detected in the original open lung
biopsy specimen by standard microscopy
using polarised light. The second patient was
first turned down by the pneumoconiosis
boarding centre because his chest radiograph
was thought not to be characteristic of
silicosis. Review of his workplace, however,
showed grossly unsafe practices, the res-
pirable quartz concentrations sometimes
being 200 times the statutory limit. Two
further masons at the site were also found to
have silicosis. Accelerated silicosis progresses
rapidly to death and occurs only in work-
places where the risk of quartz inhalation has
been forgotten or ignored. That it can occur
in a government agency is an indication that
we can expect an increase in this condition
elsewhere in industry. When industrial
diseases are suspected, it is essential that the
workplace be investigated, as other cases may
thereby be prevented.

Respiratory symptoms, ventilatory
function, and environmental poliution
in rural Africans living in traditional
huts in the Transkei

MH SHAMSSAIN (University of Transkei),
RA CLARK, RW EDWARDS (University of
Dundee) Respiratory illness is a major
problem among the hut dwellers of the
Transkei (Southern Africa). The villagers
(90% of the population) live in round, thick
mud walled, small fixed windowed, thatched
roofed, poorly ventilated huts without a
"chimney." Heating is by centrally situated
wood, dung, or organic fuel fires. The women
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grind maize in the huts using high silica
stones. One hundred and fifty three (108
female and 35 male) hut dwellers and 1 7 (86
female and 31 male) controls from a nearby
location (three to four roomed houses with
heating and cooking by paraffin and
electricity) filled in an MRC respiratory
symptoms questionnaire and performed ven-
tilatory function tests (FEV,, FVC, FEV,/
FVC ratio, PEF, and FMF) a compact
vitalograph being used. Smoking is rare
among Xhosa women but common among the
men. Non-smoking women and smoking men
from the two communities were compared.
Total and respirable dust, carbon monoxide
(CO), SO2, and mixed organic and inorganic
gases were sampled from 20 huts. Respiratory
symptoms were very high among the hut
dwellers, increasing with age. Wheeze and
nasal symptoms were higher in women. All
the ventilatory parameters were significantly
lower (p = 0-001) in the hut dwellers. PEF
was lowest in females and FMF in males. The
mean total dust level was 13 mg/m3n, range 8-

16 (maximum acceptable industrial level
(MAIL) 5 0 mg/iM3); the mean CO level was
366 ppm, range 120-750 (MAIL 50 ppm) and
mean SO2 level 43 ppm, range 15-100 (MAIL
5 ppm for 10 minutes); 98% of the total dust
was respirable. Atmospheric pollution
undoubtedly contributed to the symptoms
and impaired function tests observed. Pro-
vision of a chimney and ventilation pores in
the doors might improve the situation in the
50 000 huts in rural Transkei.

Effect of nebulised salbutamol on

walking distance in chronic obstructive
pulmonary disease

DPS SPENCE, J LIGHTFOOT, D ROSSINGTON, PMA
CALVERLEY, MG PEARSON Regional Thoracic
Unit, Fazakerley Hospital, Liverpool We
have previously demonstrated (Hay et al.
Thorax 1988;43:857) that an improvement in
six minute walking distance following admin-
istration of an anticholinergic aerosol is
independent of a significant improvement in
FEV, (> 200 ml). Whether this is a general
property of bronchodilators or is specific to
the anticholinergic drugs is not known. To
answer this we examined the effect of nebu-
lised salbutamol on six minute walking
distance in 23 subjects with stable COPD (age
63 (7) y), FEV, 0-92 (0 35) 1. Each subject
attended on two separate days one week apart.
All had abstained from bronchodilator
medication (beta agonist six hours, anti-
cholinergics 12 hours, oral bronchodilators
24 hours). Each had one practice six minute
walk, and were then allocated to receive either
5 mg nebulised salbutamol or saline in single
blind random order. A baseline six minute
walk was performed followed by the trial
medication. After 15 min the walk was

repeated, and again after two hours. A
significant improvement in walking distance
following salbutamol of 41 (39) m (p <
0 00003) at 15 min was maintained at 2 h-49
(57) m v saline; this improvement was
independent of change in FEV,. In the
irreversible subgroup (n = 11, FEV, 0 74
(0 36)1, AFEV, 0-16 (0-23)1 walking distance
improved at 15 min-60m (41) (p = 0-0004),
was maintained at 2 h (72-5 (68) m; p < 0 003)
v saline. In the reversible group n = 12 FEV,
1-08 (0 26) A FEV, 0-42 (0 23) walking dis-
tance improved at 15 min (24 (30) m, was
maintained at 2 h (26 (33)m v saline controls).
However, there was no significant change in

resting Borg score in either the irreversible or
the reversible groups. These data suggest that
"reversibility" as defined by conventional
criteria may miss a large group of patients
whomay benefit from bronchodilator medica-
tion, and emphasises the need for functional
assessment when one is considering the
usefulness of bronchodilator therapy.

Pulse oximetry as a screening test in
patients admitted as acute medical
emergencies

MK BENSON, C PLUMMER, R PLUMMER, R KELLY,
HA DICKSON John Radcliffe Hospital, Oxford
Pulse oximetry using a datex satellite
oximeter was performed on 762 patients
admitted via casualty as acute medical emer-
gencies during May and June 1990. In the
same period a further 130 patients were
admitted acutely to a specialist chest unit and
are excluded from this study. Information
was obtained from the admission notes
relating to presenting symptoms, signs and
provisional diagnoses. Arterial blood gases
were measured in patients with low oxygen
saturations and when otherwise clinically
indicated. Oxygen saturation results ranged
from 57% to 99%. One hundred and fourteen
patients (14 9%) had saturation of less than
92%. In these patients breathlessness was a
major symptom in 60 (53%) and 31 (27%)
had chest pain either as the main symptom or
associated with breathlessness. Twenty eight
patients had an impaired level of conscious-
ness, which could be attributed to a
cerebrovascular episode (8), diabetes (5), and
an overdose (3). Central cyanosis was a recor-
ded feature in only 20 patients, whose oxygen
saturations ranged from 57% to 91% (mean
76%). A provisional diagnosis of primarily
respiratory disease was made in 31 patients
(27%) and of left ventricular failure in 33
(29%). Other common diagnoses included
myocardial ischaemia (18) and a cerebral
vascular episode (15). Satisfactory recordings
could not be obtained in 12 of the 762
patients, mostly owing to profound hypo-
tension and peripheral shutdown. One hun-
dred and thirty four patients were receiving
additional inspired oxygen. Two patients
with carbon monoxide poisoning had in-
appropriately high oximetry readings.
Measurements of oxygen saturation using
pulse oximetry are a useful adjunct to other
clinical information in that they may alert staff
to the presence of unsuspected hypoxia and
provide an objective measure of its severity.

Theophylline in clinical practice in the
Middle East, Cyprus, and Malta

A GEORGIOU, M HIJAZI, N SAMARA, B AL
SHAMALI, K ABBAS, H FAHKRO, M HASSAN, N ABU
ALI, F HAMAD, S NASIR, J CACCIOTOLO, T
FARRUGIA, GM COCHRANE, C COE Nicosia
General Hospital, Cyprus; King Hussein
Medical Centre, Amman; University Hospital,
Amman; Chest Diseases Hospital, Safat,
Kuwait; Allergic Disease Centre, Kuwait;
Bahrain Defence Force Centre, Bahrain;
Salmaniya Hospital, Bahrain; Al Jazeira
Hospital, Abu Dhabi; Mafraq Hospital, Abu
Dhabi; Al Maktoum Hospital, Dubai; St
Luke's Hospital, Malta; Victoria, Gozo;
Guy's Hospital, London; Glaxomed Limited,
London Theophyllines are effective
bronchodilators but a narrow therapeutic
window often results in subtherapeutic
(SUB) or toxic (TOX) dosing (Brodie et al).

In the Middle East (ME) drug monitoring is
costly, time consuming and rarely performed.
This study assessed the steady state serum
theophylline concentration (STC) in 340
asthmatic patients (181 M, 159 F), on oral
sustained release therapy for at least three
weeks, three to eight hours after the last dose.
Sixty four per cent were SUB (< 10 mcg/ml),
31-5% therapeutic (TH) (10-20 ,ug/ml) and
44% TOX (> 20 Mg/ml). However, dif-
ferences were observed between countries.
Results from Arab states, Bahrain, Jordan,
Kuwait, and UAE were similar with 72-6%
SUB, 25-7% TH and 1-7% TOX. Overall,
23 6% of patients were non-compliant with
STC < 3 g/ml. Of the remaining 49% of
patients with SUB STC, 64-7% had STC
between 3 and 8 g/ml, indicating suboptimal
dosing or poor compliance. STC tended to be
higher in patients from Cyprus (51-5% TH)
and Malta (31-4% TH). These patients were
demographically similar to those in ME
except in age (mean age Cyprus 49 7, Malta
60 3 v 41-2 y) and, for Cyprus only, sex (65-9 v
51 1% M)-two factors which could account
for increased STC and the difference between
Cyprus and Malta. In conclusion, this study
questions current clinical practice for usage of
theophyllines in ME, Cyprus and Malta and
demonstrates the need for careful monitoring
of therapeutic response and compliance. In
addition, the true cost oftheophylline therapy
should be considered as the cost of the
optimal dosage regimen plus the cost of drug
monitoring.

Effect of reactive oxidants on human
ciliated epithelium in vitro

C FELDMAN, R ANDERSON, J DAVIES, PJ COLE,
R WILSON Host Defence Unit, Department of
Thoracic Medicine, National Heart and Lung
Institute, London, and University of Pretoria,
South Africa Products of activated white
blood cells may contribute to the patho-
genesis of both acute and chronic respiratory
disorders. We investigated the effects of reac-
tive oxidants on human ciliated epithelium in
vitro. Ciliary beat frequency (CBF) was
measured by a photometric technique and
morphological changes induced recorded.
Reactive oxidants were generated by the
reaction of xanthine (0-1 mM-0-4 mM) and
xanthine oxidase (50-100 mU/ml), both with
and without ferrous sulphate (1 yM).
Products of this reaction caused ciliary slow-
ing (CS; mean test CBF 7-5 (1-8) Hz, mean
control CBF 11-0 (3) Hz, p < 0-001), which
was abolished by the addition of catalase (200
jug/ml) but unaffected (and in fact increased)
by the addition of superoxide dismutase (100
pg/ml), suggesting that hydrogen peroxide
(H202) was responsible. H202 generated by
glucose/glucose oxidase (100 mU/ml), and
reagent H202 (> 75 pM) caused CS. Ciliary
dyskinesia was seen in the first hour followed
by progressive CS. Mild cytolytic changes
and ciliary stasis were seen especially at
higher concentrations. Superoxide anion and
extracellular hydroxyl radical were not
associatedwith significant effectsonCBF.The
addition ofhuman myeloperoxidase to either
glucose/glucose oxidase generated or reagent
H20, was not associated with significantly
increased CS, but hypochlorous acid
prepared from sodium hypochlorite (75 tuM)
caused mild CS (16-5%), although this did
not increase with higher concentrations. 3-
Aminobenzamide, an inhibitor of polyADP
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ribose polymerase, prevented H,O, mediated
inhibition of ciliary function, indicating that
oxidant-mediated damage toDNAmay com-
promise the function of ciliated cells. We
conclude that in this in vitro model H,O,
perturbed ciliary function, and may
contribute to the pathogenesis of bronchial
diseases in vitro.

Nitrogendioxide: effectsonhumanbron-
chial epithelial cell function in vitro

RJ SAPSFORD, DT MCCLOSKEY, JL DEVALIA, DR
CUNDELL, RJ DAVIES Department of Res-
piratory Medicine, St Bartholomew's Hospital,
London Studies in animals have demon-
strated that nitrogen dioxide (NO2), a major
air pollutant, can cause damage and inflam-
mation of the airway epithelium. We have
cultured human bronchial epithelial cells
from surgical specimens and studied the effect
of NO, on (i) cell damage, as assessed by
release of "Cr; (ii) ciliary beat frequency
(CBF), as measured by the analogue contrast
enhancement technique; and (iii) arachidonic
acid (AA) metabolism, as assessed by HPLC.
Cultures to be assessed for cell damage and
CBF were incubated in the presence of
radiolabelled sodium chromate ("Cr) over-
night and following gentle washing were
incubated in fresh medium without sodium
chromate ("Cr). Prior to and one hour after
exposure to different concentrations of NO,
(range 0 4 to 2-0 ppm) for 15 min, 200 p1
aliquots were collected for analysis of"Cr and
the cells were analysed for CBF. Similarly,
cultures to be assessed for AA metabolism
were incubated in the presence of radio-
labelled AA overnight and following washing
were treated as above, except that samples
were collected over a period of 24 hours.
Exposure to NO,, at even the lowest concen-
tration of 0 4 ppm (occasionally found at the
kerb side), significantly increased "Cr release
from 20-9 (0 7)% to 30-8 (3 5)% (p < 0-05),
and also caused significant attenuation of
CBF, at concentrations of 0-8 and 2-0 ppm
(p < 0-02 and p < 0-01, respectively). NO,
also led to generation of predominantly
PGE,, LTC4, and 15-HETE from AA. These
studies suggest that acute exposure ofhuman
airway epithelial cells to NO2 could lead to
both functional changes and cell damage in
vivo and therefore have an important role in
the development of airway hyperreactivity.

Neutrophil adherence surface immun-
ology and the effect ofin vivo and in vitro
cigarette smoke exposure

C SELBY, E DROST, W MACNEE Unit of Res-
piratory Medicine, Department of Medicine
(RIE), City Hospital, Edinburgh Neutro-
phils are retained in vivo in the lungs- ofman
during the act of cigarette smoking (N Engl J
Med). The exposure ofharvested neutrophils
to cigarette smoke in vitro causes a universal
impairment of cell deformability (MacNee,
Am Rev Respir Dis 1989), a function which is
important in determining cell transit in vivo
through the lungs of man (Selby, Am Rev
Respir Dis 1990). To explore the role of
changes in cell adherence in relation to both
cigarette smoke exposure and the measure-
ment of cell deformability, we have used a
blocking monoclonal antibody to a function-

ally relevant epitope on the CD18 antigen
(CD18MAb), the common chain of the ad-
herence leucocyte integrin CD1 lb/CD18
complex. Neutrophils in leukocyte rich
plasma (LRP) exhibited more CD18 antigen,
by fluorescence activated cell sorter (FACS)
analysis, after exposure to whole cigarette
smoke (WS) than to vapour phase (VP); the
latter was similar to unexposed control (C)
cells (WS 112 5 (2-7), VP 99-1 (3 6), C 106 5
(4 3) log fluorescence (LF); n = 4). Following
in vivo exposure to two cigarettes the CD18
antigen presented by neutrophils in LRP was
the same as neutrophils sampled presmoking
(pre 92 8 (3 5), post 94 5 (2 8) LF; n = 5,
NS). There was no effect on in vitro neutro-
phil deformability measured by filtration of
smoke exposed (SE) cells incubated with
CD18MAb (SE 17 2 (4 8), CD18MAb + SE
17 1 (8 9); n = 5, p > 0-05). Thus changes in
cell deformability, rather than adherence,
explain the in vivo lung retention of neutro-
phils during cigarete smoking.

Oxidants, antioxidants, and the neutro-
phil membrane

E DROST, L PROUDFOOT, M BRIDGEMAN, C SELBY,
J KUSSEL, W MACNEE Unit of Respiratory
Medicine, Department of Medicine (RIE),
City Hospital, Edinburgh, Departments of
Biochemistry, Universities of Glasgow and
Edinburgh The harmful effects of cigarette
smoke on neutrophil function have been
demonstrated in vitro and in vivo. Neutrophil
motility appears to be most affected by smoke
exposure, metabolic activity less so whereas
their phagocytic and bacteriocidal activities
are unaltered. We previously reported
decreased neutrophil deformability, follow-
ing in vitro smoke exposure measured as an
increase in the pressure during filtration of
neutrophils through a 5 pm micropore
membrane, which may explain the delay in
neutrophil transit through the pulmonary
capillary bed which occurs during smoking.
In this study we found that the reduction in
neutrophil deformability is exposure dose
dependent, associated with a change in cell
shape due to the polymerisation of actin and
also a reduction in intracellular glutathione
(control 3-2 (1-7), smoke exposed 0-5 (0-4)
nM/ 106 PMNL, n = 6; p < 0 05). This effect
can be mimicked by the oxidant hypo-
chlorous acid, and prevented by antioxidants
(glutathione, plasma). Moreover, the addi-
tion of antioxidants post exposure allows the
cells to recover their ability to deform.
Oxidant injury is known to produce the
peroxidation of cell membrane lipids,
decreasing membrane fluidity. We therefore
measured the membrane fluidity of in vitro
smoke exposed neutrophils harvested from
whole blood using fluorescence recovery after
photobleaching. Membrane fluidity of smoke
exposed cells decreased (8-4 (18 6) 10`' cm/s;
n = 14) compared with unexposed cells (24-8
(43 4) 10`' cm/s; n = 15), an effect which was
reversed when neutrophils were exposed to
smoke in the presence of glutathione (45-1
(45 9) 10WO cm/s; n = 14). We conclude that
oxidant induced injury to neutrophils follow-
ing smoke exposure causes a decrease in
membrane fluidity which adversely affects cell
function.

Supported by the Norman Salvesen
Emphysema Research Fund and Chest,
Heart, and Stroke Association.

Cigarette smoke and condensate
induced alveolar epithelial cell injury in
vitro

SM LANNAN, DM BROWN, K DONALDSON,
W MACNEE Unit of Respiratory Medicine,
Department of Medicine (RIE), City Hos-
pital, and Institute of Occupational Medicine,
City Hospital, Edinburgh Cigarette smoke
extract has been shown to increase albumir
flux across endothelial cells in culture (Holden
et al. JAP 1989;66:443). Both animal models
and in man exposure to cigarette smoke also
causes an increase in airspace epithelial per-
meability as measured by the clearance of
99m DTPA from the lungs (Bums et al. JAP
1989;66:2109; Jones et al. Lancet 1980;i:66).
In order to determine the mechanism of this
epithelial cell permeability in smokers we
have used the detachment of cultured A549
alveolar epithelial cells, labelled with
chromium-51 as a measure of cell injury and
the attachment of these cells to plastic as an
index of epithelial repair. Cigarette smoke
extract at a concentration of 5% produced an
increase in epithelial cell detachment (5856
(1690)), compared with control cells (1354
(712)), an effect which was dose dependent.
When the vapour phase of cigarette smoke
was blown over radiolabelled A549 cells in
suspension in a tonometer system, smoke
exposed cells showed a decreased ability to
adhere to plastic (per cent adherence 10-1%
(7-7%)) compared with unexposed cells (per
cent adherence 35-9% (9-8%); p < 0-01).
This effect was also dose dependent and was
reduced when the cells were exposed to
smoke in the presence of reduced glutathione
in concentrations present in epithelial lining
fluid. We conclude that both vapour phase
cigarette smoke and smoke condensate in
concentrations mimicking in vitro smoke
exposure both result in alveolar cell injury
and interfere with epithelial repair, possibly
as a direct result of oxidant induced injury.

Effect of neuropeptides on macrophage
superoxide generation

NC TURNER, T GUEREMY (sponsored by RW
Fuller) Dagenham Research Centre, Rh6ne-
Poulenc Rorer Inc, Dagenham, Essex, and
Department of Pharmacy, University of Paris
Many neuropeptides have been identified in
the airways, ranging from substance P (SP)
and vasoactive intestinal polypeptide (VIP) in
nerve fibres to bombesin (B), cholystokinin
(CCK) and endothelin (ET) in cells in the
epithelium (J Allergy Clin Immunol 1987;79:
285; Am Rev Respir Dis 1989;139:A52). The
physiological role of neuropeptides is un-
certain but modulation of inflammatory cell
activity may be involved. We report here an
investigationofthe effects ofneuropeptideson
oxygen metabolite generation from macro-
phages. Macrophages were harvested by
peritoneal lavage of guinea pigs pretreated
with polymixin B (1 mg/ml, 1 ml intraperi-
toneally biweekly) and purified by centrifuga-
tion on a discontinuous Percol gradient (55%
and 70%). Macrophages were recovered from
the surface of the 55% layer washed and
resuspended in HBSS containing CA"+ and
Mg"+. Cells (106/50 pl/well) were added to 96
well plates (Gibco) to a final volume of250 p1
HBSS containing 0-5 mg/ml p-iodonitro-
tetrazolium violet (INTV) in the presence or
absence of drugs. Superoxide generation
(SOG) was measured as the absorbance (492
nm) of reduced INTV in the solubilised cell
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pellet (DMSO/5% HCI) following incuba-
tion at 37°C for 30 min. The chemotactic
tripeptide FMLP (10'-10-' M) elicited a dose
dependent reduction of INTV (EC,0 -7-13
M, n = 9) that was inhibited by superoxide
dismutase (100 ig/ml). Bradykinin (BK),
CCK, B andET (10'-10-'M)hadnoeffecton
resting SOG from these cells (n = 3). SP
elicited a small increase in SOG at 10-' M (37
(13)% ofthe maximum response to FMLP, n
= 4). VIP (10' M) alone had no effect on
FMLP induced SOG nor did it potentiate the
inhibitory effects of 10 MM isobutylmethyl-
xanthine (n = 5). These results suggest that
generation of oxygen free radicals by guinea
pig macrophages is unlikely to be modulated
by endogenous neuropeptides.

The effect of cigarette smoke in vitro on
thiol concentrations in plasma, blood,
and a continuous tumour cell line from
a human lung carcinoma

MME BRIDGEMAN, M MARSDEN, E DROST,
C SELBY, W MACNEE Departments of Bio-
chemistry, University of Edinburgh Medical
School, and Respiratory Medicine, Rayne
Laboratory, City Hospital, Edinburgh
Glutathione (GSH), a sulphydryl containing
tripeptide, acts as an antioxidant in cells and
body fluids. The in vitro effect ofvapour phase
cigarette smoke on the thiol concentrations in
plasma, whole blood, red cells, neutrophils
and a type II alveolar epithelial cell line,
A549, was studied. Thiols were analysed by
derivatisation and reverse phase high perfor-
mance liquid chromatography. GSH concen-
trations decreased from 5 97 (2 80) (x (mean
(SD) pM)) to 3 03 (2 94) in plasma, (n = 7,
p < 0 05); from 1220 (180) to 1090 (140) in
whole blood (n = 13, p < 0 05); from 1110
(160) to 970 (130) in red cells (n = 11, p <
0-05); from 3 18 (1-66) (all subsequent data as
nmol/106 cells) to 0 54 (0 40) in neutrophils

Potential difference (PD) in the trachea
and bronchi of patients with cystic
fibrosis (CF) foliowingheart-lung trans-
plantation (HLT)

AM WOOD, B WHITEHEAD, TW HIGENBOTTAM,
J WALLWORK, JP SCOTT, P HELMS, M DeLEVAL
Department of Respiratory Physiology, Pap-
worth Hospital, Cambridge, and Hospital for
Sick Children, Great Ormond Street, London
We have shown that transepithelial PD is
normal in the donor bronchi of patients after
HLT for CF, while nasal PD remains charac-
teristically elevated (Am Rev Respir Dis
1989;140:1645). However, PD was abnor-
mally low in the trachea both above and
immediately below the anastomosis, an effect
which could be due to the local anaesthesia
used. We have now measured airway PD in
seven children transplanted for CF, who were
studied while under general anaesthesia.
Mean time since surgery was nine months
(range 2-2 1), mean age was 13-7 years (range
12-15) and three patients were female.
Measurements were taken on 12 occasions,
including twice in three patients and three
times in one. PD was measured from the
trachea, both above (TrA) and below (TrB)
the anastomosis and from the middle and
lower lobe bronchi (MLB and LLB). Bron-
choalveolar lavage and transbronchial biopsy
specimens were then taken for diagnosis of
infection and rejection. Patients were clas-
sified as normal, with rejection only, with
infection + rejection (R + I) or with
obliterative bronchiolitis (OB) according to
histology. The results are shown in the table
below. Overall, tracheal PD above the anas-
tomosis was elevated characteristic of CF;
below the anastomosis PD was normal. We
conclude that PD in the recipient's trachea is
elevated in CF and that previously reported
low values were attributable to the effects of
local anaesthesia.

Mean (SEM) potential difference (mv)

Overall Normal Rejection R+ I OB
n 12 5 3 2 2

TrA 43 2 (5 3) 40 5 (9-4) 46-7 (5 2) 54,9 65,45
TrB 14-5 (1 2) 144 (1-7) 15-5 (4-5) 18,9 18,12
MLB 10-0 (1-0) 11.0 (1-0) 12-0 (1-5) 12,4 9,6
LLB 10-9 (1-4) 9 5 (2-3) 120 (1-7) 16,8 17,5

(n = 6, p < 005) and from 1351 (392) to
1 31 (0-93) in A549 cells (n = 9, p < 0 05).
There was a dose-response effect of cigarette
smoke on GSH concentration in neutrophils
(4-27 (1 79), 2 05 (0 50), 0 93 (0 67) and 0 50
(0 36), 0, 1, 3, and 5 puffs respectively, n = 3)
and A549 cells (10-82, 3 64, 3 33, 2 33, and
2 41, 0, 1, 2, 4, and 5 puffs respectively, n =

1). An attempt was made to recover GSH in
A549 cells following smoke exposure, by
reduction with dithiothreitol (DTT). Before
smoking, the GSH concentration was 18-81
(5-16) and the DTT recovered GSH was
20 27 (3 79); after smoking the GSH concen-
tration was 0 90 (1-03) and the DTT re-
covered GSH was 2-19 (1-14) (n = 5). Thus
cigarette smoke exposure significantly
decreases GSH in plasma, whole blood, red
cells, neutrophils and the epithelial cell line
A549. It was not possible to recover the GSH
with DTT; hence such a decrease was not due
to oxidation of GSH by cigarette smoke but
by some other mechanism.

The study was financially supported by
Zambon Pharmaceuticals.

Effects of purified pseudomonal rham-
nolipids on ion transport across sheep
tracheal epithelium

A GRAHAM, DM STEEL, R WILSON, P COLE,
EWFW ALTON, DM GEDDES Ion Transport
Laboratory and Host Defence Unit, National
Heart and Lung Institute, London Active ion
transport across airway epithelia is likely to
have a role in regulating the water content of
the airway surface liquid and may affect
mucociliary clearance. Previous studies have
shown that a component of soy broth cultures
of Pseudomonas aeruginosa (PA) affects ion
transport in canine bronchial epithelium. We
have investigated the effects of purified PA
rhamnolipids (RL), which are present in
these cultures, on ion transport in a sodium
absorbing epithelium. Sheep tracheal epi-
thelium were mounted in Ussing chambers
under short circuit conditions. Mean (SEM)
(n = 234) basal potential difference (PD) was
9 6 mV (0 3), short circuit current (Isc) 55
uA/cm2 (2-0) and conductance (G) 6-1 ms/cm2
(1-6). Mucosal addition of RL (100 MM)

resulted in a dose related fall in Isc and G
while at higher RL concentrations (>100
pM) large decreases in Isc were associated
with a rise in G, suggesting disruption of
intercellular junctions. To investigate the
mechanism of action ofRL (100 pM) tissues
were pretreated with the following protocols,
which all reduced the RL induced fall in Isc
(12-5 pA/cm2) to that stated below: 100 ,M
amiloride (5 4 pA/cm2), 102MM 5-nitro-2-(3-
phenylpropylamino)benzoate (NPPB) (8-9
pA/cm2), 10 MM dimethylsulphoxide
(DMSO) (8-0 pA/cm2), low chloride (11 MM)solutions (7-6 pA/cm2) and phloridzin (200
MM) (8-2 pA/cm2). All except amiloride
prevented the RL induced fall in G. The
mechanism therefore appears non-specific,
affecting several apical ion transport proces-
ses. We conclude that RL affects ion transport
in sheep tracheal epithelium at concentra-
tions found in the sputum of patients with
cystic fibrosis (up to 67 MM). Its effects on
transcellular ion transport may explain some
of its recently described effects on ciliary
function.

Characteristics of the basal chloride
current in a sodium absorbing airway
epithelium

DM STEEL, EWFW ALTON, DM GEDDES Depart-
ment of Ion Transport, National Heart and
Lung Institute, London It has been shown in
previous studies that the regulation of
chloride channels is defective in cystic fibrosis
airway epithelia. However, the magnitude
and role of the macroscopic chloride current
in sodium absorbing epithelia (such as in
man) is not known. In order to assess the
significance of this current we have inves-
tigated chloride transport in sheep trachea, a

readily available sodium absorbing epithe-
lium. Segments of sheep tracheal epithelium
were mounted in Ussing chambers of aper-
ture 1 28 cm2 under short circuit conditions.
Basal bioelectric parameters were short cir-
cuit current (Isc) 62-8 MA/cm2, potential
difference (PD) 13-0 mv and conductance (G)
51 mS/cm2. To establish the value of the
basal chloride current sodium entry was
blocked by amiloride, sodium-glucose trans-
port by phloridzin and carbonic anhydrase
activity by acetazolamide. In each case dose-
response relationships and time course of
action were established. Themaximal effect of
each (ED50) on Isc was amiloride 35-8% (7
x 10-7 M), phloridzin 6-1% (3-2 x 10-7 M)
and acetazolamide 26-7% (2-5 x 10' M). A
combination of all three agents using the
maximum effective concentration (amiloride
10-` M, phloridzin 10M, acetazolamide 10-
M) produced a stepwise reduction in Isc of
32-5 pA/cm2 and G of 0-6 mS/cm2, leaving a
residual current of 35 5 pA/cm2. Further
addition of low chloride solution reduced Isc
to 17 2 MA/cm2. Bathing non-pretreated tis-
sue resulted in a fall of Isc of30 7 pA/cm2. We
conclude that chloride contributes approxi-
mately 29-1% to the total macroscopic
current in a sodium absorbing epithelium.

Effects of ATP but not A kinase on the
calcium dependent airway chloride
channel

EWFW ALTON, AJ WILLIAMS, DM GEDDES Ion
Transport Laboratory and Department of
Cardiac Medicine, National Heart and Lung
Institute, London We have previously des-
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cribed the basic characteristics of a calcium
dependent chloride channel from airway epi-
thelium (Thorax, in press). In cystic fibrosis
(CF) chloride channel opening regulated by
protein kinases appears to be defective. We
have therefore assessed the effect ofATP and
purified catalytic subunit of protein kinase A
on the calcium regulated channel. Membrane
vesicles prepared from sheep tracheal epithe-
lium were incorporated into planar phos-
pholipid bilayers by fusion, and recorded
under voltage clamp conditions. Only single
channels (n = 31) were studied. ATP (1 Mm-
1 mM) added to the cis chamber (likely to
correspond to the intracellular channel sur-
face) caused a dose related reduction in chan-
nel opening. Addition to the trans chamber
had no effect. At lower concentrations (1-10
pM) ATP increased the time spent in the 1/3
substate, while at higher concentrations (10
pM-1 mM) the effect was principally to
increase the number of full closings. Addition
of A kinase to nine chambers caused no
further alteration in channel kinetics. Kinase
activity was confirmed by kemptide phos-
phorylation. We conclude that intracellular
ATP is likely to regulate the calcium depen-
dent airway chloride channel. However, this
channel does not appear to be regulated by A
kinase, and may therefore be important as
a target for possible therapeutic manoeuvres
in CF.

Induction of drug resistance in an
adherent small cell lung cancer (SCLC)
cell line

R MILROY, J PLUMB, S BICKNELL, S BANHAM, S

KAYE Department of Respiratory Medicine,
Glasgow Royal Infirmary, and CRC Depart-
ment of Medical Oncology, University of
Glasgow Although the acquisition of drug
resistance is the major cause of treatment
failure in small cell lung cancer the mechan-
isms of this resistance are unknown. In order
to investigate possible mechanisms we have
developed a laboratory model. An adherent
cell line LS112st was established in vitro
from a biopsy specimen taken from an un-
treated patient with SCLC. This line was

characterised as SCLC and a drug resistant
subline (LS1 12Adr) has been derived by
chronic exposure to adriamycin (ADR) in
vitro. LS112Adr is resistant to ADR (12
fold), vincristine (VCR, 11 fold) and
etoposide (56 fold) but not to cisplatin. We
have shown by immunocytochemistry that
the drug efflux pump, P-glycoprotein, is
expressed in the membrane ofLS1 12Adr but
not LSl 12st. Furthermore, LS1 12Adr is sen-
sitised to both ADR and VCR by 4-5 fold in
the presence of verapamil (6-6 pM), an

inhibitor of P-glycoprotein. LS1 12Adr does
not show any change in glutathione-S-trans-
ferase activity, an enzyme involved in drug
metabolism and detoxification. The levels of
reduced glutathione are unchanged from
LS1 2st but levels ofoxidised glutathione are
10 fold reduced. This model of drug resis-
tance demonstrates that expression of a drug
efflux pump is a possible mechanism of resis-
tance in SCLC. The magnitude of resistance
to etoposide suggests that changes in topo-
isomerase II activity are another potential
mechanism of drug resistance.

Complete reversal of drug resistance in
a small cell lung cancer cell line by
means of the tiapamil analogue RO-11-
29-33

S BICKNELL, J PLUMB, S KAYE, S BANHAM

Department of Respiratory Medicine, Glasgow
Royal Infirmary, and Department of Medical
Oncology, University of Glasgow In vitro
studies have demonstrated that the calcium
channel blocker verapamil (VER) can reverse

resistance to a range of cytotoxic drugs by
blocking the membrane bound efflux pump,
P-170. Reversal is maximal at a VER concen-

tration of6-10 pM. Clinical study ofVER as a

resistance modulator has been limited by its
cardiovascular effects, which produce
bradycardia and hypotension at levels above
1-2 pM. The tiapamil analogue RO-1 1-29-33
(RO) has only minimal Ca"+ channel block-
ing activity but is a potent blocker of the P-
170 pump. We have studied the effects ofRO
in the small cell lung cancer cell line H69 and
its resistant subline LX1O, which shows 60
fold resistance to doxorubicin. Cytotoxic
assays were performed using an MTT dye
reduction system in 96 well microtitre plates.
Both VER and RO did not alter the adria-
mycin sensitivity ofthe parent line H69. VER
was first active in the resistant line LX10 at 2
pM and was maximally active at 6-6 pm,

giving a 13 fold reduction in adriamycin
resistance. RO was active at 01 pM with
maximal activity at 2 pm, when it produced a

100 fold reduction in resistance, making
LX1O more sensitive than H69. Therefore
RO is a considerably more potent and more

effective blocker of the P170 pump that VER.
As RO has neglible Ca + blocking activity at
2 pm we are now planning to assess its effects
in an LX1O xenograft model.

Interaction of fimbriated and non-

fimbriated strains of non-typable
Haemophilus influenzae (NTHi) with
human respiratory tract mucus in vitro

W BARSUM, RC READ, HC TODD, A RUTMAN, R

WILSON, PJ COLE Host Defence Unit, Depart-
ment of Thoracic Medicine, National Heart
and Lung Institute, London Bacterial
adherence to, and survival within, human
respiratory tract mucus may be critical to

colonisation of the respiratory tract. The
majority of clinical isolates ofNTHi from the
upper and lower respiratory tracts are fim-
briated. A microtitre plate assay was

developed to study adherence of NTHi to
human respiratory tract mucus. Sol phase
mucin was obtained by high speed centri-
fugation of pooled nasal secretions from nor-

mal volunteers undergoing nasal challenge
and of suptum from one individual with
mucus hypersecretion. It was ultrasonicated.
Microtitre wells were coated with mucin by
overnight incubation. A fimbriated transfor-
mant (F+) of an F strain (gift of Professor A
Smith, Seattle) was >90% fimbriated on

negatively stained electron microscopy,
whereas its F parent was < 10% fimbriated.
Washed, mid log phase F+ (1-6 (0-5) x 109
colony forming units/ml (cfu) and P (19
(0-7) x 109 cfu/ml) were added to the
microtitre wells and incubated at 37°C for 30
minutes. Unbound bacteria were removed by
flooding the wells twice with PBS. Bound
bacteria were then desorbed by agitation with
Tween and quantitated. Specific adherence

index (SAI) was calculated as (x-y) x zt',
where x = number of bacteria desorbed from
uncoated (control) wells (that is, adherent to
plastic), z = initial inoculum. Adherence of
F+ to mucin exceededF (SAI F+: 4-06 (2 07)
x 10-2, SAI F: 0-25 (1 06) x 10-2; p < 0-02
Wilcoxon rank, n = 12) and x for F+ (4-63
(219) x 106 >x for F (1-98 (122) x 106)
(p < 0-03). We conclude that possession of
fimbriae enhances adherence to human res-
piratory tract mucus in vitro and that this
would benefit the bacterium in colonising
stationary mucus in vivo but could benefit the
host were such mucus to be cleared normally.

Ex vivo tumour necrosis factor secre-
tion by monocytes from patients with
chronic Pseudomonas aeruginosa pul-
monary infection

JS ELBORN, D NORMAN, FM DELAMARE, DJ SHALE
Respiratory Medicine Unit, University of
Nottingham, City Hospital, Nottingham
Tumour necrosis factor alpha (TNF) is an
important regulator of the inflammatory res-
ponse to infection. Circulating immunoreac-
tive TNF is elevated in CF and may be a
factor in lung injury and cachexia associated
with chronic Pseudomonas aeruginosa (PA)
pulmonary infection. To define the role of
circulating monocytes in the production of
TNF we studied the ex vivo response to
Escherichia coli endotoxin (LPS) of mono-
cytes from 10 CF patients with chronic PA
infection during symptomatic deterioration
and 10 control subjects. Monocytes purified
on Nycondenz monocyte medium were al-
lowed to adhere for two hours and then
cultured for three hours in RPMI medium
with LPS (0, 25, 50 and 100 ng/ml). TNF in
supernatants was determined by ELISA and
related to the DNA content of adherent cells.
Viability was 100% (trypan blue). Sponta-
neous TNF (U/pg DNA) release was greater
in controls (23-2 (11-9, 36 9); median (95%
CI)) compared with CF subjects (10-6 (7 7,
18 5); p = 0 006). Monocytes from both
groups responded significantly to LPS,
though mean values tended to be lower in CF
subjects at all doses. In six patients restudied
after two weeks antipseudomonas antibiotics
a significant increase in unstimulated TNF
production from 9 4 (7 7, 10-6) to 16 1 (14-5,
43-6) was observed (p = 0 036). It is con-
cluded that these data suggest a down regula-
tion of spontaneous TNF secretion in
patients with CF during a respiratory exacer-
bation. Treatment with antibiotics results in a
return to normal secretion.

Bronchial dilatation, epithelial cell
hyperplasia, and elastin degradation in
experimental bronchiectasis

D GUERREIRO, J ROHDE, H TODD, M SHEPPARD, PJ
COLE Host Defence Unit, Department of
Thoracic Medicine, National Heart and Lung
Institute, London Persistent bronchial
inflammation in human bronchiectasis in-
duces irreversible bronchial dilatation,
increased epithelial thickness and elastin
degradation. These abnormalities have been
described (Whitwell F. Thorax 1952;7:213)
but not quantitated. We have induced pro-
gressive bronchiectasis (Bx) in growing rats

by partial ligation of the apical bronchus
(LIG) and distal intrabronchial (ib) injection
of live Pseudomonas aeruginosa (PaL) and
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have quantitated a number of morphological
parameters. Seven groups of five rats each
included a test group (PaL + LIG) and six
control groups: age matched normal (N) rats,
LIG alone, sham operated rats, ib heat killed
Pa alone, and also with LIG. The animals
were then killed at four, eight, and 12 weeks,
lungs inflated, apical lobes orientated and
sectioned uniformly, and sections stained
with H and E. Axial bronchial dilatation was
assessed (pm) in 10 equidistant areas down
the bronchus under light microscopy, using a
calibrated eyepiece graticule. Epithelial cell
hyperplasia was assessed in alternating
0 3 mm lengths of axial bronchus ( x 400).
Stainable elastin (Miller's elastin stain) was
assessed by point counting (Weibel et al. J
Appl Physiol 1962;17:343) and not less than
10' points were counted (x 100, oil immer-
sion). PaL+ LIG alone developed bronchiec-
tasis at all time points when compared with
the control groups (at three months, bron-
chial dilatation: mean (SD) of PaL+ LIG =
2-53 (0 28), N = 0-64 (0 05), Kruskal-Wallis
non-parametric analysis of variance p <
0-00001; epithelial hyperplasia: PaL+LIG
= 636 (56), N = 179 (24), p < 0-00001;
stainable elastin: PaL + LIG = 10-2 (1-0), N
= 21-7 (2 6), p < 0-0001. Bronchial dilata-
tion, bronchial epithelial cell hyperplasia and
elastin degradatation-hallmarks of human
bronchiectasis-are quantifiable in our model
of progressive bronchiectasis, which
promises to aid study of the pathogenesis and
treatment of the condition.

Third BTS lymph node tuberculosis
trial: results during treatment
LP ORMERODfor the BTS Research Committee
Patients were grouped according to the nmeans
by which the diagnosis had been established
-that is, excision of all glands (group 1),
diagnostic excision/aspiration with residual
disease (group 2), or a clinical diagnosis
supported by a strongly positive tuberculin
test (group 3). Patients were randomised to
one of three regimens: E2H9R9, Z2H9R9,
Z2H6R6. Two hundred and four patients
were entered by 43 physicians between April
1987 and September 1989, 71 male and 133
female. One hundred and fifty seven were of
Indian subcontinent ethnic origin, 35 white,
and 12 of other ethnic groups. The diagnosis
was supported by positive cultures for
Mycobacterium tuberculosis in 108 cases.
Forty four patients did not receive treatment
as planned-13 due to isoniazid resistance, 10
due to drug reactions, five due to revised
diagnosis, five due to non-compliance, three
due to non-TB related deaths, two due to
emigration, two due to extended treatment,
and four for other reasons. The data were
analysed by intention to treat on an actuarial
basis. There was no difference between the
regimens in mean lymph node size prior to
treatment. There was a suggestion that lym-
phadenopathy resolved faster in those receiv-
ing pyrazinamide containing regimens. Seven
out of the eight patients requiring new
procedures after the commencement of treat-
ment were in the E2H9R9 regimen. After six
months' treatment 43% of the E2H9R9
regimen patients had residual lymphadeno-
pathy compared with 32% on the pyrazin-
amide containing regimens (p > 0 05). By
nine months treatment 17% of the Z2H9R9
patients and 28% of E2H9R9 patients had
residual lymphadenopathy (p > 0 05).
Follow up will continue for 30 months from
commencement oftreatment with a report on
relapse rates planned for late 1992.

During sputum induction

Baseline 10 min 20 min Post

Group 1 95 5 (0-4) 94-1 (0 6) 93-2 (I 1)* 91-5 (1-5)t
Group 2 97 0 (0 5) 94 8 (0 2) 95-6 (0-7)* 93 5 (10)t

*p < 005;tp < 001.

Pneumocystis carinii pneumonia
(PCP) induces bronchial hyperrespon-
siveness in AIDS patients

ELC ONG, SP HANLEY, BK MANDAL Regional
Department of Infectious Diseases and Depart-
ment of Chest Diseases, Monsall Hospital,
Manchester Bronchoconstriction during
inhalation of pentamidine as prophylaxis
against PCP among patients with AIDS res-
ponds to sodium cromoglycate, suggesting a
mast cell related phenomenon (Ong et al.
Lancet 1989;i:956). However, it remains
unclear whether it is the HIV infection, the
consequent development of AIDS, the effect
ofPCP infection or inhaled pentamidine, or a
combination offeatures that is responsible for
this increase in bronchial responsiveness. We
have studied bronchial responsiveness to
inhaled histamine (Yan et al. Thorax
1983;38:760) in three groups of patients:
group A-AIDS patients with previous
proved PCP (n = 8, mean age 32), group B-
AIDS patients not known to have suffered
from PCP (n = 9, mean age 33), and group
C-asymptomatic HIV positive patients (n
= 7, mean age 26). No patient had previously
suffered from asthma, eczema or hayfever.
Groups A and B were receiving prophylactic
inhaled pentamidine but not group C. Statis-
tical analysis was by analysis of variance. The
mean cumulative doses of histamine (pmol)
which caused a 20% fall in the one second
forced expiratory volume (PD20 FEV,) are
shown in the table below. Baseline FEV, as
percentage predicted was not significantly
different between the three groups. AIDS
patients previously infected with PCP (group
A) had a significantly lower PD20 FEV, than
asymptomatic HIV positive patients (group
C) (p < 0 05) or AIDS patients without PCP
(group B) (p < 0 05). The development of
AIDS without PCP (group B) did not result
in an increase in bronchial reactivity (group B
v C p > 0 05). This study suggests that
infection with PCP results in the develop-
ment of bronchial hyperresponsiveness in
this group of patients.

supervised by an experienced respiratory
physiotherapist. Prior to sputum induction
(Baseline), during the procedure and for 20
minutes after the procedure (Post) arterial
oxygen saturation (Sao2) was monitored
using a pulse oximeter. Data were analysed
using Wilcoxon's rank sum test. Thirty five
patients (32 homosexual males and three
females (two intravenous drug users)) were
studied. In group 1 were 18 patients with
pneumocystis pneumonia diagnosed by in-
duced sputum (IS), bronchoalveolar lavage
(BAL) or open lung biopsy. In group 2 were
17 patients with other diagnoses; intrapul-
monary lymphoma (1), Kaposi's sarcoma (1),
bacterial pneumonia (3), bronchitis respond-
ing to erythromycin (9), self limiting fever
and cough/dyspnoea with negative IS and
BAL (3). The Sao2 data are displayed in the
table above (mean (SEM)). Adverse events
associated with sputum induction included
dyspnoea (7), severe cough (4), nausea and
retching (5) and acute bronchoconstriction
(1). The procedure was abandoned in two
patients, one had severe retching and in
another the Sao2 rapidly fell to 84 mm Hg.
Inhalation of hypertonic saline during
sputum induction induces a fall in Sao2 which
may persist after the end of the procedure.
Some patients also find the procedure un-
pleasant. These data raise questions regard-
ing the degree of supervision and possible
need for Sao2 monitoring during and
immediately after sputum induction.

Sputum induction for the diagnosis of
Pneumocystis carinii pneumonia
(PCP) in HIV positive patients

RF MILLER, G KOCJAN, J BUCKLAND, A MALIN,
SJG SEMPLE Departments of Medicine and
Histopathology, University College and
Middlesex School of Medicine, London We
prospectively studied 148 consecutive HIV+
patients presenting with acute respiratory
episodes and compared the sensitivity of

Group Mean Range SD SEM 95% confidence interval

A 0 31 0-07-095 0 31 0 12 0-03 to 0-60
B 1-01 0-202-00 067 0 25 0-39 to 1 64
C 1-28 0 49-180 0 51 0 19 0-81 to 1-76

Arterial desaturation and other adverse
events during sputum induction in HIV
positive patients

RF MILLER, J BUCKLAND, D ROSS, SJG SEMPLE
Department of Medicine, University College
and Middlesex School of Medicine, London
We have prospectively assessed adverse
events associated with sputum induction in
HIV positive patients presenting with acute
respiratory episodes. Sputum was induced by
the inhalation of hypertonic 2-7% saline
using a Devilbliss 99m ultrasonic nebuliser

induced sputum (IS) and bronchoalveolar
lavage (BAL) for the diagnosis of PCP. IS
was obtained by inhalation of 2-7% saline
via an ultrasonic nebuliser; patients were
scheduled for fibreoptic bronchoscopy within
72 hours of sputum induction. In group 1
were 96 patients, sputum induction was
supervised by a variety of nursing/medical
staff; 53 patients had PCP diagnosed by IS,
BAL, open lung biopsy or negative IS and
BAL and clinical response to nebulised pen-
tamidine (CR). In group 2 were 52 patients,
29 ofwhom had PCP diagnosed by the above
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criteria, sputum induction was supervised by
an experienced respiratory physiotherapist.
IC was classified as failed (no material expec-

torated), inadequate (material expectorated
was from the upper respiratory tract) or

adequate (containing alveolar macrophages).
Details of the patients with PCP are given in
the table below. Compared with BAL (sensi-
tivity = 75%) IS had a lower diagnostic yield
for PCP (sensitivity = 19-5%). Use of an

experienced physiotherapist increased the
number of successful attempts at sputum
induction. In the laboratory IS takes longer
to process than BAL as IS contains fewer
organisms ofP carinii than BAL and may be
contaminated with oropharyngeal debris and
commensal flora. Monoclonal antibodies may
increase the yield of IS but add significantly to
the cost and are not routinely available. Few
centres will have the case load to justify the
employment of dedicated personnel to
supervise sputum induction, BAL will be
necessary in patients with a negative IS or

whose clinical course is at variance with the
diagnosis made by IS.

ND-not done; + positive; -negative for PCP.

Pulmonary Kaposi's sarcoma

AL POZNIAK, AS LATIF, P NEILL, K CHEN

Departments of Medicine, Clinical Pharma-
cology and Histopathology, University of
Zimbabwe The objective was to describe the
main clinical radiological and bronchoscopic
features of pulmonary Kaposi's sarcoma.

Patients with Kaposi's sarcoma (KS) who had
unexplained clinical or radiological res-

piratory changes were assessed clinically, had
simple lung function tests and underwent
fibreoptic bronchoscopy. Forty seven patients
were included. All were HIV positive-41
males, age range (mean) 23-51 (33) years and
six females, 23-47 (33) years. Thirty three
had widespread cutaneous KS, five had only
lymph node involvement and four had palatal
lesions only. Persistent cough was present in
42 (89%) mean duration (SD) 67 (48) days.
Twenty three (49%) patients had haemopty-
sis and 19 (40%) were productive of clear
sputum only. Thirty eight (81%) were

breathless, 13 at rest mean duration (SD) 46
(35) days and 25 on exercise 60 (47) days.
Night sweats and fever occurred in 25
patients. There was an increased respiratory
rate in 23 and 11 were cyanosed. Twenty
seven had widespread crackles and six had
focal crackles. Mean (SD) was Pao2 61-3
(15 9) mm Hg. PaCo2 29-8 (3-9) mm Hg and
alveolar-arterial gradient 34-5 (11-4) mm Hg.
Mean (SD) FEVy, 1-88 (0 62) 1. FVC 2-66
(0 87) 1, 26 had diffuse reticulonodular
shadows on chest radiograph, 11 had focal
nodular shadows, seven had pleural effusions,
one had a marked increase in vascular mark-
ings and two had normal radiographs. At
bronchoscopy 11 had multiple KS nodules,
12 had flat or early plaque lesions, 14 had
both. Three had proximal flat lesions and
diffuse infiltration distally, four had diffuse
infiltration alone, two had KS masses and one

had a normal bronchoscopy. Twenty one

bronchial and eight transbronchial biopsies
were performed in 27 patients, 13 were

proven histological KS and six were highly
suspicious of KS. Bronchoalveolar lavage
resulted in Pneumocystis carinii being found
in one patient and bacterial pathogens in two.
Prognosis after cytotoxic treatment was poor,

20 patients have died with a median survival
of 70 days. We conclude that pulmonary KS
presents with prolonged respiratory symp-

toms often associated with haemoptysis and
usually has specific bronchoscopic findings.

Sodium cromoglycate as a prophylactic
agent for pentamidine induced bron-
chial narrowing

TR LEIGH, D RICHARDSON, BG GAZZARD, JV

COLLINS Department of Respiratory
Medicine, Westminster Hospital, London
Inhaled nebulised pentamidine isethionate
(PI) is an established therapeutic regimen for
the prophylaxis and treatment of Pneumo-

cystis carinii pneumonia (PCP) in patients
with human immunodeficiency virus (HIV)
infection. The principal side effect of PI is
bronchial narrowing (BN), which may be
partly due to mast cell degranulation. We
investigated the protective role of nebulised
sodium cromoglycate (SC) (Intal, Fisons) to
BN induced by nebulised PI. Thirty HIV
seropositive patients were studied (mean age
38 years, range 24-58 years), 11 ofwhom had
had a previous attack of PCP. All had normal
lung function and no past history of chronic
lung disease. Twenty patients received
nebulised PI alone (300 mg in 5 ml water),
while 10 received PI preceded by nebulised
SC (20 mg in 4 ml 0 9% saline). Baseline
FEV, was measured before nebulisation, and
subsequently one, two, five, 10, 20, and 30
minutes after completion. FEV, before
nebulisation was normal for the 30 subjects
(mean = 104 5% predicted, range 70-
141%). With PI alone, all patients sustained a

severe and prolonged fall in FEV, from
baseline (mean maximum fall = 22%, range
8-62%, p < 0 001), which occurred at a mean

of nine minutes after nebulisation. The mean
fall in FEV, was maximal five minutes after
nebulisation (mean fall = 19%, p < 0 001),
and remained significantly depressed in all but
two subjects 30 minutes post nebulisation
(mean fall = 16%, p < 0-005). With SC +
PI, FEV, fell from baseline in all but one

subject post nebulisation (mean maximum
fall = 17%, range 0-43%, p < 0-001), which
occurred at a mean of seven minutes after
nebulisation. The mean fall in FEV, was

greatest one minute post nebulisation (mean
fall = 149%, p < 0-001), and remained
significantly depressed at 30 minutes (mean
fall = 9%, p < 0-001). There was no

significant difference in the degree of fall in
FEV, with SC at any time. This study
confirms that nebulised PI causes a sub-

stantial fall in FEVy. Although there was a

trend for pre-treatment with SC to reduce the
severity of this fall, this was not statistically
significant. SC does not appear to affect the
underlying mechanism of nebulised PI in-
duced BN.

Pulmonary function after tuberculosis

G SLEVIN, K McCRORY, P KELLY, L CLANCY

Peamount Hospital, Newcastle, Co Dublin
Ireland Using multiple regression analysis,
we determined which clinical features of
pulmonary tuberculosis were best correlated
with pulmonary function at completion of
chemotherapy for pulmonary tuberculosis.
All pulmonary function was expressed as

percentage predicted standardised for age,

height, weight and sex. Forty three patients
were assessed. FEV, was best correlated with
radiological extent of disease (R =-0 46),
age at completion of treatment (R =-0-41)
and radiological extent of disease post treat-

ment (R = -0 38). FVC correlated best with
radiological extent of disease at diagnosis
(R = -0 56), radiological extent of disease at

completion oftreatment (R = -0 46) and age

at completion of treatment (R = -0-45).
Values for mid expiratory flow (FEF 25-75%)
also correlated best with age at completion of
treatment (R = -0 41), radiological extent of
disease at completion of treatment (R
= - 0 38) and radiological extent of disease at

diagnosis (R = -0-36). TLC and residual
volume both correlated best with radiological
extent of disease at diagnosis and the presence
of cavities post treatment. Gas transfer factor
correlated best with radiological extent of
disease at diagnosis (R = -0-29) and the
presence or absence of asthma/COAD (R
= -0-26). Bacteriological history, pleural
involvement and the presence of other chest
diseases correlated poorly with lung function
at the end of treatment. We conclude that
pulmonary function at the end of treatment
for tuberculosis is negatively correlated with
radiological extent of disease and with the
person's age. This may suggest that the
pretreatment duration of illness is important
in determining subsequent pulmonary func-
tion and gives added impetus to rapid diag-
nosis and treatment of tuberculosis. Other
clinical indices are very weakly correlated
with pulmonary function.

High false positive rate on the basis-of
combined polymerase chain reaction
(PCR) and probing for the diagnosis of
pulmonary tuberculosis

D WALKER, RJ SHAW Department of
Respiratory Medicine, St Mary's Hospital,
London Tuberculosis (TB) continues to be
a major infection both worldwide and in the
UK. Conventional diagnostic procedures
such as culture take many weeks. Knowledge
of the DNA sequence of mycobacterial genes
combined with polymerase chain reaction
(PCR) amplification offers the opportunity to

rapidly and accurately diagnose tuberculosis.
The clinical relevance of bacteriological diag-
nosis of tuberculosis is well established.
However, the relationship between positive
identification of mycobacterial DNA and
clinical disease is not known. We have used
oligodeoxynucleotides (oligos) complimen-
tary to sequences in the gene of the myco-
bacterial 65 Kd surface antigen as primers
and subsequently as "P labelled probe to ask

IS failed IS inadequate IS adequate

IS+ IS+ Is- IS+
BAL+ CR BAL+ CR BAL+ BAL-BAL+ BALNDCR

Group 1
(n = 53) 5 6 11 1 5 2 9 3 11

Group 2
(n = 29) 2 0 5 1 3 1 8 2 7
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whether examination of respiratory samples
by this technique identifies mycobacterial
DNA in patients with no bacteriological or
clinical evidence of tuberculosis. The tech-
nique was able to detect less than 100 organ-
isms. Specificity for M tuberculosis was
obtained by (a) probing with a third 32P
labelled oligo and (b) a characteristic pattern
following SAU 961 digestion. M tuberculosis
but not M xenopi was correctly identified in
the sputum of clinically affected individuals.
In 37 pulmonary samples comprising 13
sputum, 18 bronchoscopy trap and six BAL,
obtained from patients without bacterio-
logical or clinical evidence of tuberculosis, 16
cases were positive by probe but negative
bacteriologically, and 21 cases were negative
by probing and bacterial culture. The false
positive cases included tuberculosis contacts
and cases of old treated tuberculosis, as well
as those with pulmonary conditions other
than tuberculosis. These results indicated
that when PCR and subsequent probing are
used on samples from the lung to diagnose
tuberculosis, there was an appreciable false
positive rate. This may be related to the
extreme sensitivity of the technique, the
ability to detect non-viable organisms, or the
high prevalence of the M tuberculosis organ-
ism in this inner city population.

Tuberculosis and HIV infection in
Zimbabwe

AL POZNIAK, M MAHARI, S RAY, J HOUSTON, J
NEILL, A LATIF Departments of Medicine,
Clinical Pharmacology, University of
Zimbabwe, and City Health, Harare,
Zimbabwe The objectives were to determine
the seroprevalence of HIV among tuber-
culosis patients and compare the clinical and
radiological features between HIV positive
(HIV+) and HIV negative (HIV-) tuber-
culosis patients. One thousand six hundred
and thirty one patients treated in the city of
Harare from July 1988 to March 1990 were
enrolled. Clinical and radiological assess-
ments and mantoux and HIV tests
(2ELISAS and HIV + confirmed by western
blot) were performed. An age-sex matched
non-tuberculosis control group was used for
comparison. Diagnosis oftuberculosis was by
sputum smear, bacteriology or histology in
847 (52%) and clinically in 783 (48%). HIV
serology results were obtained in 1428 (1048
males and 380 females) and overall 648
(45-3%) were HIV+ compared with 14 6%
in the control group. Forty seven per cent of
males were HIV+ and 40 5% females.
Seroprevalence in the proven tuberculosis
group was 45 3% and 45-5% in the clinical
group. Number and (%) seropositive by age
group: under 5 years = 39 (37%), 5-14
years = 1 (3%), 15-34 years = 401 (55%),
35-54 years = 188 (45%), >54 years = 21
(14%). Mantoux 8 mm, two or more organs
involved and tuberculosis lymphadenitis
were significantly (p < 0-01) more likely in
HIV+ patients as were hilar lymphadeno-
pathy, miliary tuberculosis, pleural effusions
and less cavitation on chest radiograph.
There was no difference seen in symptom
duration, history of previous tuberculosis,
sputum positivity or pericardial effusion be-
tween the two groups. We conclude that there
is a marked association between HIV and
tuberculosis in Zimbabwe and the clinical
and radiological presentation of tuberculosis
can be affected by HIV status.

Use of community organisations to
access immigrant populations at risk of
tuberculosis

K GILBERTSON, D STARK, K TARR, J MOORE-
GILLON Medical College of St Bartholomew's
Hospital and Department of Respiratory
Medicine, St Bartholomew's Hospital,
London The port of arrival system for
tuberculosis screening of new arrivals in the
UK fails to identify many individuals, and
supplementation by information from family
practitioner committees (FPCs) has been
suggested (Ormerod LP. Respir Med
1990;84:269). A 40% rise in tuberculosis
notifications in the London Borough of
Hackney in 1989 led us to investigate the large
population of recent Turkish/Kurdish
arrivals in the borough. Although exact
numbers are uncertain, some 2000 arrived
between May and August 1989 alone. At
visits to two Turkish/Kurdish community
centres, 450 translated questionnaires were
distributed, with help available for illiterate
respondents. Three hundred and thirty five
evaluable questionnaires were returned from
310 and 25 women; 81% were aged <40 years
and 86% had been in the UK < 24 months.
Respondents reported substantial exposure
to tuberculosis: 7-3% had a personal history
of tuberculosis, 6-6% had a close relative with
a history of tuberculosis, and since arrival in
London 7% had lived with somebody being
treated for tuberculosis. Of these 52 respon-
dents, only 21 (40%) had had chest radiogra-
phy on or since arrival in the UK, the figure
being still only 50% for those who had had
tuberculosis themselves. Of all 335 respon-
dents, 51% had never had chest radiography,
in Turkey or the UK, and 46% had no GP.
The usual measures by which tuberculosis
screening of new arrivals is organised-the
port of arrival system and FPC registration-
have not satisfactorily coped with the influx of
Turks and Kurds in Hackney. Attempts have
now been made to redress this situation, with
education about GP registration and the
tuberculosis contact clinic, and visits from the
mobile mass miniature radiography service to
the community centres. Our findings are
likely to be applicable to other recent
immigrant groups in this country, and are
aiding plans for screening the Somali refugees
currently arriving in London's East End.

Tuberculosis and HIV infection in
England and Wales

JM WATSON, SK MEREDITH, B BANNISTER,
E WHITMORE, J BRANDER, JH DARBYSHIRE
PHLS Communicable Disease Surveillance
Centre (CDSC) and Department of Clinical
Epidemiology, National Heart and Lung Ins-
titute, London The extent of the overlap
between tuberculosis and HIV infection in
England and Wales (E and W) is unknown.
We have estimated it in three ways: (1) Cases
of tuberculosis reported in the Medical
Research Council (MRC) six months surveys
in 1983 and 1988 were compared with cases of
AIDS reported to the confidential AIDS
register maintained by the Public Health
Laboratory Service (PHLS) AIDS Centre at
CDSC. Matching cases were identified on the
basis of name code (soundex), sex, date of
birth, ethnic origin, marital status, and
residence. Of 3002 cases of tuberculosis in
1983, there were no exact and only one
probable match (0-03%). In 1988 there were
four exact and two probable matches, and a

further three cases of tuberculosis known to
have AIDS who were not identified on the
AIDS register by this procedure, giving a
total ofnine out of the 2163 cases (0 42%). (2)
A questionnaire was sent to physicians who
had notified one or more single white male
patients aged 25-64 years in the 1988 MRC
survey. Eighty four were reported to have
been tested for HIV infection and 22 were
HIV antibody positive: a prevalence among
all 5164 tuberculosis patients notified in that
year of at least 0 43%. (3) The detailed
clinical features given by reporters to the UK
national AIDS surveillance system were
examined to determine the proportion in
whom M tuberculosis infection was reported.
Of 3572 cases reported by July 1990, 169
(5%) were noted in whom tuberculosis had
occurred.

Tuberculosis in Northern Ireland

G VARGHESE, R MCCANN Belfast City Hospital
and Department of Public Health Medicine,
Belfast A prospective survey of all cases of
tuberculosis between 1982 and 1986 was
carried out. A total of 712 cases were notified,
of which 560 (79%) were pulmonary and 152
(21%) non-pulmonary. The incidence of
tuberculosis was 7 1/100 000 population
(Pulm tuberculosis) and 2-1/100 000 popula-
tion (non-pulm). Of the total notified cases
383 (56%) were male. Ten per cent of
patients fell into the under 14 age group while
32% were over 65. Only 3% of notifications
occured in non-UK or Irish Republic
residents and 7% of patients were health
service employees. Previous history of BCG
vaccination was evident in 10%. Information
on the outcomes of each notified case was
obtained by a follow up questionnaire one
year after notification. Data was available for
454 (81%) patients with pulmonary tuber-
culosis. Of these, 79% were admitted to
hospital for treatment with an average length
of stay for 4-8 weeks. Bacteriological confir-
mation was obtained in 69% of cases. Com-
pliance with chemotherapy was reported in
92% of cases. In one quarter of cases
chemotherapy continued for longer than one
year. It is concluded that (1) the overall
incidence oftuberculosis in Northern Ireland
is lower than that in the rest of UK and
Republic of Ireland. (2) Although a large
proportion of patients were admitted for
hospital treatment a general downwards
trend in the numbers admitted was observed
over the survey period. The rate of bac-
teriologically confirmed cases is similar to that
found in UK, but is higher than the Irish
Republic. (3) The decreasing incidence of
tuberculosis has implications for future
policy on control and prevention of tuber-
culosis.

Attitudes of hospital workers to tuber-
culosis: screening and action on contact

JE CLAGUE, P FIELDS, DR GRAHAM, PDO
DAVIES Regional Thoracic Unit, Fazakerley
Hospital, Liverpool Guidelines for the con-
trol and prevention of tuberculosis have
recently been published by the Joint Com-
mittee of the British Thoracic Society (BMJ
1990;300:995). Updated advice for the
protection ofNHS employees was given. To
examine the application of their findings to
our 55 bedded chest unit we have recently
investigated tuberculosis immunity, re-
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viewed the pre-employment screening and
reviewed the action taken after tuberculosis
contact in staff members. We assessed all 61
staffmembers, including44nurses, 11 doctors
and five domestic staff.A supervised question-
naire was given and tuberculosis immunity
was assessed by Heaf Testing. Forty seven of
61 had had BCG and had a scar. Three
subjects were Heaf negative and of the
remainder 52 Heaf tests grade 3 or stronger.
Only three of 11 doctors, 36/44 nurses and 4/5
domestics had had any pre-employment
screening. Those subjects working on the
unit the longest were less likely to have been
screened but this was not uniformly so. No
action was taken by any doctor after their last
tuberculosis contact, whereas 10/44 nurses
and 3/5 domestics had had chest radiography.
The Heaf status of the majority of subjects
tested would suggest that there is still con-
siderable exposure to tuberculosis infection
in hospital. Stricter pre-employment screen-
ing, especially for doctors, is required. Exces-
sive screening after tuberculosis contact of
some NHS workers is occurring, which
should be stopped.

Tuberculosis in immigrants from South
East Asia

M NISAR, CSD WILLIAMS, PDO DAVIES Tuber-
culosis Research Unit, Sefton General Hos-
pital, Liverpool Immigration from South
East Asia (SEA) is likely to increase owing to
the lease back ofHong Kong (HK) to China.
This may change the pattern of tuberculosis
in the UK as was seen with the arrival of
immigrants of Indian subcontinent (ISC)
ethnic origin. In a retrospective survey of
mycobacterial infection in SEA patients
resident in Liverpool and notified from Jan-
uary 1980 to December 1989, case details
were compiled from notification documents,
hospital notes and PHLS records. Of the 708
notifications in the 10 year period, 42 (6%)
were SEA patients; mean age 39 (range 13-
84) years, 22 male. The mean duration of
residence in the UK before diagnosis was 11
years, range 2 weeks-34 years. Immigrants
were from HK (20), China (13) or Vietnam
(6), other countries (3). Disease was confined
to the lungs in 20 patients (48%). The other
22 (52%) had extrapulmonary tuberculosis
(EPTB). Of these, 14 (33%) had lymph node
disease (including two with pulmonary tuber-
culosis), and six (14%) presented with pleural
effusion. This pattem of disease is similar to
that seen in the ISC cases (45% EPTB) but
very different to both that in the UK white
population (15% EPTB) and the Chinese in
HK (6% EPTB with only 3% lymph node
tuberculosis). Records of bacteriological con-
firmation were available for 27 (64%); three
(11%) had strains resistant to streptomycin,
of which one was also resistant to isoniazid.
This incidence of resistance is comparable to
that in ISC cases and the Chinese in HK but
is 10 times that in the UK white population.
The pattern of tuberculosis in SEA patients
inUK resembles that seen in ISC immigrants
but differs greatly from the known profile of
tuberculosis among the Chinese in HK.
Dr Nisar is funded by the British Lung
Foundation.

A mathematical model to predict the
possible impact of HIV infection on
tuberculosis in the UK

M NISAR, IS NARULA, NJ BEECHING, PDO DAVIES

Tuberculosis Research Unit, Sefton General
Hospital, and Infectious Disease Unit,
Fazakerley Hospital, Liverpool The com-
bination of tuberculosis and HIV infection
has resulted in a dramatic increase in the
incidence oftuberculosis in many countries in
sub-Saharan Africa. The recent increase in
tuberculosis in the USA is attributed to HIV
infection as individuals already infected with
tuberculosis acquire HIV infection with
immunological breakdown and development
of tuberculosis disease. The possible impact
of HIV infection on tuberculosis rates in the
UK is therefore important to assess. Despite
the fact that figures for the prevalence of
asymptomatic HIV and tuberculosis infec-
tion in the UK are not accurately known, it is

responses due to past BCG or tuberculosis
were more common in 1979 (probably owing
to large scale immigration in the 1970s).
However, the rate of tuberculin positivity in
the absence of previous BCG or tuberculosis
has not changed since 1979. Of these,
strongly positive responses (grades 3 and 4)
were recorded in significantly more children
in 1988 (21%) than in either 1984 (6%) or
1979 (13%). In contrast to the continuing
decline in the notification rate of tuberculosis
among young adults (OPCS data), the
prevalence of tuberculin conversion in
schoolchildren remained unchanged between
1979 and 1988. These data also suggest that
compliance with the BCG scheme has
improved over the 10 years to 1988.

% positive Heaf responses

Year No of Heaf tests Past BCG/TB No past BCG/TB

1979 7657 6-3 3-4
1984 4916 3-4 3-2
1988 5050 3-7 3-2

possible to design a simple mathematical
model which can be adapted for varying
estimates of (a) the total population at risk, (b)
the prevalence of tuberculosis infection, (c)
the likely decline in tuberculosis infection, (d)
the prevalence of HIV infection, and (e) the
likely increase in HIV infection. With this
model it is possible to predict whether the
potential population with concurrent infec-
tion of both HIV and tuberculosis is likely to
increase or decrease. From this model we
have found that, if tuberculosis infection
declines by 10% pa and HIV infection
increases by no more than 11% pa, the
potential population with dual infection will
remain static or decrease. As this scenario is
likely to be over optimistic in the UK in the
forseeable future, an increase in tuberculosis
related to HIV infection is likely to occur.
Current evidence suggests the population at
most risk of acquiring HIV infection of
tuberculosis infection do not yet overlap
appreciably. This distinction is likely to
become blurred as HIV infection becomes
less restricted to recognised "at risk" groups.
It is therefore important that we maintain
efforts to reduce the incidence of tuberculosis
infection as well as attempting to reduce the
HIV infection. Further studies to determinet
the prevalence of tuberculosis infection are
required.

Current trends in tuberculin reactivity
in school children

M NISAR, CSD WILLIAMS, PDO DAVIES
Tuberculosis Research Unit, Sefton General
Hospital, Liverpool We have reviewed
records from the Liverpool health and educa-
tion authorities BCG scheme for three years
(1979, 1984, and 1988) in order to examine
trends in tuberculin positivity in school chil-
dren in the 10 year period, 1979-88. The total
number of school requests for BCG vaccina-
tion declined by 38%, from 8129 in 1979 to
5036 in 1984, then remained unchanged
(5052 in 1988). The number of children
refusing Heaf tests (and hence BCG) also
declined from 271 in 1979 to 11 in 1984 and
only one in 1988. Similarly, the number of
over age children refered fell from 201 to 109
in 1984 and only one in 1988. The percentage
of children with positive Heaf tests with and
without previous BCG or tuberculosis is
shown in the table above. Positive Heaf test

Coexisting disease and survival in
patients with pulmonary tuberculosis

K KING, C SHELDON, H COCK, P WILKINSON,
N BARNES London Chest Hospital, London
A retrospective study of adult patients with
tuberculosis presenting to the London Chest
Hospital or the Royal London Group of
Hospitals between 1.1.85 and 31.12.89,
identified 492 patients through microbiology
records, histology results, hospital discharge
data, statutory notifications and death cer-
tificates. Notes were available for 454 cases
(92%). Clinical information was obtained
from these. Three hundred and seventy two
patients had pulmonary tuberculosis. Co-
existing diseases have been reported to occur
in 48% of patients with pulmonary tuber-
culosis (Thorax 1988;43:591). In this study
127 patients (34-1%) had a recorded history
of one or more of the major medical condi-
tions listed in the table below. Twenty nine of
the 40 patients who died (72 5%) had one or
more of these conditions. Thus, coexisting
serious illnesses were significantly more com-
mon in patients who died (X2 = 41-26,
p < 0-000001). Even when we excluded the
35 cases ofmalignancy, there was still a strong
association between the presence of other
serious illness and death (X2 = 15-18,
p = 0-0005). A past history of tuberculosis
was equally likely in those with or without a
coexisting serious disease. This suggests that
the concomitant illness was not a major risk
factor for reactivation of past tuberculosis.
However, patients with pulmonary tuber-
culosis and a coexisting medical condition,
whether malignant or non-malignant, have a
worse prognosis.

Disease No (%)

Diabetes 29 (7 8)
Chronic airflow limitation 28 (7 5)
Renal disease 4 (1 1)
Malignancy 35 (9-4)
Previous gastric surgery 26 (7 0)
Alcoholism 26 (7 0)
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Seasonal cryptogenic organising
pneumonia with intrahepatic choles-
tasis: a new clinical entity

MONICA A SPITERI, P KLENERMAN, M SHEPPARD,
S PUDLEY, T CLARK, A NEWMAN-TAYLOR
Royal Brompton and National Heart Hospital,
London Wehave identified 12patientswitha
2-8 year history of recurrent pleuritic chest
pain, fevers, dry cough and exertional dysp-
noea. In each patient these features recurred
between late February and early May, and
tended to increase in severity each year,
ultimately leading to active therapy. During
exacerations, all patients had a markedly
elevated alkaline phosphatase and gamma-
GT, in the absence of any other hepatic
disease. Blood and sputum cultures, viral
sreen and complement fixation tests for
specific organisms were consistently negative.
Peripheral eosinophilia and circulating
precipitins were absent. Occupational and
environmental history were unremarkable.
Chest radiographs and CT scans in all 12
patients showed bilateral peripheral consida-
tion and, but one, involved the costophrenic
angles. Histology, obtained by open lung
(OL) (3), transbronchial (5) and percuta-
neous (4) biopsies, showed unequivocal intra-
alveolar buds of granulation tissue (bourgeons
conjunctif) suggestive of organising pneu-
monia. No other disease process was present,
and the interstitiumwas minimally inflammed
with a mononuclear cell infiltrate. Neutro-
phils were in abundance within the lumina of
medium sized airways, but the mucosa was
not inflammed. This finding was also reflected
in the lavage of eight patients (10-42 + 2 1%
neutrophils); lavage cultures were negative.
Only in the OL biopsy specimens were the
terminal bronchioles properly visualised; and
showed evidence of bronchiolitis obliterans.
In these sections a lipid pneumonia surroun-
ded the obstructed bronchioles, but was
absent in areas of patent bronchioles.
Physiologically, the predominant defect was
restrictive, with only two lifelong non-smok-
ers showing a marked obstructive pattern. All
patients showed a rapid response to steroid
therapy, with complete (8) or partial (4)
radiographic resolution. Patients did not
require steroids, and were asymptomatic,
outside the period from late February to early
May. Liver function tests results returned to
normal and paralleled clinical activity. These
observations suggest an unrecognised seasonal
syndrome with clearcut evidence of organising
pneumonia in the lungs and a biochemical
abnormality suggestive of associated intra-
hepatic cholestasis in the absence of an iden-
tifiable stimulus (by implication a possible as
yet unidentified environmental cause) or any
other pathology.

Extrinsic allergic alveolitis without an
identified causative antigen

P KLENERMAN, MA WOODHEAD, M SPITERI, D
HANSALL, M SHEPPARD, RM DUBOIS, AJ NEWMAN
TAYLOR Royal Brompton and National
Heart Hospital, London It is unusual to
make the diagnosis of extrinsic allergic
alveolitis (EAA) in the absence of a history of
exposure to an appropriate antigen or
precipitating antibodies in the blood. We
describe nine patients (seven female, two
male) with lung histology compatible with
EAA, but in whom, despite detailed clinical
histories paying special attention to occupa-
tion, hobbies and bird contact, and home
visits in three cases, a source of antigen

exposure couldnot be found. Precipitins toM
faeni, T vulgaris, and avian antigens were
absent in all cases. Open lung biopsies
showed cellular bronchiolitis and interstitial
inflammation in all cases and non-necrotising
granulomas in eight. Radiology (chest radio-
graph in nine, CT scan in five) showed a
reticulonodular pattern with predominant
upper zone involvement. Bronchoalveolar
lavage showed features of a cell mediated
immune response with lymphocytosis (29-
58%) in four of six cases studied, of which
>95% were T cells. A predominance of
activated lymphocytes (80-94%) and antigen
presenting macrophages (60-70%) was
shown by immunocytochemistry. One
patient improved spontaneously and seven
with immunosuppression, and one deter-
iorated and died. These features are similar to
those found in EAA. The absence ofidentified
extrinsic antigen suggests that an alternative
explanation might be that an unidentified
antigenic protein, other than organic dusts,
could cause an identical histological pattern
of granulomatous bronchocentric alveolitis.

Airborne hazards from oilseed rape

C HARKER, M BROOKE, A SEATON Department
of Environmental and Occupational Medicine,
University of Aberdeen, and Asthma Research
Unit, Cardiff Oilseed rape is a crop of con-
siderable importance in Britain and is exten-
sively planted in some rural areas. Its bright
yellow flower appears mainly in May and
June, at which time many individuals com-
plain of rhinitis, wheeze and other symptoms.
It is, however, most unusual to find evidence
of allergy to oilseed rape in such patients. In
order to investigate this problem we have
commenced an epidemiological study of
symptoms in populations living within and
outwith oilseed rape areas. As part of this
study we have investigated possible airborne
causes of respiratory symptoms associated
with the plant. We have carried out pollen
and fungal spore sampling throughout the
flowering season in two successive years.
Oilseed rape pollen can only be detected at
very low levels (<5 grains/m') 300 metres
from a field and is only rarely found in the
centre of a village surrounded by the crop.
Other particles, especially the fungal spores
Cladosporium, Sporobolomyces, and yellow
basidospores, were prolific in the air through-
out the season. A fungal spore, Micro-
sphaerella brassicola, specific to the crop was
also detected in large numbers close to the
field. We have also investigated volatile
chemicals given off by oilseed rape and have
found that the plant produces dimethyl disul-
phides and trisulphides. These are irritant
chemicals which may be released into the air
in sufficient quantity to provoke symptoms in
exposed individuals. We hypothesise that
symptoms occurring in relation to exposure
to oilseed rape are more likely to be the
consequence of exposure either to irritant
vapours from the plant or to associated fungal
spore allergy than to be an allergic reaction to
oilseed rape pollen. This hypothesis is under
investigation.

Prevalence of building sickness syn-
drome in hospital outpatient depart-
ments

AM FLETCHER, R MCL NIVEN, CAC PICKERING
Department of Thoracic and Occupational

Medicine, Wythenshawe Hospital, Man-
chester Building sickness syndrome is now
well recognised to occur in both mechanically
ventilated (MV) and air conditioned (AC)
buildings but the syndrome is uncommon in
naturally ventilated (NT) areas. This study
investigated the prevalence of symptoms in
six outpatient departments and two asso-
ciated wards in four hospitals in the North
West region. Twenty nine workers in twoNT
outpatient department and one NT ward
linked to an outpatient department, 31 in two
MV outpatient departments and one MV
ward and 35 in two AC outpatient depart-
ments were interviewed with a building sick-
ness designed questionnaire. Of the available
staff at the time of the visit a response rate
> 90% was achieved. The three groups were
well matched for age 43 5 (SD 15 5), 43-2
(11 3) and 43-1 (6 6) and sex (99% female).
Symptom prevalence (symp) and mean
symptom score (score) for the three groups
were analysed. Highest levels of work related
symptoms were experienced in the MV
group: symp = 84%, score = 2-25 v AC
symp = 54%, score = 1-2; and NT
symp = 14%, score = 0-14. This distribu-
tion achieves a significance of p < 0-001.
Symptom distribution was similar in AC and
MV, the commonest symptoms being build-
ing related headache and stuffy nose. Within
this small workforce nine people reported
time loss from work due to building related
symptoms, six in MV (eight days lost in three
months), three in AC (six days). This study
highlights a need for careful appraisal in the
design of buildings and ventilation systems
for new hospital departments.

Asbestos related diffuse pleural thicken-
ing: a study of clinical, radiological, and
lung function abnormalities over time

DH YATES, PN STIDOLPH Medical Boarding
Centre, Departmental of Social Security, Lon-
don Sixty five subjects with diffuse pleural
thickening (DPT) attending the London
Medical Boarding Centre for Respiratory
Dieases (formerly Pneumoconiosis Panel)
were studied to investigate symptom path-
ology, radiographic change and full lung
function over an average follow up of nine
years. Chest pain was a common symptom,
occurring in over half of subjects. Thirty
seven had a history of pleurisy or pleural
effusion. Full lung function test results,
available in all cases, showed a highly sig-
nificant decrement (p < 0-001) when com-
pared with predicted values in all indices
except RV and Kco. Longitudinal lung func-
tion values, available in 37 subjects over a
period of eight years, showed a significant
decrement above that predicted only in FEV,
and FVC. This may be a reflection of non-
comparability of cross sectionally derived
predicted values with longitudinal values.
Decrements were significantly higher in
smokers than in ex- and non-smokers. Bio-
logically plausible decreases in other lung
function indices were observed, although
statistical significance was not reached.
Radiographic score increased with time but
there was no correlation between change in
lung function and increasing radiographic
score. Progression of diffuse pleural thicken-
ing in the absence of asbestosis has not
previously been widely investigated and this
study suggests a decline in lung function
significantly above that normally seen with
age.
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Peak flow assessment during an air
pollution episode

DJ RAYFIELD, RS APPLEBY, B GILES, JG AYRES

Department of Geography, Birmingham
University; Environmental Health Services,
Aston Science Park, Birmingham; Chest
Research Institute, East Birmingham Hospital,
Birmingham The value of peak flow (PF)
readings in assessing effects ofair pollution on
the lung is uncertain. A sulphur dioxide (SO,)
pollution episode occurred in Birmingham in
September 1989, lasting five days. During this
period 18 patients with asthma living within
one mile of a pollution monitoring site in
south Birmingham were known to be moni-
toring their PF readings. Ten had analysable
data for the week before and the week of the
pollution episode and for the two subsequent
weeks. The mean hourly SO, levels (ppb) for
the four weeks were 20-7, 44.3, 14-4 and 6 1.
The group mean PF values (1/min) at 0800 h
(am PF) were for the respective weeks 329,
330, 341 and 353 (r = -0-51, p < 001).
Multivariate analysis ofmorning and evening
PF, daily mean and maximum SO, and levels
over different time periods, temperature,
humidity (RH) and wind direction and speed
in different combinations was performed, and
for different models values of R' and Cp
statistic calculated. Three models produced
R' values in excess of 0-55 with low Cp
statistics, the three important variables con-

sistently contributing to am PF being RH at

0800 h, the previous days maximum hourly
SO2 levels and changes in SO2 overnight. For
the best model R3 = 0-633 and Cp = 17.
These findings show that PF monitoring can

detect changes in airway function related to

changes in SO2 levels. We did not allow for
changes in patients' treatment or duration of
stay in the monitoring area, which, with
measurement of acidity, will be incorporated
in a larger prospective study of the sensitivity
of PF monitoring in assessing pollution
effects.

Comparative investigation of the air-
way inflammatory events in atopic asth-
matic and non-asthmatic subjects and
non-atopic healthy controls

PH HOWARTH, R DJUKANOVIC, JW WILSON, KM

BRITTEN, SJ WILSON, CKW LAI, WR ROCHE, ST

HOLGATE Departments of Medicine I and
Pathology, University of Southampton, Gen-
eral Hospital, Southampton We have used
fibreoptic bronchoscopy to study the inflam-
matory events in the bronchoalveolar lavage
fluid (BAL) and in bronchial tissue, obtained
by endobronchial biopsy, in 13 symptomatic
atopic asthmatics (PC20 methacholine 0 47
mg/ml), 12 atopic non-asthmatics (PC,o
methacholine >32 mg/ml) and eight non-

atopic healthy controls (PC,, methacholine
> 32 mg/ml). BAL cells were incubated with
fluorescent monoclonal antibodies (MoAb) to

T cell surface determinants CD3, CD4, CD8,
and activation markers CD25 and HLA-DR,
and studied by two colour flow cytometry.
The biopsy specimens were analysed by
immunohistochemistry, staining with MoAb
AA1, EG2, and MT1 for mast cells, eosino-

phils and T lymphocytes respectively, and by
transmission electron microscopy. Analysis
of the biopsies identified no significant dif-
ference between the groups in mast cell or

T lymphocyte numbers but showed more

eosinophils (median cells/mm' of mucosa) in
the asthmatics (61) and atopic non-asthmatics

(18) than in the healthy controls (0) (p <

0.01). Ultrastructurally, there was evidence
of mast cell degranulation only in the two

atopic groups. There were no significant
group differences in BAL CD3, CD4 or CD8
cells, but in the asthmatics there was

increased expression of the T lymphocyte
activation markers CD25 and HLA-DR. The
findings are consistent with the hypothesis
that atopic asthma is an inflammatory airway
disorder and that T lymphocyte activation
amplifies the eosinophilic infiltration.

Bronchial mucosal inflammatory cells
in asthma, rhinitis, and normal con-

trols: correlation with airway respon-

siveness

BL BRADLEY, M AZZAWI, M JACOBSON, AJ

WARDLAW, G KNOWLES, JV COLLINS, PK JEF-

FERY, A-M IRANI, LB SCHWARTZ, SR DURHAM, AB

KAY Departments of Allergy and Clinical
Immunology and of Lung Pathology, National
Heart andLung Institute, Royal Brompton and
National Heart Hospital, London; Kingston
Hospital, Surrey; and Medical College of
Virginia, USA Immunocytochemical tech-
niques were used to enumerate bronchial
submucosal inflammatory cells at two airway
levels (central (C) and peripheral (P)) in 21
atopic asthmatic patients, 10 allergic rhin-
itics, and 12 normal control subjects.
Fibreoptic bronchoscopic biopsy specimens
(6 pm sections) were stained with monoclonal
antibodies against: leucocytes (CD45);
macrophages (Leu M3); chymase positive
(B7) and tryptase positive (G3) mast cells; T
lymphocytes (CD3) and subsets (CD4 and
CD8); interleukin-2 receptor (CD25);
"activated" eosinophils (EG2); and the poly-
clonal antihuman neutrophil elastase. No
differences were observed between groups in
macrophages, mast cell subtypes or neutro-
phils. There was a trend (not significant) for
an increase in CD45, CD3+, CD4+ and CD8+
cell numbers in asthmatics; CD25+
(p < 0O001)andEG2+cells(p < 0-001)were
elevated at both airway levels in asthmatics
compared with both control groups. T lym-

phocytes (but not mast cells) correlated (C:
r = 0-44, p = 0 05; P: r = 0-64, p < 0-01)
with the number ofEG2+ eosinophils at both
airway levels. The percentage of EG2+ cells
in the submucosa correlated inversely with
the level of airway methacholine responsive-
ness in atopic (C: r = -+0-52, p < 0-01; P:
r = -0-62, p < 0 01) and hyperresponsive
(C: r = -0-51, p < 005; P: r = -045,
p < 0 05) subjects. These results support the
idea that there is an interrelationship between
activated T cells and eosinophils in the
pathogenesis of bronchial hyperresponsive-
ness.

Variability in the thickness of the bron-
chial lamina reticularis

S LOZEWICZ, DK JONES, AE MCAULAY, AJ

D'ARDENNE, RJ DAVIES St Bartholomew's
Hospital, London In asthma biopsy speci-
mens of the bronchial mucous membrane
demonstrate subepithelial fibrosis,manifest as
thickening of the lamina reticularis (LR)
compared with healthy subjects (Roche et al.
Lancet 1989;i:520; Lozewicz et al. Thorax
1989;44:896P). To investigate whether
variability in LR thickness between sites in
the bronchial tree might contribute to this
observed difference, the thickness of the LR

was measured in bronchial biopsy specimens
taken from each of three sites at fibreoptic
bronchoscopy of 19 individuals. The group
mean values for LR thickness assessed by
immunohistological staining for type III
collagen and fibronectin were: main carina
5 06 (SEM 1 70) pm, carina between inter-
mediate bronchus and right middle lobe
bronchus 5-61 (SEM 1-69) pm, carina bet-
ween segments of right middle lobe 5-98
(SEM 2-15) pm. There were no significant
differences between these values, suggesting
that the observed thickening of the LR in
asthmatics is not the consequence of biopsy
specimens being taken from sites different
from those in healthy subjects. In a separate
study we aimed to findwhetherLR thickening
is characteristic of asthma or a non-specific
consequence of pulmonary disease. Biopsy
specimens of the bronchial mucous mem-
brane were obtained at fibreoptic broncho-
scopy of eighteen healthy subjects (11 male,
age range 21-39 y) (group A) and a hetero-
geneous group of eight patients (seven male,
age range 24-77 y) with respiratory illness
(pulmonaryTB in three, bronchial carcinoma
in two, chronic airflow limitation in two,
sarcoidosis in one) (group B). The mean
thickness ofthe LR was 5-27 (SEM 0 398) pm
in groupAand 4-38 (SEM 0 532)pm in group
B (P not significant). These results suggest
that the subepithelial fibrosis observed in
asthma is not a non-specific consequence of
pulmonary disease.

Local endobronchial challenge and
patient tolerability in the absence of
beta agonist premedication

C GRATZIOU, M CARROLL, H BREWSTER, P

HOWARTH, ST HOLGATE Medicine 1, South-
ampton General Hospital, Southampton To
investigate the endobronchial events follow-
ing allergen challenge in sensitised indi-
viduals we have developed a method of
endobronchial challenge through a flexible
bronchoscope. By this method allergen solu-
tion has been locally introduced into a sub-
segmental bronchus through a fine nylon
catheter during the bronchoscopy. In 20
patients with mild asthma (PC,, metha-
choline > 0 3 mg/ml) allergen instillation in a
subsegmental bronchus (RML) was perfor-
med by this method followed 10 min later by
bronchoalveolar lavage (with 6 x 20 ml
prewarmed saline) and endobronchial biopsy.
At the same bronchoscopy a control challenge
(0 9% sodium chloride) with identical lavage
and biopsy was undertaken in a different lobe
(RUL) by the same method. Premedication
excluded beta agonist administration, as the
study was intended to investigate mast cells
degranulation, so only nebulised ipratropium
bromide (0-5 mg), intramuscular atropine
(0-6 mg) and intravenous midazolam were
given. Ten out of 20 patients (group A)
completed the protocol (BAL and Bx taken)
without any adverse effect. In the other 10
(group B) the bronchoscopy was discontin-
ued owing to widespread wheezing and HbO2
desaturation. In three subjects in group B the
bronchoscopy was stopped before any local
challenge. No differences were detected in
age, sex, allergen skin sensitivity, prebron-
choscopy spirometry (FEV,, FEV,/FVC) and
level of bronchial hyperreactivity (PC,, meta-
choline) between these groups, to predict
successful completion of the study. Thus in
patients with mild reactive asthma endo-
bronchial allergen challenge has been par-
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tially successful in the absence of beta
agonists premedication and the prebroncho-
scopy measurements of FEV, and PR20 meta-
choline do not provide a valuable index to
predict the outcome of the procedure.

Interleukin-5 mRNA in bronchial
biopsy specimens from patients with
asthma

Q HAMID, MAY AZZAWI, SUN YING, R MOQBEL,
AJ WARDLAW, CJ CORRIGAN, B BRADLEY, SR
DURHAM, JV COLLINS, PK JEFFERY, DIANA J
QUINT, AB KAY Departments of Allergy and
Clinical Immunology and of Lung Pathology,
National Heart and Lung Institute, Royal
Brompton and National Heart Hospital,
London, and Biochemistry Department, Glaxo,
Greenford Eosinophils are considered to be
major proinflammatory cells in bronchial
asthma. Interleukin-5 (IL-5) induces ter-
minal differentiation ofcommitted eosinophil
precursor cells and primes and activates the
mature cell. Using the technique of in situ
hybridisation we have identified mRNA for
IL-5 in endobronchial mucosal biopsies from
six out of 10 asthmatics. Cells exhibiting
hybridisation signals were located beneath
the epithelial basement membrane, dis-
tributed individually or in clusters. In con-
trast, there was no hybridisation in biopsy
specimens from nine healthy controls. The
IL-5 mRNA positive asthmatics had, in gen-
eral, more severe disease than the negative
asthmatics, as shown by symptoms and lung
function, and had a significant increase in the
degree of infiltration of the bronchial mucosa
by secreting (EG2+) eosinophils and
activated (CD25+) T lymphocytes. Within
the subjects who showed positive IL-5
mRNA, there was a statistically significant
correlation between IL-5 mRNA expression
and the number of cells expressing CD25+
and EG2+ and the total eosinophil count.
This suggests that the T lymphocyte is a
probable, but not necessarily an exclusive,
source of IL-5 mRNA. These findings are
consistent with the hypothesis that T cell
products control local eosinophilia and the
subsequent bronchial mucosal damage in
asthma.

Effect of beclomethasone dipropionate
(BDP) treatment on inflammatory cells
in the asthmatic mucosa

R DJUKANOVIC, JW WILSON, KM BRITTEN, SJ
WILSON, WR ROCHE, PH HOWARTH, ST HOLGATE
Departments of Medicine 1 and Pathology,
University of Southampton General Hospital,
Southampton Ten atopic asthmatics,
treated with salbutamol only, underwent
fibreoptic bronchoscopy (FB) with endo-
bronchial biopsy (EB) before and after treat-
ment with inhaled BDP (2000 ug/day for two
weeks, followed by 1000 ag/day for four
weeks). Before the first FB and during treat-
ment twice daily peak expiratory flows (PEF),
asthmatic symptoms (on a scale of 0-3), and
salbutamol usage were recorded. FEV, and
PC20 methacholine were measured five days
before both FBs. EB samples were embedded
in araldite resin for immunohistochemistry
and Spurr resin for electron microscopy. The
antibodies used were: AA1, directed to
tryptase to enumerate mast cells, EG2, direc-
ted to the eosinophil cationic protein, to
enumerate eosinophils, and MT1 (CD43),
directed to leukosialin, to enumerate total T

lymphocytes. Following treatment there was
a significant reduction in symptoms (p <
0-01), salbutamol use (p < 0 05) and diurnal
variation in PEF (p < 0-05), associated with
an increase in FEV, (p < 0-05) and PC20
methacholine (p < 0 01). There was no
change in the ultrastructural appearance of
mast cell and eosinophil granules, as seen by
electron microscopy. However, the clinical
improvement was paralleled by a reduction in
mast cell and eosinophil numbers in the
epithelium (p < 0 05) and mast cell, eosino-
phil, and T lymphocyte numbers in the
submucosa (p < 0 05). This study suggests
an association between the action of inhaled
corticosteroids on inflammatory cell numbers
and their clinical efficacy in allergic asthma.

Nebulised adrenaline for recurrent
wheeze in infants less than 18 months
old

AJW HENDERSON, S YOUNG, PN LESOUEF, LI
LANDAU Department of Respiratory
Medicine, Princess Margaret Hospital, Perth,
Western Australia Inhaled beta adrenergic
agonists have been shown not to improve
airway function in most infants with
recurrent wheeze in the first 18 months of life.
It has been postulated that airway wall
oedema rather than smooth muscle con-
striction is the major component of airway
narrowing in these subjects. Nebulised
adrenaline is effective in relieving upper air-
way oedema in croup. The aim of the present
study was to examine the effect of inhaled
adrenaline on intrathoracic airway obstruc-
tion in infants with recurrent wheeze. Five
infants (four male, one female) were studied.
All were less than 18 months old and had a
history of two or more episodes of wheeze.
Maximal expiratory flow at functional
residual capacity (VmaxFRC) was measured
using forced partial expiratory flow-volume
curves (Taussig et al. J Appl Physiol 1982;
53:1220). Adrenaline (005 ml/kg of 1:100
solution) was given by Turret nebuliser with
an airflow of 8 1/min and administered
through a face mask. Measurement of Vmax-
FRC was repeated at five minute intervals
until no further change was observed or the
infant awoke. Baseline VmaxFRC demon-
strated the presence of airway narrowing in
all infants studied (median 30% predicted;
range 11-81%). All subjects had an increase
in heart rate following the administration of
adrenaline but none demonstrated a sig-
nificant change in VmaxFRC. We conclude
that the alpha adrenergic effect of adrenaline
does not relieve airway narrowing in infants
with recurrent wheeze. It seems likely that
chronic mucosal inflammation occurs in these
infants and that vasoconstriction induced by
adrenaline does not affect the consequent
mucosal swelling.

Is the existence of the Hering-Breuer
reflex beyond the first week of life due to
sedation?

PS RABBETTE, CA DEZATEUX, ME FLETCHER, J
STOCKS Departments of Anaesthetics and
Respiratory Medicine and of Epidemiology,
Institute of Child Health, London The air-
way occlusion technique for measuring pas-
sive respiratory mechanics in infants relies on
the ability to evoke the Hering-Breuer Reflex
(HBR) during tidal breathing. However, the
persistence of this reflex after birth remains
controversial. Despite the widely held belief

that the reflex disappears during the first week
of life, the occlusion technique has been
applied successfully in young children up to 4
years of age. It has been suggested that the
persistence of the HBR beyond the early
neonatal period may be attributable to the
sedation administered prior to lung finction
measurements. To investigate the potential
influence of sedation, the HBR was measured
in 44 healthy, full term, white infants, aged
4-8 weeks. The strength of the HBR was
assessed from the percentage change in
expiratory time (TE) following brief end
inspiratory airway occlusions, as compared
with TE during spontaneous breathing.
Studies were performed in 22 infants during
natural sleep, and in 22 infants following
sedation with triclofos sodium (75-100 mg/
kg). Measurements were performed during
behaviourally assessed quiet sleep in both
states. The mean (SD) increase in TE follow-
ing occlusion was 89% (31%) in infants
sleeping naturally, and 88% (36%) in infants
who had been sedated. These findings demon-
strate that the activity of the Hering-Breuer
Reflex during tidal breathing persists beyond
the neonatal period, and is not influenced by
sedation with triclofos sodium.

This study was funded by the Foundation for
the Study of Infant Deaths and the Wellcome
Trust.

Effect of salbutamol on histamine
induced bronchoconstriction in healthy
infants

AJW HENDERSON, S YOUNG, SM STICK, PN
LESOUEF, LI LANDAU Department of
Respiratory Medicine, Princess Margaret
Hospital, Perth, Western Australia Inhaled
salbutamol has been shown not to reduce
respiratory resistance in infants with
recurrent wheeze but, when given prior to
histamine challenge in such infants, does have
a protective effect. The aim of the present
study was to examine the effect of inhaled
salbutamol on histamine induced broncho-
constriction during the first year of life. Forty
asymptomatic infants (22 males; age 3-55
weeks) were randomly assigned to receive
either salbutamol or 0 9% saline following
bronchial challenge with histamine. Maximal
expiratory flow at functional residual capacity
(VmaxFRC) was measured using forced par-
tial expiratory flow-volume curves (Taussig et
al. J Appl Physiol 1982;53:1220). Histamine
was given by inhalation in doubling concen-
trations (0125-8-0 g/l) until a > 40% fall
from baseline VmaxFRC occurred. Sal-
butamol 0 5% or saline 0 9% was given by
nebuliser for one minute and recovery of
VmaxFRC was assessed by repeating the
measurement at five minute intervals. The
recovery rate ofVmaxFRC was defined as the
slope of a linear regression of VmaxFRC
against time. The slopes of the salbutamol
treated and saline treated groups were com-
pared by t test of log transformed data.
Infants who received salbutamol had a sig-
nificantly greater geometric mean recovery
rate (10-4 ml/s/min) than those who received
saline (5-1 ml/s/min) (t test, p < 0 05). These
data demonstrate the presence of functional
beta2 adrenergic receptors in the airways of
asymptomatic infants during the first year of
life. The lack of response to salbutamol in
recurrent wheeze in this age group suggests
different mechanisms for airway narrowing
that occurs during histamine challenge or in
the natural disease state.
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Use of nebulisers in paediatric units in
England: a national survey

HJ CHILDS, CA DEZATEUX, CS PECKHAM Depart-
ment of Paediatric Epidemiology, Institute of
Child Health, London Drugs administered
by nebuliser are increasingly used to treat
children with asthma and cystic fibrosis in
hospital and at home. Nebuliser drug delivery
units (DDU) are manufactured as single
patient use items. Hazards of reuse include
possible transmission of infection and loss of
efficiency in drug delivery. This survey aimed
to determine the extent to which nebuliser
DDUs are reused in a nationally represen-
tative sample of paediatric medical units in
England, and, where reuse occurred, to iden-
tify the cleaning practices employed. In addi-
tion, information on the advice and support
offered to parents issued with a nebuliser for
home use was sought. A sample of district
general hospitals, stratified by regional health
authority, and all teaching and specialist units
in England were included. A questionnaire
was administered to the nurse in charge of
each unit by telephone and answered by 74
out of 77 units contacted. Sixty per cent used
a System 22 or Hudson DDU. Seventy six
per cent never changed the DDU during an
individual child's course of treatment and
32% did not clean the DDU between doses.
Fifteen per cent of units reused DDUs on
other patients, in most cases after cleaning
with soap and water only. Seventy two units
also issued nebulisers for use at home; 42%
provided no written information for parents
and 46% did not routinely recall nebulisers
for servicing. Further research is required to
determine whether repeated use of DDUs,
even in a single patient, impairs the efficiency
of drug delivery. Written information should
be available for parents being issued with a
nebuliser for home use. The findings of this
survey suggest that national standards of
good clinical practice governing the use
of nebulisers in hospital and at home are
urgently required.

Skinprick testing (SPT) in 7-9 year old
children: repeatability over two years

SL JOHNSTON, J CLOUGH, PK PATTEMORE, S

SMITH, ST HOLGATE Immunopharmacology
Group, Southampton Children aged 7-9
years, identified by postal questionnaire as
having wheeze or troublesome cough, were
skinprick tested with 1 mm prick lancets
(Dome, Hollister Steer) for their response to
Dermatophagoides pteronyssinus (DP), mixed
grass pollens (G) and cat dander (C), with
histamine and saline controls (Bencard UK),
between July and September 1987. A weal of
> 2 mm in response to one or more allergens
was taken as a positive result, and children
were selected by random number allocation
to make equal groups of positives and
negatives (96 of each) as part ofa larger study.
One hundred and fourteen of these children
consented to have repeat SPT in October
1989. The tests were carried out by the same
person on each occasion, using the same
methods, the same allergens and at the same
time of day. Data are presented only on those
114 who underwent testing on both
occasions. In 1987 58 (51%) were positive,
and 56 (49%) negative while in 1989 62
(54%) were positive and 52 (46%) negative;
12 (11%) changed from negative to positive,
while 8 (7%) changed from positive to
negative. The percentage agreement is 82%

(Cohen's kappa 0-65). In comparison with
previous studies (Barbee et al. JACI 1987;
79:16; Peat et al. JACI 1990;85:65) in similar
age groups (5-14 y), which found only 0 and 4
conversions from + ve to -ve and 26 and 58
from -ve to +ve in totals of 133 and 380
children respectively, this population had a
smaller than expected rise in the prevalence of
atopy, and a much greater reversion to the
non-atopic state. We therefore examined
those who had changed status by classing
those with no single allergen induced weal >
3 mm diameter as borderline: 5 then changed
from -ve to + ve, none from + ve to -ve and
15 were borderline. These data confirm that
skinprick testing is highly repeatable in a
population of children over 2 years. Of those
changing their status the majority were
borderline. While change from unequivocal
+ve to -ve was not documented, a small
number changed from -ve to unequivocal
+ve.

Dermatophagoides pteronyssinus
antigen P, exposure and sensitisation in
asthmatic children

JF CHAVARRIA, P CHETCUTI, F CARSWELL In-
stitute of Child Health, University of Bristol,
and Royal Hospitalfor Sick Children, Bristol
This study was designed to examine the
relation between Dermatophagoides pteronys-
sinus antigen P, (Der pI) exposure at different
household sites and sensitisation in asthmatic
children. Twenty one children (age 2-13)
presenting with acute asthma at Bristol Chil-
dren's Hospital from June 1989 to May 1990
were studied. Blood samples were taken from
all children for measurement of IgE antibody
(Ab) to Der pl by radioallergosorbent test
(RAST) and all received skinprick tests
(SPT). A positive test (induration > 3 mm)
to house dust mite was present in 12 subjects.
Dust samples were collected in a standardised
fashion from pillows, mattresses, carpet and
air of the bedrooms occupied by the SPT
positive children. There was no significant
difference in age and sex between the SPT
positive and negative groups. Eight of the 12
mite sensitive patients had > 200 RAST
units/ml of specific IgE Ab to house dust mite
compared with none of the house dust mite
negative asthmatics (p < 0 005, Fisher's
test). Positive correlations were found
between the diameter of induration on skin-
prick testing and the concentration of specific
IgE (r = 0 5; p < 0-02). The RAST had a
905% sensitivity for SPT positivity. A sig-
nificant correlation was found between the
concentration of Der pI on the surface of
pillows and the specific IgE values (r = 0-6; p
< 0-05). There was no significant correlation
between RAST and Der pI from mattresses
(r = 0 1), bedroom carpet (r = 0 4) and air
samplers (r = 0-3). The results need to be
confirmed in a larger prospective longitudinal
study, which is in progress.

Audit ofinvestigation ofpleural effusion
in a teaching hospital group

ADP WALSHE, JG DOUGLAS, DJ GODDEN
Department of Thoracic Medicine, Aberdeen
Hospitals, and Department of Medicine,
University of Aberdeen We report an audit
of all pleural aspiration procedures perfor-
med to investigate pleural effusions in the
Aberdeen Hospitals, during an eight month
period from June 1989 to January 1990. One

hundred and fifty procedures were performed
in 112 patients, mean age 49 years (range 16-
91). Sources of samples were: general
medicine 57 samples, thoracic medicine 40,
oncology 14, geriatric medicine 15, surgery
10, thoracic surgery 6, others 8. Cytological
examination of aspirated pleural fluid was
performed on 145 samples (97%), 25 patients
having 2 or more aspirations. Volume offluid
submitted for cytology was less than 30 ml in
62% of samples. Pleural biopsies (Abrams or
Trucut) were performed on only 46 occasions
(31%). The biopsy rate varied by specialty:
thoracic medicine 68%, geriatric medicine
33%, general medicine 18%, oncology 13%,
others 25%, surgery 0%. A substantial pro-
portion of pleural biopsy specimens (28%)
were of inadequate quality for diagnosis.
Final clinical diagnoses were: cardiac or renal
failure 18 patients, pneumonia, pulmonary
embolism or trauma, 28, bronchial carcinoma
26, carcinoma (extrathoracic primary) 22,
lymphoma 8, mesothelioma 3, TB 4, un-
certain 3. In those patients whose final clinical
diagnosis was a malignant disease, the sen-
sitivity of the first diagnostic procedure was
53% for cytology alone, 45% for biopsy
alone, and 69% when both procedures were
combined. Complications were infrequent;
pneumothorax occurred in three patients and
late empyema in one. The results ofthis study
indicate that, in many instances, the volume
of samples sent for cytology is inadequate,
and the pleural biopsy rate is unacceptably
low. Further education of medical staff is
necessary to emphasise the value ofcombined
pleural aspiration and biopsy in the investiga-
tion of pleural effusion, and to improve the
quality and quantity of specimens submitted
for cytological and histological examination.

Criterion based audit of inpatient
asthma care

KL LIM, BDW HARRISON Department of Res-
piratory Medicine, West Norwich Hospital,
Norwich Guidelines for the recognition and
management of severe asthmatic attacks have
been in use in our department for the last
decade. In January 1990 a proforma was
introduced for the clerking of patients admit-
ted with asthma. Using this we then audited
nine aspects of asthma care over eight
months: (1) reason for deterioration of
asthma; (2) peak flow (PF) measurements
preadmission; (3) steroids started by general
practitioners (GP) or casualty doctors; (4)
objective assessment of severity on admis-
sion, including heart rate, systolic paradox,
respiratory rate, PF, and arterial blood gases;
(5) PF variability in the 24 hours before
discharge; (6) written check on inhaler tech-
nique; (7) oral steroids on discharge; (8) PF
meter for home monitoring; (9) follow up
appointment. Out of a total of 55 admissions,
51 (93%) gave a reason for deterioration of
asthma; PF was measured in 42 (76%) and
oral or intravenous steroids given to 39 (71 %)
before admission. Fifty four (98%) had full
objective assessment of severity on admis-
sion; 30 (55%) had PF variability of less than
20% on discharge; inhaler technique was
checked and recorded in 32 (58%); 54 (98%)
were discharged on oral steroids; 43 (78%)
had PF meters for home monitoring; and 33
(60%) were seen within four weeks of dis-
charge. The majority of patients had PF
measured and oral steroids started in the
community, reflecting the high quality ofGP
care. Inpatient assessment of severity was as
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expected on a dedicated specialist chest ward.
Surprisingly, our criterion for discharge (PF
variability < 20%) was met in only 55% and
there were also shortcomings in recording
inhaler technique checks.

Use of an audit tool for acute asthma: a
continuing clinical concern

D BELL, A LAYTON, J GABBAY, M McNICOL
Department of Thoracic Medicine, Central
Middlesex Hospital, and Academic Depart-
ment of Public Health, St Mary's Hospital,
London National concern over the increas-
ing reported incidence ofasthma (Burney P. J
Epidemiol Commun Health 1988;42:316) and
persistent reports of suboptimal management
(Horn CR, Cochrane GM. Respir Med
1989;83:71), coupled with local concern in
Brent over above average standardised mor-
tality ratios for asthma, led us to carry out an
audit of inpatient asthma management at
Central Middlesex Hospital, which was part
of a general audit programme which began in
March 1989 (Gabbay J. et al. BMJ
1990;301:526). We developed a criterion
based questionnaire from guidelines agreed
for the management ofasthma in the hospital,
and audited 76 randomly selected case
records, half from patients admitted during
the year before general audit and half from
the subsequent year. Audit was conducted by
a chest physician and an audit nurse. Pulse
rate (100%) and peak flow (97%) were well
documented, but other severity indices,
including presence or absence of paradox,
ability to speak sentences, and arterial gas
tensions, were recorded in only 60-70% of
cases. Recording of severity measures im-
proved for arterial gases (p = 0-01). Within
one hour of arrival 80% of patients received
beta2 agonists but only 56% were given
intravenous hydrocortisone or prednisolone.
Thirty five per cent of patients given anti-
biotics did not meet our criteria. Treatment
appeared to be started earlier following the
introduction of audit, but was not significant.
Referral for chest clinic follow up from the
non-thoracic teams was poor, although this
is known to improve asthma morbidity
(Bucknall CE. Lancet 1988;i:748), and was
stressed in the guidelines. General physicians
tended to record fewer of the severity
measures than chest physicians. Chest
physicians initiated earlier treatment, were
more likely to maintain steroids until the
patient was switched to inhaled therapy, and
had fewer patients readmitted. Our audit tool
was easy to use for both auditors, and took an
average of 15 minutes to complete. The
results suggest that physicians generally
remain poor in assessing asthma and clinical
management remains suboptimal. The in-
troduction of the audit process appears to
have improved standards of care and treat-
ment, but it emphasises the need for further
reinforcement and feedback.

Long term oxygen therapy: can audit
raise the standard of assessment?

SJ PEARCE, CJ WILLEY Dryburn Hospital,
Durham An audit in one NHS region in
1987 showed wide deviation from NHS
guidelines in standard of assessment prior to
prescription of long term oxygen therapy
(LTOT) and a high death rate in the early
weeks of LTOT (McCallion and Pearce.
Thorax 1988;43:859P). These findings were

made known throughout the region with a
view to raising the standard of practice. The
audit was repeated in 1989 to assess the value
of this exercise. During the 12 months ending
31 August 1989 199 oxygen concentrators
were issued, of which 73 were withdrawn up
to 12 weeks after the end of intake into the
study. Questionnaires were sent to 123
patients and hospital notes of these and of the
33 who died within 12 weeks of starting
LTOT were obtained whenever possible. In
total 143 case notes were reviewed, of which
108 were diagnosed as chronic airways obs-
truction with or without CO2 retention.
Among these only 34 (30%) had the recom-
mended two measurements of arterial blood
gases prior to therapy and 27 (25%) had none
at all. These results were slightly worse than
in 1987. Of the 33 early deaths 16 were at
home and in five patients the diagnosis was
chronic airways obstruction. In all these the
previous assessment by the consultant had
been seriously inadequate and LTOT cannot
be excluded as a contributory cause of death.
The high death rate on LTOT and the
clinical condition of those still alive suggested
that most patients are probably still starting
LTOT too late to derive the intended benefit.
Audit has not raised the clinical standards of
assessment prior to LTOT.

Audit of bronchoscopies in Shropshire

WH PERKS, S EDEN Princess Royal Hospital,
Telford As a part of medical audit details of
all bronchoscopies performed in Shropshire
have been recorded manually from June 1980
and on the regional mainframe computer
using MUMPS since 1983. All patients have
been followed up by either examination of
their medical notes and/or questionnaires
sent to their general practitioners. Over this
period 2305 bronchoscopies have been per-
formed. There were no procedural deaths and
by January 1990 1000 patients were diag-
nosed as having lung cancer, ofwhom only 32
were lifelong non-smokers. This milestone
was used in an anti-smoking campaign by the
local press. As a result of audit several
changes have been made in medical practice.
Examples include: (a) confirmation of only
small numbers of patients undergoing sur-
gery, with no increase despite a more aggres-
sive approach; (b) detection of worsening
histological confirmation of carcinoma im-
proved by taking more biopsy specimens; and
(c) the finding of no gain in cytological diag-
nosis from brushings in addition to specimens
obtained with a catheter and bronchial wash-
ings, which resulted in a decrease in the
number of specimens sent to the laboratory.
Epidemiological data have proved interesting
but oflittle scientific merit. Examples include:
(a) confirmation of increase in number of
female patients with lung cancer (1980 to
1984: 24% F, 1984 to 1989: 28% F); (b)
detection of an increase in numbers of cancer
patients but with proportionately more
negative bronchoscopies; and (c) documenta-
tion of types oftumour, their location and the
patient's subsequent treatment and prog-
nosis. This audit has changed clinical practice
but has required a great deal of effort and
expense only partially funded by the Health
Service. Audit of more complex clinical
subjects would require proportionately
greater effort and expense.

Heart-lung transplantation for cystic
fibrosis

BP MADDEN, V TSANG, A KHAGHANI, R RADLEY-
SMITH, ME HODSON, M YACOUB Departments
of Cardiothoracic Surgery and Cystic Fibrosis,
National Heart and Lung Institute, London;
and Harefield Hospital, Harefield, Middlesex
Between September 1984 and February 1990
52 patients with cystic fibrosis (CF) under-
went heart-lung transplantation (HLT).
There were 27 males and 25 females, age
range 8-43 years. The indication for trans-
plantation was end stage respiratory failure
despite maximal medical treatment. Nine
patients were dependent on mechanical ven-
tilatory support and one on extracorporeal
gas exchange. Eleven patients had had
previous thoracotomies and/or pleurodesis.
Diabetes mellitus was present in 12; three had
coexisting liver failure requiring combined
HLT and liver transplantation. Active infec-
tion with aspergillus or mycobacteria, high
dose steroid therapy or other end organ
failure were contraindications. Patients were
divided into two risk groups. Those without
additional incremental risk factors (n = 33)
had actuarial survival rates at one and two
years of 75% and 64% respectively, whereas
corresponding values for patients in the high
risk group (n = 19) were 63% and 51%
respectively. The overall actuarial survival
rates at one and two years were 69% and
54%. In the first postoperative month there
were 25 respiratory infections due to
Pseudomonas aeruginosa and 65 acute rejec-
tion episodes. Other complications included
grand mal seizures in six patients and revers-
ible lymphoproliferative disorders in two.
Seven patients developed late deterioration in
lung function; two improved following aug-
mented immunosuppression, two await re-
transplantation, two have died and one has
been successfully retransplanted. The
remaining patients derived considerable
symptomatic improvement in their quality of
life as assessed by the Nottingham health
profile. It is concluded that the medium term
results ofHLT for CF are encouraging.

Mutation analysis in cystic fibrosis (CF)
patients diagnosed in adult or late life

G SANTIS, L OSBORNE, RA KNIGHT, ME HODSON
Royal Brompton and National Heart Hospital
Although the majority of CF patients are
diagnosed in childhood, in some, the diag-
nosis is not made till adult or late life. Patients
diagnosed late often have uncommon clinical
features. Could genetic analysis assist in
establishing the diagnosis of CF in these
patients? Here we present results of DNA
analysis on 21 CF patients (including three
sibling pairs) diagnosed in adult life. Mean
age at diagnosis was 26 years (19-47). Three
patients were pancreas insufficient, while 18
were pancreas sufficient. All patients were
British and white. Genomic DNA was anal-
ysed for the presence of the common CF
mutation, AF508, as well as 17 rare muta-
tions. The CF genotype was characterised in
only six ofthe 21 patients (see table below). In
the remainder DNA analysis for even a large
number of mutations could not distinguish
them from CF carriers or normals (table).
Linked marker haplotypes were also unhelp-
ful, as all but two of the uncharacterised
chromosomes were associated with rare hap-
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lotypes for the polymorphic markers XV-2c,
KM 19, pMP6d-9 and J44. We conclude that
in potential CF patients presenting in adult
life extensive genetic analysis may not help in
establishing the diagnosis.

Genotypes No ofpatients

AF508AF508 2
AF508R347P 2
AF508R334W 1
JF508R549N 1
AF508N 1 1
N1303KN 1
NN 3

N-uncharacterised mutation.

Cystic fibrosis (CF) genotype in CF
patients with appreciable liver disease

G SANTIS, L OSBORNE, RA KNIGHT, ME HODSON

Royal Brompton and National Heart Hospital
Clinically significant liver disease affects 2-
10% of CF patients. Identification ofthose at

risk is at the moment not possible. In this
study we investigated the relation between
specific mutations at the CF locus and the
severity of liver disease. Ten patients with
significant liver disease were identified. All
had evidence of coarse biliary cirrhosis and
significantsplenomegaly (spleen size > 14 cm)
on abdominal ultrasound. Six of the patients
had oesophageal varices. Nine of these
patients were investigated by endoscopic
retrograde cholangiography, which showed
no evidence ofcommon bile duct stenosis. In
none of the patients could the hepatic impair-
ment be attributed to malnutrition, right
heart failure, hypoxia or gall stones. Genetic
analysis was performed on DNA extracted
from whole blood from these patients and
their families. A total of 18 mutations were

screened for. The CF genotype was fully
defined in five of these patients. Four were

homozygous for AF508 and one was a com-

pound heterozygote for this allele, carrying
the G551D mutation on the other
chromosome. Of the remaining five patients,
two were heterozygotes for the AF508 and
N1303K mutations respectively, and three
carried as yet undefined mutations on both
chromosomes. The number of patients
homozygous for the AF508 mutation was not

significantly different between CF patients
with and without severe liver disease (4/10 v

42/64, p > 0-1). Our results show that there is
no association between the CF genotype and
hepatic state in CF. We conclude that muta-
tion analysis cannot identify CF patients at
risk of developing significant liver disease.

Inflammatory markers before death in

cystic fibrosis

JS ELBORN, D NORMAN, SM CORDON, R RAYNOR,

EJ HILLER, DJ SHALE Respiratory Medicine

Unit, University of Nottingham, City Hos-

pital, Nottingham It has been suggested that
prior to death due to pulmonary infection in

cystic fibrosis (CF) the host response becomes
overwhelmed. We have prospectively studied
a cohort of 30 patients with CF over 1-3 years
to assess the effect of treatment on inflam-

matory markers; C reactive protein (CRP);
neutrophil elastase a, antitrypsin complex
(NEC); pseudomonas antibodies (Pab) and

tumour necrosis factor (TNF). In general,

CRP,NEC andTNF fell significantly follow-
ing a 14 day course of intravenous antibiotics
for a respiratory exacerbation, but no changes
in Pab were observed. During the course of
the study five patients died from respiratory
failure due to pulmonary infection with
Pseudomonas aeruginosa. For the four months
prior to death at least monthly samples were
available on these subjects and in three a
sample was taken during the week of death.
Despite almost constant antibiotic therapy
TNF, NEC and Pab were consistently eleva-
ted during the four months prior to death
while CRP levels were variable. The last
available sample for each subject was com-
pared with one from a time ofclinical stability
10-12 months prior to death. CRP increased
from 8-9 (5 3) (mean (SD)) to 184 (108)
pg/ml, NEC from 0 37 (0-1) to 1-6 (0-9) pg/l,
TNF from 5 7 (5 5) to 9-4 (3 6) U/1. In
contrast, no change in Pabs were observed
80 9 (16 8) to 80-9 (16-6) ELISA units. We
conclude that prior to death patients with CF
demonstrate an intense host inflammatory
response despite antibiotic therapy with no
change in Pabs. The data suggest that the host
response to terminal pulmonary infection is
appropriate in CF.

How important is early lung consolida-
tion in cystic fibrosis (CF)?

S MUKHOPADHYAY, F CARSWELL Institute of
Child Health, University of Bristol
Although lung consolidation is one of the
important signs physicians act on when pre-
scribing antibiotics to patients with CF, there
are few published data on how the consolida-
tion influences long term morbidity. The
records could be retrieved of 110 patients
with CF who have attended the CF clinic at
Bristol since 1965. Forty one ofthese patients
are now 13 years of age or older, or were at
least 13 at the time of death. Eleven had
localised lung consolidation diagnosed
radiologically at or before the age of six years.
We reviewed the course of these children up
to the age of 13 years, and compared their
clinical and radiological outcome with that of
11 children similarly affected with cystic
fibrosis but without any localised lung con-
solidation. Radiographic scores and res-
piratory function data were used for com-
parison. The two sample Student's t test for
unpaired data was employed to compare the
results. One year and longer after the
development of localised lung consolidation,
children with CF continue to have significant
differences in respiratory function (p < 0 05)
and chest radiographic scores (p < 0 05).
Seven years later differences in FEV, (p =

0-028) persist. A wider study involving larger
numbers of patients should help us evaluate
the exact significance of early lung consolida-
tion, one of the earliest objective signs of
respiratory deterioration in cystic fibrosis.

Impact of heart-lung transplantation
(HLT) on the survival of cystic fibrosis
(CF) patients

C DENNIS, T HIGENBOTTAM, L SHARPLES,
T HATHAWAY, N CAINE, J SCOTT, R SMYTH,
S LARGE, F WELLS, J WALLWORK Respiratory
Physiology Department, Papworth Hospital,
Papworth Everard, Cambridge It has been
suggested thatHLT offers a treatment for end
stage cystic fibrosis (Scott J. et al. Lancet
1988;ii:192). However, serious questions

remain unanswered-for instance, does HLT
significantly improve survival for chronic res-
piratory failure in CF compared with stan-
dard medical treatment and what measure-
ments help predict which patients should first
be considered for HLT? For the last three
years we have undertaken a prospective study
of 64 patients with end stage CF accepted for
HLT. By use of Cox's model with HLT as a
time dependent variable, we have assessed
whether it has improved survival since time of
acceptance for surgery. In addition, we have
assessed the effect on survival of a number of
measurements of respiratory failure and lung
function, including Paco2, FEV, (% predic-
ted) and minimal arterial oxygen recording
during a 12 minute walk. Twenty seven ofthe
64 patients received HLT, and there was a
significant improvement in survival from
acceptance in the HLT group at a 10% level,
best seen by two years, when HLT survival
was 63%, while non-HLT was 26%. Both
low values ofFEV, (% pred) (odds ratio 0 14,
p = 0 01) and high Paco2 (odds ratio 1 37, p
= 0 03) predicted poor survival but the best
prediction was the minimum recorded
arterial oxygen saturation in a 12 minute walk
(odds ratio 0 95; p = 0-001). We conclude
that HLT improves survival in end stage CF
and for establishing a priority for HLT
minimal oxygen saturation on a 12 minute
walk offers the best guide to the patients who
should receive early surgery.

Bronchoconstriction caused by humi-
dified oxygen in asthmatic patients

SE CHURCH, SJ OWEN, BC LEAHY Department
of Respiratory Medicine, Manchester Royal
Infirmary For delivering high inspired
oxgen concentrations it is a common practice
to humidify the oxygen by bubbling it
through water. It is known that nebulised
hypotonic solutions produce bronchocon-
striction in asthmatics (Anderson SD. et al.
Thorax 1983;38:284). We have studied six
asthmatic subjects and six non-asthmatic
subjects to investigate ifoxygenhumidified by
bubbling it through water also produces
bronchoconstriction. Each subject was given
oxygen at 8 I/minute via a Bard Inspiron
humidification system. On separate days the
oxygen was bubbled through sterile water or
normal saline, both at room temperature.
Forced expiratory volume at one second
(FEVy) was measured before the start of
oxygen treatment and at five minute intervals
after commencing oxygen for up to 30 min-
utes. The six non-asthmatic subjects showed
no fall in FEVy with oxygen bubbled through
water or saline. The six asthmatic subjects all
showed falls in FEV, when they inspired
oxygen bubbled through water. The falls in
FEV, were between 8% and 30% of initial
FEV, (mean 19-5%). Maximum fall in FEV,
was between five and 20 minutes after starting
oxygen. When the asthmatic subjects inspir-
ed oxygen bubbled through saline no falls in
FEV, were observed. These results suggest
that if oxygen given to asthmatics is to be
humidified by bubbling it through a fluid then
normal saline should be used.

Correlates of asthma morbidity in
general practice

KEVIN JONES Primary Medical Care, Univer-
sity of Southampton Previous studies have
highlighted the persisting morbidity of diag-
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nosed asthmatics in general practice. This
study of 300 asthmatics aged 5-65 years
identified from repeat prescribing records in
three general practices emphasises the mag-
nitude of this problem and relates the mor-
bidity experienced to other factors. An
interviewer administered questionnaire
(covering morbidity, knowledge, treatment,
inhaler technique, attitudes to asthma,
spirometry, and peak flow diaries) was used in
conjunction with data extraction from
records. Forty eight per cent were wheezy at
least once a week. Fifty one per cent stayed
away from work or school in the year prior to
interview. Fifty per cent experienced night
attacks. These three variables were used to
compute a simple morbidity score, which
correlates well with lung function, use of
medical resources and extent of negative
attitudes. Use of prophylaxis (69% of
sample), poor inhaler technique, and having
had a short course of prednisolone in the
previous year were not correlated with a high
score. Persisting morbidity seems to have a

multifactorial aetiology. Three morbidity
questions derived from this study may help to
identify subgroups of asthmatics in general
practice who need extra help.

Prescribed fenoterol and death from
asthma in New Zealand, 1981-7: a
further case-control study

J GRAINGER, K WOODMAN, N PEARCE, J CRANE, C
BURGESS, A KEANE, R BEASLEY Wellington
School of Medicine, Wellington, New Zealand
The association between inhaled fenoterol
and asthma death has been investigated fur-
ther by studying 112 asthma deaths during
1981-7 in patients aged 5-45 years who had
been admitted to a major hospital for asthma
during the 12 month period prior to death.
Two age matched control groups were
chosen. Control group A comprised 427
patients admitted to hospital for asthma dur-
ing the calendar year that the corresponding
death occurred and who had also had a

previous admission for asthma in the previous
12 months. Control group B comprised 448
patients admitted to hospital for asthma dur-
ing the calendar year in which the correspon-
ding case's admission occurred. The inhaled
fenoterol odds ratio was 2-11 (95% CI 1-37-
3 23, p < 0-01) with control group A (the
approach used in previous studies) and 2 66
(95% CI 1-74-4 06, p < 0 01) with control
group B (the approach recommended by
critics of previous studies). Markers of
chronic asthma severity were associated with
asthma death when control group B was used,
but not when control group A was used
(indicating that these markers were indirectly
matched with control group A). Information
was also collected on various markers of acute
asthma severity and prescription of psycho-
tropic drugs, but it was found that these were
not important confounders. These findings
address the major criticisms ofprevious case-

control studies of this issue, and add support
to the hypothesis that inhaled fenoterol in-
creases the risk of death in patients with
severe asthma.

Can a nurse run general practice
asthma clinic change attitudes and
morbidity?

IAN CHARLTON Primary Medical Care,
University of Southampton A nurse run

asthma clinic with a structured programme of
simple education and tuition in self man-
agement skills was established in a general
practice of 8000 patients. Sibbald's attitude/
morbidity questionnaire (Thorax 1989;44:97)
was administered to 100 patients who at-
tended the clinic and repeated 12 months
later. The number of attacks of wheeze fell
from 42% of patients to 24% of patients
(p = 0 003). Noctumal asthma attacks
fell from 26% of patients to 11% of patients
(p = 0 004). During the period of the study
patients' attitudes also changed significantly
(p < 0-001). As in Sibbald's work, a strong
relation between patients' attitude to their
asthma and their morbidity was found. The
study determined that changing morbidity by
teaching self management skills influenced
patients' attitude to their asthma. Many
patients did not feel they could talk to their
doctor (68%), yet they were interested in
receiving more information about their
asthma (62%). As many general practitioners
are constrained in the amount of time they
can offer their patients, the practice nurse in a
clinic setting may represent a reasonable
solution to some of these problems.

Bone density in patients with asthma
taking high dose inhaled steroids

GE PACKE, JG DOUGLAS, AF MACDONALD, SP
ROBINS, DM REID Departments ofRespiratory
Medicine and Rheumatology, City Hospital,
Aberdeen, and Rowett Research Institute,
Aberdeen Inhaled corticosteroid therapy
has been associated with increased bone loss
(Reid DM et al. BMJ 1986;293:1463). We
have investigated the effect of high dose
inhaled steroids on bone density (BD). Three
groups of asthmatic patients were studied: 17
patients with mild asthma who were not
taking inhaled or oral steroids (group A); 20
patients who had taken beclomethasone
dipropionate in a dosage greater than 1 mg
daily for more than one year, but who were
not receiving oral steroids on a regular basis
(group B); and 20 patients who were taking
continuous oral prednisolone and inhaled
steroids (mean dose 9 1 (6-1) mg daily) (group
C). Among patients in group B, all had taken
courses of oral steroids in the past; 10 had not
taken steroids during the past year. BD was
measured in all patients by quantitative com-
puted tomography of the lumbar spine. Mean
(SD) age in groups A, B, and C was 36 (7), 37
(7), and 39 (7) years. Mean FEV, was 3-3
(10), 26 (1 1) and 1 9 (05) litres. MeanBD
in group A was 160 (27) mg/ml. Compared
with group A, BD was reduced in group B
(130 (24), p < 0-005) and in group C (114
(36), p < 0 0001). There was no significant
difference in mean BD between groups B and
C. Among patients in group B there was no
difference inmeanBD between those who had
taken courses of oral steroids over the past
year and those who had not. There were no

significantdifferencesinserumcalcium,serum
alkaline phosphatase and urine pyridinium
cross links (an index of collagen breakdown)
between the three groups. Thus bone density
in asthmatic patients taking high dose inhaled
beclomethasone dipropionate is substantially
reduced, to a level similar to that seen in
patients taking continuous low dose oral
steroids.

Immunotherapy for summer hay fever
is highly effective in patients with severe
symptoms uncontrolled by antiallergic
medication

V VARNEY, M GAGA, AJ FREW, SR DURHAM, AB
KAY Department of Allergy and Clinical
Immunology, National Heart and Lung
Institute, London Forty adult patients with
severe seasonal allergic rhinitis underwent a
randomised, double blind, placebo controlled
trial of immunotherapy (Phleum pratense,
Alutard-SQ, ALK, Denmark) commencing
March 1989. Twice weekly subcutaneous
injections for six to eight weeks were followed
by monthly maintenance injections of
100 000 subcutaneous units. Diary cards
revealed significantly lower nasal (67%
decrease, p = 0-014), and eye symptom
scores (74% decrease, p = 0011) in the
treated group with reduced medication scores
(78% decrease, p = 0002). Serial visual
analogue scores were also lower in the treated
group (58% decrease, p < 0 002). There was
a significant reduction in immediate conjunc-
tival allergen sensitivity (p < 0 001) and in
the magnitude of the late cutaneous reaction
(p < 0 001) to 30 BU of Phleum pratense
administered intradermally. Alutard-SQ
treated patients had a median of 29 symptom
free days compared with five days (p < 0 05)
in the placebo group. Local reactions to
immunotherapy (late reactions > 8 cm) were
infrequent (22 out of 523 in active injections)
and required no treatment. There was one
systemic reaction requiring adrenaline, which
occurred within 10 minutes after Alutard-
SQ, and one minor urticarial reaction at 2 Y2
hours, the total in 12 months of treatment.
We conclude that immunotherapy with
Alutard-SQ is effective in severe allergic
rhinitis. Thirty minutes rather than two
hours may represent a safe postinjection
observation period.

Further bronchodilatation from low
dose inhaled beta2 agonist in patients
receiving infused terbutaline

AP SYKES, JG AYRES Department of Res-
piratory Medicine, East Birmingham Hospital,
Birmingham Continuous subcutaneous
infusions of terbutaline (CSIT) effectively
treats brittle asthma (O'Driscoll BRC et al.
Br J Dis Chest 1988;82:360). This
improvement needs doses of about 11 mg of
terbutaline daily and we have noticed further
bronchodilatation with inhaled beta2 agonist.
The peak flow (PF) readings from 14 brittle
asthmatics on CSIT were studied when
stable to examine this effect. Ten patients
were using inhaled salbutamol, three inhaled
terbutaline and one inhaled fenoterol. The
mean pre-inhaled bronchodilator PF was 314
1/min, increasing to 352 1/min post bron-
chodilator, a mean (SD) actual bron-
chodilatation of 37-8 (8 5) 1/min (+ 12-0%).
We then studied whether this effect was
dependent on the type of beta2 agonist used.
Six patients with brittle asthma were studied
in a single blind crossover study with a four
week run in (RI) period on their normal
regular inhaled beta2 agonist, followed by a
week of inhaled salbutamol 200 pg qds (S)
and a week of inhaled terbutaline 500 jug qds
(T) in random order. Their normal beta2
agonist was used as escape therapy. Each
patient kept a diary card of inhaler use and
pre- and post-bronchodilator PF. There were
no significant differences for any of the
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parameters by study group, the mean PF pre-
bronchodilator 341, 342 and 317 1/min; post-
bronchodilator 378, 372 and 347 I/min for the
RI, S and T periods respectively. The mean
(SD) absolute bronchodilatation was (RI)
37-4 (7 0) 1/min (+ 13-5%), S 30 5 (13 3) 1/
min (+10-7%) and T 300 (11 4) 1/min
(+ 11 5%). This confirms the consistent
bronchodilatation from inhaled beta2 agonist
in patients on CSIT is not related to the type
of inhaled beta2 agonist. This suggests that
there are distinct populations of beta2 recep-
tors, one accessible to the inhaled route and
the other to the systemic route, supporting
findings in bovine trachea (Wong et al. J Appl
Physiol 1988;65:1895).

AP Sykes is supported by a grant from the
National Asthma Campaign.

Prevalence of nocturnal hypoxic dips in
men

I GLEADHILL, C PATTERSON, E McCRUM, A

EVANS, J MAcMAHON Respiratory Medicine
Unit, Belfast City Hospital and Department of
Epidemiology and Public Health, Queen's
University of Belfast To investigate sleep
related hypoxic dips in middle aged men, we
carried out a community study using a sleep
disorders questionnaire and pulse-oximetry.
Postal questionnaires were completed by 920
men aged 40-64 years, of whom 163 (17 7%)
had symptoms suggestive of sleep apnoea
(group S). Of these, 138 agreed to undergo
oximetry, as did 164 randomly chosen control
subjects (group C). Overnight studies were
done at home (Ohmeda Biox 3700 with eight
hour memory). Data on oxygen saturation
(Sao,) including a number of Sao2 3% dips
and lowest Sao2 were analysed and compared
with symptoms and demographic informa-
tion from the original sleep questionnaires.
For group S, the mean number of dips = 18 9
(35 1) v 10 3 (10 5) for group C (p < 0-01).
Lowest Sao2 for group S = 85 0 (8 3)% v
86 9 (4 8)% for group C (p < 0-02); 17 5% of
group S and 6 7% ofgroup C had > 30 dips in
Sao, (p < 0 006) and there were seven
subjects, all from group S, with clinical
evidence of obstructive sleep apnoea (defined
as number of dips > 10/h plus symptoms).
For all 320 subjects number of dips increased
with age (p < 0 05) and BMI (p < 0-01), and
was also higher (but not significantly) in those
with a history of hypertension. Number of
dips was also associated with long term drug
therapy. Of sleep symptoms, the best predic-
tor of Sao2 dips was loud snoring. In con-
clusion, we found that 8-6% of middle aged
men had frequent nocturnal hypoxic dips,
suggesting recurrent apnoea. In a recent
study MA Allan et al found a fair correlation
between number of dips and frequency of
apnoea and hypopnoea (Am Rev Respir Dis
1990;41:A858). Just under 1% of this male
population had clinical obstructive sleep
apnoea. The sleep questionnaire was useful in
distinguishing between those with and with-
out nocturnal hypoxic dips.

Effectoftheophyllineonthesleep quality
and daytime cognitive performance of
normal adults

MF FITZPATRICK, HM ENGLEMAN, F BOELLERT, I

DEARY, CM SHAPIRO, R McHARDY, B TIPLADY, NJ
DOUGLAS Respiratory Medicine Unit,
Department of Psychiatry and Department of

Psychology, University of Edinburgh* Al-
though theophylline is an effective broncho-
dilator in patients with asthma, there has been
much controversy about its effect on the sleep
quality (Rhind et al. BMJ 1985;291:1605)
and daytime cognitive performance
(Rachelefsky GS et al. Pediatrics
1986;78:1133; Creer TL et al. J Pediatr
1989;115:850) of patients with asthma. We
have therefore, in a randomised, double
blind, placebo controlled, crossover protocol,
studied the effect of theophylline on the
daytime cognitive performance and objective
sleep quality of 18 (8M, 1OF) healthy subjects
aged (median, range) 36, 23-66 years, with
normal lung function. Following theo-
phylline dose titration and familiarisation
with a battery of psychometric tests, subjects
took sustained release theophylline
(Theodur) or placebo twice daily throughout
each of two two-week study periods. The
psychometric test battery, which included
trail-making, paced auditory serial addition
tests, continuous attention time, rapid visual
information processing time, and a driving
test, was administered on days 1 and 13 of
each study limb. Sleep recordings were made
from 10.30 pm, until 6.30 am with EEG,
EOG and EMG only, on nights 13 and 14 of
each limb of the study. On the theophylline
limb of the study, plasma theophylline levels
at the time of psychometric testing (mean
(range)) were 13.8 (96-17 5) ug/ml on day 13
and 8 (23-13-3) pg/ml on day 1. There was no
significant difference in psychometric perfor-
mance on any test, on either day 1 or day 13,
between placebo and theophylline. Similarly,
no significant differences in sleep efficiency or
sleep architecture were found between theo-
phylline and placebo. This study suggests
that theophylline does not impair sleep
quality or cognitive performance in adults.

Effects of selective sleep deprivation on
ventilation during recovery sleep in
normal humans

JB NEILLY, NB KRIBBS, G MAISLIN, Al PACK
Pulmonary and Critical Care Section, Depart-
ment of Medicine, University of Pennsylvania,
Philadelphia, USA Subjects with untreated
sleep apnoea are chronically sleep deprived
and may exhibit "pressure" for rapid eye'
movement (REM) sleep and stage 3/4 sleep.
In turn, sleep loss adversely affects ventilation
and a "vicious" cycle of sleep deprivation and
impaired ventilation may be present in sleep
apnoea. To investigate the possible role of
sleep loss in the pathogenesis of apnoea, we
selectively deprived 10 healthy young human
subjects of REM sleep for 48 hours and
compared ventilation measured during
recovery sleep with that on the baseline night.
For control we repeated the study at a later
date using yoked awakenings during non-
REM (NREM) sleep. Neither intervention
produced significant changes in average
minute ventilation during wakefulness,
NREM or REM sleep. By contrast, both
interventions resulted in an increase in the
numbers (REMS deprivation: 32 (6) to 61 (5)
breaths; partial NREMS deprivation: 28 (3)
to 58 (5) breaths; p = 0 003; mean (SE)) and
proportion (REMS deprivation: 12 (2) % to
15 (3) %; partial NREMS deprivation: 12
(6) % to 16 (4) %; p = 0-004) of breaths in
which ventilation was reduced below the
range for tonic REM sleep during the first
recovery REM sleep period compared with
baseline. In addition, both interventions led

to a significant increase in the proportion of
long duration (> 3 contiguous breaths)
episodes in which ventilation was reduced.
Whereas the changes in ventilatory pattern
during recovery REM sleep after selective
REM sleep deprivation were in part due to
changes in the nature of the recovery REM
sleep period, changes in ventilatory pattern
following partial NREM sleep loss took place
without concomitant changes in the duration
or number of eye movements within the
recovery REM sleep period. These findings
support the idea that sleep deprivation of
even modest proportions (REM and partial
NREM sleep loss) leads to deleterious
changes in ventilation during subsequent
sleep, and that the major focus of these
changes is during REM sleep.

Prospective validation of a model
examining the role of neck obesity in
obstructive sleep apnoea

RJO DAVIES, NJ ALI, JR STRADLING Osler Chest
Unit, Churchill Hospital, Oxford Retro-
spective studies have found neck circum-
ference to be a better predictor of obstructive
sleep apnoea (OSA) than is generalised
obesity. However, this finding has not been
entirely consistent, and none of these statis-
tical models has been prospectively validated.
To test the validity ofour retrospective model
this study prospectively examined the rela-
tion between neck circumference corrected
for height, general obesity and severity of
OSA in 85 new patients being investigated for
possible OSA. This analysis is compared with
our previous retrospective study performed
in 150 subjects. The patients had their height,
weight, and neck circumference measured
prior to polysomnography. Obesity was
expressed as body mass index (weight/
height') and neck circumference was correc-
ted for height using the relationship we have
established in 760 normals (PPNC). OSA
severity was quantified as > 4% arterial
saturation dips per hour of sleep (Sao, dip
rate). Multiple linear regression with Sao, dip
rate as the dependent variable and PPNC and
body mass index as the modelled variables
was performed. In both analyses body mass
index was not an independent predictor of
Sao, dip rate after the consideration of neck
circumference. The models best describing
Sao2 variance were: retrospective model (n =

150) Sao2 dip rate = 1 13 x PPNC - 104 6;
prospective model (n = 85) Sao2 dip rate =

0 84 x PPNC - 75 1. There was no sig-
nificant difference between the gradients or
vertical separations of these regression lines.
This study confirms the validity of our
previously derived retrospective models and
confirms that neck circumference corrected
for height probably explains the aetiological
relationship between general obesity and
OSA.

Snoring and daytime sleepiness

JR STRADLING, JH CROSBY Osler Chest Unit,
Churchill Hospital, Oxford Previous
population surveys have hinted at an associa-
tion between a history of snoring and the
complaint of daytime sleepiness. This has
been ascribed to the presence of some occult
cases of obstructive sleep apnoea in the snor-
ing group. The importance of confounding
variables in these studies that might have
caused both the snoring and the sleepiness
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(alcohol) has not been explored, nor for
example, has the possibility that snoring itself
may cause the sleepiness. We interviewed 900
men aged 35-65 years about snoring, symp-
toms of sleepiness, and recorded other factors
such as medications, alcohol consumption,
cigarette consumption, nasal stuffiness,
obesity and shift work. In addition, simplified
sleep studies (overnight oximetry) were per-
formed in the subjects' own homes to estab-
lish the presence and degree of any sleep
apnoea. The presence of "often" snoring
(17% of the whole group) significantly
increased the likelihood of answering
''sometimes" or "often" to all the seven
questions about sleepiness: 4-7% of non-
snorers, for example, "sometimes" had to
"pull off the road owing to sleepiness,"
whereas 12 2% of snorers said they did this (p
< 0-0001). Similarly, being a snorer quin-
tupled the proportion admitting to "falling
asleep during the day against one's will"
(8 0% v 1-5%). Of the other factors recorded
and mentioned above, only nasal stuffiness
and degree ofsleep apnoea activity (quantified
as number of nocturnal dips in Sao2 of > 4%
expressed per hour of tracing) were cross

correlates of both snoring and sleepiness.
However, multiple linear regression analysis
identified snoring as the dominant predictor
of sleepiness (r2 = 6-2%), followed by > 4%
Sao2 dipping (r2 = 2%) and nasal stuffiness (r2
= 15%), all p < 0-0001. Thus "often"
snoring is an independent predictor of
sleepiness, over and above a link through
conventional sleep apnoea. This relation
between snoring and daytime sleepiness does
not seem to be explained by any of the
potentially confounding variables that we

look at. This suggests that snoring alone may
in certain circumstances fragment sleep to the
point of causing daytime sleepiness.

Ventilation during early and late rapid
eye movement sleep in normal humans

JB NEILLY, EA GAIPA, G MAISLIN, Al PACK Pul-

monary and Critical Care Section, Department
of Medicine, University of Pennsylvania,
Philadelphia, USA The nature of ven-
tilatory disturbances associated with phasic
events in rapid eye movement sleep (REMS)
has been well described, although investiga-
tions have been largely confined to REMS
periods early in the sleep cycle. However,
successive REMS periods are longer in dura-
tion and have more phasic eye movements.
We therefore hypothesised that ventilation
during late REMS might be more com-

promised than during early REMS. We con-

firmed that late REMS periods in 10 naturally
sleeping young adult humans were longer and
that eye movement density (EMD) was

increased. Despite this, average minute ven-

tilation was not reduced compared with that
in early REMS. Decreases in rib cage motion
in association with increasing EMD were

offset by increments in respiratory frequency.
Apart from expiratory time, there were no

significant changes in the absolute values of
the slopes of specific ventilatory components
against EMD, from early to late REMS.
However, there was an increase in the
number (27 (22) to 46 (37) breaths; p = 0 03)
and proportion (11-9 (6 9) % to 14-9 (10-2)
%; p = 0 09) (mean (SD)) ofbreaths in which
ventilation was reduced below the range for
tonic REMS from early to late REMS. The
proportion of long duration (> 3 contiguous
breaths) to total episodes of decremented
breaths was unchanged. These findings

suggest that changes in ventilatory pattern
during late REMS are due to changes in the
underlying nature of REMS. Augmented
breaths, occurring largely as single breath
episodes, were also identified during early and
lateREMS periods. Finally, we observed that
ventilatory changes in association with eye
movements were subject specific. Some
individuals consistently exhibited large
decrements in rib cage motion and
increments in frequency (high responders),
while others demonstrated small changes
(low responders). This raises the possibility
that some individuals may be more liable to
develop REM sleep disordered breathing.

Effects ofoxygen and CPAP on systemic
blood pressure during obstructive sleep
apnoea

NJ ALI, RJO DAVIES, JA FLEETHAM, JR STRADLING
Osler Chest Unit, Churchill Hospital, Oxford
Obstructive sleep apnoea (OSA) is character-
ised by recurrent upper airway obstruction
during sleep, which results in episodic
asphyxia and disruption of sleep. Following
the termination of each apnoea by arousal
from sleep there is a transient rise in systemic
blood pressure (of up to 50 mm Hg). The
mechanism of these blood pressure swings is
unclear, but may be due to changes in respira-
tion, hypoxaemia or the arousal from sleep
which is required to terminate the apnoea.
We have measured blood pressure in nine
patients with severe OSA during 30 minutes
of wakefulness (W), OSA, oxygen (02) treat-
ment and nasal continuous positive airway
pressure (CPAP). All measurements during
sleep were in non-REM sleep. Systolic blood
pressure (SBP), diastolic blood pressure
(DBP) and heart rate (HR) were continuously
measured by a digital artery blood pressure
monitor (Finapres). Mean, maximum (Max),
minimum (Min) and coefficient of variation
(CV) of blood pressure were determined
during W, OSA, 02 and CPAP. The results
are shown in the table below. Mean blood
pressures werenot differentbetween W, OSA,
02 and CPAP. Mean HR was higher during
W than OSA, 02 or CPAP (p < 0 01). Blood
pressure Max and CV, and HR CV were

higher during OSA and 02 than during W or
CPAP (p < 0-01). In addition, the changes in
blood pressure during and following 20
apnoeas were individually analysed in each
patient during OSA and 02. Following mul-
tiple linear regression analysis with maxi-
mum SBP as the dependant variable only
apnoea length (r2 = 0-25, p < 0-0001) and
pulse rate changes (r2 = 015, p < 0-0001)
remained significantly related to the blood
pressure rise, while the degree ofhypoxaemia
was not. We conclude that OSA does not
increase mean blood pressure but is
associated with greater oscillations than
during W or CPAP and the rise in SBP
following OSA is not primarily due to arterial
desaturation and may be caused by either
respiratory changes or increased sympathetic
activity secondary to arousal.

Outcome in patients with pulmonary
disease assessed for lung transplanta-
tion at Freeman Hospital

A GASCOIGNE, PA CORRIS, D VEALE, JH DARK
Departments of Respiratory Medicine and
Cardiothoracic Surgery, Freeman Hospital,
Newcastle upon Tyne To date 122 patients
with pulmonary disease have undergone a five
day inpatient assessment for lung transplan-
tation at Freeman Hospital. Patients have
fallen into four main diagnostic groups, com-

prising pulmonary fibrosis (n = 46),
emphysema (n = 31), cystic fibrosis (n = 21),
and bronchiectasis (n = 17), with a smaller
miscellaneous group (n = 7). Of the 122, 32
have undergone transplantation and 28 are

currently on an active list. Of those who have
undergone transplantation, the median time
between placement on active list and trans-
plantation is 116 days (range eight days to 625
days). Overall, 20 patients on the active list
have died prior to undergoing transplanta-
tion. Nineteen patients are currently on a

provisional list ready to move on to the active
list when a further functional deterioration
occurs. Twenty three of the patients assessed
were not accepted for transplantation owing
to a combination of reasons, including renal
and hepatic impairment, psychosocial
problems, and poor nutritional state with
cachexia and, in patients assessed for single
lung transplantation alone, occult coronary

artery disease and presence of recurrent chest
infections. The shortfall in suitable donor
organs supports the careful screening of all
potential recipients and an upper age limit of
50 years for heart-lung transplantation or

double lung transplantation and 60 years for
single lung transplantation.

Nosocomial pneumonia in the critically
ill and the contributory role of stress
ulcer prophylaxis: a meta-analysis

DJ COOK, GH GUYATT (sponsored by JV
Collins, Brompton Hospital, London) Mc-
Master University Medical Centre, Hamilton,
Ontario, Canada Pneumonia remains the
leading cause of death from hospital acquired
infection in the critically ill population. To
examinethe differential effectofdrugs usedfor
stress ulcer prophylaxis on nosocomial
pneumonia (Tryba M. Am J Med
1987;83:117; Driks MR, et al. N Engl J Med
1987;317:1376), computerised bibliographic
databases of both published and unpublished
research were searched. Independent review
of 48 randomised control trials of stress ulcer
prophylaxis identified 8 relevant studies. The
population, intervention, outcome and
methodologic quality of these trials were

evaluated in duplicate independently. The
incidence of pneumonia was lower in
critically ill patients receiving antacids and/or
histamine-2 (H2) receptor antagonists as com-

pared with patients receiving no stress ulcer
prophylaxis (common odds ratio 0-42, 95%
CI 017-1-11). When stress ulcer prophy-
lactic therapy was titrated to achieve a gastric
pH of 3 5 or greater, there was a trend

SBP DBP HR

Max Mean CV Max Mean CV Mean CV

W 126 111 69 68 61 6 1 73 43
OSA 148 110 11 77 59 11 70 5-7
02 139 110 9-6 78 60 8-7 70 5-5
CPAP 128 109 6 1 71 61 5 7 68 2-7
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favouring a decreased incidence of
pneumonia (common odds ratio 0-66, 95%
CI 0-24-1-78). In trials comparing sucralfate
with pH altering drugs, the common odds
ratio of 0 55 (95% CI 0-28-1-06) indicated a
45% risk reduction with the use of sucralfate.
However, this benefit did not reach statistical
significance. Stress ulcer propyhylaxis with
drugs which raise gastric pH does not
increase the incidence of pneumonia in com-
parison with placebo or control therapy. The
use of sucralfate appears to reduce the
incidence of nosocomial pneumonia in com-
parison with agents which raise gastric pH.
However, methodological deficiencies-the
possibility ofa type 11 error and the failure to
examinethe effects ofantacids andH, receptor
antagonists separately in previous studies-
warrant a large prospective trial in order to
confirm or refute these findings.

Inhaled versus systemic corticosteroids
in pulmonary sarcoidosis: a comparison
of their immunological and clinical
effects

MONICA A SPITERI, LW POULTER, SW CLARKE
Royal Free Hospital and School of Medicine,
London An 18 month placebo controlled
study was set up to compare the effects of
inhaled and systemic corticosteroids on

cellular immune response in the lungs of
sarcoid patients, and to correlate this with
clinical state and therapeutic efficacy. Thirty
previously untreated sarcoid patients (symp-
tomatic one year from diagnosis) were
recruited consecutively. Chest X-ray and
pulmonary function were performed at the
start and four monthly, while BAL was

performed at 0, 4 and 18 months. Ten sarcoid
patients received budesonide 800 Mg twice
daily via nebuhaler; 10 received oral pred-
nisolone starting at 30 mg daily down to
maintenance of 10 mg altemate days by nine
months; the remaining 10 patients and 10
healthy normal volunteers had inhaled
placebo equivalent to the inhaled steroid
group. Symptomatic improvement was noted
in both inhaled and systemic steroid groups;
but it was much quicker and more pronoun-
ced in the latter. This was not seen in patients
on placebo. Significant radiological clearing
(complete resolution in one patient), with
parallel changes in lung function, occurred
with systemic steroids, and persisted except
in one patient, who relapsed while on main-
tenance dose. In the inhaled steroid group,
pulmonary function remained relatively
unchanged, and only three of the 10 patients
had significant radiological resolution by 18
months. Modulation of both BAL lymphoid
and non-lymphoid cell populations was

observed with both inhaled and systemic
steroids. Of particular significance, inhaled
steroids caused a dramatic switch in macro-
phage phenotype and function as early as four
months. No significant cellular changes were
observed in the placebo groups. Despite the
lack of significant radiological and
physiological changes, the data suggest that,
at a much lower dose and without systemic
upset, inhaled steroids can modulate sarcoid
related cellular aberrations in the lung to the
same extent as systemic steroids. We advocate
that inhaled steroids have a definite place in
the management of sarcoidosis either as sole
therapy in early uncomplicated pulmonary
disease or in combination with lower (and
therefore safer) doses of oral steroids.

Changes in the prevalence of
respiratory symptoms: two surveys 25
years apart

TK NINAN, L MACDONALD, G RUSSELL Depart-
ment of Child Health and Department of
Community Medicine, University of Aber-
deen In 1964 a detailed sociological
interview of 2511 primary school children in
Aberdeen aged 8-11 years was carried out
which included a simply worded medical
section. Information about the prevalence of
respiratory symptoms was available in 91 5%
of a one in five sample of all primary school
children. In 1989 a survey was repeated in the
same geographical area among 8-11 year old
primary school children. A new self adminis-
tered respiratory questionnaire was com-
pleted by the parents of 84% of all pupils
attending primary 5, 6 and 7. The overall
prevalence rate of wheeze in 1962 was 10-4%
and in 1989 was 21 4% (p < 0 001) and the
diagnosis rate for asthma had gone up from
4-1% to 11-8% (p < 0 001). Increases had
also occurred in the frequencies ofa history of
eczema and hay fever. It appears that the
prevalence of asthma and atopy has risen.
This is not wholly explained by a greater
awareness or readiness to report symptoms.

Death from chronic airflow obstruction
and asthma: an investigation into
accuracy of certification

ET SMYTH, SC WRIGHT, DG SINNAMON, AE
EVANS, J MACMAHON Department of Res-
piratory Medicine, Belfast City Hospital;
Falkirk Royal Infirmary, Coleraine Hospital,
Coleraine; Department of Epidemiology and
Public Health, Queen's University, Belfast
We identified death certificates in Northern
Ireland for 1987 where asthma and other
forms of chronic airflow obstruction, (ICD
codes 493, 496, 491.2, 492, 416.9, 491.9, 490,
799.1) were listed in part I or part II. The
following groups were investigated in detail:
(1) Asthma-all ages. (2) Chronic airflow
obstruction (as coded above)-all cases where
age at death was 55 years or less. (3) Chronic
airflow obstruction (as coded above)-50%
sample of all cases between ages 55-75 years.
The general practitioner, hospital, and
necropsy records were reviewed. Information
was obtained by postal questionnaire to the
general practitioner and a doctor adminis-
tered questionnaire to a close relative of the
deceased. With this information two consul-
tant respiratory physicians assessed the
accuracy of death certification. Deaths were
confirmed in the groups above as follows: (1)
Sixty four asthmatic deaths. (2) Three asth-
matic deaths. (3) Forty one asthmatic and 61
deaths from other forms of chronic airflow
obstruction. It is estimated that at least 149
deaths from asthma occcurred in Northern
Ireland in 1987, and that mortality figures
have been seriously underestimated.

Prevalence and clinical features of
chronic cough and sputum in South East
England

P CULLINAN, C GOULD, A SMITH, M REDFERN, P

COLE Department of Clinical Epidemiology,
and Host Defence Unit, National Heart and
Lung Institute, London, and Northbourne
Medical Centre, Shoreham by Sea, Sussex A
survey of respiratory symptoms in persons

aged 5 years or more and living in four towns
in SE England was carried out. A sample (n
= 11800) of persons registered with four
general practices was initially surveyed using
a postal questionnaire; responses were

validated by subsequent telephoned ques-

tionnaires. In addition, clinical interviews
were held with a sample of those reporting
persistent sputum production. Postal respon-
ses were received from 9113 subjects, or

90 7% of those considered to have been
contacted. Comparison of postal with tele-
phone responses in 575 subjects suggested
satisfactory criterion validity. Cough on at

least half the days of the year was reported by
14 1% (10-6%) of males (females) and
sputum by 13 2% (9 0%); combined cough
and sputum at the same frequency were

reported by 9 1% (6 2%). At every age symp-

toms were more frequent in males than
females and in both genders more prevalent
with increasing age. These findings are com-

pared with other recent prevalence surveys.

Clinical interviews were conducted with 261
subjects (89 4% ofthose sampled) who repor-

ted regular sputum production, and results
analysed by three categories of sputum
frequency (SF). In 240 subjects aged 15 years

or more linear relationships were found
between increasing SF and both accompany-
ing upper respiratory tract symptoms (p =

0 05) and a history of serious respiratory
disease before the age of 10 years (p < 0 01).
There were no significant relationships
between SF and other symptoms, current or

past cigarette smoking or spirometric results.

Relation between adult asthma mor-
bidity and social class

P LITTLEJOHNS, K SPRING, L MACDONALD
Department of Public Health Sciences, St
George's Hospital Medical School, London
Adults from lower social classes (SC)
experience greater morbidity and mortality
overall from respiratory disorders. However,
the relation between SC and asthma in par-
ticular is less clear. Adults from higher SC are
more likely to be given a diagnosis of asthma
(Littlejohns P et al. BMJ 1989;298:1556). In
order to investigate further the relationship
between SC and adult asthma morbidity the
OPCS National Disability Study data base
was analysed. In this survey 80 000 people
were sent a disability screening questionnaire
and 10 000 were interviewed. There were an
estimated 5-8 million disabled people living
in private households. Thirteen per cent
reported suffering with respiratory disorders
(14% from SC Iand II,49% SC III and 37%

B and E Asthma Allergy

SC No % No % No %

1 and 2 42482 12 27499 14 6070 66
3 180987 50 84337 44 1812 20
4 and 5 139456 38 82457 42 1309 14
Total 362925 100 194293 100 9199 100
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SC IV and V). Bronchitis and emphysema (B
& E) was reported by 6%, asthma and allergy
by 3% and others by 4%. The estimated
numbers of disabled people reporting B & E,
asthma, and allergy in Great Britain by SC is
given in the table below. Asthma was not
reported more frequently by adults from the
higher SC although allergy was. This
suggests that the previously reported asthma/
high SC association was due to differential
labelling, but supports the hypothesis that
allergy is more common in higher SC
(Strachan D, BMJ 1989;299:1259).

Factors influencing bronchial respon-
siveness in adults in a general practice
population: a longitudinal study

CJ TRIGG, M TOOLEY, MF D'SOUZA, RJ DAVIES
Department of Respiratory Medicine, St
Bartholomew's Hospital, London, and Can-

bury Medical Centre, Kingston, Surrey One
hundred and twenty two patients were fol-
lowed up over two years after a survey of
bronchial responsivenness in the population.
Forty one patients had bronchial hyper-
responsiveness: provocation concentration
(PD2OFEV,) < 11 ,mol methacholine, 40 had
intermediate PD20FEV, up to the maximum
dose at 247 imol and 41 did not achieve a
PD20FEV, at the maximum dose of metha-
choline. Tests were repeated every four
months and included bronchial provocation
with methacholine, skinprick tests with six
common allergens, lung function and res-
piratory symptom questionnaires. Res-
piratory symptoms were associated with
bronchial hyperresponsiveness only during
two seasons. In winter 1987-88, bronchial
responsiveness was associated (p < 0-05, X2
test) with nasal blockage/rhinorrhoea/
sneezing, upper respiratory tract infection
(URTI), wheeze, dyspnoea and bronchitis,
although the only significant independent
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factors on stepwise binary logistic regression
analysis (SBLR) were URTI (p = 0 025) and
early morning wheeze (p = 0 002). In
summer 1989, bronchial hyperresponsive-
ness was associated (X' test, p < 0-01) with
wheeze, dyspnoea and FEV,. Wheeze (p <
0-001) and FEV, (p = 0-012) were indepen-
dently significant influences (SBLR) but
URTI was of borderline significance only.
Multiple linear regression analysis showed
that variability in bronchial responsiveness
was independently associated with bronchial
hyperresponsiveness, URTI, FEV, and
smoking. The predominance ofURTI, FEV,
and smoking varied with season of study.
Atopy was not significant at any season.
As bronchial hyperresponsiveness was
associated with respiratory symptoms only
during seasons in which URTI was
associated with wheeze (winter 1987-8 and
summer 1989), specific types ofviral infection
may have affected the lower respiratory tract
at such times.
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