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The British Thoracic Society's summer 1994 meeting was held
on 29 June-1 July 1994 at UMIST, Manchester

Changes in the management of acute severe asthma by general
and thoracic physicians in Manchester between 1985 and 1990-1

LP ORMEROD, R FEINMANN, P PHILLIPS, G COOK Chest Clinic, Blackburn
Royal Infirmary; Stepping Hill Hospital, Stockport; North Western Regional
Health Authority A random 20% sample of acute asthma admissions
aged 15-44 from five Manchester health districts in 1985 and 1990-1
were examined. Total admissions increased from 440 in 1985 to 735
in 1990-1. Fewer notes were traced in 1990-1. Duration of symptoms
prior to admission was significantly shorter in 1990-1 (X2 42-41,
0-001 >p). The differences in management between thoracic and non-

thoracic physicians were less in 1990-1 but fewer admissions were

under thoracic physicians (1985, 47%; 1990-1, 34%). There were

no differences in 1990-1 between thoracic and non-thoracic physicians
in use of nebulisers and oral steroids, frequency ofblood gas estimation
and chest radiographs. Some aspects of management were worse in
1990-1, regular PEFR estimation was significantly less in both thoracic
(X2 8 46) and non-thoracic patients (X2 8 57; 0-005>p>0O001). In
1990-1 thoracic physicians discharged more patients on inhaled
steroids (84% v 74%, NS) and were more likely to give follow up
appointments (86% v 56%, x2 9-90; 0-005>p>0-001). Patients in
1990-1 however were much more likely to fail those appointments
6/62 v 30/71 (X2 17 78; 0-001>p). There was a major improvement
in the management of asthma by non-thoracic physicians between
1978 and 1985, which is maintained in 1990-1, whilst thoracic
physicians continue to perform better. Some aspects of monitoring
severity were worse in 1990-1 than in 1985 despite the BTS guidelines
being published shortly before the 1990-1 audit.

Which asthmatics keep coming to casualty and why?

LOUISE WILLIAMS, JON GOLDMAN Respiratory Unit, Torbay Hospital,
Torquay, Devon A retrospective survey of asthmatic patients who
attended the A&E department of a district general hospital more than
once during a six month period was performed. Twenty eight patients
made 93 visits; 15 were women, age range 1-70 (mean 25) years.
Eleven were attending a respiratory physician (RP), four another
physician, five a paediatrician, and eight were not attending hospital.
Social class could be classified in 21; two were class 1 or 2 (10%),
seven class 3 (33%), and 12 class 4 or 5 (57%). Fourteen patients
attended twice, seven on three occasions, and three on four occasions
(frequent attenders, FA). Four patients attended on eight or more

occasions (8, 8, 9 and 14) (multiple attenders, MA). One MA died

during the study, two MAs had undergone psychiatric care, one was

a single mother living in a hostel and one a child holiday-maker. All

MA adults were unemployed compared with 39% of FA adults. All

group MA adults were current smokers compared with 22% FA

adults. One patient was on step 1 of the BTS treatment guidelines,
12 were on step 3, 11 on step 4, and four on step 5. All RPs were

on step 4 or 5. Only two other patients were on step 4 (13%). Nine

patients (eight RP) had asthma management plans, all had used them

appropriately and came to A&E after starting oral steroids. Fifty seven

(61 %) attendances were judged appropriate. 10 (11%) were due to

failure to take treatment, six were due to anxiety, three due to running
out of inhalers, and eight were unrelated to asthma. Forty one

admissions resulted (44% of attendances). RP accounted for 76% of

admissions, 52% of RP attendances resulted in admission compared
to 29% of other patients. Twenty one patients had GPs with asthma

clinics but only six (29%) attended. Asthmatics who often attend

A&E are more likely to be of low social class, unemployed, with

psychiatric or social problems and to be current smokers. RP patients
are more likely to be on treatment steps 4 or 5 of the BTS guidelines,
to have management plans, and to attend A&E appropriately. Only
a third of asthmatics who often come to A&E attend GP asthma

clinics.

Initial peak flow less than 50% of the expected value predicts
respiratory failure in asthmatic patients
DP BURKE, JS MANN The Royal Wolverhampton Hospital NHS Tnrst,
Wolverhampton, UK The 1993 BTS guidelines for management of
asthma in the A&E department identifies four ranges of initial peak
flow value to aid decisions in treatment, need for arterial blood gases
and admission. The lowest range (<33% predicted) has been validated
in several studies. The second range (33-50% predicted) has been
reached as a result of consensus. Eighty five acute asthmatic patients
presenting to an A&E department had initial peak flow and arterial
blood gases measured whilst breathing air. The initial peak flow as a

percentage of predicted was estimated by reference to a standard
nomogram. All patients with respiratory failure (Pao2<8 kPa and/or
Paco2>6 kPa) had peak flows less than 50% predicted. Sixty one
patients (71-8%) had peak flows less than 50% of predicted ofwhom
17 (27 9%) had respiratory failure (nine with Pao2<8 kPa, five with
Paco2>6 kPa and three with both). Thes results support the re-
commendation that asthmatics presenting to the A&E department
with a peak flow of less than 50% of predicted should have arterial
blood gases estimated.

Psychological morbidity and coping skills in patients with
brittle and non-brittle asthma: a case-control study
JF MILES, GM GARDEN, W TUNNICLIFFE, RM CAYTON, JG AYRES Chest
Research Institute, Birmingham Heartlands Hospital, Bordesley Green
East, Birmingham An association between psychological morbidity
and asthma is well recognised and the effects of such factors may
result in interference in patient's self-management of their condition.
We have undertaken a case-control study on 29 well characterised
brittle and non-brittle asthmatics in the West Midlands region to
assess their level of psychological morbidity and their responses to

changes in asthma symptoms. Significant differences in GHQ (mean
score 19-5 v 7-2 p =0 0002) and living with asthma (mean score 1-30
v 1.00 p=0 0002) scores reinforced the presence of psychological
factors in this severe group of patients. Interviews regarding responses
to hypothetical asthma attacks showed that patients with brittle asthma
delayed seeking medical attention more often than those with non-

brittle asthma and instead preferred to self-administer increasing
amounts of beta-agonist medication. As many as 16 (55-2%) of the
29 patients with brittle asthma would have delayed seven days before
seeking medical attention in a slow onset attack. In a fast onset attack
11 (37 9%) patients with brittle asthma would not have summoned
help, despite finding it difficult to speak or rise from a chair. Levels
of family support tended to be lower in patients with brittle asthma
(mean family APGAR 7.3 v 8-65, p=009). Brittle asthma is as-

sociated with greater psychological morbidity and altered strategies
for coping with deteriorating asthma symptoms. Attention should be
paid to the presence of such factors in the management of patients
with brittle asthma.

GPIAG national audit of asthma attacks

RG NEVILLE, RC CLARK, G HOSKINS, B SMITH FOR GENERAL PRACTITIONERS
IN ASTHMA GROUP University ofDundee, Department ofGeneral Practice,
Westgate Health Centre, Charleston Drive, Dundee In 1991-2 218 GPs
from throughout the UK participated in the first national asthma
attack audit. GPs recorded details of their patients who experienced
an acute asthma attack over a predetermined three month period. 1546
(86%) patients with attacks were managed within general practice, 225
(12%) were admitted to hospital, and 34 (2%) were discharged
from an accident and emergency department. Compared with British
Thoracic Society guidelines the recording of clinical data was patchy
and variable. Underuse of nebulised bronchodilators and systemic
steroids was apparent in all grades of clinical severity. The second
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national asthma audit was based on recording of information from
299 GPs and 2332 asthma attacks. 2031 (91%) were managed by
GPs, 251 (11%) admitted to hospital, and 50 (2%) discharged from
accident and emergency. Recording of clinical data was again at
variance with both the original and the revised BTS guidelines al-
though a system of grading severity of attacks by degree of breath-
lessness was readily used. Nebulised bronchodilators and systemic
steroids were used more frequently than in the first audit. The
management of asthma attacks within the community appears to be
changing with practices beter resourced and organised than previously.
Management would appear to be more aggressive initiating a shift
towards, but not yet conformity with, BTS guidelines.

Patients appear to underestimate the effect of airways disease
on their health

CJ O'LEARY, HA ROPER, FH QUIRK, PW JONES Division of Physiological
Medicine, St George's Hospital Medical School, London There are two
basic approaches to assessment of the impact of disease on patients'
health. One uses a global or "holistic" approach e.g. "How is your
health?" typically coupled with 4-7 categories of response. This
method is akin to the questions asked in clinical practice and asthma
diary cards. The alternative approach uses questionnaires that have
many items, the responses to which are aggregated to produce an
overall score. This study was designed to compare these two methods.
143 patients (89 female) were recruited from GP practices and
outpatient chest clinics. Their mean age was 50 years (range 15-79),
their mean FEV, was 61% predicted (14-164%). Patients completed
the St George's Respiratory Questionnaire (SGRQ) - an extensively
validated questionnaire with three components: symptoms, activity
and impacts (on daily life and wellbeing). A total SGRQ score was
also calculated. The SGRQ scoring range is 0-100; high scores
indicate poor health. The patients also responded to three global
questions concerned with their airways disease: current severity, effect
on daily activity and effect on daily life using a seven-point scale with
end-points "none" and "very severe". Responses to these questions
were all highly correlated with SGRQ scores (ANOVA model r2, range
0-21-0-49, p<0-0001). SGRQ scores (as mean and 95% CI) from
36 patients who reported "none" to the global question concerning

Symptoms Activity Impacts Total

Patients 36 (30-43) 30 (22-37) 20 (13-27) 26 (20-32)
Normal range 17 (0-19) 7 (0-9) 1 (0-2) 5 (0-7)

current disease severity are shown in the table, with normal ranges.
In 67 patients who said that their disease had no current effect on

their lives, the total SGRQ score was 32 (CI 27-37). The patients'
global perceptions of disturbed health due to airways disease are

correlated with health estimates obtained using more complex meas-

ures, but all patients set a threshold at which they perceive the disease
begins to affect them. Treatment protocols frequently recommend
targets of symptom abolition or minimisation; the achievement of
these will depend upon the method of measurement.

A North of England survey of airway responsiveness (AR): the
effects of geography and gender

G DEVEREUX, SMT AYATOLLAHI, SJ BOURKE, DJ HENDRICK Chest Unit
and Regional Unit for Occupational Lung Disease, Newcastle General
Hospital, University ofNewcastle upon Tyne We have studied the effects
of geography and gender on the prevalence ofAR by investigating two
districts of the Northern health region, namely Newcastle (men
and women) and West Cumbria (men). All subjects were randomly
identified and aged 20-44 years. For each subject an interviewer-
administered questionnaire elicited symptoms characteristic of
asthma; atopy was assessed by skin prick testing; AR to methacholine
was measured using a locally developed dosimeter method (cumulative
dose 3-6400 jg) and expressed as a PD20FEV,. No effect ofgeography
was noted, there being no significant differences in the prevalence of
asthma symptoms, baseline lung function, atopy, or AR between the
two groups of men. There was no significant gender effect on the
frequency of asthmatic symptoms or the diagnosis of asthma. Men
were significantly more atopic than women. There was a marked
gender effect on PD20 with a consistent significant excess prevalence

PD20 West Cumbnian Newcastle men Newcastle
(pg methacholine) men (n = 285) (n= 302) women (n = 289)

<200 20 (7-0%) 17 (5-6%)* 37 (12-8%)*
<1000 50 (17-5% 47 (15-6%)** 86 (29-8%)**
<6400 79 (27-7%) 86 (28-5%)** 135 (46-7%)**

*p<0.002, **p<0-001

in women at all quantifiable levels. Logistic regression, linear re-
gression, and regression for censored data indicated that, if baseline
FEV, is omitted, female gender, increasing atopy, current smoking
and decreasing age were significantly associated with decreasing PD20.
Current smoking exerted a positive interactive effect in women. When
baseline FEV, was included in the regression analyses the gender
effect could no longer be detected. Similar significant associations
were obtained in subjects with "normal" baseline FEV, (>100%
predicted) suggesting that PD20 may depend on the absolute level of
baseline FEV, irrespective of there being resting airway obstruction.
FEV, is known to depend on both gender and height but neither of
these variables appears to exert a significant effect on PD20 in-
dependently of FEV,. We conclude that there is no geographic effect
on AR between these two dissimilar districts, and that the observed
marked excess prevalence of quantifiable PD20 in women does not
represent a female excess of asthma, but is likely to be an artefact
attributable to the gender related difference in baseline FEV,.

Air pollution and respiratory symptoms in a national sample
of 23 year old subjects

JF SCARLETT, JM GRIFFITHS, DP STRACHAN, HR ANDERSON Department of
PublicHealth Sciences, St George's HospitalMedical School, London The
association between ambient air pollution levels in 1981 and pre-
valence of respiratory symptoms was investigated in a national sample
of 11552 23 year olds. Exposure to air pollution was estimated from
the mean of annual average levels of black smoke (BS) and sulphur
dioxide (SO2) recorded in the subjects' county of residence. Annual
mean BS levels ranged from 2 to 55 Vg/m3 and SO2 levels from 7 to
88 jg/m3. These were highly correlated. Prevalence of respiratory
symptoms varied across counties (asthma/wheeze since age 16,0-18%;
asthma/wheeze at age 23, 0-12%; cough, 0-33%; phlegm, 0-33%)
and were strongly related to smoking and social class. The relations
of each symptom to BS and SO2 were analysed by logistic regression,
controlling for social class, sex, and smoking. Phlegm symptoms
increased with increasing quintile of BS level, with evidence of a
plateau at higher levels. Adjusted odds ratios for phlegm by fifths of
BS distribution were: 1 00; 1 36; 1-34; 1-48; 1-20 (test for linear
trend using log, of BS, p = 0 04). Cough and asthma symptoms were
not significantly related to BS level. None of the respiratory symptoms
were significantly related to S02 or to a combined measure of BS and
SO2. Ambient levels of black smoke were positively correlated with
the prevalence of phlegm production in young adults in the UK in
1981. This association was observed at levels below the current EC
guideline of 34-51 jg/m3 annual mean for BS, and around levels
currently observed in much of the UK.

Effects of summertime ambient levels of air pollution on
methacholine bronchial hyperresponsiveness in subjects with
asthma

SCO TAGGART, A CUSTOVIC, HC FRANCIS, BG HIGGINS, EB FARRAGHER,
C YATES, CAC PICKERING, A WOODCOCK North West Lung Centre,
Wythenshawe Hospital, Manchester; Halton Borough Council,
Vtdnes The link between air pollution and adverse effects on lung
function and respiratory morbidity is increasingly reported. Changes
in airway reactivity/inflammation seen during chamber studies may
underly these health effects. To further investigate the mechanisms
behind our previous findings of an association between temporal
variations in environmental air pollution and peak flow measurements
(Thorax 1993;48:417) we have carried out repeated measurements
of methacholine bronchial hyperresponsiveness (BHR) using Yan's
method at differing levels of pollution in a cohort of 38 non-smoking
asthmatics (25 women; mean age 40-2; geometric mean PD20 FEV,
1-68 jmol methacholine) recruited from the towns of Runcorn and
Widnes in July-September 1993. The area is surrounded by a variety
of pollutant sources including numerous chemical manufacturing and
processing plants, a 2000 MW coal-fired power station, and a large
network of roads. During the study pollution was monitored in each
town with differential absorption spectroscopy and mean distance
from each subject was 2-4 km. The data were log transformed and
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changes in PD20 FEV, were correlated with exposure variables for
each pollutant (24 and 48 hour means, 24 hour lag) using multiple
linear regression. Thirty one subjects performed three or more separate
tests, whilst seven attended for two only. Max/min (mean) 24 hour
mean pollution levels were:- S02 103-7/5-4 (45-2/15-0), NO2 67 0/
2-9 (61-7/15-1) and 03 23 5/08 (20 7/11 0) ,ug/m3 respectively. Cor-
relations at the 5% level were found between 24 and 48 hour mean
and 24 hour lag NO2 (r=0-32, 0-33, 0-25 respectively) and PD20
FEV,. A less significant effect of SO2 was seen. We conclude that
BHR varies significantly with low levels of pollution and this re-
lationship may underly the changes in lung function and respiratory
morbidity that occur on a daily basis.

Relation of aeroallergen sensitisation to incidence and prog-

nosis of asthma from early childhood to age 35

DP STRACHAN, JM GRIFFITHS, HR ANDERSON, IDA JOHNSTON Department

of Public Health Sciences, St George' Hospital Medical School, London;
Department ofMedicine, Queens' Medical Centre, Nottingham A strat-

ified sample drawn from a national cohort of young adults followed
from birth (British 1958 cohort) were skin prick tested at age 34-35
for sensitisation to mixed grass pollen, Dermatophagoides pteronyssinus
(D pt), and cat fur. The sample included all cohort members with a

history of wheezing illness documented at intervals from birth and a

one in five sample of others. The independent association of each
allergen sensitivity with wheezing illness was determined by logistic
regression. 1449 subjects were tested and both skin prick data and
illness histories were complete for 1342 (93%). 322 subjects with no

record of wheezing illness were used as the comparison (control)
group for studies of incidence. The mutually adjusted allergen-specific
odds ratios for the incidence of wheezing illness at various ages in
relation to allergen weals with mean diameter greater or equal to that

Age at onset

0-7 8-16 17-23 24-35 0-35

Incident cases 527 188 98 207 1020
Adjusted odds ratios

Grass 1-2 14 16 1 5 1-4
D pt 2-4** 2.9** 2-2* 1-3 2-2**
Cat 3-7** 3-2** 3-4** 3.3** 3.4**

*p<0o05, **p<0o01

for the positive control (histamine 1:999) are shown in the table. In
a similar analysis of prognosis among subjects with wheezing illness
by age 7, the allergen-specific odds ratios for continuing to wheeze
at age 34-35 were 1-7* for grass, 1-4 (NS) for D pt, and 2-4** for cat
fur. The incidence and prognosis of asthma up to age 35 is most

strongly and consistently associated with sensitisation to cat fur.
This may indicate a more severe atopic tendency or a remediable
environment hazard.

Ventilatory function ofyoung adults who had asthma or wheezy
bronchitis in childhood: a national birth cohort study

DP STRACHAN, JM GRIFFITHS, HR ANDERSON, IDA JOHNSTON Department

of Public Health Sciences, St Geroge s Hospital Medical School, London;
Department of Medicine, Queens' Medical Centre, Nottingham FEV1
and FVC before and after inhalation of 400 jg salbutamol (by dry
powder inhaler) were measured by bellows spirometry on a stratified
sample drawn from a national cohort of young adults followed from
birth (British 1958 cohort). The sample included all cohort members
with a history of wheezing illness documented at intervals from birth
to age 34-35 and a one in five sample of others with complete
follow up data. 1449 subjects were tested at age 34-35 and baseline
spirometry was valid for 1434 (99%). Baseline FEV, was adjusted

Age at onset of wheezing

0-7 8-16 17-23 24-35 Never

Wheeze in Yes 3368 3407 3479 3656
past year No 3678 3730 3660 3593 3723
at testing n= 231 71 63 157 0

330 128 42 70 342

for gender, height and smoking history by multiple regression (table).
A similar pattern was found for FVC. The increase in FEV, after
bronchodilator was greater among wheezy children (age at onset

0-16) who continued to wheeze at age 34-35 (about 200 ml) compared

with the other groups (A 100 ml). Severity of adult wheezing was
unrelated to age of onset. The ventilatory function ofyoung adults who
have grown out of a childhood wheezing tendency is not substantially
impaired. The ventilatory function of wheezy children who continue
to wheeze as adults is poorer in those who started wheezing at a
younger age. This deficit, which is only partially reversed by inhalation
of salbutamol, may reflect longer duration of airway inflammation in
those with earlier age of onset.

Airway effects oflow dose salbutamol and salmeterol in patients
with asthma

LC CROSSMAN, JA BENNETT, ID PAVORD, PJ WILDING, AE

TATTERSFIELD Respiratory Medicine Unit, City Hospital,
Nottingham Our recent study comparing the effect of cumulative
doses of salbutamol and salmeterol suggested that, weight for weight,
salmeterol was eight times more potent than salbutamol for effects
on plasma potassium concentration and diastolic blood pressure and
17 times for heart rate. We were unable to estimate the dose equi-
valence for airway effects as near maximal bronchodilatation was
achieved with the first dose of each drug. This study was designed to
determine the dose equivalence for airway effects using low dose
preparations. Ten patients with mild asthma inhaled cumulative doses
of nebulised salmeterol 0 1, 1, 10, and 100 gig and salbutamol 1, 10,
100, and 1000 jig on separate days at hourly intervals in a randomised
double blind cross over study. Dose equivalence was determined as
the dose ratio of salmeterol to salbutamol for the 50% maximum
response to salbutamol. Both drugs caused a dose dependent increase
in forced expiratory volume in one second with a median dose
equivalence of 3-1 for salmeterol compared with salbutamol. No
significant changes were seen for heart rate or blood pressure though
there was a small decrease in plasma potassium with both drugs. The
dose equivalence for airway effects agree with in vitro data and the
recommended dose of salmeterol 50 gg being equivalent to salbutamol
200 jig. This suggests that the increased systemic effects for salmeterol
compared to salbutamol seen in our previous studies are not due
to a difference in potency between the two drugs but are due to
pharmacokinetic differences or other actions of salmeterol.

Systemic effects of salbutamol and salmeterol in patients with
asthma

JA BENNETT, ET SMYTH, ID PAVORD, PJ WILDING, AE

TATTERSFIELD Respiratory Medicine Unit, City Hospital, Nottingham
Knowing the extent of the systemic effects of a new P agonist
relative to an established drug is important for the prediction and
interpretation of side effects. A recent study comparing the effect of
cumulative doses of salbutamol to single doses of salmeterol suggested
that, weight for weight, salmeterol may be up to 10 times more potent
than salbutamol. This current study was designed to investigate
further the dose equivalence of salmeterol and salbutamol. Twelve
patients with mild asthma inhaled cumulative doses of placebo,
salmeterol 25, 50, 100, and 200 jig and salbutamol 100, 500, 1000,
and 1000 jg on separate days at hourly intervals in a randomised
double blind cross over study. Changes in forced expiratory volume
in one second (FEVI), heart rate, plasma potassium concentration,
systolic and diastolic blood pressure were measured. Dose equivalence
was determined as the dose ratio of salmeterol to salbutamol for
the 50% maximum response to salbutamol. No important changes
occurred in any measurements following placebo. Salmeterol and
salbutamol caused a near maximum increase in FEV, following the
first dose so that we were unable to estimate the dose equivalence for
the airway effects. Heart rate increased and plasma potassium and
diastolic blood pressure decreased in a dose dependent manner
following salmeterol and salbutamol with median dose equivalences
for salmeterol compared with salbutamol of 17-7, 7-8, and 7-6 re-
spectively. These results confirm that the systemic activity ofsalmeterol
compared to salbutamol is higher than would be expected from in
vitro data, particularly for heart rate. Whether they are due to a
relatively high dose of salmeterol or pharmacokinetic differences
between the two drugs is uncertain.

Effects of chronic salbutamol therapy on human P adrenergic
receptors (pAR): peripheral mononuclear leucocytes (MNL)
compared with lung tissue
F QING, M HAYES, CG RHODES, PW IND, T JONES, JMB HUGHES

Department of Medicine and MRC Clinical Sciences Centre, Royal Post-
graduate Medical School, Hammersmith Hospital, London
The effects of [3 agonists on [AR regulation in humans have often
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been studied using peripheral MNL. Pulmonary ,BAR density (Bmax)
is now quantifiable in vivo with the use of positron emission
tomography (PET). We examined PAR density in both MNL and
lung to see if,BAR in the two tissues are related. PAR on peripheral
MNL from 17 normal volunteers of mean (SD) age 34-5 (1-5) years
was determined by radioligand binding assay using the 13 antagonist
radioligand (S)-[3H]CGP-12177. Bmax of the group was 41-5 (19 0)
fmol/mg protein. Reproducibility was assessed by repeating the studies
in five subjects two weeks later. Mean Bmax was 35-7 (10-3) fmol/
mg protein in the first study, similar to 34-7 (11-2) fmnol/mg protein
in the second study (mean 3% difference). To check whether PAR
on MNL can reliably reflect that in lung, pulmonary PAR density
was measured in vivo using PET and (S)-['"C]CGP-12177 (Ueki et
al. 3ApplPhysiol 1993;75:559-65) in 14 subjects of the group. There
was no correlation between the absolute value of PAR density of
peripheral MNL and lung. To investigate the downregulation effect
of 1 agonists, lung and peripheral MNL PAR density were examined
before and after two weeks salbutamol treatment (4 mg bd
oral + 200 pg qds inhaled in the first week and 8mg bd + 400 jig qds
in the second week) in six subjects of the group. Bmax fell in all
subjects both in peripheral MNL and lung (54 0 (25 6) v 30-6
(13-2) fmol/mg protein on peripheral MNL [-43% p<005] and
10-4 (1 9) v 8-0 (1-5) pmol/g tissue in lung [-23% p<005]). A
correlation was found between the percentage reduction of PAR
density on peripheral MNL and in lung (r = 0 80). We conclude
that changes in peripheral MNL PAR density may act as a surrogate
for alterations in lung ,BAR density. [Supported by the British Lung
Foundation and National Asthma Campaign.]

Tolerance of bronchodilator and systemic P2 adrenoceptor re-
sponses after regular twice daily treatment with eformoterol
dry powder in asthmatic patients

BJ LIPWORTH, DM NEWNHAM, A GROVE, DG MCDEVITT Department of
Clinical Pharmacology, University of Dundee Medical School, Ninewells,
Hospital, Dundee Sixteen asthmatic patients of mean (SD) age 33
(11) years and FEV, 6 (12)% predicted were evaluated. After a two
week run-in without 12 agonists, patients received regular treatment
with eformoterol (EF), 24 pg bd, or placebo (PL) (without 2 agonists)
for four weeks, in a randomised double blind crossover design. DRCs
to EF (cumulaive dose 6-102 pg) for airways and systemic P2 responses
were constructed at the end of each treatment period. Responses
were measured at baseline, 30 min after each dose, and for six hours
after the final dose. In addition, in vitro parameters of lymphocyte P2
receptor function were evaluated prior to the DRC. Baseline values
for airways and systemic responses were not significantly different:
FEV, (means and 95% CI for difference) PL: 2 401 v EF: 2 441 (95%
CI -003 to 0-13). The peak delta FEV, response (as change from
baseline) and delta response for FEV1 and FEF25 75 at six hours after
last dose were significantly attenuated after EF v PL. Mean delta
FEV, were [peak]: PL: 1 001 v EF: 0 841 (95% CI 0-04 to 0-28),
[six hours]: PL: 0 931 v EF: 0 581 (95% CI 0-20 to 0 50); and for
delta FEF25 -7 [six hours]: PL: 1 291/s v EF: 0 871/s (95% CI 0-15
to 0 69). Peak absolute FEV, and absolute FEF25 -7 values were
not, however, significantly attenuated. PEFR (am) was significantly
improved during EF: 451 1/min v PL: 399 1/min (95% CI 21 to 82).
Systemic P2 adverse effects were significantly blunted, with a likewise
reduction in lymphocyte 12 receptor binding density. Regular efor-
moterol 24 jg bd may produce bronchodilator tolerance in terms of
peak and duration of response, although its clinical relevance is
uncertain. Systemic adverse 12 effects also showed tolerance which
was mirrored by P2 receptor downregulation.

Effect of the addition of terbutaline therapy on the airway
response to inhaled budesonide

PJ WILDING, MM CLARK, J OSBORNE, JA BENNETT, AE

TATTERSFIELD Division of Respiratory Medicine, City Hospital,
Nottingham The mechanism underlying the adverse effects of 1
agonists on asthma morbidity and mortality is unclear but they occur
regardless of concurrent steroid therapy. In a recent study regular
exposure to terbutaline negated the beneficial effects of budesonide
therapy on lung function and protection against the early response to
antigen (Wong et al, in press) in keeping with a negative interaction
between 1 agonists and steroids at a molecular level (Peters et al.
ARRD 1993: A772). We examined the effects of adding terbutaline
to budesonide in 16 subjects with mild asthma. Subjects inhaled
budesonide 800 jg bd for two 14 day periods and either terbutaline
1000 jg tds or placebo in double blind fashion. FEV, and PD20
histamine andAMP were measured before and 12 hours after cessation

of therapy. Three subjects were withdrawn. There was a greater rise
in evening PEF during combined treatment [mean difference 19;
95% CI 2 to 361/min; p<0 03]. Budesonide alone caused a greater
decrease in nocturnal symptom scores (p<0.02) and a greater increase
in FEV, after treatment [mean difference 150; 95% CI 10 to 300 ml;
p=0 06]. There were no significant differences between treatments
in the protection against histamine and AMP challenge. This study,
like that of Wong et al, suggests that PEF is higher during treatment
with a combination of inhaled steroid and 1 agonist but that the
beneficial effect of budesonide on lung function after cessation of
treatment is reduced by the addition of terbutaline. There is some
evidence therefore to suggest that 13 agonists reduce the response
to corticosteroids although this was not seen with the reactivity
measurements. [Supported by The National Asthma Campaign.]

Comparative systemic bioactivity of inhaled budesonide and
fluticasone propionate in healthy subjects

A GROVE, C ALLAM, LC MCFARLANE, G MCPHATE, BJ LIPWORTH
Department of Clinical Pharmacology, University of Dundee; School of
Medical Science, University of St Andrew's Nine healthy subjects were
given twice daily budesonide turbuhaler 800 jg/day (B800) for one
week followed by one week of 1600 jg/day (B1 600), or fluticasone
diskhaler 750 pg/day (F750) for one week followed by one week of
1500 pg/day (Fl 500), in a randomised crossover design with a one
week washout in between. Mouth rinsing was used to reduce oral
bioavailability. Measurements of adrenal function and bone meta-
bolism were made at baseline (Bo or FO) and one week after each
dose. Neither drug had any significant effect on morning cortisol
levels. Both drugs significantly attenuated the post tetracosactrin
cortisol level to a similar degree (means and 95% CI for difference
as nmol/l): Bo 691 02 v B800 566-90 (31-82 to 216-42), v B1600
586-56 (2 73 to 206 18); Fo 662-22 vF750 602-05 (32 06 to 113 98),
v F1500 597 13 (8-53 to 95-93). Osteocalcin was not significantly
altered, with no significant differences between drugs (means as ng/
ml): B800 3 94, B1600 3 90, F750 4.47, F1500 4-36. Likewise there
were no significant differences between drugs in alkaline phosphatase
(means as IU/1): B800 139-7, B1600 144-64, F750 137-62, F1500
144.85. In conclusion, B and F did not reduce morning cortisol levels
but produced significant supression of tetracosactrin response at
low and high doses, with no difference between drugs. Biochemical
parameters of bone formation were not significantly attenuated with
no significant differences between B and F.

Effect of aerosol strong acid on lung function and symptoms
in asthma patients

S WALTERS, JG AYRES, G ARCHER, RM HARRISON Institute of Public
and Environmental Health, University of Birmingham; Chest Research
Institute, Birmingham Heartlands Hospital, Bordesley Green East,
Birmingham The effect of air pollutants was studied in a panel of
50 (21 female) asthmatics (mean inhaled steroid dose 635 jg/day) in
Birmingham, median age 59 years (range 17-85). Mean baseline
FEV, was 1-881, and PEF 316 1/min. Twenty eight were atopic on
skin prick testing. The study took place in February-March and
July-August 1993. Mean daily levels of smoke, sulphur dioxide (SO2),
hydrogen ion (H+), hydrochloric acid (HCR), nitric acid (HNO3),
sulphate (SO4), nitrate (NO3), ammonium (NH4), chloride (Cl), and
ammonia (NH3) were measured with hourly levels of nitrogen dioxide
(NO2), ozone, fine particulates (PM1O), carbon monoxide (CO) and
sulphur dioxide (SO2). Preliminary analysis on group mean PEF and
symptom scores used first order autoregressive models adjusted for
linear trend, temperature and pressure. Median values of H+ were
15-27 nmol/l (winter) and 32-0 nmol/l (summer), with maxima 170-3
and 496 5 nmol/I respectively. Winter log H+ was significantly as-
sociated with noon PEF (13-7 00, p<0 005) and winter log HNO3
(1 0-0075, p<0 02) and HCI (130083, p<0-005) with daytime wheeze.
In summer log NO2 (p0-46, p<O01), smoke (130013, p<0 05), log
HNO3 (30-24, p<0-01), and log SO2 (30.-22, p<0 05) were all sig-
nificantly associated with overall symptom score. Log PM1O and log
SO2 significantly related to daytime wheeze and log SO2, log NO2,
log NO3, log HNO3, and smoke with shortness of breath. In winter,
acid species (but not other pollutants) were significantly associated
with symptoms and PEF. In summer many pollutants related to
symptoms (but not PEF) but the effects were small. Aerosol strong
acid significantly affects the respiratory health of asthmatic patients
in Birmingham although the size of the effect is small. [Supported by
the British Lung Foundation/Fisons Air Pollution Bursary.]
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Effect of exposure to domestic concentrations of nitrogen di-
oxide (NO2) on the airway response to inhaled house dust mite
in asthma

WS TUNNICLIFFE, PS BURGE, JG AYRES Chest Research Institute,
Birmingham Heartlands Hospital, Bordesley Green East,
Birmingham Studies on the effects of NO2 on patients with asthma
have yielded conflicting results, with little effect being seen in chamber
studies but a more consistent association with symptoms being seen
in epidemiological work. This disparity might be explained if NO2
acted as a permissive agent allowing enhanced activity of other
factors. We investigated the effect of one hour exposures to domestic
concentrations of nitrogen dioxide or? the airway response to house
dust mite allergen in 10 patients with mild asthma. Each subject
breathed air, 100 ppb NO2 or 400 ppb NO2 for one hour, in double
blind, random order before immediately undergoing a fixed dose
house dust mite challenge. Baseline FEV, was unaffected by any of
the gas mixtures. The mean (SD) early asthmatic response (maximum
percent change in FEV, after challenge) following air was -14-62
(8 03)%, following 100 ppb NO2 was - 14-41 (7 86)%, and following
400 ppb NO2 was -18-64 (7 28)%. The air to 400 ppb NO2 difference
of -4 01% was significant (95% CI - 1-34% to -6-69%;
0-005<p<0-01). The differences between air and 100ppb NO2 and
100 ppb NO2 and 400 ppb NO2 were not significant. The mean (SD)
late asthmatic response (maximum percent change in FEV,) after
challenge following air was - 2-85 (3 95)%, following 100 ppb NO2
was - 776 (6 92)%, and following 400 ppb NO2 was -8-13 (6 64)%.
The difference in means between the air and 400 ppb NO2 exposures
of -5-28 was significant (95% CI -0 73% to -9-83%;
0O02<p<005). The differences for air and 100 ppb NO2 and 100 ppb
NO2 and 400 ppb NO2 were not significant. These results indicate
that nitrogen dioxide, at concentrations encountered in the home
environment, can potentiate the specific airway response of mild
asthmatics to inhaled house dust mite allergen.

Asthma and damp housing

IJ WILLIAMSON, Cj MARTIN, G MCGILL, RDH MONIE, AG FENNERTY
Department Respiratory Medicine, Southern General Hospital NHS Tnrst,
Glasgow We have recently reported that asthmatic patients attending
our chest clinic were more likely than a group of matched controls
to have areas of dampness detected in their homes (p<0.0004) and
that there was a significant trend for the more severe grades of
dampness to be found in the homes of asthmatic patients (p<0-001).
The same study was also designed to investigate the influence of
dampness in the home on asthma severity and thest results are
detailed below. 104 asthmatic patients aged 5-44 years attending
the chest clinic were studied. All completed an interview based
questionnaire to ascertain the severity of their symptoms, frequency
of use of relief inhaler, daily dose of inhaled steroid, use of oral
prednisolone and number of days in the last year spent indoors or off
work with asthma related symptoms. 89 agreed to have their home
surveyed by an independent surveyor who used an electronic moisture
meter to obtain dampness measurements from every room in the
dwelling. Only 30 (34%) had no evidence of damp in the home. 84
patients also had simple spirometry performed. The 54 patients living
in a home with evidence of damp had a significantly lower mean
FEV, and FEV,/FVC ratio than the 30 patients in dry dwellings:
mean FEVI (% predicted) 77% v 87%, p<005 and mean FEV,/FVC
ratio 73% v 80%, p<0 02 (Student's t test). The mean spirometry
values of smokers did not differ significantly from non-smokers.
Patient smoking status is therefore unlikely to account for this ob-
servation. Using the other parameters of asthma severity, similar
trends for the more severe asthmatic to live in a home with evidence
of damp were observed, but none attained statistical significance.
This may represent either too small a study group or selection bias
with an under-representation of patients with mild asthma. The results
of this study confirm that dampness in the home is associated with
asthma and that it may influence asthma severity. [Funded by The
Chest, Heart and Stroke Association Scotland.]

Use of mechanical ventilation in British domestic dweUings
and mite control

AM FLETCHER, CAC PICKERING,J SIMPSON, LA OLDHAM, AA WOODCOCK,
J KENNAUGH, J HEPWORTH North West Lung Centre, V@thenshawe
Hospital, South Manchester; Department of Environmental Biology, Uni-
versity of Manchester A Danish study has demonstrated that mech-
anical ventilation with heat recovery (MVHR) is effective in reducing
indoor humidity and consequently lowered the house dust mite
population (Harving et al. Allergy 1988;9:283). An improvement of the

MVHR system is the heat pump ventilation unit (HPVU) which
incorporates a heat pump in addition to the heat exchanger. A pilot
study was performed in order to evaluate the performance of HPVU,
under British climatic conditions, in domestic dwellings. The HPVU
was installed in nine houses. Architecturally matched controls were
selected from neighbouring houses. Using a medivac vacuum cleaner,
dust samples were taken from the mattress, bedroom carpet and living
room carpet areas of each study house. Mite counts, Der p I antigen
levels (Elisa, ALK Laboratories) and humidity recordings were per-
formed at three monthly intervals over a one year period at each study
house. The mean (SD) levels of relative humidity were lower over
the winter period in the active houses (54(7-8)%) than in the control
houses (63(8 6)%). A small, but non-statistically significant, reduction
in mite counts over this sample period was demonstrated in the active
houses in all sampled areas. Within the control houses mite counts
remained similar in the bedroom and living room carpet areas, with
a slight increase of mite numbers in the mattress over the winter
period. However, no change in the exposure levels of Der p I antigen
in either study group was found. There is evidence of a marginal
reduction of the house dust mite population in homes using this type
of ventilation system. However, under climatic conditions and type
of housing in the north west of England, a further reduction of indoor
humidity would be required to reduce mite populations to a degree
which is likely to be clinically significant.

Respiratory muscle activity in obstructive sleep apnoea

JES WHITE, MJ DRINNAN, AJ SMITHSON, CJ GRIFFITHS, GJ GIBSON
Departments of Respiratory Medicine and Medical Physics, Freeman
Hospital, Newcastle upon Tyne Previous studies have suggested that
differential activity, timing or fatigue of the inspiratory "pump" and
pharyngeal dilator muscles contribute to the onset or termination of
obstructive apnoea. We have investigated inspiratory muscle activity
in six men, mean (SD) age 60 (10) years and BMI 37 (27) kg/m2
with OSA (apnoea/hypopnoea index 65 (13) per hour). The relative
magnitude and timing of surface EMG of the diaphragm, parastemal
intercostal and upper airway muscles were examined in eight re-
spiratory efforts before, during and after apnoea in a mean (SD) total
of 41 (16) apnoeas in each subject. Phasic EMG activity decreased
during apnoea, with a marked increase associated with airway opening.
There were no significant differences in degree of suppression of the
three muscle groups during apnoea. In the first two breaths after
apnoea mean peak EMG of upper airway muscles increased by 234%
and 186% respectively compared with the average activity in the
preceding two occluded efforts (both p<0-001). Similarly intercostal
EMG increased by 177% and 153% respectively (both p<005) and
diaphragmatic EMG by 182% and 196% respectively (p<0005). We
confirmed the previous finding that the upper airway muscles were
activated relatively earlier than the two muscles in the breaths after
airway opening: comparison of the second post apnoea breath with
the last two occluded breaths showed intercostal lagging behind upper
airway activity by mean (SD) 194 (119) ms more and diaphragm
lagging by 208 (63) ms. We conclude that the arousal associated with
deocclusion results in relatively earlier activation of upper airway than
'pump" muscles but no differential effect on peak activity.

Altered diastolic filling in obstructive sleep apnoea

S GUPTA, JPM FORAN, J CORRIGAN, S GAUGHAN, MJ MONAGHAN, R
WRAY, AJ DYSON Department of Thoracic Medicine, Conquest Hospital,
Hastings; Cardiac Unit, King's College Hospital, London Patients with
obstructive sleep apnoea (OSA) have an increased risk of car-
diovascular disease. Limited information is available on diastolic
function in OSA patients without symptomatic cardiac disease. Echo
Doppler examination was performed in 10 men with OSA (mean
>4% Sao2 dip rate 16/hour) and 10 healthy male controls (>4% Sao2
dip rate <5/hour), matched for age, body mass index (BMI) and blood
pressure (BP). All patients had normal 12-lead electrocardiograms and
negative treadmill tests. Pulsed Doppler mitral inflow was recorded
and measurements were made of peak late (A) velocity, peak early/
late (E/A) ratio, deceleration time (DT), and velocity time integral
of the E/A ratio (VTI-E/A). Left ventricular mass (LVm) and fractional
shortening (FS) were determined from M mode recordings (table). All
measurements were blinded to the clinical status of the patient and
were averaged over three cardiac cycles. Patients with OSA and
with normal left ventricular systolic function appear to demonstrate
increased atrial contribution to left ventricular filling when compared
to matched controls.This previously unrecognised finding may reflect
changes in diastolic function which contribute to the increased car-

diovascular risk associated with this group.
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OSA group Controls p

Age (years) 53 (7) 50 (5) NS
BMI 29 (2) 27 (3) NS
BP (mm Hg) 135 (8) 132 (9) NS
A (cm/s) 62 (9) 48 (4) <0 005
E/A 0 9 (0 2) 1-2 (0 2) <0 005
VTI-E/A 1-4 (0-4) 19 (0-3) <0-005
DT (ms) 148 (50) 184 (39) NS
LVm (g) 209 (32) 202 (69) NS
FC (%) 35 (4) 34 (4) NS

Nocturnal nasal positive pressure ventilation with sup-
plemental oxygen therapy compared with oxygen therapy alone
in stable hypercapnic COPD: a randomised controlled study
of effects on sleep and overnight blood gases

DJ MEECHAM JONES, EA PAUL, JA WEDZICHA Department of Thoracic
Medicine, The London Chest Hospital, London Nocturnal nasal positive
pressure ventilation has been proposed as a treatment for chronic
respiratory failure due to COPD; however the effect of the addition
of nasal ventilation to established LTOT has not been determined.
We report the effect on sleep and overnight blood gases of the addition
of nasal pressure support ventilation (NPSV) to domiciliary oxygen
therapy compared with that of oxygen alone in a group of 18
patients (15 M, 3 F, median age 69 years (range 43-74)) with
stable hypercapnic COPD (mean (SD) Pao2 5 99 (0 70) kPa, Paco2
7-36 (0 38) kPa, FEV, 0-81 (0 30) 1, FVC 2-12 (0 60) 1). Fourteen
of the 18 patients completed the study. A four week run-in period
(on usual therapy) was followed by consecutive three month periods
of (a) oxygen therapy alone and (b) oxygen therapy plus nasal
pressure support ventilation (NPSV) in randomised order. Nocturnal
NPSV was delivered using the BiPAP ventilator in spontaneous
mode. LTOT was continued throughout the study. Polysomnography
was performed during run-in (on air) and at the end of each study
period. Following NPSV there were significant improvements in
daytime blood gases; mean Pao2 rose from 6-03 (0 76) kPa (run-
in) to 6-69 (097) kPa (02+NPSV) (p=0-0001) and Paco2 fell
from 7-44 (0 48) kPa (run-in) to 7 03 (0 63) kPa (02+NPSV)
(p=0-001). For NPSV+02 there were significant improvements
in median total sleep time (TST), sleep efficiency and overnight
blood gases: TST °2 +NPSV 321 min, 02 alone 267 min
(p=0-001), run-in (air) 225 min (p=00001). Sleep efficiency:
NPSV+02 80%, 02 alone 71-5% (p=0-01), run-in 55% (p=
0-0001). Mean overnight Sao2: 02+NPSV 94 5%, 02 alone 94-1%
(NS), run-in (air) 83-7% (p=0-0001). Mean Ptco2 during sleep:
NPSV 6-89 (0 66) kPa, 02 alone 8-28 (1-06) kPa (p=0-001), run-
in 7-31 (0 43) kPa (p=0-10). There were fewer hypopneic events
on NPSV compared with 02 alone (p = 0 02) and run-in (p = 0 02).
In this group of patients with clinically stable hypercapnic respiratory
failure due to COPD, the addition of NPSV to LTOT produced
significant improvements in overnight blood gases, ventilation and
sleep quality. Patients with significant sleep disruption may be
suitable candidates for domiciliary NIPPV. [Supported by The
British Lung Foundation.]

Long term follow up of 180 patients receiving domiciliary nasal
positive pressure ventilation (NPPV)

MW ELLIOTT, N POTTER, AK SIMONDS The Royal Brompton Hospital,
London We report data on 180 patients receiving domiciliary NPPV
initiated at this hospital. Patients were classified according to primary
diagnosis and the numbers in each group, mean (SD) age, Pao2,
Paco2, and spirometry at the start ofNPPV were: (a) extrapulmonary
restrictive disorders: early onset scoliosis (n=47, 49-2 (12-2) years,
6-6 (1-6) kPa, 8-1 (1-4) kPa, FVC 0-82 (0 37) 1); previous polio (n=
30, 51 (10-6) years, 7-1 (1-4) kPa, 7 9 (1) kPa, FVC 1 1 (0 4) 1);
previous TB (n=20, 61 (8A4) years, 6 (1-2) kPa, 8-4 (1-5) kPa, FVC
1-2 (0-6) 1); neuromuscular disorders (n=29, 36 (14-4) years, 7-5
(1-8) kPa, 8-4 (1-7) kPa, FVC 1-3 (0 7) 1); (b) lung disease: COPD
(n=33, 57-4 (8A4) years, 6-1 (0 8) kPa, 8-3 (1-8) kPa, FEV, 0-58
(0 3) 1); bronchiectasis (n= 13, 41 (14-4) years, 5-6 (1-7) kPa, 9-1
(1-7) kPa, FEV, 0-48 (0-16) 1); and a miscellaneous group (n=7, 36
(9 9) years, 7-1 (2) kPa, 8-6 (1) kPa, FVC 1-74 (1-5) 1). The median
(range) duration ofNPPV and the five year actuarial probability (95%
CI) of continuing NPPV was: early onset scoliosis (3-2 years (0- 1 to
6 9), 79% (66 to 92), previous polio (4-3 years (0-6 to 6-4), 100%,
previous TB (2-1 years (0-1 to 7), 94% (83 to 100), neuromuscular
disorders (2-8 years (0 3 to 5 9), 81% (61 to 100), COPD (1-6 years
(0.1 to 6 3), 58% (38 to 78), bronchiectasis (0-7 years (0-1 to 2-3),

miscellaneous (1-6 years (0-2 to 4 8). Most deaths occurred in patients
with progressive lung or neurological disease and those in the ex-
trapulmonary restrictive group were usually the consequence of co-
existent disease. After one year Pao2 compared with baseline was
+ 1 9 (1 9) kPa, p<0O0001 and Paco2 - 1-8 (1-7) kPa, p<00001 in
group (a) patients and Pao2 +0 9 (1-3) kPa, p=0-01 and Paco2
-1-0 (1-1) kPa, p<O-001 in group (b). NPPV was well tolerated by
most patients and is an effective treatment for respiratory failure
because of neuromuscular and skeletal disorders and in some patients
with COPD. The outcome in patients with bronchiectasis is dis-
appointing.

Respiratory tract infection with Pseudomonas aeruginosa in
late HIV disease

NJ ALI, RF MILLER Department of Medicine, UCLMS, London In a
retrospective survey we identified 36 HIV positive patients (34 men)
admitted to an HIV unit with Pseudomonas aeruginosa respiratory
infection over a four year period between 1989 and 1993. All had
advanced HIV disease (35 had AIDS) and a median CD4 count of
50 (range 0 to 200). There were two distinct patterns of presentation:
(a) eight patients had fulminant infection with a sepsis syndrome, in
four infection was nosocomial. Most had other recognised risk factors
for Ps aeruginosa infection; neutropenia (2), Hickman line (3), and
corticosteroid treatment (2); (b) 28 had an indolent presentation with
cough, sputum and fever starting days or weeks before admission.
Ten of these had one or more further episodes of Ps aeruginosa

Clinical Nosocomial Neutropenia Sinus Median
presentation infection (<1 5 x 10') disease survival

(months)

Fulminant (n=8) 4 5 1 0
Single (n= 18) 7 2 6 7
Recurrent (n 10) 2 5 7 8

infection, despite apparently adequate treatment of the initial episode.
The majority of those with recurrent infection had community ac-
quired infection, and were similar to the patients reported by Baron
and Hollander (Am Rev Respir Dis 1993;148:992-6). Seven of our
patients with recurrent infection had symptomatic sinus disease. We
conclude that Ps aeruginosa is an important pathogen in HIV positive
patients and that sinus disease appears to be an important factor in
those patients with recurrent infection.

Do the medical requirements differ for adult cystic fibrosis
patients infected with Pseudomonas cepacia?

ME DODD, AJ MOORCROFT, AK WEBB Adult Cystic Fibrosis Unit, Wyth-
enshawe Hospital, Manchester The purpose of this study was to
determine if patients infected with Pseudomonas cepacia (PC) require
more medical treatment than non-infected (NPC) patients. The
records of 160 patients attending the unit were reviewed for the
requirement of intravenous antibiotic therapy (IV), in hospital and at
home, during a 12 month period in 1992-3. Airways disease severity
(FEV,% predicted) was determined for each group. For those patients
requiring hospital treatment data were collected for FEV,, Pao2 and
Paco2 at time of admission, the number and length of IV courses,
and a change in IV antibiotics during a course of treatment. Also,
the use of additional medication: oral antipseudomonal, anti-
staphylococcal, prednisolone, slow release oral and inhaled bron-
chodilators, and IV aminophylline were recorded. The results showed
that 31/37 patients with PC required IV treatment compared with
65/123 NPC (p<0001). The number of patients receiving hospital,
home or a combination ofboth modes ofIV therapies for PC compared
with NPC was 22/31 v 32/65 (p=0-01), 1/31 v 21/65 (p=0-001)
and 8/31 v 12/65 (p=0-05) respectively. There was no significant
difference between the mean FEV, (% pred) of PC and NPC (54-37
and 46-87) treated in hospital, but the NPC treated at home had
significantly milder airways disease (FEV,% pred 68-38 v 46-87 p=
0-02). No differences existed between the two groups treated in
hospital for: number, length and change of IV courses, change in
FEVy, Pao2 and Paco2 at admission, and any additional medication.
In conclusion, a greater proportion of patients infected with PC
require IV therapy and receive the treatment in hospital. The medical
requirements for PC and NPC are the same when treated in hospital.
A less severe group of NPC are treated at home.
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Cystic fibrosis patients survival and resource use: a com-
parative study of heart and lung transplantation and con-
ventional treatment

N CAINE, S TAIT, LD SHARPLES, C DENNIS, TW HIGENBOTTAM, J
WALLWORK Transplant Unit, Papworth Hospital, Cambridge In an
evaluation of heart-lung transplantation (HLT) as a treatment for
patients with end stage cystic fibrosis, comparisons in survival ex-
perience and hospital resource use are made between those receiving
a HLT and those for whom an organ did not become available.
Clinical and health status measurements at the time of acceptance
for HLT showed no differences between the two groups. The survival
analysis includes all cystic fibrosis patients accepted for HLT in the
period June 1985 to June 1993 (n = 113). The resource use analysis
is from a sample of patients accepted during the three year period,
June 1988 to May 1991 (n = 48). Transplant centre resource use data
were obtained for all 48 patients and local centre records were obtained
for 43 of the 48 patients; costing was performed using 1989-90
transplant centre prices. The actuarial probability of survival at one
year from acceptance for HLT was 87% for the HLT group (n = 48,
16 deaths) and 39% for the group receiving conventional therapy
(n = 65, 44 deaths). When included as a time dependent covariate,
transplantation conferred a statistically significant lower risk of death
(RR = 0-42, p = 0 02). The survival rate at one and three years following
HLT was very similar for the cystic fibrosis group (80% and 64%)
and for the non-cystic fibrosis group (77% and 61%). Resource use
data are presented as hospital episodes, bed days, and costs per patient
year survived. Of the 48 patients accepted for HLT during the
three year sample period, 23 received a HLT and 25 remained on
conventional therapy. The HLT group experienced six episodes and
73 bed days at a cost of £21 880 per patient year survived during the
three year study period, compared with four episodes and 72 bed
days at a cost of £17 290 per patient year survived in the conventional
treatment group. In summary, therefore, we have demonstrated a
very similar level of hospital activity between the two groups, with a
£4500 additional cost per patient year survived in the HLT group
during this three year sample period. The HLT group had a sig-
nificantly lower risk of dying than the conventional therapy group
and from previous analyses we know that their health status is greatly
improved after HLT compared with before. We can conclude therefore
that the costs and benefits for the HLT group are measurably greater.

Survival after transplantation ofcystic fibrosis patients infected
with Pseudomonas cepacia

JJ EGAN, K MCNEILL, B BOOKLESS, K GOULD, P CORRIS, T HIGGENBOTTAM,
A WOODCOCK Wythenshawe Hospital, Manchester; Freeman Hospital,
Newcastle; Papworth Hospital, Cambridge It has been suggested that
Pseudomonas cepacia (PC) carries high morbidity and mortality fol-
lowing lung transplantation (Snell et al. Chest 1992;103:466-7 1) and
in three UK centres nine of 47 cystic fibrosis (CF) patients currently
awaiting transplantation are infected with PC. Between September
1987 and December 1993 87 CF patients received lung allografts
(60 heart/lung, 27 double lung). We compared the survival following
transplantation between group A (infected with PC preoperatively,
n = 14) and group B (only infected with Ps aeruginosa (PA) pre-
operatively, n = 73). All centres used selective media and biochemical
profiles (API 20NE test kits, bioMerieux UK Ltd) for the identification
of PC. The actuarial survival between the two groups following
transplant was not statistically different (NS, p = 0- 16). Mortality due
to bacterial sepsis was 3/14 (21%) in group A (died at 9, 19, 32 days)
and 8/73 (11%) in group B (died, median 176 days, range 5-1288)
(NS, p = 0 38). Four of nine survivors in group A had PC cultured
from their lung following transplant. Two of the three patients who
died from PC-related sepsis had antibiotic sensitive PC cultured
following transplant. A decision not to transplant CF patients infected
by PC does not seem justified by these data.

Heart/lung or double lung transplant for cystic fibrosislbron-
chiectasis?

JJ EGAN, P KRYSIAK, A ELGAMEL, N YONAN, A RAHMAN, A DEIRANIYIA, KB

CARROLL Wythenshawe Hospital, Manchester Heart-lung transplant
(HLT) and double lung transplant (DLT) operations are alternative
options for treating cystic fibrosis/bronchiectasis (CF/Br), each with
potential advantages and disadvantages. Between March 1991 and
December 1993 nine patients received HLTs (group A) and seven

received DLTs (group B) for CF/Br. We compared (a) the early
operative mortality (rip <100 days); (b) three month % predicted
FEV, body plethysmographic total lung capacity (TLC), and transfer
coefficient (Kco); (c) ischaemic times; (d) the presence or absence

of nerve (vagal/phrenic/recurrent laryngeal) injury between groups A
and B. All patients were free of pulmonary infection/rejection at
lung function assessment. In group A there were three early deaths
compared with no deaths in group B (p=0-21). There was no
significant difference between the % predicted FEV, (mean 65, range
34-85), % predicted TLC (mean 79, range 59-103) and % predicted
Kco (mean 90, range 66-116) between the two groups. The ischaemic
times were significantly shorter in group A (mean 236 min, range
165-353) than group B (mean 327 min, range 258-350) p=0-0115.
Four patients in group A had nerve injury compared with none in
group B (p = 0-088). Despite longer ischaemic times in DLT patients
three month pulmonary function studies are comparable with HLT
patients. HLT patients appear to have higher morbidity/mortality
than those who undergo DLT.

Dose ranging study to evaluate the effects of salbutamol on
exercise induced P2 adrenoceptor responses in normal subjects

A GROVE, LC MCFARLANE, BJ LIPWORTH Department of Clinical Phar-
macology, Ninewells Hospital and Medical School, Dundee The primary
aim ofthis study was to investigate the effects of a 12 agonist salbutamol
on exercise induced hyperkalaemia. Eight normal, male volunteers
underwent standardised three minute step tests on five occasions,
two hours after ingesting placebo (PL), oral salbutamol 2 mg, 4 mg
or 8 mg (S2, S4 or S8) or propranolol 80 mg (PR). Serum potassium
(K) and lymphocyte 02 adrenoceptor binding density were measured
immediately before and after exercise. PR significantly reduced ex-
ercise heart rate, consistent with 1,3 blockade (mean): 125 beats/min
v PL 168 beats/min (95% CI for difference: 25 to 61), whilst
salbutamol had no effect. Resting K+ was significantly reduced by S4
and S8 compared with PL, indicating 02 agonism. PR significantly
potentiated the rise in K+ following exercise (mean): 0-89 mmol/l v
PL: 0-29 mmol/l (95% CI 0 02 to 1-27 mmol/l). In contrast to its 12
agonist effects on resting K, salbutamol significantly potentiated the
rise in K with exercise in dose related fashion, consistent with 12
blockade, and this was significant at S8 (mean): 0-62 mmol/l v PL
(95% CI 0-14 to 1 11 mmol/l). Exercise was associated with a sig-
nificant increase in lymphocyte 12 adrenoceptor binding density al-
though this increase was not affected by salbutamol. Thus, whilst
salbutamol acts as a 12 agonist in a state of low endogenous adrenergic
tone, at rest, in the presence of increased tone, on exercise, it acts as
a 12 antagonist. This behaviour as a partial 12 agonist/antagonist may
be of clinical significance in states of increased adrenergic tone, as
for example in acute asthma.

Human pulmonary ,l adrenergic receptors are down regulated
by two weeks of P agonist therapy
M HAYES, F QING, CG RHODES, PW IND, T JONES, JMB
HUGHES Department of Medicine, Royal Postgraduate Medical School
andMRC Clinical Sciences Centre, Hammersmith Hospital, London We
studied the effect of 13 agonist drugs on human pulmonary P adrenergic
receptors (PAR). The receptors were imaged using positron emission
tomography (PET) and the ligand S-[`C]-CGP12177. The maximum
binding capacity (Bmax) of pulmonary PAR was calculated using a
modification of the method of Delforge et al (i Nucl Med 199 1;32:
739-48). Bmax of 15 normal subjects was 10-8 (1-4) pmol/g. Eight
subjects had PET scans before and after treament for two weeks with
salbutamol. After the first scan subjects received salbutamol 4 mg bd
orally and 200 jg qds inhaled, increasing in the second week to 8mg
bd and 400 gg qds. The second scan was done at least 16 hours after
stopping treatment. Mean Bmax in the group before treatment was

10-8 (1-9) pmol/g. All subjects had a fall in Bmax with the mean fall
being 22%. The mean Bmax after treatment was 8-2 (1-4) pmol/g
which was significantly less than before treatment (p<0 01). Six of
these subjects had measurements of specific airway conductance
(sGaw) in response to increasing doses (25-400 jg) of inhaled sal-
butamol before and after the two weeks of salbutamol therapy. To
allow for differences in baseline before and after treatment response
was expressed as a percentage of maximum possible bronchodilation
(R Pauwels et al. J Allergy Clin Immunol 1988;81:674-80). No differ-
ence was found between the bronchodilator response before and after
treatment. We conclude that two weeks of oral and inhaled salbutamol
significantly reduces human pulmonary PAR and Bmax but that this
was not associated with tachyphylaxis to the acute bronchodilator
effects of salbutamol. [Supported by grants from the British Lung
Foundation and Allen and Hanburys.]
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Exhaled nitric oxide: effects of capsaicin in healthy humans
and salbutamol in asthmatics

S ROE, T HATHAWAY, E DEMONCHEAUX, TW HIGENBOTTAM, R
LOWRY Department of Respiratory Medicine, Addenbrooke's Hospital,
Cambridge Nitric oxide (NO) is present in the exhaled breath of
animals and humans (Borland and Higenbottam, Thorax 1993;48:
1160). The source of exhaled NO in the isolated lung is the pulmonary
vascular endothelium (Cremona et al. J Physiol 1993;47:123P). How-
ever, non-adrenergic non-cholinergic (NANC) nerves, macrophages
and epithelial cells may also produce quantities of NO. Indeed nasal
sites are an important source of exhaled NO in humans. To determine
the possible source of exhaled NO we have studied the effects of
inhaling capsaicin, a potent stimulator of non-myelinated and mye-
linated airway nerves and potentially bronchodilating NANC nerves
(Hathaway et al. Am Rev Respir Dis 1993;148:1233) and also a 2
adrenergic agonist known to increase bronchial mucosal blood flow.
Inhalation of ultrasonically nebulised capsaicin at 6 ,uM for five min-
utes did not increase exhaled NO in six healthy volunteers, despite
causing coughing and discomfort. There were no changes in the levels
ofexpired NO in seven asthmatic patients after inhalation ofnebulised
salbutamol (2-5 mg Ventolin), despite the bronchodilator effect (in-
creased FEVI) and evidence of the drug reaching the systemic cir-
culation (increased heart rate) (table). Results are shown as means

FEV,(7) Heart rate (bpm) Expired NO
(nmolll)

Baseline 3-2 (0 6) 70 4 (4 6) 6-5 (1 1)
After salbutamol 3-4 (0 6) 84-6 (3 4) 6-4 (0 7)

(SE). Asthmatics exhale nitric oxide at a greater rate than healthy
volunteers. The lack of effect of capsaicin reduces the likelihood that
the airway nerves are a source of exhaled NO. The lack of effect of
salbutamol suggests that NO levels in asthma are not due to alterations
in airway function, ventilation and perfusion matching, or bronchial
blood flow.

Chemical mutational analysis of the human glucocorticoid
receptor cDNA in glucocorticoid-resistant bronchial asthma

SJ LANE, JP ARM, DZ STAYNOV, TH LEE Department ofAllergy and Allied

Respiratory Disorders, UMDS Guy's Hospital, London Corticosteroid
resistant (CR) asthma is not caused by altered bioavailability of the
administered drug, by altered ligand binding characteristics, or by
altered nuclear translocation of the activated human glucocorticoid
receptor (hGR) complex (Lane et al. Lancet 1990;336:1265; Lane
and Lee. Am Rev Respir Dis 1991;143:1020-4). We have tested the
hypothesis that CR asthma results from a consistent polymorphism
in the functionally diverse hGR cDNA using the sensitive screening
technique of PCR amplification and chemical mutational analysis
(Cotton etal. Proc NadAcad Sci USA 1988;85:4397-40 1). Total RNA
was extracted from peripheral blood monocytes (PBM) derived from
six corticosteroid sensitive (CS) and six CR asthmatic subjects. Patient
RNA was reversed transcribed and overlapping fragments encoding
the entire translated region of the hGR cDNA were amplified by
nested PCR. Double stranded hGR cDNA fragments were hybridized
to corresponding 32P-5'-labelled wild type fragments, chemically mod-
ified with osmium and hydroxylamine and cleaved with piperidine.
The resultant cleaved strands were detected by autoradiography. As
controls, single base pair mutated hGR cDNA fragments sensitive
to hydroxylamine and osmium modification were used. Using this
technique we did not detect any base pair mismatch between the six
CS and six CR patients and the corresponding wild type hGR, despite
a 100% detection of control mutations. We conclude that the defect
in CR asthma does not lie in the structure of the hGR.

In vivo effects of prednisolone on cellular infiltration and
trafficking on the cutaneous tuberculin response in cortico-
steroid resistant bronchial asthma

AR SOUSA, SJ LANE, BA ATKINSON, RN POSTON, TH LEE Departments of
Allergy and Experimental Pathology, UMDS, Guy' Hospital,
London The classical tuberculin-driven cell-mediated immune re-

sponse was used to investigate in vivo defects in mononuclear cell
function in nine corticosteroid resistant (CR) and six corticosteroid
sensitive (CS) asthmatic subjects who demonstrated sensitivity to
purified protein derivative (PPD) of Mycobacterium tuberculosis. In a
double blind, crossover, placebo controlled study, patients were given
0-6 mg/kg oral prednisolone/placebo on day 0 and a predetermined

intradermal dose of PPD on day 7. On day 9 the size of the induration
was measured and the lesion biopsied for immunohistochemical and
hue-saturation-intensity (HSI) colour image analyses. The procedure
was repeated after a washout period of six weeks, when the alternative
treatment was administered. There was no difference in skin in-
duration between the CS and CR groups during the placebo limb of
the study (p=0 38). In the CS group prednisolone suppressed the
cutaneous induration (p<0O003) whereas in the CR group no sig-
nificant suppression was detected. There was suppression by pred-
nisolone of the number of macrophages (p = 0 018), eosinophils (p =
0 009) and T memory cells (p =0009) in the CS but not the CR
group. There was no significant difference in ICAM-1, VCAM-1 and
ELAM-1 expression between the CS or CR group and there was no
significant suppression by prednisolone on the expression of ICAM-
1, VCAM-1 or ELAM-1 in the epidermis and blood vessels in either
the CS or CR group. These findings suggest an in vivo defect in the
responsiveness of macrophage-T cell interaction to corticosteroids in
CR asthma. The differential suppressive effects of corticosteroids on
cellular recruitment in the PPD response between the CS and CR
individuals is not due to modulation of vascular adhesion molecule
expression.

CyclosporinA (CsA) as a corticosteroid sparingagent in cortico-
steroid dependent asthma

SH LOCK, NC BARNES, AB KAY National Heart and Lung Institute,
London; The London Chest Hospital, London We conducted a double
blind, placebo controlled study of the corticosteroid sparing effect of
CsA in 39 corticosteroid dependent asthmatics, mean baseline dose
of prednisolone 11-3 mg/day (range 5-22 5 mg/day). They were all
taking maximum tolerated inhaled steroids mean 2-1 mg (0 8-4 mg).
After a four week run-in they were randomised to receive 5 mg/kg!
day CsA or matching placebo for 36 weeks. Their prednisolone was
reduced fortnightly by a blinded trial physician. Asthma exacerbations
were managed with an increase in prednisolone as clinically indicated.
Nineteen patients received CsA, but three of these withdrew before
12 weeks of the study (one hirsuitism, one non-asthma-related death,
one requiring high dose prednisolone). In the remaining 16 patients
CsA therapy enabled a significant reduction in prednisolone dosage
(median 62%, 10 to 3-5 mg) as compared with placebo (25%, 10 to
75mg) (median difference 25%, 95% CI 5 to 50%, p=0-043).
Patients taking CsA required less prednisolone for disease ex-
acerbations (median 420mg) as compared with placebo (1176mg,
p = 0 06). CsA therapy was also associated with an increase in morning
PEFR (mean 12%, p=0-0006) whereas placebo therapy was as-
sociated with a non-significant fall. These changes in morning PEFR
were significantly different between the two groups (p=0 026). Cy-
closporin A is an effective corticosteroid sparing agent which also
improves lung function in corticosteroid dependent asthmatics. These
data provide support for the role of the T lymphocyte in asthma
pathogenesis.

Variation in the prevalence and treatment ofasthma in Norfolk

D JARVIS, N WAREHAM, M BADMINTON, B HARRISON, S CHINN, P
BURNEY Department of Public Health Medicine, UMDS; Institute of
Public Health, Cambridge University; Department of Public Health Med-
icine, Norvich Health Authority; Department of Respiratory Medicine,
West Norwvich Hospital In Norfolk, local clinicians and the De-
partment of Public Health Medicine are concerned about local vari-
ations in asthma mortality and hospital admissions for asthma. These
may result from variation in the prevalence of asthma. To examine
this further a postal survey of 18 645 young adults aged 20-44 years
living in one urban area (Norwich City (City)) and three rural areas
(North, South and Central) was conducted. Rural areas were studied
in 1992-3 using an extended version of the European Community
Respiratory Health Survey (ECRHS) questionnaire. Comparable data
collected during the ECRHS study in the City area in 1991 were
used for the City comparison. Subjects with "asthma" were defined
as those who answered positively to "being woken by shortness of
breath in the last 12 months" or "asthma attacks in the last 12
months" or "currently taking medicine for asthma" (ast medn). The
table shows there is variation in the prevalence ofsymptoms suggestive
of current asthma in young adults living in Norfolk which is only
partly explained by variation in the prevalence of smoking. Smokers
with symptoms suggestive of asthma living in South and Central are
more likely to be taking medication for "asthma" than smokers living
in the City and North.
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Prevalence (%/6) (adjusted for age, sex and season of survey)

City North Central South

Lifetime non-smokers:
"asthma" 12-9 185 16-9 20-1
% of those with asthma
taking ast medn 71-4 70 3 71-3 73 1

Smokers and ex-smokers:
"asthma" 21-4 19 4 17-2 19-5
% of those with asthma
taking ast medn 45-2 51-4 61 1 669

Comparison ofthe prevalence and aetiology ofwheezing illness
at age 16 in 1974 and 1986

S LEWIS, B BUTLAND, D STRACHAN, N BUTLER, J BRITTON Respiratory
Medicine Unit, City Hospital, Nottingham; St George's Hospital Medical
School; Social Statistics Research Unit, City University, London The
prevalence of asthma and wheezing illness in adolescents appears

to be increasing. We have compared the parental reporting of the
occurrence of asthma or wheezy bronchitis, hay fever and eczema in
the past year at age 16 in the 1958 and 1970 British birth cohorts (n=
11262 and 9103 respectively). We have also compared the reported
frequency of attacks of wheezing in the past year, and the distributions
of those factors which predict wheezing in either cohort. Multiple
logistic regression was used to assess the extent to which any change
in prevalence ofwheezing illness between the cohorts may be attributed
to changes in the distribution of potential risk factors. The prevalence
of asthma or wheezy bronchitis in the past 12 months at age 16
increased from 3-8% in 1974 to 6-5% in 1986 (prevalence ratio (PR)
1-71, 95% confidence interval 1-51 to 1-94). There was a relatively
greater increase in the proportion of all children having attacks at
least once a week: 0-2% in 1974 to 0-6% in 1986 (PR=3-65, 95%
CI 2 20 to 6 06). There was also a significant increase in the prevalence
of eczema from 3-1% in 1974 to 6-4% in 1986 (PR=2-03, 95% CI
1 78 to 2 32) and hay fever from 12 0% in 1974 to 23 1% in 1986
(PR= 1 92, 95% CI 1-79 to 2 05). The prevalence of asthma in
combination with eczema and/or hay fever increased from 1-6% to
4-3% in 1974 and 1986 respectively, with a relatively greater increase
in the proportion of children with all three atopic diseases, but no

significant increase in the prevalence of wheezing illness alone. The
odds ratio for asthma and/or wheezy bronchitis at age 16 for 1986
compared with 1974, adjusted for sex, maternal age, duration of
breast feeding, parity, birth weight, maternal smoking, and social class
was 1-73, little different from the unadjusted odds ratio (1 76). These
findings suggest an increase in the prevalence and frequency of
wheezing attacks in British teenagers, as part of a general increase in
atopic disorders. This increase in prevalence could not be explained
to any great extent by differences between the two cohorts in maternal
age, parity, smoking during pregnancy, birth weight, breast feeding,
and social class.

Asymptomatic bronchial hyperreactivity, asthma and other
respiratory tract illness in children

A JONES General Practice Research Unit, Swansea The relationshp
between bronchial hyperresponsiveness (BHR) and asthma symptoms

is the subject of debate. Close follow up of patients through lon-
gitudinal studies in primary care could enable the predictive value of
BHR for the development of asthma to be made. A standard free
running asthma screening test (FRAST) was applied to 956 school-
children aged 5-11 years in 1985. Peak expiratory flow (PEFR) was

measured prior to hard running for six minutes and following a three
minute rest period. Children with greater than 15% fall in PEFR
were labelled as having a positive FRAST. Clinical data from the
patients' notes and from symptom questionnaires were compared with
closely matched, age/sex pairs of children known to have asthma,
those with a positive FRAST but no asthma (BHR group) and
"normal" controls, i.e. those with no asthma or BHR. Over the
ensuing six years to 1991 further clinical data were gathered comparing
the devlopment of asthma and other diseases of the airways. Of the
956 children exercised in 1985 60 had an abnormal test who were
not known to have asthma. Of the 55 patients available in 1991, 32
(58%) developed asthma. Hay fever, eczema, otitis media, bronchitis
and family history of atopy all occurred more commonly in this group.
The sensitivity of the tests was 58%, its specificity 97% and positive
predictive value 72%. Asymptomatic BHR as shown by exercise
challenge can predict the development of clinical asthma. This study
has also shown a relationship between BHR, asthma, bronchitis, and
otitis media.

Influence ofserious childhood infection on prevalence ofbron-
chial hyperreactivity in Ireland (European Commission Re-
spiratory Health Survey)

D MACLEOD, S ALLWRIGHT, M MCSWEENEY, J PRICHARD Departments
of Clinical Medicine and Community Health, Trinity College and St
_James' Hospital Dublin, Ireland The aim of this local analysis was to
assess whether adults found to have bronchial hyperreactivity (BHR)
were more likely to report serious respiratory infection in childhood.
We investigated the responses of 377 young Irish adults (aged 20-44
years) questioned during phase 2 of the European Respiratory Health
Survey. This included either methacholine challenge or salbutamol
bronchodilator challenge to determine bronchial reactivity. BHR was
diagnosed if methacholine challenge induced a 20% (or greater) fall
in the FEV, or if a 10% (or greater) fall in the FEV, occurred
following control nebulisation. A 15% increase in the FEV, following
bronchodilator administration was also taken as diagnostic of BHR.
Of the sample 64 (17%) demonstrated BHR; 15 (23 6%) of these
reported having a serious respiratory infection before the age of five
years. Of the 313 subjects who did not show BHR, only seven (11%)
reported serious childhood respiratory infection. This difference was
statistically significant (at 1% level). These results suggest that ex-
posure to serious childhood respiratory infection before the age of five
years may be a significant risk factor in the subsequent development of
bronchial hyperresponsiveness.

Relationship between respiratory symptoms, medical history
and PEF in primary school children

YJ KELLY, BJ BRABIN, P MILLIGAN, MG PEARSON School of Tropical
Medicine and Aintree Chest Centre, Liverpool Previously we reported
a significant 60% increase in prevalence of cough and in absences
from school for respiratory symptoms in children aged 5-11 exposed
to dust pollution. Neither wheeze nor breathlessness was increased.
To find out whether increased cough alone is important, we re-
examined the data on the 1583 children who returned the parent
completed symptom questionnaire and had a peak flow measurement.
Cough was assessed by identifying children with excessive coughing
compared with other children. 1109/1583 (70- 1 %) had no respiratory
symptoms, 141/1583 (8 9%) had cough without wheeze or breath-
lessness (cough alone), 132/1583 (8 3%) had the triad of cough/
wheeze/breathlessness (C+W+B), 4-7% had cough and wheeze,
1 7% cough and breathlessness and 1-5% wheeze and breathlessness.
Children with cough alone were less likely (10% v 83%, p<001) to
have had asthma diagnosed by a doctor compared to those with
C +W + B. Similarly the cough alone group were less likely to have
a history of allergy (13 3% v 47 0%) hospital admissions for respiratory
symptoms (5-7% v 39 0%) or absences from school for more than
six days (25% v 61%) (all p<0 01). For asymptomatic children the
figures are 8 7%, 0 9% and 3 0% respectively. Parental smoking was
not related to symptoms but the presence of damp in the home was
(cough alone 22-5%, C +W+B 31-4% compared with asymptomatic
12-0%). Peak flow was reduced in children with cough alone (220 1/
min compared with asymptomatic children 237 1/min, p<0 01), but
not significantly for those with C +W + B (227 1/min). Children with
C +W+B were more likely to have been premature babies (26% v
13-7% for cough alone and 12-5% for those without symptoms) but
breast feeding was not a factor. The results show that prematurity
may be related to respiratory symptoms later and that excess cough
alone without wheeze and breathlessness is associated with significant
and measurable morbidity.

Association of intrauterine and postnatal growth with vent-
ilatory function in early adult life

DP STRACHAN, JM GRIFFITHS, HR ANDERSON, IDA JOHNSTON Department
of Public Health Sciences, St George's Hospital Medical School, London;
Department of Medicine, Queens' Medical Centre, Nottingham FEV,
and FVC before and after inhalation of 400 gg salbutamol (by dry
powder inhaler) were measured by bellows spirometry on a stratified
sample drawn from a national cohort of young adults followed from
birth (British 1958 cohort). The sample included all cohort members
with a history of wheezing illness documented at intervals from birth
to age 34-35 and a one in five sample of others with complete follow
up data. Birthweight and gestational age had been recorded at birth
and height measured by school medical officers at age 7 years. 1449
subjects were tested at age 34-35 but the analysis was restricted to
1293 subjects with gestation recorded as 37-44 weeks, of whom 1 86
had complete data on birthweight, height at age 7, and father's social
class. FEV, and FVC were adjusted for gender, height at age 34-35,
smoking history, and father's social class by multiple regression. The
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mutually independent effects of birth weight and height at age 7 are
shown in the table as adjusted mean baseline FEV, (ml) for quarters

Birrhweight (kg) n FEV, Height (in) n FEV,

2-0-2-9 249 3586 41-46 246 3593
3 0-3 3 351 3592 47-48 377 3568
3-4-3-6 296 3673 49 222 3702
3-7-4-8 290 3677 50-58 341 3686
Trend p=0 011 p=0-015

of each distribution. Similar trends were found for baseline FVC and
postbronchodilator FEV,. The independent effect of father's social
class was weak and non-significant (p>0 5). These findings suggest
that both prenatal and postnatal growth influence the maximum level
of ventilatory function which is attained in early adult life.

Allergic sensitisation and position in the sibship: a national
study of young British adults

DP STRACHAN, JM GRIFFITHS, HR ANDERSON, IDA JOHNSTON Department
of Public Health Sciences, St George's Hospital Medical School, London;
Department of Medicine, Queens' Medical Centre, Nottingham The
relations between position in the family as a child and allergic sens-
itisation to Dermatophagoides pteronyssinus (D pt), mixed grass pollen,
and cat fur (assessed by skin prick tests) were investigated in a
stratified sample of a national cohort of young adults followed from
birth (British 1958 cohort). A strong inverse association of hay fever
with number of older siblings has previously been reported in this
cohort (Strachan. BMJ 1989;299:1259-60). The sample included all
cohort members with a history of wheezing illness to age 34-35 and
a one in five sample of others. 1449 subjects were tested and skin
prick and sibship data were available for 1339 (92%). The relationship
of number of older siblings to the prevalence of skin prick reactivity
to each allergen is shown in the table. The trends were not substantially
altered by adjustment for total sibship size, social class in childhood

Older siblings Trend

0 1 2 3+

% with weal > histamine (1:999) weal
Grass 33 26 16 16 p<00001
D pt 26 22 20 14 p=0 005
Cat 14 12 10 4 p=0-004

Number tested 579 470 198 92

or adulthood, or wheezing illness group. These results confirm that
the association of hay fever with number of older siblings in this
cohort is not an artifact of differential symptom reporting, and suggest
that position in the sibship influences allergic sensitisation to a number
of common aeroallergens. These findings are consistent with the
hypothesis that early exposure to infection from older siblings may
protect against the development of allergic sensitisation.

Health effects of an episode of nitrogen dioxide air pollution
in London, December 1991

HR ANDERSON, ES LIMB, JM BLAND, J BOWER, A PONCE DE LEON, DP
STRACHAN Department of Public Health Sciences, St George's Hospital
Medical School, London; Warren Spring Laboratories, Stevenage In
December 1991 hourly average levels ofNO2 in London reached 423
ppb (WHO guideline 210ppb). There was no increase in SO2, but
black smoke samplers registered levels of up to 228 pg/m3 (daily
average). The numbers of health events occurring in London during
the week of the episode were compared with those predicted using
data from the week before the episode and from the equivalent periods
from the previous four years. The relative risks (episode week v

RR (95% CI)

Mortality
All causes, all ages 1 10 (1 02 to 1 19)
All respiratory, all ages 1-22 (0 98 to 1-51)
COPD+asthma, all ages 1 23 (0 90 to 1-68)
Cardiovascular, all ages 1 14 (101 to 1-28)

Hospital admissions
All respiratory, all ages 1-04 (0-96 to 1-13)
COPD+asthma, all ages 1-14 (1-00 to 1-30)
Ischaemic heart disease 1 04 (0 90 to 1-21)

GP consultations
All lower respiratory, all ages 1 04 (0 98 to 1-12)
All upper respiratory, all ages 1 10 (1 03 to 1-19)
Asthma, all ages 1-14 (0-98 to 1-34)
Cardiovascular, all ages 0.91 (0 78 to 1-05)

predicted) are shown in the table. When compared with the rest of
the south east, and with England as a whole (which had similar cold
weather, but did not have elevated NO2), a relative excess in mortality
and admissions remained but was not significant. The results suggest
that an increase in mortality and morbidity occurred in the episode
week. This is consistent with an effect of air pollution but, if so, the
relative roles of NO2 and smoke are unclear.

Dietary magnesium intake, lung function, wheezing, and air-
way hyperreactivity in a random adult population sample

J BRITTON, I PAVORD, K RICHARDS, A WISNIEWSKI, A KNOX, S LEWIS, AE
TATTERSFIELD, S WEISS Division of Respiratory Medicine, City Hospital,
Nottingham; Channing Laboratory, Harvard Medical School, Boston,
USA Magnesium is involved in a wide range of biological activities,
including some which may protect against the development of asthma
and chronic airflow obstruction. Since magnesium is obtained entirely
from the diet, and intake of magnesium varies substantially in the
general population, we have tested the hypothesis that a high dietary
magnesium intake is associated with higher lung infection, and with
a reduced risk of airway hyperreactivity and self-reported wheezing
in the general population. In a random sample of 2633 adults aged
18-70 we measured dietary magnesium intake by semiquantitative
food frequency questionnaire, lung function as the forced expiratory
volume in one second (FEVI), atopy as the mean skin prick test
response to three common environmental allergens, and obtained
information on self-reported wheezing within the past 12 months and
cigarette smoking history by questionnaire. We measured airway
reactivity to methacholine, defining hyperreactivity as a 20% fall in
FEV, after a cumulative dose of 12-25 pmol or less, in 2415 in-
dividuals. Mean (SD) daily intake of magnesium was 380 (114) mg/
day. After adjusting for age, sex and height, and for the effects of
atopy and smoking, a 100 mg/day higher magnesium intake was
associated with a 27-7 (95% CI 119 to 43 5) ml higher FEVI, a
reduction in the relative odds of hyperreactivity, adjusted for con-
founding by age, atopy and resting FEV, by a ratio of 0-87 (95% CI
0-76 to 0 99), and a reduction in the odds of self-reported wheeze
within the past 12 months, adjusted for age, sex, smoking and atopy
and total kilocalorie intake, by a ratio of 0-85 (0-76 to 0 95). We
conclude that dietary magnesium intake is independently related to
lung function and the occurrence of airway hyperreactivity and self-
reported wheezing in the general population. Low magnesium intake
may therefore be involved in the aetiology of asthma and chronic
obstructive airways disease.

Dietary intake of vitamins C and E and lung function in older
people

L DOW, MTA VILLAR, D COGGON, M CAMPBELL, B MARGETTS, ST
HOLGATE Care of the Elderly, Bristol University; Immunopharmacology,
MRC Environmental Epidemiology Unit, Medical Statistics, Public Health,
Southampton University Antioxidants such as vitamin E have an
important role in neutralisation of reactive oxidants released from
neutrophils and macrophages within the lung. Quantitative and qual-
itative changes in antioxidants within the lung may increase the risk
of development of airways obstruction and parenchymal damage
particularly ifindividuals smoke. We have investigated the relationship
between indirect measurements of dietary intake of vitamins C and
E and lung function in a group of elderly subjects originally selected
from a population sample. Between 1987 and 1988 324 subjects aged
65 years and over had their lung function measured as part of a
population survey of airways disease in the the elderly. Between 1991
and 1992 212 out of this original sample were re-examined. At the
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second survey in addition to spirometry subjects completed respiratory
and detailed food frequency questionnaires (FQ,FFQ). FEV, and
FVC values were normalised (nFEV, nFVC) e.g. FEV, score =
observed FEV, *(170)2 + a(Age-75) + b(Sex-1) where a=age
regression coefficient, b = sex regression coefficient. The FFQ provides
reasonable valid estimates of dietary intakes covering up to 90% of
most nutrients. Multiple regression was used to examine the effects
of current and ex-smoking (CS, EX-S), total calorie intake, intake of

nFEV, nFVC

beta p beta p

CS -0 33 0 04 -0-65 0 31
Ex-S -016 014 -010 0-39
Vitamin C intake 0 00 0-60 0 00 0-25
Vitamin E intake 0 04 0 01 0 06 0-002
Total calorie intake 0 00 0-78 -0 00 0-61
CS x Vitamin E intake 0.01 0-84 0 03 0 70

vitamins C and E on lung function. The results shown in the table
suggest an association between dietary intake of vitamin E and lung
function in the elderly.

Prevalence of ever-smoking in young Irish adults: variation
with rural or inner city dwelling (European Commuission Re-
spiratory Health Survey)

D MACLEOD, S ALLWRIGHT, M MCSWEENEY, J PRICHARD Departments
of Clinical Medicine and Community Health, Trinity College and St
J7ames' Hospital, Dublin, Ireland This local analysis compared the
smoking habits in young Irish adults aged 20-44 years living in inner
city and rural locations. The sample comprised the 444 random
sample questionnaire responses for the ECRHS Dublin phase 2 survey
(inner city subjects) and the 1689 responders to the modified screening
questionnaire administered randomly in phase 1 of the survey to the
rural Kilkenny-Wexford sample base. Ever-smoking was defined either
as a positive response to: "Have you ever smoked one or more

cigarrettes?" or, for phase 2 subjects, "Have you every smoked for as

long as a year?" The following age-stratified results are shown in the

Dublin KilkennylWexford

M F M F

Age <29 46-6 50-6 46-7 37-3
Age 29-36 68-8 61-3 51 5 47-8
Age 37+ 76-4 70 4 58-1 39-3

table. Smoking in all ages except for men <29 years was greater in
the urban population. Division of ever-smokers into active and past
smokers revealed that, for the three age strata respectively, 66%, 57%
and 78% of Dublin women now smoke actively compared with only
32%, 36% and 28% from the rural sample. For men, 58%, 59% and
55% of Dublin ever-smokers smoke actively compared with 42%,
38% and 34% of the rural sample. Smoking is therefore more prevalent
in the urban population and once started is more likely to continue.

Chronic bronchitis in textile workers in Lancashire

R MCL NIVEN, AM FLETCHER, CAC PICKERING, D FISHWICK, CJ WAR-

BURTON, JCG SIMPSON, LA OLDHAM, HC FRANCIS Department of
Occupational and Environmental Medicine, Wythenshawe Hospital,
Manchester Recently attention has been focused on the prevalence
of chronic bronchitis in workers exposed to high levels of dusts. There
is now good evidence of an increased risk of bronchitis in coal miners

and limited evidence in other occupational groups, notably steel and

foundry workers. We have reviewed the data from the first three years
of a five year longitudinal study of textile workers in the North West

of England. Workers in cotton and man-made fibre (MMF) textile

mills have been investigated with an MRC adapted respiratory ques-
tionnaire and lung function assessment. Levels of current dust ex-

posure were measured and estimates of cumulative exposure to dust

have been calculated. The overall incidence of MRC defined bron-

chitis was 7-15% in cotton workers and 4-25% in man-made fibre

workers. In analysis of those workers over 45 years of age (the high
risk group for bronchitis avoiding the confounding effects of ethnic
group and minimising the effect of age), odds ratio for developing
chronic bronchitis in smoking groups were MMF: non-smokers, 1;
ex-smokers, 3; smokers, 4 9 and cotton: non-smokers, 5-3; ex-

smokers, 8-0; and smokers, 9.3. The effect of working in a cotton

environment in Caucasian non-smokers over the age of 45 was
therefore at least as important as lifetime smoking in control workers.
A case control study of cases of chronic bronchitis matched for age
(± 3 years), sex, ethnic group and smoking habit to two non-bronchitic
cotton workers identified that the development of symptomatic bron-
chitis was associated with a reduced lung function (FEV,: cases 81 *5%
pred, controls 86-7%, p<005; FVC: cases 89-9%, controls 94-6%,
p<005). Cases of chronic bronchitis also had a higher lifetime
exposure to cotton dust 15-7 (95% CI 14 to 17-4) mg.years compared
with controls 13-8 (12-7 to 14-9). We conclude that chronic bronchitis,
with associated loss of lung function, is related to the working en-
vironment in Lancashire cotton mills.

Exposure of grain handlers to dust and endotoxin and their
respiratory health

JCG SIMPSON, R MCL NIVEN, CAC PICKERING, LA OLDHAM, AM FLETCHER,
HC FRANCIS The North West Lung Centre, Wythenshawe Hospital,
Manchester Grain handlers are exposed to a range of potentially
hazardous substances with respect to their respiratory tract. Endotoxin
has been identified as one such agent. We investigated 69 workers in
three different sites involved with handling grain. An interviewer-
administered, MRC-adapted questionnaire identified the following
work-related symptoms: chest tightness 11-6%, chronic bronchitis
5-8%, shortness of breath 5-8%, persistent cough 4 7%, eye irritation
27 5%, and rhinitis 17-4%. Within the cohort 20-3% experienced one
or more work-related lower respiratory tract symptom; 64 (92-8%)
workers were men, the mean (SD) age was 44-80 (10.36) years and
31-9% were current smokers. Work-related chronic bronchitis was
significantly related to increasing pack years (p = 0 045). Work-related
upper respiratory tract symptoms were significantly more common
(p<0 02) in non-smokers. Increasing years worked in the industry,
independent of age, was significantly associated with one or more
work-related lower respiratory symptom (p<0.05) and particularly
with work-related chest tightness (p<0O02). Personal sampling of dust
and endotoxin exposures was performed. The results were: grain
handling dust, median 3-199 (range 0-001-72-512) mg/m3; endotoxin,
median 210 (range 6-4494) ng/m3. The maximum exposures to both
dust and endotoxin occurred during silo cleaning. No significant
relationship between either present personal dust or endotoxin ex-
posures with respect to upper or lower respiratory symptoms was
shown. A significant positive correlation between collected dust levels
and measured endotoxin was found (r= 0-6467, p<0 001). This survey
reveals lower respiratory tract work-related symptoms associated with
increasing time worked in the industry and high levels of personal
exposures to dust and endotoxin.

Levels of personal dust and endotoxin exposures in workers
exposed to organic dusts

JCG SIMPSON, R MCL NIVEN, CAC PICKERING, LA OLDHAM, AM FLETCHER,
HC FRANCIS The North West Lung Centre, Wfythenshawe Hospital,
Manchester In diseases in workers exposed to organic dusts the
aetiological agent involved is not always known. Recently interest has
focused on the role of inhaled endotoxin. Personal exposures to

inspirable dust and endotoxin in four industries are presented. With
regard to previous studies of endotoxin exposure, interstudy com-

parisons of exposure are invalidated because of non-standardisation
of sampling, extraction, and assay techniques in different centres.

Samples were collected by personal sampling using the IOM sampling
head, a glass fibre filter, and a pump set at 2 1/min. After down
weighing samples were stored in endotoxin free glassware at - 20°C.
Analysis was performed following water extraction using a LAL 5000
machine which, by using a turbidimetric method, gives quantitative
results. The following exposures were found: mushroom cultivation
dust, median 0-449 (range 0-094-4 486) mg/mi3, endotoxin, median
13 (range 2-259) ng/m3; grain handling dust, median 3-199 (0-001-
72-512) mg/m3, endotoxin, median 210 (6-4494) ng/m3; cotton spin-
ning dust, median 1-070 (0-221-5-388) mg/m3, endotoxin, median
830 (132-13 871) ng/m3; swine confinement dust, median 6-4835
(0-756-17-685) mg/m3n, endotoxin, median 1263 (119-29 846) ng/m3.
A significant correlation was found between collected dust levels and
measured endotoxin values in the samples collected from cotton

spinners and grain handlers. These results show that workers with
organic dusts are exposed to high levels of dust and endotoxin, the
highest levels in this cohort being found in swine confinement workers.
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Mycobacterial disease presenting as pyrexia of undetermined
origin in patients with HIV infection and AIDS

NM FOLEY, AD HINGORANI, RF MILLER Department of Medicine, Uni-
versity College London Medical School, Middlesex Hospital, London Low
grade fever (,<380C) is a common clinical feature of HIV infection.
Mycobacterial infections are an increasingly encountered complication
of immunosuppression caused by HIV infection and many patients
present with fever in the absence of localising symptoms, signs or
imaging abnormalities. Pyrexia of undetermined origin (PUO) is
defined as illness of at least three weeks duration, a documented fever
on at least two occasions of >38-3°C, and failure to reach a diagnosis
after one week of inpatient investigation. We reviewed 41 episodes of
PUO caused by mycobacterial infection in 40 HIV-1 antibody positive
patients (38 men) of mean age 37 years. Twenty six patients had a
prior diagnosis of AIDS but mycobacterial infection was the first
AIDS-defining illness in 14 patients, four of whom had not previously
been testd for the HIV antibody. All patients fulfilled the criteria for
PUO. Definitive diagnoses were: M tuberculosis (MTB) 13 patients;
six pulmonary, two extrapulmonary, five disseminated. CD4 counts
ranged from 10 to 750/cm3. M kansasii was diagnosed in two patients
and M avium intracellulare (MAI) in 25 (all had CD4 counts <150).
MAI was isolated from blood, bone marrow, bronchoalveolar lavage
(BAL) fluid, and stool. Investigations with the highest diagnostic yield
were BAL for MTB, blood culture for MAI, and biopsy (of liver,
lymph node or bone marrow) for disseminated mycobacterial disease.
It is important to pursue a diagnosis in HIV antibody positive patients
with PUO as fever of this level is seldom due to HIV infection alone
and mycobacterial infection may be missed.

Nosocomial transmission of tuberculosis in an HIV care centre
in the UK identified by RFLP analysis

RF MILLER, R KENT, A UTTLEY, N STOKER, A POZNIAK UCLMS; Public
Health Laboratory, Dulwich; London School of Hygiene and Tropical
Medicine; King's College School of Medicine and Dentistry, London
Several outbreaks of tuberculosis (TB) involving HIV positive
patients and their health care workers have been described. Up
to now there is no evidence that transmission in this setting has
occurred in the UK. Strains of M tuberculosis isolated from HIV
positive patients from August 1991 to June 1993 and referred to
the regional tuberculosis centre Dulwich were typed using insertion
sequence IS6110 to examine whether clusters of TB could be re-
cognised. Restriction fragment length polymorphism (RFLP) patterns
of strains were compared visually; a cluster of four cases with in-
distinguishable RFLP patterns was identified. Review of case records
showed that three of these cases had attended an HIV care centre at
the same time. BTS guidelines for management of HIV positive
patients with TB had been followed by staff of the HIV care centre
during the admission of the three cases. This is the first evidence of
nosocomial spread of TB in HIV positive patients in the UK; this
outbreak would not have been identified without RFLP analysis.
Recognition of future outbreaks will be greatly facilitated if all strains
of TB are routinely stored and typed. HIV care units should review
their procedures for prevention and investigation of TB. Conversion
of units to standards recommended by the Centres for Disease Control
may be costly but require careful consideration.

Disease due to Mycobactenaum tuberculosis is less common
than expected in HIV positive patients in Edinburgh

AG LEITCH, M RUBILAR, B WATT, R LAING, RP BRETTLE, CLS
LEEN Department of Respiratory Medicine, Royal Victoria Chest Clinic,
Chalmers Hospital, Edinburgh; Scottish Mycobacteria Reference La-
boratory; Department ofInfectious Diseases, City Hospital, Edinburgh By
December 1993 1030 cases of HIV infection, 60% in intravenous
drug abusers, had been notified from the Edinburgh population
(0-5 x 106). Only five patients aged 25-29 years have been diagnosed
with TB. Four had disseminated disease and one had a pleural
effusion; four were intravenous drug abusers and one homosexual;
CD4 counts ranged from 10 to 200/mm3. The prevalence of tuber-
culosis infection (Heaf grades 2-4) in Edinburgh in 13 year olds for
the time periods relevant to the current HIV population was 4-4-7-6%.
Applying these figures to the HIV population suggests that 40-70
might have dual infection with HIV and M tuberculosis. Assuming that
dual infection leads to active TB at a rate of about 10% per annum
(N EnglJ Med 1989;320:545-50), then 4-7 cases of active TB would
be expected annually in our HIV population, considerably in excess
ofthe observed numbers. This suggests, ifour assumptions are correct,
that reactivation as a cause of TB in the HIV infected in Edinburgh
is less common than would be expected from other reports of TB

development in the dually infected. Higher rates of TB in other HIV
populations may well be due partly to a higher prevalence of dual
infection, but our findings also suggest that new infection or reinfection
may be much more important than previously recognised. This hy-
pothesis is open to testing by the application ofDNA "finger-printing"
techniques to identify mycobacterial strains implicated in disease due
to M tuberculosis in the HIV infected (Lancet 1993;342:841-4).

Is tuberculosis transmitted between ethnic groups?

DPS SPENCE, M DOHERTY, CSD WILLIAMS, J HOTCHKISS, S JAMIESON,
PDO DAVIES Tuberculosis Research Centre and Aintree Chest Centre,
Liverpool The recent increase in tuberculosis in England and Wales,
probably attributable to disease in immigrants from countries with
high rates of tuberculosis (Doherty et al. BTS December 1994), has
given rise to concern that disease may be transmitted from immigrants
to the indigenous white population. We have analysed rates of tuber-
culosis by ethnic group for the 33 electoral wards of Liverpool for
the years 1985 to 1991. If tuberculosis was being transmitted across
ethnic groups it would be expected that wards which had a high rate
for ethnic minority groups would also have high rates among the
white population. Also, highest rates among the white population
might be expected in electoral wards with the highest proportion of
ethnic minorities. An analysis of tuberculosis rates in the white
population by rate among the ethnic minority population showed no
association (r=0-03). Similarly there was no significant correlation
between rates of disease in the white population and the proportion
of ethnic minorities living in an electoral ward. The ward with the
highest rate for the rate for the white population (43/100 000/year)
had no cases among the ethnic minority population. The ward with
the highest rate of tuberculosis among ethnic minorities (252/100 000/
year) had the tenth highest rate among the white residents (16/
100 000/year) but had the 20th highest proportion of ethnic minority
residents. This analysis shows no evidence of transmission of tuber-
culosis across ethnic groups in Liverpool. This is perhaps unsurprising
as only those in the same household of a case of tuberculosis are at
any appreciable risk of disease.

Deaths in notified cases of tuberculosis in Edinburgh 1983-92

C SELBY, D THOMSON, AG LEITCH Departments of Respiratory Medicine
(RIE) and Pathology, University ofEdinburgh Between 1983 and 1992
730 cases of tuberculosis were notified in the Edinburgh district
(Edinburgh, East and Mid-Lothian; population 601 300). Review of
these notifications with clinical and pathology records identified 79
deaths (10-9% of all notifications). Thirty seven patients (51- %) died
in the year after notification, 13 (1-7%) before completing six months
of chemotherapy. Forty two (5-8%) deaths occurred before no-
tification. Of 36 deaths after notification, 22 (2F, 20M; median age
77 (range 59-86) years) were not considered to be due to tuberculosis
on review of their records. Fourteen (5F, 9M; median age 71 (37-89)
years) were considered to be due to tuberculosis. The necropsy rates
in these groups were 12/22 and 7/14, respectively. Five of these 14
deaths occurred within seven days of starting chemotherapy and three
were due to miliary disease. Of 41 deaths before notification, 12 (6F,
6M; median age 75 (59-93) years) were not considered to be due to
tuberculosis (necropsy rate 11/12 (92%)). Twenty nine deaths (19F,
lOM; median age 77 (46-94) years) were considered to be due to
tuberculosis (necropsy rate 27/29 (93%)) and 13 (2F, 1 IM) of these
(all necropsied) with a median age of 77 (65-94) years were due to
cryptic miliary tuberculosis. Thus, in the decade to 1992 death was
recorded in 10-9% of the cases notified, but was considered to be
due to tuberculosis in only 59% of the notifications for tuberculosis
in the Edinburgh area. Of the 29 after death notifications where death
was due to TB, 13 had cryptic military tuberculosis. These findings
reinforce previously expressed concerns about the continuing failure
to diagnose tuberculosis, particularly cryptic miliary tuberculosis, in
life.

Trends in mortality from tuberculosis

MJ DOHERTY, DPS SPENCE, PDO DAVIES Aintree Chest Centre and Tuber-
culosis Research Unit, Liverpool As previously reported, tuberculosis
notifications in England and Wales have been increasing since 1987.
We therefore analysed TB mortality data published by the Office of
Populations Censuses and Surveys for the period 1987 to 1991 to
determine whether this has also increased. Regression analysis was
used to determine the average annual percentage change. The mor-
tality rate per 100 000 persons has continued to fall by 2-75% per
annum. Mortality rates by age group showed a decline in all groups
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except those aged 25-44 years who had an annual average increase
of 3-8% and those aged over 75 who had an increase of 2-7%. Analysis
of the ratio of deaths to notifications since 1987 was performed by
the same method as reported previously for the years up to 1987
(Thorax 1991;46:438-40). The mortality rate per notification for all
age groups combined declined by 3-8% per annum compared with
0-13% per annum for the 14 years up to 1987. Analysis by age group

showed a continued decline in most groups but again two groups
showed an increase: the age group 25-44 years (a group in whom
notifications are also rising) had an increase of 15% and those over

75 had an increase of 2-1%. Before 1987 both these groups showed
a significant decline in mortality per notification. In 1991 the mortality
rate of tuberculosis was 7-76% of notifications. The data also show
that the 75+ age group account for an increasing proportion of TB
mortality. In 1974 this group accounted for 25-8% of deaths, but by
1991 it accounted for 48% of deaths. Although TB morbidity has
been rising since 1987, mortality trends continue to decline except
in younger adults and the elderly.

Changing epidemiology of tuberculosis in Lambeth, London

AD PEARSON, NT BATEMAN, T CHEN, HR ATKINSON St Thomas' Hospital,
Guy's and St Thomas'Hospital Trust, London Earlier work in Lambeth
has reported a doubling in the rate for notifications of tuberculosis
in the 21-45 age group from 24/100 000 in 1982 to 48/100 000 in
1991. Analysis of hospital records of patients in the 21-45 age group
from whom Mycobacterium tuberculosis was isolated between 1984 and
1991 showed that patients of African origin increased from five
between 1984 and 1987 to 23 between 1988 and 1991. We report
now a further increase in the numbers of notifications of tuberculosis
in Lambeth residents from 55 in 1988 to 117 in 1993, corresponding
to rates of 21/100000 in 1988 to 50/100 000 in 1993 (based on the
1981 census projections). Comparisons of the age structure of the
cases notified in 1983 and 1993 shows that the 68/94 (72%) cases in

1983 were above 40 years of age, whilst by 1993 58% of cases were

under 40 years of age. The 1991 census questions on ethnicity indicate

that the Lambeth population is 74% white and 26% ethnic minorities:

under 15 years of age 53% of children are white and 47% are from

ethnic minority groups. The notification rate for tuberculosis in the

under 15 year age group has risen from 4/100 000 in 1983 to 19/

100 000 during 1993: all cases under 15 years old are from children

of ethnic minority groups. This contrasts with the finding that 17%

(10/60) cases in the 20-44 year age group in 1993 were in white

persons. These findings suggest that there is local transmission within

the resident population necessitating an urgent review of the existing
public health measures for the prevention and control of tuberculosis.

Time for a new timetable of tuberculosis?

AG LEITCH, M RUBILAR, PJ SIME, H MOUDGIL, E CHILVERS Respiratory
Medicine Unit, University of Edinburgh; Royal Victoria Chest Clinic,
Chalmers Hospital, Edinburgh Generations of doctors have been

reared on Wallgren's timetable of tuberculosis published in 1948.

Then, when tuberculosis infection rates were high, primary disease

might be followed by miliary infection and meningitis within three

months and by pleural effusion within six months. Skeletal tuberculosis

and/or phthisis most commonly developed within three years of the

initial infection. This timetable was apt in 1948: Scottish Health

Stastistics then showed that 50% of pulmonary and 74% of extra-

pulmonary tuberculosis occurred in those aged <25 years compared
with only 3% and 2% respectively in those aged >65 years. It is less

apt today when the prevalence of TB infection in sequential time

cohorts of the population has declined substantially: in Lothian in

the last five years almost 40% of all TB notifications were aged >65

years and less than 10% were aged <25 years. Miliary TB, formerly
the preserve of the very young, is now a disease of the elderly with a

mean age of 73-5 years for the 29 Lothian cases from 1984 to 1992.

Tuberculous pleural effusion, formerly a disease of adolescents, is

now more often due in Lothian to reactivation than primary disease

with a mean age at presentation of 51 years. Other extrapulmonary
sites of disease in Lothian patients in the 1980s are also characterised

by later ages at presentation with mean ages for lymphatic, genito-
urinary, and skeletal disease of 62, 54, and 55 years, respectively. The
declining tuberculosis infection rates in Lothian mean that most

disease is no longer seen in temporal proximity to, but, rather, many
decades remote from, the primary infection. Most patients with TB

infection in Lothian are middle aged or elderly: they missed the earlier

stations on Wallgren's timetable. Their destination and estimated time

of arrival are unknown but, if they get there, they are going to be

late.

Characteristics ofpatients with atypical mycobacterial disease

N AL JARAD, P DEMERTZIS, NC BARNES, JA WEDZICHA, RM RUDD, DW

EMPEY East London Tuberculosis Centre, London Chest Hospital, Bonner
Road, London We investigated retrospectively the pattern of pre-
sentation and treatment outcome for all patients with atypical pul-
monary mycobacterial disease (AM) presenting here between 1985
and 1993. Demographic data were compared with those of all patients
with pulmonary tuberculosis (TB) during the same period. AM was

detected in 53 patients and TB in 187. The number of cases with
AM detected every two years was as follows: eight in 1984-5, 14 in
1986-7, 10 in 1988-9, 13 in 1990-1, and 22 in 1992-3. Types of
mycobacteria were as follows: M xenopi in 21 (40%), M kansasii in
14 (26%), Mfortuitum in 12 (23%), and others in six (11%) cases.
Whites formed the majority of patients with AM (42/53, 79%) but a

minorityofthosewithTB (67/187,36%);oddsratio6-84, (p<00001).
Patients with AM were older than patients with TB irrespective of
their ethnicity; mean (SD) age for AM 62 (8 0) years compared with
43 (19) years for all TB patients and 53 (15) years for white TB
patients (p<00001 and p<001, respectively). Reliable information
about clinical status and patterns of drug resistance were available in
44/52 (83%) patients. Primary resistance to one or more first line
drugs was detected in 44/53 (83%). There was pre-exisitng chronic
lung disease in 37/44 (84%). Treatment was appropriate in 20/44
(45%) patients. Reasons for not treating patients were: associated
carcinoma of the bronchus in 9/24 (37%), lack of evidence that AM
was contributing to the medical condition in 10/24 (42%), absence
of radiological signs of infection in three (13%), and intolerance of
treatment in two (8%). Treatment resulted in clinical and radiological
improvement in 16/20 (80%). In elderly white patients with pre-
existing lung disease mycobacterial infection was more commonly
due to AM than TB. Treatment with antituberculous treatment was

effective in the majority of cases of AM.

Mycobacterial disease in a low prevalence UK area (North East
Yorkshire)
S SOO, DJ JOHNSTONE, MS PHILLIPS Scarborough District Hospital,
Scarborough Most contemporary UK reports of mycobacterial dis-
ease are from areas of relatively high prevalence, usually with large
Asian communities, social deprivation, or particular HIV positive
groups. In a retrospective survey we report our experience of myco-
bacterial disease from January 1988 to December 1993 in a low
prevalence area that has none of these particular factors. Fifty five
patients (38 men) were identified, 38 with respiratory disease, 16
with non-respiratory disease, and one with both. Twenty six were

over 60 years of age. Mycobacterium tuberculosis was cultured from 26
and atypical mycobacteria from 14 (M malmoense 7). Smears were

positive but cultures negative in five and there was no microbiological
confirmation in 10. Recognised predisposing factors were identified
in 15 (27%). Eight (15%) died, only one with proven M tuberculosis
infection. Twenty four (92%) of M tuberculosis isolates were fully
sensitive to first line antituberculous drugs but all atypical myco-
bacterial isolates were resistant. Serious drug reactions were en-

countered in 14 (25%) patients, eight with atypical mycobacterial
infection. Relapse was documented in three patients (two with M
tuberculosis). There is a steady incidence of mycobacterial disease in
our area with a high proportion of atypical organisms, particularlyM
malmoense. Most complications arise in this group.

Value of contact procedures for tuberculosis in Edinburgh,
1982-91

MJ BROCHWICZ-LEWINSKI, M RUBILAR, M ANDERSON, AG LEITCH Royal
Victoria Chest Clinic, Chalmers Hospital; Respiratory Medicine Unit,
Department ofMedicine (RIE), University ofEdinburgh, Edinburgh We
have reviewed the records of 632 (80%) of the 788 index cases of
tuberculosis (TB) notified in Edinburgh (pop. 601 310) from 1982
to 1991 to assess the value of contact screening procedures for TB.
Screening was by tuberculin testing and radiological follow up of
tuberculin positive contacts for six months. Only 48 index cases were

non-Caucasian. Fifty (7-9%) of 632 notifications were detected by
contact screening procedures and a further 35 contacts had recent

infection qualifying for chemoprophylaxis. Intervention in the form
of treatment for TB or chemoprophylaxis was thus given to 2-3% of
the total 3688 contacts who were screened and to 8-3% of the 647
close contacts of sputum smear positive index cases. Eighty (94%) of
the 85 contacts requiring intervention were identified within three
months of first attendance and of these 60 (75%) were diagnosed at

the first screening attendance. Intervention was required in 3-1% of
those without and in 1-4% of those with previous BCG vaccination
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suggesting a protective effect of BCG of 55%. If screening had been
restricted to the 647 close contacts of the 190 sputum smear positive
index cases, 36/50 (72%) of new TB cases and 17/35 (49%) of
chemoprophylaxis cases would have been detected. These detection
figures improve to 42/50 (84%) and 25/35 (71%) respectively if the
screening of the 1351 casual contacts of sputum smear positive index
cases is included. Our findings suggest that routine screening for
pulmonary TB in close contacts of notified cases of sputum smear-
positive pulmonary TB in Edinburgh continues to be of value, and
that routine or unselected screening of casual contacts of smear
positive index cases and all contacts of other categories of tuberculous
disease is not recommended.

Effect of a mini-Wright meters on the frequency content of the
peak flow manoeuvre

P BRIGHT, PR ATKINS, MR MILLER Department of Medicine and
Department of Electronic and Electrical Engineering, University of Bir-
mingham, Birmingham Mechanical peak flow (PEF) meters may
impede the recording of true PEF. We have recorded PEF with a
mini-Wright meter together with mouth pressure as a surrogate for
flow in 18 normal subjects and 16 patients with airflow limitation.
The pressure transducer's response was flat to 100 Hz and was
sampled at 1000 Hz. In random order subjects also recorded maximal
blows into a pneumotachograph (PT). Fourier analysis was performed
on these data employing a one second window. Mini-Wright PEF
was lower than with the PT (median difference 56 1/min, p<0-001).

Table 1

Flow Pressure

Mean (SD) Median Mean (SD) Median

Normals 59 (27) 55 60 (16) 57
Patients 74 (67) 50 57 (44) 43

Results for the 10-90% rise time in ms are given in table 1. There were

no significant differences between any of these groupings (p>005).

Table 2

Flow Pressure

Mean (SD) Median Mean (SD) Median

Normals 7-0 (2 0) 6 8 5 1 (1-3) 5-0
Patients 9-9 (4-0) 9 1 5 9 (1-3) 6-3

The limit for 95% of the power spectrum in Hz is given in table 2. The
flow data limit was higher than for the pressure data in both normals
and patients (p = 0 001). The patients had a higher frequency limit than
the normals only for the flow data (p = 0-02, Mann-Whitney). When
the flow data were passed through a low pass filter set at 8 Hz the PEF
was reduced on average by 55 (36) (median 47) 1/min. These data
suggest that mini-Wright meters may be modifying the frequency con-
tent of the signal rather than inhibiting the subject's blow.

Effect of changing spirometer dead space volume on the
accuracy and repeatability of lung function tests

P BRIGHT, J DANIELS, MR MILLER, PS BURGE, ON BEHALF OF THE ISOLDE
STUDY Department ofChest Medicine, Birmingham Heartlands Hospital,
Birmingham The Sensormedics 922 rolling seal spirometer is cur-

rently used in several studies of longitudinal decline in lung function.
Accuracy and repeatability of lung function are important. The manu-

facturers recommend a dead space starting volume of 2 1. We in-
vestigated the changes in PEF, FEVI, and FVC over a range of dead
space volumes using ATS waveform 4 generated by the ACP pump

(Miller et al. Am Rev Respir Dis 1983;128:894-8), PEF 177 1/min,
FEV, 1 371 1, FVC 1-4981. FEV, and FVC revealed three distinct
regions across the range 0-6-5 1, with step drops between and relative
stability within. The PEF was unstable in two areas; 1-25-2-75 1,
range 10 81 and 4-5 75 1, range 12-01. These ranges represent 90%

and 100% of the ATS recommended repeatability. The recommended
starting position is satisfactory for FEV, and FVC but not PEF, a 31
dead space volume would be more reasonable. The stepwise drops
in FEV, and FVC represent unfolding of the seal in the spirometer.
A similar phenomenon is likely to account for the areas of instability
in the PEF.

Comparison of exhalation techniques for use in serial meas-
urements of lung function for the diagnosis of occupational
asthma

P BRIGHT, PS BURGE Department of Thoracic Medicine, Birmingham
Heartlands Hospital, Birmingham Serial measurements of lung func-
tion are well established in the diagnosis of occupational asthma.
There is some evidence that changes in FEV, are more sensitive than
peak flow (PEF). We have investigated the absolute difference and
difference in variability in PEF and FEV, when measured on different
expiratory manoeuvres. Fifty nine subjects with a range of airway
obstruction (mean FEVI/FEV 65-6%, max 96-0%, min 18-7%) were
investigated. Using a turbine spirometer (MicroMedical) each subject
performed five exhalations for each of three techniques in random
order: peak flow manoeuvre (PFM), short vital capacity manoeuvre

Companison Mean difference Limits of
(meeting ATS criteria) (95% CI) agreement

PEF (PFM-SVCM) n = 46 8-9 (4 27)1/m + 28-1 /m
FEV, (SVCM-VCM) n = 43 -0 04 (0 05)1 +0 321

(SVCM) and a vital capacity manoeuvre (VCM). The median (max)
of the differences between the best and next best for PEF by PFM
and SVCM were 5-4 (64 8) and 7-2 (30 6) 1/min respectively. For
FEV, the corresponding values for SVCM andVCM were 0 03 (0 27)
and 0 03 (0 83) 1. A "catch all" test to obtain PEF and FEV, - the
SVCM - although not giving statistically comparable measurements
to a PFM or VCM, gave differences that are clinically significant.
Differences between best and next best were close enough to be of
no clinical significance. The SVCM may therefore be suitable for
serial measurements of PEF and FEV,.

Development of a grading scheme for quality control of
spirometry in patients with COPD

JE DANIELS, PS BURGE FOR THE ISOLDE STUDY GROUP Department of
Respiratory Medicine, Birmingham Heartlands Hospital, Birmingham It
is widely accepted that peak expiratory flow (PEF) is a useful measure
of initial effort during spirometry testing. Current guidelines also
require consistent PEF measurements (Eur Respir J 1993;6(Suppl)
16; Am Rev Respir Dis 1987;136:1285-98). As part of the ISOLDE
study of the inhaled steroid fluticasone propionate in current and ex-
smokers with COPD we have monitored all spirometry results and
graded according to the variability of PEF, FEVy, FVC, duration of
blow, and cessation of flow. Our grading scheme is derived from the
American Lung Health Study quality control programme but amended
for reduced lung function in our patients. We have shown that PEF
variability is not an indication of subsequent variability in FEV,. For
732 tests the mean percentage difference between the best two FEV,
values did not exceed 5% until the corresponding PEF differed by

Quality No of PEF variability (%) Mean FEV, variability (%n)
grade tests

4 597 0-10 2 78
3 49 10-15 338
2 19 15-20 3*03
1 9 20-25 2 67
0 58 25 + 10-46

more than 25% (table). For the same sample the mean FVC variability
was 2-38% with and 2 34% without the requirement for cessation of
flow, indicating that FVC variability is not adversely affected by
removal of this requirement. In our opinion, the current guidelines
for spirometry are unnecessarily strict in terms of PEF variability and
cessation of flow for patients with COPD.

Predicted lung function for Asians: which regression equation
is best?

Cj WARBURTON, AM FLETCHER, CAC PICKERING, RM NIVEN, L OLDHAM,
H FRANCIS North West Lung Centre, Wythenshawe Hospital,
Manchester As part of an ongoing longitudinal study of symptoms
and lung function amongst textile spinners in Lancashire, 1504

Dead space volume (I)

0-<075 075-35 >3.5
Mean FEV, 1 63 1-58 1-55
Mean FVC 2 17 2-12 2-08
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operatives performed spirometry. There were 490 Asian workers (170
in manmade fibre and 320 in cotton) and 1014 white workers (273
in manmade fibre and 741 in cotton). Their lung function was
analysed using the regression equations described by Quanjer (1983)
with a 15% reduction in both FEV, amd FVC for Asian workers and
expressed as a percentage of predicted FEV, (PPFEV) and FVC
(PPFVC). When the lung function results were analysed between
ethnic groups, the Asian workers had significantly lower PPFVC than
the white workers in both fibre type groupings (p<0-001 for all
comparisons). Their PPFEV results were, however, comparable
(p>0 05). To test whether this disparity in FVC was a function of
the performance of the regression equation, the Asian lung function
was analysed using three further regression equations derived spe-
cifically from Asian populations (Malik et al 1987, Williams et al
1978, Malik et al 1972). All three sets of equations performed in a
worse fashion than the Quanjer equations with the 15% correction,
when compared with the results for white subjects. The difference
between the white and the Asian workers for FVC (in the absence of
any difference for FEV,) is likely to be a real phenomenon and not
related to the performance of the regression equation.

Effect of a time delay on capillary blood gas analysis

CM BIRD, SM REVILL, DD VARA, MDL MORGAN Department ofRespiratory
Medicine, Glenfield Hospital, Leicester A number ofstudies have shown
that capillary blood gas analysis is a reliable method of measuring
blood gases (MacIntyre et al. BMJ 1968;3:640-3, Spiro et al. Br J
Dis Chest 1976;70:263-8). Patients at home on LTOT or NIPPV
need regular assessment which could be performed at home. We
investigated the effect of a time delay on the measurement of capillary
blood gases. Arterialised earlobe blood was taken from 15 patients
attending the Cardiorespiratory Unit. The method was updated from
that described by Godfrey et al. (Br J Dis Chest 197 1;65:58-64). A
lancet was used for the incision and the samples (100,l) were collected
in preheparinised glass capillary tubes. Four samples of blood were
taken from each patient. One sample was analysed immediately, the
other three were stored on crushed ice in an ice bucket and were
analysed at time intervals of 30, 45, and 60 minutes after collection.
The results from the delayed analysis were compared with the samples
analysed immediately. In order to examine any range effect a wide
range of Pao2values were examined (5.83<Pao2< 11 86 kPa) with five
samples in each of the following ranges: <8 0 kPa, 8-0-9 5 kPa, and
>9.5 kPa. The mean differences (immediate-delayed) and 95% CI are

Time Pao2 (kPa) Paco2 (kPa) pH

+30 -0 07 -0 33 -0 007
(-0-32 to 0-18) (-0-61 to -0 05) (-0 033 to 0 019)

+45 0-10 -0-22 -0-011
(-0-11 to 0-31) (-0 41 to -0 03) (-0 03 to 0 009)

+60 0-01 -0-26 -0-008
(-0 17 to 0 19) (-0-56 to 0 04) (-0 034 to 0-018)

shown in the table. The delay, at all levels, resulted in very minor
changes in analysis, which would not alter clinical management. These
results demonstrate that suitable storage of capillary samples, even

up to an hour, is possible without deterioration. The technique might
be used reliably to assess the patient in the home.

clearance was then defined. Results from 11 volunteers and 13 patients
reveal more rapid mean clearance half-time (ti) for patients
with pulmonary fibrosis (n = 6, t2 = 3-6 min, p = 0 03) and for smokers
(n=6, ti=3-6 min, p=0 06) compared with normal non-smoking
volunteers (n=8, t2=4-2 min). Patients with pulmonary fibrosis
exhibited more rapid clearance of radioaerosol from the lower zones
whereas in smokers and normal subjects the converse applied. It is
envisaged that sequential measurement of Pertechnegas clearance
may be of value to monitor clinical progress in fibrotic lung disease.

Bilateral magnetic stimulation of the phrenic nerves using an
anterior approach

GH MILLS, D KYROUSSIS, CH HAMNEGARD, M POLKEY, M GREEN, J
MOXHAM Royal Brompton and King's College Hospitals, London We
have developed a technique which allows the magnetic stimulation of
both phrenic nerves simultaneously by an anterior approach (BAMPS)
using two 43 mm double coils powered by two linked Magstim
200 stimulators. Each coil was placed at the posterior borders of
sternocleidomastoid at the level of the cricoid cartilage. We studied
the twitch transdiaphragmatic pressure (TwPDI) obtained in four
normal subjects using BAMPS, cervical magnetic stimulation (CMS),
and bilateral electrical stimulation of the phrenic nerves (elec S). The
maximum mean (SD) TwPDI obtained in each subject is set out in

Subject 1 2 3 4

BAMPS 31 (1-2) 24 (2 8) 31 (0 9) 27 (1 5)
CMS 30 (0 9) 26 (1 5) 29 (1-1) 24 (1 4)
elec S 33 (0) 22 (0 9) 30 (0 8) 29 (0 8)

the table. The data were normalised by expressing the mean TwPDI
as a percentage of the max response seen with any of the techniques
used in that subject. This was compared with the percentage of
maximum power produced by the Magstim or the electrical stimulator
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Pertechnegas lung clearance studies: a new method for study
of pulmonary function

JM JAMES, JJ LLOYD, KJ HERMAN, BC LEAHY, RA SHIELDS, HJ

TESTA Department of Nuclear Medicine, Manchester Royal Infirmary,
Manchester; Department of Medicine, Trafford General Hospital,
Manchester The ventilatory radiopharmaceutical Technegas is a sus-

pension of submicronic "'mTc-labelled carbon particles. Addition of

3% oxygen to the argon atmosphere within the Technegas generator
produces "Pertechnegas", which may be used for lung clearance
studies. Advantages over other radioaerosols include delivery effi-

ciency, radiation safety, and patient acceptability. The aim of this

study was to measure and compare Pertechnegas clearance in normal

subjects and in those with established lung disease, particularly pul-
monary fibrosis. Pertechnegas was administered using a single in-

halation followed by a five second breath hold. Dynamic acquisition
commenced at inhalation using 10 second frames for 30 minutes.

Subsequent analysis produced a time-activity curve to which a bi-

exponential fit was applied. A half time for the fast component of

(range 0-200 volts) (figure). We conclude that BAMPS maximally
stimulates the phrenic nerves and is a useful test of diaphragm
contractility. The technique avoids the need for neck flexion and may
also be useful in patients with abnormal neck anatomy, such as
Cushing's syndrome, and in supine patients. BAMPS may allow the
measurement ofTwPDI in patients hitherto difficult to study, including
those in the operating theatre or on the intensive care unit.

Unilateral magnetic phrenic nerve stimulation in unilateral
diaphragm paresis
GH MILLS, DK KYROUSSIS, CH HAMNEGARD, S WRAGG, J MOXHAM, M

GREEN Royal Brompton and King's CoUege Hospitals, London We have
developed unilateral magnetic stimulation of the phrenic nerve as

a new test of hemidiaphragm function. We compared the twitch
transdiaphragmatic pressure (TwPDI) using this technique with uni-
lateral electrical stimulation in five patients who had a unilaterally
elevated hemidiaphragm on chest radiography (figure). Units are cm

H20. A 43mm double coil, linked to a Magstim 200 stimulator, at

ns
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the posterior border of sternocleidomastoid, level with the cricoid
cartilage was used. Unilateral phrenic paresis was identified on the
same side as the radiographic abnormality in all cases with unilateral
magnetic stimulation and in four of the five cases with electrical
stimulation. We conclude that unilateral magnetic transcutaneous
stimulation of the phrenic nerve reliably identifies and quantifies
unilateral hemidiaphragm weakness.

* Side of elevated hemidiaphragm
o Side of normally positioned hemidiaphragm
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p53 gene product expression in resected lung cancers

S BINKS, CA CLELLAND, P GADSDON, J RONAN, FD SALAMA, WE
MORGAN Departments of Histopathology and Thoracic Surgery, City
Hospital, Nottingham; School of Biomolecular Sciences, Liverpool; John
Moores University, Liverpool Overexpression of p53GP is common
in lung cancers and this study explores the relationship of p53GP
overexpression to tumour volume, histological type, degree of differ-
entiation, stage and presence of metastasis. Fifty four resections for
cancer were studied. Sections oftumour were pretreated by microwave
oven (MWO) boiling prior to immunostaining with anti-p53GP (DO-
7, Dako). Staining was assessed using a histochemical score which
takes into account the extent and intensity of staining. p53GP im-
munostaining was most prominent at the invasive margins of tumours
but was also present in dysplastic bronchial epithelium. Occasionally
cytoplasmic staining of malignant cells was seen but there was no
nuclear staining of any non-malignant cells. 85% (46/54) of the
cancers were p53GP positive (94% of squamous carcinomas (30/32)
and 80% of adenocarcinomas (12/15)); only small numbers of other
histological types were analysed. Both small cell carcinomas and two
of three adenosquamous carcinomas were positive. Significantly less
staining was seen when microwave pretreatment was omitted when
only 65% of all tumours (35/54) were positive (p=0-001). No stat-
istically significant relationship was seen between p53GP expression
and tumour volume, histological type, degree of differentiation, stage
and presence of metastasis using X2 analysis. At present, follow-up is
insufficient for analysis of survival.

Can histological subtypes of bronchial carcinoma be differ-
entiated by magnetic resonance imaging (MRI)?

U V - * * AH AL-GHAMDI, CA ROOBOTTOM, M WESTON, JR CATTERALL, C FORRESTER
_ WOOD, K JEYASINGHAM, P GODDARD Respiratory and Radiology De-

-2 FI,,..i, ,1, ,,,1,,,,111 I liII partment, Bristol Royal Infirmatory; Thoracic Surgery Unit, Frenchay
-2 0 2 4 6 8 10 12 14 Hospital; MRI Centre, Frenchay Hospital, Bristol A study to investigate

Unilateral magnetic TWPDI the signal characteristics of bronchial neoplasms was performed. Fifty
patients with a suspected operable primary bronchial tumour were

ssment ofthird world drug delivery via a jet nebuliser foot studied. All patients underwent MRI in the week prior to surgery.
p Using axial STIR (short tau inversion recovery) and TI weighted

images before and after gadolinium-DTPA and multiecho proton
NNIs Department ofEnvironmental Science, University ofBradford, density and T2 weighted coronal images the signal characteristics of
ford Lack of electricity for compressors limits nebulised drug the tumours were assessed without knowledge of the subsequent
!ry in undeveloped countries. This paper evaluates aerosol histological findings. Subsequent histology revealed 21 squamous cell
it from five popular jet nebuliser bands powered by a Cameron- carcinomas, 13 adenocarcinomas, eight anaplastic large cell tumours,
nebuliser foot pump. A pneumatic robot reproducibly operated three bronchoalveolar cell carcinomas, and five carcinoid tumours.
oump. Total weight loss (WL) was measured gravimetrically. Analysis of the images showed that squamous carcinomas typically
aerosol output (AO) was measured using an NaF chemical were oflow signal intensity on TI weighting with poor often peripheral
(Dennis JH. Thorax 1990;45:728-32) collected on 3M Filtrete enhancement after gadolinium-DTPA. This pattern occurred in 17
G electrostatic filters. Respirable aerosol was determined using of 21 squamous carcinomas. All five carcinoid tumours showed
Ivemn 2600 laser sizer. Nebuliser performance is best expressed hyperintense signal on STIR and Ti post gadolinium images.
Le rate of respirable aerosol output (il <5 pm AED/min) Histologically proven central necrosis was demonstrated on TI post
)). This measure, along with non-respirable aerosol (AO- gadolinium images, STIR and T2 weighting in 16 of 23 tumours by
) and water vapour (WL-AO), were determined for a pumping MRI, compared with five of 23 tumours by CT, although the
of 40 cycles/minute. Results indicate that nebulisers powered histological type of the tumours with central necrosis varied, 11/23
foot pump usefully produce respirable aerosol, the highest being squamous cell carcinomas. These patterns differed from those
of 238 pl/min being obtained from the Pari LC. Additional of the other histological types which normally showed low signal
has shown that foot pump nebulisers continue to work intensity after gadolinium-DTPA. These results indicate that MRI
under a range of environmental conditions. These results characteristics of bronchial tumours vary according to histological
nstrate that manually operated foot pump nebulisers offer a subtype.

viable alternative technology for third world drug delivery. [This
research was commissioned by the Programme for the Control of
Acute Respiratory Infections, World Health Organisation.]

'2 400 | D Water vapour
400-

Aerosol >5 gm
E 300 2 Aerosol <5 gm
'a 300-

o 200

n) ..

75
.. .

z,,,,,,,,,,5)H///////m m ::::::: :::: :,:,o0

.... ...... .......
. .. ....... . ...... .. .....

o
Atomiser XI Micro-Neb Side-stream PariLC

Fibreoptic bronchoscopy: audit and clinicopathological review
may improve diagnostic yield
BR O'DRISCOLL, J EVANS, G ARMSTRONG, RS REEVE, AW JONES Hope
Hospital, Salford Suspected lung cancer is the commonest indication
for bronchoscopy (66% of cases in this hospital). Malignancy is
usually diagnosed by forceps biopsy and/or cytology specimens from
bronchial brushings and washings. The yield from these specimens can
be influenced by operative technique, specimen handling, laboratory
processing and reporting. Mak et al (Thorax 1990;45:373-6) reported
that 195 of 680 bronchoscopies (29%) yielded a histological or
cytological diagnosis of malignancy. We instituted regular clinico-
pathological review of bronchoscopy results during 1992. We now
report the histological and cytological yields before and after 1992.

1991-2 1993-4
(n = 400) (n = 340)

Any confirmed malignancy
(total yield) 96/400 (24%) 112/340 (33%)

Tumour seen 120/400 (30%) 106/340 (31%)
Positive histology 74/120 (62%) 75/106 (71%)
Histology or cytology positive 92/120 (77%) 97/106 (92%)
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It is likely that regular clinicopathological audit and feedback has
contributed to the improved performance by clinical and laboratory
staff.

An audit of UK bronchoscopy procedures: patient safety

D HONEYBOURNE, CS NEUMANN Department of Thoracic Medicine, Dud-
ley Road Hospital, Birmingham A questionnaire was sent out to
bronchoscopy units in the UK to evaluate standards of practice and
to compare them with the published BTS guidelines (Harrison. Thorax
1993;48:584). The standards of patient care were assessed with regard
to bronchoscopic disinfection procedures and to patient monitoring.
Replies were received from 159 consultant bronchoscopists. Contrary
to the guidelines, bronchoscopes were inadequately disinfected either
before, between, or at the end of a list by 35% of respondents. Failure
to adequately disinfect bronchoscopes after use in patients with TB,
or before endoscoping immunosuppressed patients, was found in
49%. Disinfection practice was found to be adequate more often in
centres where the nurses had attended specialised courses. 54%
of emergency bronchoscopies were carried out without adequate
disinfection. Ifbronchoscopy trained nurses were on call all procedures
were carried out with correct disinfection. Pulse oximetry was used
by 84% of respondents, supplementary oxygen was only used routinely
by 45%. Continuous intravenous access was not available to 32% of
operators who used either intravenous sedation and/or opioids. Only
8% of respondents failed to arrange resuscitation training for staff
but, of those who had trained staff, 22% did not have regular
resuscitation updates. This audit reveals inadequate disinfection pro-
cedures and patient monitoring.

An audit of UK bronchoscopy procedures: staff safety
CS NEUMANN, D HONEYBOURNE Department of Thoracic Medicine, Dud-
ley Road Hospital, Birmingham Guidelines from the BTS (Harrison.
Thorax 1993;48:584) and the British Society of Gastroenterology have
recommended practices for safe working conditions. In addition, in
1988, the government introduced "COSHH" legislation. A national
audit was carried out with the help of consultant bronchoscopists.
This report looks at the safe use of glutaraldehyde and the use of
protective clothing. Replies to a questionnaire were received from
159 bronchoscopists. Glutaraldehyde was still being used in the
patient examination room by 32%. This occurred more often when
bronchoscopy was carried out in departments other than the main
endoscopy unit (45% v 24%). Adequate room ventilation to avoid
excessive exposure to glutaraldehyde fumes was reported by only
36%. Closed disinfection machines were used by 60% of respondents
but the use of appropriate protective clothing during instrument
disinfection was reported by only 45%. Full protective clothing during
bronchoscopy as recommended by the BTS was only used by 7% of
respondents. This audit has highlighted deficiencies in bronchoscopy
procedures which may potentially expose staff unnecessarily to

glutaraldehyde and infective organisms.

Outcome of bronchoscopy for suspected lung cancer in a uni-
versity general hospital
RE ALDRIDGE, HK MAKKER, BR O'DRISCOLL Hope Hospital,
Salford Most studies of fibreoptic bronchoscopy for suspected lung
cancer have analysed the diagnostic yield of biopsy and cytology
specimens. However, it may be equally important to consider the
number of such cases in which a negative bronchoscopy report
(together with other tests) can reassure both patient and clinician that
lung cancer is not present. We performed a retrospective analysis of
665 bronchoscopies performed between October 1991 and February
1994 at this hospital. Data were collected on a computerised bron-
choscopy programme. Of 665 procedures, 441 (66%) were performed
for suspected cancer. Bronchoscopy provided a definite histological
and/or cytological diagnosis of lung cancer in 47% of these cases

(59% of 173 patients with hilar masses had a visible tumour, compared
with only 43% of 94 patients with a peripheral CXR lesion). In
another 27% of cases the procedure was non-diagnostic and further
investigation was needed as a peripheral malignancy was still sus-

pected. In the remaining 26% of cases, the suspicion of malignancy
was overturned by a negative bronchoscopy together with history,
CXR, and blood tests. Bronchoscopy performed for lone haemoptysis
accounted for a further 12% (79/665) of cases. Only 16% of these
patients were found to have malignancy. Thus, in 73% of cases of
suspected lung cancer bronchoscopy was the definitive investigation
resulting in a firm diagnosis of malignancy (47%) or reassurance

(26%).

Percutaneous biopsy or bronchoscopy for suspected peripheral
lung cancer: the patient's view

PH JOHNSON, A DOHERTY, S MCDONALD, IDA JOHNSTON, R GREGSON,
WJM KINNEAR University Hospital, Nottingham Percutaneous needle
biopsy (PNB) and fibreoptic bronchoscopy (FOB) with lavage can
both be used to diagnose suspected peripheral lung cancer, and
comparable diagnostic yields have been reported for the two tech-
niques. We are unaware of any data on the patient's preference for
either procedure. We asked 20 consecutive patients undergoing each
procedure to complete a questionnaire the morning after the test and
return it anonymously. Intravenous midazolam was given prior to
FOB but not PNB. 84% of both groups could remember having the
test done, and 63% of each did not find it as bad as they had expected.
Two patients found PNB worse than expected, compared with none
for FOB. During the test 89% of FOB patients experienced only
slight or no pain, compared with 68% of PNB. Three patients
complained of severe pain during PNB, whereas none did for FOB.
Similarly, after the test 95% of FOB patients experienced only slight
or no discomfort, compared with 53% of the PNB patients. Nasal
lignocaine jelly was most commonly reported as the worst part of
FOB. Our patients tolerated PNB less well than FOB, which may
reflect the use of midazolam for FOB. The acceptability of the
procedure should be taken into consideration when deciding between
FOB and PNB, and the use of sedation and/or analgesia for PNB
needs further study.

Three year review of video assisted thoracoscopic lung biopsy
UH TRIVEDI, RWJ MILLNER, EM GRIFFTHS, ER TOWNSEND, SW

FOUNTAIN Department of Thoracic Surgery, Harefield Hospital, Hare-
field, Middlesex Diagnostic problems are common in patients pre-
senting with diffuse pulmonary changes. In the past an open lung
biopsy has been the definitive diagnostic procedure. With the advent
of video assisted thoracoscopy it is possible to perform lung biopsies
using minimally invasive techniques. We show that this procedure
has low morbidity and suggest that it should be considered as the
investigation of choice, when non-invasive measures have failed.
Between September 1991 and October 1993 we admitted 76 patients
for video assisted thoracoscopic lung biopsies. In all patients the
indication for biopsy was diagnostic. The mean age was 56 1 years
(range 30-82) and a male to female ratio of 1:1 1. Sixty patients had
right and 16 had left-sided biopsies. In 67 patients (88-2%) the
procedure was a technical success. A diagnosis was made from these
biopsies in 65 patients (97%). In two (3%) a histological diagnosis
was not made from the original operation. The commonest diagnosis
was fibrosing alveolitis (41-8%) followed by extrinsic allergic alveolitis
(119%) and malignant disease (11-8%). In nine patients a thora-
coscopic lung biopsy could not be performed because of (i) inability
safely to induce a pneumothorax (six patients (7 9%)); (ii) lung tissue
not suitable for instruments (two patients (2-6%)); (iii) inability to
pass a double lumen tube (one patient (1 3%)). In these nine patients
an open lung biopsy was performed. The overall mean inpatient stay
was 3-2 (2-9) days, the mean postoperative stay was 2-0 (1-6) days,
and mean intercostal drainage was 13 (0-4) days. Sex of patient,
side of biopsy, or final diagnosis made no difference to the length of
hospital stay. Two patients had significant complications, one required
a repeat thoracoscopy for bleeding, and another an intercostal drain.
Three others had small apical pneumothoraces which were observed
and this did not delay their discharge. There was no mortality. In a

previous consecutive group of patients having an open lung biopsy
mean inpatient stay was 4-9 (4-22) days and mean intercostal drainage
was 12 (1-8) days. In conclusion we find that thoracoscopic lung
biopsy is safe and has a high diagnostic yield. Inpatient and post-
operative stay are shorter than following an open biopsy.

Value ofvideo assisted biopsy in the management ofpulmonary
fibrosis

GE WILSON, J CROSS, RJ DONNELLY, CRK HIND The Cardiothoracic Centre,
Liverpool Pulmonary fibrosis is caused by a variety of pathological
conditions which have similar clinical and radiological appearances.
Laboratory investigations or transbronchial biopsy may not help in
making a definitive diagnosis, or in assessing the degree of activity of
the underlying inflammation. Open lung biopsy provides an adequate
specimen for these purposes, although the thoracotomy may be
associated with an increased risk to patients with poor respiratory
reserve. In this centre the technique of video assisted thoracoscopy
(VAT) has been developed and we now present the early experience
ofthe technique in the management ofpatients with diffuse pulmonary
shadowing. Twenty seven patients (17 men) underwent VAT biopsy
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as part of the assessment of their presumed interstitial lung disease.
Patients presented with a variety of symptoms: cough (13), sputum
(9), pain (5), arthralgia (5), and shortness of breath (20). Exercise
tolerance was MRC grade I (1), II (5), III (2), or IV (7). The chest
radiograph was reported as normal (2), fine nodular shadowing (9),
ground glass, (1), ill defined (3), and honeycomb/late stage (3). The
patients' mean (SD) spirometric values were as follows: FEVy 2-08
(0 6) and FVC 2-64 (0 8). Previous transbronchial biopsies had failed
to make a diagnosis in seven patients. Prior to VAT biopsy the
diagnoses were CFA (11), extrinsic allergic alveolitis (EAA) (3),
sarcoid (3), connective tissue disorder (1), and asbestosis (1). In all
27 patients a diagnosis was provided by the VAT biopsy; these were
as follows: CFA (20), EAA (3), sarcoid (2), rheumatoid lung (1), and
carcinoma (1). In the CFA patients the disease was classified as active
(8) or mainly fibrosis (12). From these findings treatment was changed
in 12 patients with subsequent improvement in seven. It would
appear that VAT is of value in the diagnosis and management of
diffuse pulmonary fibrosis.

Experimental evaluation of the strength of stapled bronchial
closure in human cadavers versus sutured closure

A EL-GAMEL, JF SANG, DCT WATSON Heartlands Hospital,
Birmingham Little is known about the integrity ofstaple closure ofthe
bronchus and its tolerance to normal mechanical stresses (coughing,
sneezing). There are few studies comparing the mechanical strength
of stapled bronchial closure to manually closed bronchus. Most of
these have studied the threshold for fluid leak across the bronchial
suture line which differs from air. This experiment tested and com-
pared air leakage pressure of human bronchi when closed with either
staples or sutures. Intact cadaveric tracheobronchial tree (n = 20)
were selected so that closure would only depend upon the material
used and not on healing or blood supply of the closed bronchus (age
range 55-70, of which 60% were men). They were divided into two
groups: group A, 20 bronchi were closed with TIA 4-8 mm bronchial
stapler; group B, 20 bronchi were closed with 4/0 Prolene interrupted
sutures. All specimens were intubated with endotracheal tube and
submerged under water before testing with the standard 40 mm Hg
inflation pressure. Inflation pressure was increased until air leak
was detected. The stapled closures were resected and subjected to
radiological examination. All bronchi showed no air leak at 40 mm
Hg regardless of the closure technique. In group A the mean leakage
pressure was 130-5mm Hg and 50% (n= 10) leaked from multiple
sites. In group B the mean leakage pressure was 211 mm Hg and all
leaked from one site only. This difference was statistically significant
(p<0-001, Student t test) The radiological appearance of the staples
maintained the B configuration recommended by the manufacturer
as a sign of sound application. Thus, hand sutured bronchi tolerated
higher inflation pressure than stapled ones before leaking air. Air leak
occurs in the presence of intact staples.

Surgery for lung cancer in patients over the age of 70 years
A BILAL, ME COWEN Humberside Cardiothoracic Surgical Centre, Castle
Hill Hospital, Cottingham, North Humberside Lung cancer is the
commonest cause of cancer-related death in adults in this country.
Results for the treatment of non-small cell cancer have not improved
over the last decade with surgery offering the only major chance of
cure in appropriate cases. Diagnosis and treatment have been mainly
directed at younger patients and overall survival may be improved if
more elderly patients were considered for surgical treatment. We have
retrospectively reviewed all patients over the age of 70, over a one
year period, who have undergone a major thoracotomy for lung cancer
to assess how well this population tolerates surgery. From May 1992
to May 1993 98 patients underwent thoracotomy for lung cancer.
Thirty seven patients (38%) (23 men and 14 women) were over the
age of 70 (mean age 73-3 years, range 70-84). Eight patients un-
derwent wedge excision, 12 lobectomies, six bilobectomies, seven
pneumonectomies, and four were inoperable. The mean postoperative
stay was 12 3 days. There were two in-hospital deaths (5 4%), one
from respiratory failure on the 12th postoperative day and one from
aspiration on the 16th postoperative day. There were eight (22%)
major complications including haemorrhage of>2 litres in two (5 4%),
prolonged air leak in two (5 4%), CVA in one (2 7%), atrial fibrillation
in one (2-7%), bronchoscopy and minitracheostomy for retained
secretions in two (5.4%), and four minor complications. We would
conclude that patients over the age of 70 account for a significant
proportion of the population presenting with lung cancer. With good
preoperative assessment and postoperative care they tolerate surgery

well, and age itself should not be considered as a contraindication to
surgery.

Malignant pleural mesothelioma: a study of 99 cases and a call
for British Thoracic Society guidelines
JF KHALIL-MARZOUK Regional Department of Thoracic Surgery, Bir-
mingham Heartlands Hospital, Birmingham The incidence of ma-
lignant mesothelioma is rising and in the UK it is expected to peak in
the year 2009 with an estimated 840 annual new cases before a slow
decline. The management of diffuse pleural mesothelioma is the most
frustrating and challenging problem in thoracic surgery. The results
of treatment with radiotherapy and chemotherapy remain poor. Few
anecdotal reports of surgical results clearly prompts a need for guide-
lines to management. The outcome of 99 consecutive cases of diffuse
malignant mesothelioma diagnosed between 1985 and 1993 was
retrospectively reviewed. Sixty two patients were untreated and one
year survival was 5%. Twenty one patients underwent palliative
pleurectomy and 16 patients underwent radical pleuro-
pneumonectomy. Mortality rates were 14-3% and 12-5% respectively.
One year. two year, and actuarial five year survival was 38% v 57%,
14% v 36%, and 4-8% v 12-5% in favour of radical resection.
However, more complications were encountered with extrapleural
pneumonectomy than with pleurectomy. The role of surgery for stage
I disease has never been fully investigated. Radical resection has a
place for a limited group of patients who should be fit and below 60
years ofage with good respiratory and cardiovascular status. A national
BTS endorsed protocol for treatment should be implemented if we
are to improve our results in the management of a difficult cohort of
patients and establish prolonged survival or significant palliation. Most
patients with more advanced disease await improved chemotherapy
regimens in conjunction with surgery and radiotherapy.

Audit of management practices and outcome in patients with
lung cancer in South East Scotland

T SETHI, RJ FERGUSSON, A GREGOR ON BEHALF OF THE SOUTH EAST
OF SCOTLAND LUNG CANCER GROUP (SESLCG) In order to evaluate
management practices and outcomes for an unselected population of
lung cancer patients, the SESLCG undertook a prospective audit of
patients presenting to its members. Between 1 March 1991 and 29
February 1992 they registered 622 patients (419 men, mean age 68
years) from a population of 1 1 million. 80% were referred from
primary care. Histology was proven in 510 (82%) with 31% squamous,
20% small cell, 13% adenocarcinoma. The mean duration of symp-
toms prior to referral was 70 days. 403 (65%) had inpatient assessment
at presentation (mean stay 5 8 days). In 52% the diagnosis was made
on the day of referral and within two weeks in 87%. Bronchoscopy
was performed in 70% of patients. The mean number of investigations
per patient was 4-4. The proposed management was surgery in 146
(23-5%), radiotherapy in 169 (27-2%), chemotherapy in 101 (16-2%),
and supportive care in 202 (32 5%). The treatment intent was curative
in 151 (24 3%) and palliative in 471 (7597%). Patients who were
considered suitable for curative treatment (135/151) referred for
surgery were younger, had better performance status, less weight loss,
shorter history and inpatient stay. Follow up data were shorter history
and inpatient stay. Follow up data were available in 588 patients
(95%). 107 patients (18%) were alive 18 months after the completion
of the registration period. The median survival for patients receiving
treatment and completing follow up was 69-4 weeks for surgery (n =
124), 34 weeks for chemotherapy (n = 77), 30 4 weeks for radiotherapy
(n = 167), and 8-7 weeks for supportive care (n = 174). Formal as-
sessment of the mediastinum (CT or mediastinoscopy) was performed
in approximately half the patients prior to resection. Patients received
radiotherapy predominantly for palliation. A large range of radiation
doses and schedules were used. Complications from radiotherapy
were mild; there was no relationship between survival and the dose
of radiotherapy used. Chemotherapy was given in a variety of regimes.
75% of patients were treated off protocol although this did not affect
survival.

Effect of UPPP on snoring volume
AJ SMITHSON, JES WHITE, AJN PRICHARD, PR CLOSE, MJ DRINNAN, CJ
GRIFFITHS, HF MARSHALL, GJ GIBSON Departments of Medical Physics,
Respiratory Medicine and Otolaryngology, Freeman Hospital, Newcastle
upon Tyne Subjective improvement in snoring is frequently reported
after uvulopalatopharyngoplasty (UPPP), although little information
is available on objective measurement before and after UPPP. Detailed
polysomnography and sound level recordings were made on 40
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patients (mean age 42-8 years) before and six months after UPPP.
Sleep stage and posture were assessed for the duration (six hours) of
each study. Sound level was measured by a meter positioned 90 cm
above the patient's head and was sampled digitally once a second.
Seven of the initial 40 patients were found to have a preoperative
apnoea and hypopnoea index (AHI) greater than 15/hour of sleep
and were therefore excluded from analysis. One patient was excluded
for technical reasons. Two sound indices were considered for each
patient, namely the upper fifth percentile level (L5) and the percentage
of sampled data exceeding 50 dBA (p50). The total time spent asleep
and in the supine and the lateral positions were not significantly
different before and after UPPP. More time was spent in REM sleep
after UPPP than before UPPP (mean 64-9 minutes compared to 45-2
minutes, p<0-01), but the time spent in slow wave sleep was not
significantly different. AHI did not change significantly. Twenty six
of the 32 patients reported an improvement in snoring six months
after UPPP, with five unchanged and one worse. The sound indices
confirmed a measurable improvement in snoring level after UPPP
which was most significant in the supine position.

Posture Median L5 (dBA) Median p5O (%o)

Pre Post p Pre Post p

Supine 43-6 38 8 0-0016 1-12 0-36 0-014
Lateral 39 3 36 5 NS 0 37 0-17 NS
All 41-0 38-8 NS 1-50 0-32 0 04

Increased thrombotic tendency in patients with obstructive
sleep apnoea

S GUPTA, JPM FORAN, J CORRIGAN, R WRAY, AJ DYSON Department of
Thoracic Medicine, Conquest Hospital, Hastings; Cardiac Unit, King's
College Hospital, London Obstructive sleep apnoea (OSA) has been
shown to be associated with coronary artery disease. However, an

increased atherogenic or thrombotic tendency, as determined by
established lipid and haemorheological markers, in patients with OSA
remains uncertain. Serum lipids [total cholesterol, triglycerides, high
density lipoprotein-cholesterol], lipoprotein(a) [Lp(a)], fibrinogen
[Fib] and haematocrit [Hct] were measured in 10 OSA patients (mean
>4% Sao2 dip rate 18/hour) but without symptoms of cardiovascular
disease, and 10 healthy, matched, male controls (>4% Sao2 dip rate

<5/hour); mean age 49 (5) years. Patients in both groups had normal
resting 12-lead electrocardiograms and negative exercise tests. All
venous blood samples were taken in the fasting state and analysed using
conventional laboratory methods. Patients with OSA had significantly
elevated mean Lp(a) and Fib levels compared with the controls, 37
v 8mg/dl (p<0-001) and 260 v 210mg/dl (p<005) respectively. In
contrast, no significant differences were observed between the lipid
profiles or Hct in the two groups. We conclude that patients with

OSA have higher Lp(a) and Fib levels than healthy controls. This

observation suggests the presence of an enhanced thrombotic tendency
and may contribute to the increased cardiovascular morbidity observed
in this group.

Validation of BTS guidelines for diagnosis of sleep apnoea
hypopnoea syndrome (SAHS)

M HILTON, D BOLDY, A EVANS, S BRADBURY, K PROWSE, S SAPIANO, R

CAYTON Department of Respiratoty Physiology, Birmingham Heardands
Hospital, Birmingham; City General Hospital, Stoke A decade of clin-
ical research into sleep disordered breathing has prompted re-

commendations for service provision by the Royal College of

Physicians (1993) and guidelines for diagnosis from the BTS (1991).
Our combined departments have evaluated the effectiveness of over-

night oximetry compared with polysomnography in accordance with

published BTS guidelines (02 sat>90% awake and >15 4% 02 sat

dips/hour with symptoms). 100 consecutive referrals to Birmingham
Heartlands Hospital (BHH) were included in the study. Sixty nine

patients 57 M of mean (SD) age 48-4 (12-6) and 12 F aged 48-3

(12-8) had both studies (home overnight Minolta Pulsox 7 oximetry
at BHH and polysomnography at Stoke). These were analysed in-

dependently. Oximetry alone had a sensitivity of 100% and specificity
of 64%, inclusion of symptoms improved specificity to 72% with loss

of sensitivity to 81%. Tabulated data compares apnoea index/hour

(Al) and hypopnoea index/hour (HI) for +ve polysomnography v

Oximetry

BTS +ve BTS -ve

Al 15 (16-8) 5 (68)
HI 37 (24-8) 34 (27 9)
Number 10 21

oximetry (+ ve and -ve). The BTS guidelines seriously underestimate
hypopnoea causing disruption of sleep architecture and excessive day
time sleepiness without arterial desaturation.

Home oximetry studies in patients with suspected obstructive
sleep apnoea (OSA)
N WILTSHIRE, AH KENDRICK, JR CATTERALL Sleep Unit and Respiratory
Department, Bristol Royal Infirmary, Bristol Previous studies with
computer generated oxygen saturation (Sao2) signals have shown that
Biox pulse oximeters which store data every 12 seconds are suitable
for Sao2 measurements in the detection of OSA (Warley et aL Thorax
1987;42:892-6). These are often now used for home studies. We
have compared home studies (HS) performed in this way with hospital
sleep laboratory studies (LS) using online recordings of Sao2. Fifty
patients underwent HS and LS within three days of each other. For
the HS data were stored in the eight hour memory and downloaded
the next day, whilst online recordings were made as part of a full
polysomnographic study for the LS. The number of hypoxic dips per
hour of 4% or more was calculated for each study. The relation
between the HS and LS was assessed by regression and method
comparison analysis and the sensitivity and specificity calculated. The
Epworth score (John, Sleep 199 1;14:540-5) was used to assess daytime
sleepiness. The mean (range) dips/hour was 6-4 (0-53) and 16-2
(0-106) for HS and LS respectively. Mean Epworth score was 10
(0-20). Dips/hour were underestimated for HS, mean difference (HS-
LS) being - 9-6/hour (-77.9 to + 2-26). Difference was significantly
correlated to the mean of the two measurements (r= -0 85). The
relationship of HS to LS was: HS=0-66+0-35LS_5-06, r=0-89.
For a cut-off of 10/hour, 30 studies were both negative and nine both
positive. Eleven home studies were false negatives giving a sensitivity
of 0 45 and a specificity 1-0. In these 11, five had an Epworth score

>10 and four >14. In the nine positive studies, six had an Epworth
>10, whilst for the negative studies 11/30 had an Epworth >10. We
conclude that home oximetry studies underestimate the number of
hypoxic dips. This may be due to different sampling rates between
stored data and online data. Reliance on home oximetry alone may
miss cases of clinically significant OSA.

Usefulness of questionnaire and clinical data in selecting
patients for sleep studies

J DEMETRIADES, S AUBRY, S CHINN, PJ REES United Medical and Dental
School of Guy's and St Thomas', Guy's Hospital, London A symptom
questionnaire was administered to 237 consecutive patients before
performance of a sleep study. All patients were referred for suspected
sleep disordered breathing. Information on upper airway examination
was obtained from the notes. Of 217 subjects with full data, 141 had
full polysomnography and 76 had screening studies with oximetry,
pulse and observation only. Scoring of the sleep study was done blind
to questionnaire results. The distribution of the desaturation index
(DSI) was skewed and included zero values so it was transformed to

log, (DSI + 1). Body mass index (BMI) was also logarithmically
transformed. BMI and age (p<0-001) were significantly associated
with DSI. Snoring (p<0-001), upper airway abnormalities (p<0-001),
and daytime sleepiness (p<001) were also significantly associated
with DSI in a model including these factors, BMI, and age. Nocturia,
restless sleep, not feeling refreshed on waking, morning headache,
gender, and history of hypertension were not significantly associated
with DSI. Similar results were obtained when the analysis was re-

stricted to 141 full studies using disordered breathing index (DBI)
rather than DSI. Facilities for investigation of sleep problems in
the UK are limited. In this selected population, with suspected
abnormalities in DSI or DBI, symptoms and clinical observations
might reasonably be used to restrict studies to those with a higher
probability of significant problems.

Which polysomnographic variables best reflect daytime sleep-
iness?

MJ DOHERTY, K REES, PMA CALVERLEY Aintree Chest Centre, Liverpool,
University of Salford Although daytime sleepiness is a major con-
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sequence of obstructive sleep apnoea, its assessment has proved
difficult. The recently developed Epworth sleepiness scale (ESS)
produces a simple means of assessing hypersomnolence which has
been related to the respiratory disturbance index and minimal oxygen
saturation (Sao2) in a large population of OSA patients (Johns.
Chest 1993;103-36). However data about the relationship of other
potentially relevant polysomnographic variables to this global measure
of sleepiness are lacking. We have studied 48 patients (mean age 50 1,
BMI 32-9, A + HI 43 2) and compared their self completed ESS with
their apnoea/hypopnoea indices (A+ HI), apnoea index (AI), mean
and total apnoea duration, mean and minimum Sao2, sleep onset
latency, sleep efficiency, arousal index, and % stage 1 + 2, stage 3 + 4,
stage REM sleep. All variables were measured during a single night's
sleep study and were reported using a computer assisted manual
scoring system (CNS Inc). In this population the mean ESS was
14-46, a value similar to patients reported byJohns. ESS was correlated
(p<002) with obstructive index (0 407), AI (0 374), and A+HI
(0 378), but not with minimum Sao2 or any polysomnographic vari-
ables. When those variables (A+HI, AI, obstructive index, arousal
index and % stage 1 + 2 and stage 3 + 4 sleep) that correlated sig-
nificantly at the p<0 05 level were entered into a stepwise multiple
regression only obstructive index (multiple R=0-41) and, to a lesser
extent, % stage 3+4 sleep (multiple R = 0-54) made an independent
contribution to daytime sleepiness. These data confirm the general
relationship between a measure of daytime sleepiness and the severity
of respiratory disturbance in moderate to severe OSA. However,
neither minimum Sao2 nor arousal indices related to self-reported
sleepiness and other EEG measures of sleep quality added much
clinically relevant information once the respiratory disturbance indices
were known. Routine EEG monitoring appears unnecessary in eval-
uating sleepiness in OSA patients.

Nocturnal oxygen desaturation (ND) and exercise desaturation
(ED) in subjects with chronic obstructive pulmonary disease

A BATES, DR BALDWIN, SP BRADBURY, AH EVANS, CFA PANTIN Department
of Respiratory Medicine, North Staffordshire Hospital Trust, City General
Hospital, Newcastle under Lyme, Staffordshire The finding of a Pao,
of less than 7-3 kPa defines those patients in whom LTOT is likely
to be of benefit (Stark et al. BMJ7 1973;3:467-70). Where oxygen
tensions are higher than this level, patients who may benefit from as
required oxygen can be identified by performing an exercise test to
detect falls in oxygen. It is hypothesised that ED may be used to
predict ND in patients with COPD because both result from increasing
severity of disease. We therefore compared 10 patients with ED with
nine without. All subjects had a resting Pao2 of greater than 7-3 kPa
prior to entry. They underwent spirometry and had blood gases and
oxygen saturation measured at two visits to the department, three
weeks apart. At the second visit subjects performed a six minute
walking test with continuous oximetry and measurement of blood
gases before and immediately after exercise. Subsequently, overnight
oximetry was undertaken. The two groups (ED and no ED) showed
no difference in lung function or in blood gas tensions prior to
exercise. The ED group geometric mean FEV, was 0-651 and that
of the no ED group, 0 871. Nine of 10 subjects with ED showed
significant ND compared with six of nine in the no ED group (p =
0-217; Fisher's exact test). There was no difference in the extent of
ND as measured by area under the baseline saturation values or in
the number of desaturations in the two groups. This study has
demonstrated that ED may not be used as a predictor of ND owing
to the high incidence of ND in patients without ED. ND should be
sought in patients with COPD even if there is no evidence of ED.

Comparison of face and nasal masks for non-invasive vent-
ilation in COPD patients
PT REID, C MIKELSONS, JB BOTT, JA WEDZICHA Department of Thoracic
Medicine, The London Chest Hospital, London Non-invasive positive
pressure ventilation utilising a nasal mask (NIPPV) is now established
in the management ofCOPD patients for acute and chronic ventilatory
support. Patients new to the technique may have difficulty eliminating
leaks which occur around the nose and mouth and a full face mask
may be preferable. We evaluated 11 patients (nine men, two women,
median age 65 years, range 54-76 years) with COPD and stable
hypercapnic respiratory failure: mean (SD) FEV = 0-56 (0-12)1,
FVC= 1-45 (0-46)1, Pao2=6 21 (1-05) kPa, Paco2=8 43 (1-43) kPa.
All patients were established on domiciliary LTOT and five patients
used NIPPV at home. The remaining six patients had used NIPPV
on previous hospital admissions. After baseline earlobe blood gases,

patients were randomised to one hour (Brompton PAC) with either
the nasal mask or full face mask (Respironics Ltd); the flow rate was
adjusted to achieve airway pressures of greater than 25 cm H20,
oxygen was entrained at 2 1/min, and blood gases repeated. With the
nasal mask the mean (SD) Paco2 fell from 8-43 (1-43) to 7-88 (1-4)
kPa which was statistically significant (p=0-017). The mean Paco2
with the face mask was 8 45 (1-85) kPa, which was not statistically
significant compared to the baseline Paco2. The mean difference
between the face and the nasal mask for Paco2 was 0 57 kPa, CI
(0 03 to 1-12) which was statistically significant (p = 0 04). All patients
reported the nasal mask to be more comfortable. We conclude that,
compared with the nasal mask, the face mask does not provide
effective elimination of CO2 and thus may not be an appropriate
method of non-invasive ventilation in patients with COPD.

Sleep quality in chronic heart failure: effects of oxygen and
captopril

JT WALSH, R STARLING, R ANDREWS, IDA JOHNSTON, AJ COWLEY, WJM
KINNEAR University Hospital, Nottingham Sleep abnormalities are
well described in patients with severe congestive cardiac failure (CHF),
but there are few data concerning those with mild disease. We have
studied 12 patients (11 men) with NYHA grade II CHF, mean age
62 years. After an acclimatisation night, sleep was recorded (Oxford
9200 polysomnography system and Ohmeda 3700 oximeter) whilst
the patient was breathing air. The following night the sleep study was
repeated with supplementary oxygen via nasal cannulae. Captopril
was then commenced, and a further sleep study was performed one
month later. Visual analogue scores of sleep quality (0-100) were
unaffected by oxygen, but improved after Captoril (mean (SE) 69 (5)
compared with 49 (5) on the control night, p<0 01). This subjective
improvement was reflected by the polysomnographic changes shown

Control After p
captopril

Arousals/night 33 (5) 18 (3) <0 01
Apnoeas and hypopnoeas/night 242 (59) 118 (30) <0 05
Desaturations (>4%)/night 171 (60) 73 (37) <0 05
Stage 3 and 4 (% total sleep) 25 (6) 31 (5) <0 05
REM sleep (% total sleep) 14 (2) 22 (2) <0 05

in the table. Captopril, but not oxygen, improves subjective sleep
quality in CHF. This probably reflects the decreased number of
arousals.

Compliance with nasal positive pressure ventilation (NPPV)
and patterns of domiciliary use

N POTTER, S RUMLEY, AK SIMONDS Royal Brompton National Heart and
Lung Hospital, London Compliance with NPPV and the patterns of
use of this treatment in the home have been examined in 43 randomly
selected adult patients, mean (SD) age 55-6 (11 -6) years. The cause of
hypercapnic respiratory failure was chest wall disorder (17), previous
poliomyelitis (7), TB sequelae (8), other neuromuscular disease (6),
COPD (5). All patients used a volume preset ventilator (Lifecare
PLV-100, Brompton PAC or Monnal D) and nasal mask. Patients
had been established on NPPV for at least three months at the start
of the study and were advised to use their ventilator during sleep at
night. Daytime use was at the patients' discretion. Monitoring of the
hours of ventilator use was carried out over a mean of 13 months
(range 4-22) using a hidden timer. This was activated only when the
compressor was functioning and therefore reflects hours of use rather
than electrical run time. Patients completed an anonymous ques-
tionnaire on ventilator habits, side effects, sleep, and quality of life.
For the group mean use per 24 hours was 7-88 hours (range 3-1-12-2).
Nine patients used NPPV regularly during the day for several hours,
and nine opted for occasional daytime use. Excluding daytime users,
mean time on NPPV was 7-5 (2 0)/24 hours. Six patients used NPPV
for less than 5-5/24 hours. Commonest side effects were nasal/mask
symptoms (10). Sleep quality was rated poor in 12%, average in 67%,
and good in 21%. Patterns of use of NPPV did not differ across
diagnostic groups and there was no correlation between sleep quality,
side effects, quality of life, and hours of use.

Cost effective moulded face masks for nasal ventilation
S JAIN, DR BALDWIN, R BRADBURY, SP BRADBURY, KT KHOO, K
PROWSE Department of Respiratory Medicine, City General, North
Staffordshire Hospital, Stoke on Trent, Staffordshire Long periods of
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nasal intermittent positive pressure ventilation (NIPPV) are often
associated with local skin irritation which, once established, is difficult
to heal. Personalised moulded masks have been shown to reduce skin
excoriation, but the commercially available kits are expensive. We have
been using standard compounds used in most prosthetic/maxillofacial
departments to make our own masks, and report a cost analysis and
our observations. Ten patients on NIPPV for ventilatory failure had
developed refractory problems with perinasal skin. They all had
broken areas despite alternate use of most of the masks listed in the
table, with a variety of modifications. After the use of our moulded
masks nine patients healed and the remaining patient had a further
mask made, mounted on a flexible cushion, resulting in healing. The
costs of both conventional masks (not moulded) and the Stoke

Manufacturer Head Mask Total
gear

DeVilbiss 15 39 54
Health Dyne 30 50 80
Health Dyne (nasal seal) 89
Puritan Bennett 37 34 71
Rescare 18 60 68
Respitronics 30 50 80
Thomas 20 65 85
Stoke moulded mask

(inclusive of labour) 12 40 52

moulded mask are shown in the table (A; ex VAT). We conclude that
moulded face masks may be useful to alleviate problems due to skin
excoriation and, by using the services of the prosthetics/maxillofacial
department, costs compared favourably with conventional masks.

Randomised controlled trial of nasal positive pressure vent-
ilation plus LTOT compared with LTOT alone: effect on blood
gases and quality of life

DJ MEECHAM JONES, PW JONES, EA PAUL, JA WEDZICHA Department of
Thoracic Medicine, The London Chest Hospital, London; St Georges
Hospital Medical School, London Long term oxygen therapy (LTOT)
has been shown to improve survival in COPD, but the combination
of nasal ventilation and LTOT has not been evaluated. We report the
effect of the addition of nasal pressure support ventilation (LPSV) to

LTOT compared with that of oxygen alone in patients with stable
hypercapnic COPD and established LTOT. We studied 18 patients
(15 M, 3 F, median age 69 years, range 43-74); mean (SD) Pao2
5-99 (0 70) kPa, Paco2 7 36 (0-38) kPa, FEV, 0-81 (0 30)1, FVC
2 12 (0 60) 1. After a four week run-in period each patient underwent
consecutive three month periods (in randomised order) of: (a) oxygen
therapy alone and (b) oxygen plus NPSV using the BiPAP ventilator
in spontaneous mode. Fourteen of the 18 patients completed the
study. Following the addition of NPSV there were significant im-
provements in resting arterial gases: mean Pao2 improved compared
with run-in (p = 0-0001) and 02 alone (p0 0006) (mean (SD) Pao2:
run-in 6 03 (0-76) kPa, 02 alone 5 90 (0 93) kPa, 02 + NPSV 6-69
(0 97) kPa). Mean Paco2 fell compared with run-in (p = 0-001) and

02 alone (p=0^0001) (run-in 7-44 (0 48) kPa, 02 alone 7-60 (0-76)
kPa, 02 + NPSV 7 03 (0 63) kPa). Quality of life was assessed using
the St George's Respiratory Questionnaire (SGRQ) which provides
a total score derived from three components (symptoms, activity
and psychosocial impacts). During run-in there was a significant
correlation between activity scores and six minute waLking distance

(p = 0-0 1), but there were no correlations between any SGRQ scores

and blood gases. There was a significant improvement in mean

symptom score following the addition of NPSV compared with base-

line (p=0 007) and 02 alone (p=0.03), and in impact score (p=
0-002) and total score (p = 0 001) when compared with 02 alone. For

02 alone there was a deterioration in impact (p=0 01) and total

(p=003) scores compared with baseline. In patients with advanced
but stable hypercapnic COPD the addition of NPSV to LTOT

produced significant improvements in blood gases and quality of life

scores. NPSV is a useful addition to conventional therapy in patients
with hypercapnic COPD. [Supported by the British Lung Found-

ation.]

Hypertonic saline injected intradermally causes flare and weal

by neural and vascular mechanisms

AM SHARARA, MA HIGHAM, MJ IREDALE, PW IND Department ofMedicine
(Respiratory Division), Royal Postgraduate Medical School, Hammersmith
Hospital, London Inhalation of hypertonic saline (HTS) induces

bronchoconstriction in asthmatic subjects but the mechanism is un-

clear. We have investigated the action ofHTS in the skin by examining
the effect of local injection of 1% lignocaine (Lig) on the weal and
flare responses to intradermal injection of HTS, histamine (H), and
substance P (SP). Eight normal subjects attended the laboratory on
two occasions separated by at least one week. At the first visit duplicate
intradermal injections of 30 pl normal saline (NS), HTS (5NS), H
(0-0025 mg/ml) and SP (1000 pmol/ml) were given coded and in
random order, one of each pairs to each forearm. Flare and weal were
recorded at five and 15 minutes. The reproducibility was assessed by
calculating the 95% limits of agreement. At the second visit 0 5 ml
1% lignocaine was infiltrated at four sites on one forearm and NS (as
control) on the other forearm; five minutes later NS, HTS, H, and
SP were injected in duplicate as at the first visit. For flare to histamine
the 95% limits of agreement were (0-98 (5 56) cm2) indicating
satisfactory reproducibility. Lignocaine inhibited flare responses to
H, SP, and HTS by 56%, 78%, and 77% respectively, suggesting
involvement of an axon reflex. Weal responses to H and SP were
inhibited by 31% and 33% but response to HTS was unaffected by
lignocaine, suggesting a direct effect on capillary permeability. The
implications for the mechanism of HTS-induced bronchoconstriction
are uncertain but H release, airway reflexes, and a vascular component
may all be involved.

Effect of inhaled heparin on bronchial reactivity to sodium
metabisulphite and methacholine in subjects with asthma
T MUDASSAR, I PAVORD, J BENNETT, P WILDING, A KNOX, A

TATTERSPIELD Respiratory Medicine Unit, City Hospital,
Nottingham Inhaled heparin inhibits the early response to allergen
and exercise-induced asthma probably by inhibiting mast cell mediator
release. Recent animal studies suggest that heparin might also inhibit
cholinergic neurotransmission in asthma by restoring inhibitory M2
receptor function Jacoby et al. J Clin Invest 1993;91:1314-8). We
have tested the hypothesis that heparin inhibits neurally mediated
bronchoconstriction in asthma by examining the effect of inhaled
heparin on bronchial reactivity to sodium metabisulphite. We also
examined the effect of inhaled heparin on methacholine-induced
bronchoconstriction to exclude a direct effect on airway smooth
muscle. Eleven subjects with mild asthma inhaled nebulised heparin
(1000 units/g) or placebo (normal saline) in a randomised double
blind fashion 10 minutes before a cumulative dose challenge with
sodium metabisulphite. Nine subjects were challenged with metha-
choline after the same dose of heparin or placebo. Inhaled heparin
did not significantly change FEVI nor did it alter the provocative dose
of sodium metabisulphite or methacholine required to cause a 20%
fall in FEV, (PD20). Geometric mean sodium metabisulphite PD20
was 2-54 and 2-15 ismol after placebo and heparin respectively (mean
difference -0-24 doubling doses; 95% CI- 064 to 0 17; p=O067).
Geometric mean methacholine PD20 was 1 00 nd 1 51 .imol after
placebo and heparin respectively (mean difference 0-6 doubling doses;
95% CI -0 25 to 1-5; p=0 21). Thus heparin inhaled at doses
sufficient to inhibit allergen and exercise-induced bronchoconstriction
has no effect on the response to sodium metabisulphite and metha-
choline in asthma. This argues against an inhibitory effect on neural
pathways or airway smooth muscle.

Production of PGE2 by cultured bovine airway smooth muscle
cells: regulation by cAMP
T BARRY, F DELAMERE, E HOLLAND, I PAVORD, A KNOX Respiratory
Medicine Unit, City Hospital, Nottingham PGE2 is thought to be an

important inhibitory modulator of inflammatory processes in the
airway. Previous studies have shown that it is produced by cultured
bovine airway smooth muscle cells in large quantities, but its regulation
by second messengers has not been studied in this tissue. To determine
if PGE2 production by airway smooth muscle might be an important
action of adrenergic agonists in asthma, the regulation of PGE2
production by cAMP was assessed using dibutyryl cAMP, forskolin
and salbutamol. Dibutyryl cAMP (10-3 M) increased PGE2 pro-
ducton over a 24 hour time course. PGE2 production was 14 (0 5),
2-2 (0.6), and 3-7 (0-8) ng/ml at 1, 6, and 24 hours in cells treated
with dibutyryl cAMP compared with 1-2 (0-3), 1 3 (0 4), and 1-3
(0 4) ng/ml in control cells. Forskolin (10-4 M) and salbutamol
(10'6 M)! both increased PGE2 production over control cells from
1-7 (0-2) to 3-2 (0 5) ng/ml (p<001) with salbutamol and 1-1 (0 2)
to 3-8 (0 8) ng/ml (p = 0 01) with forskolin after 24 hours. Incubation
of salbutamol treated cells with propranolol (1o0 M) significantly
reduced the stimulatory effect.of salbutamol on PGE2 production by
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70%. Incubation of forskolin treated cells with r-p cAMP (10' M),
a cAMP antagonist, inhibited the PGE2 response to forskolin by 80%.
RO-20-1724 (10-6 M), a selective inhibitor of type IV phospho-
diesterase, stimulated PGE2 production from 0 7 (0 04) ng/ml in
control cells to 1-1 (0-1) ng/ml in RO-20-1724 treated cells (p=
0 02). These studies suggest that cAMP may play an important
regulatory role in stimulating PGE2 production by airway smooth
muscle. This may be a novel beneficial action of J adrenergic agonists
in asthma.

Bronchial epithelial cells and eosinophils express 15-lip-
oxygenase in asthma

AE REDINGTON, P BRADDING, D CONRAD, ST HOLGATE UniverSity Md-
icine, Southampton General Hospital; University ofCalifornia, San Fran-
cisco, USA The enzyme 15-lipoxygenase (15-LO) is responsible for
the production of 15-hydroxyeicosatetraenoic acid (15-HETE) and
the di-HETEs. These mediators are believed to be implicated in the
pathogenesis of allergic asthma via the recruitment and activation of
inflammatory cells and the stimulation of glandular secretion. To
investigate the invivo expression of 1 5-LOwehave performed fibreoptic
bronchoscopy and bronchial biopsy in six healthy control subjects
(5M/1F, mean (SE) age 25 (3), FEV, 113 (5-7)% pred, geometric
mean PC20 >14 mg/ml) and 10 atopic asthmatics (9M/I1F, mean age
29 (3), mean FEV, 88-3 (3 8)% pred, geometric mean PC20 0 43 mg/
ml) who were receiving inhaled short-acting I8 agonists as their only
therapy. Biopsies were processed into glycol methacrylate resin and
immunohistochemistry was performed using a specific rabbit poly-
clonal antibody against human 15-LO and a streptavidin-biotin-
peroxidase detection system. Immunoreactivity for 15-LO was loc-
alised to the bronchial epithelium in both groups and using a semi-
quantitative scoring system we were unable to detect a difference in the
extent of epithelial staining between the two groups. Immunoreactivity
was also localised to cells in the subepithelium with a significantly
greater number in the asthmatics compared to the normal subjects
(median 15-3 v 6-9 cells/mm2, p=0 01). Using adjacent sections
stained with the eosinophil marker EG2 we were able to identify that
the majority (85%) of subepithelial 15-LO + cell were eosinophils.
These findings suggest that 1 5-LO products in asthma originate from
both bronchial epithelial cells and from infiltrating eosinophils.

Endothelin in bronchoalveolar lavage fluid and its relationship
to airflow obstruction in asthma

AE REDINGTON, DR SPRINGALL, MA GHATEI, SR BLOOM, ST HOLGATE,
JM POLAK, PH HOWARTH University Medicine, Southampton General
Hospital; Departments ofHistochemistry andMedicine, Royal Postgraduate
Medical School, Hammersmith Hospital, London Endothelins are a
family of peptide mediators which are potent constrictors of human
airways in vitro and which additionally have a number of profibrotic
properties. In order to examine the possible involvement of endothelin
(ET) in asthma we have performed fibreoptic bronchoscopy and
bronchoalveolar lavage (BAL) on 10 healthy control subjects (5M/
5F, mean (SD) age 22 (3), FEV, >95% pred, PC20 >16mg/ml), 10
atopic asthmatics treated with bronchodilators alone (8MJ2F, mean
age 30 (6), mean FEV, 92-1 (16-5)% pred, geometric mean PC20
0 50 mg/ml), and eight atopic asthmatics treated with inhaled+ oral
corticosteroids (6M/2F, mean age 37 (14), mean FEV, 85-7 (21-9)%
pred, geometric mean PC20 >1 -30 mg/ml). Endothelin concentrations
in BAL fluid were measured by radioimmunoassay. There was a
significant increase in the BAL fluid ET concentration in the non-
steroid treated asthmatics when compared with the normal subjects
(median 0 30 v 0-08 pM, p=0 001) but there was no statistically
significant difference between the steroid treated asthmatics and either
of the other two groups. In the non-steroid treated asthmatics there
was a significant negative correlation between the BAL endothelin
concentration and the FEV, % predicted (r=- 0-71, p = 0-03). This
correlation was not, however, significant in the steroid treated subjects.
No correlation existed between BAL concentrations of ET and bron-
chial reactivity in either of the asthmatic groups. These findings
suggest that ET may contribute to the increased resting bronchomotor
tone in non-steroid treated asthma.

Flow cytometric analysis ofBAL and peripheralbloodT lymph-
ocyte cytokine-generating potential in asthmatics and non-
asthmatics

JMADDEN, N KRUG, AE REDINGTON, R DJUKANOVIC, AJFREW, ST HOLGATE,
PH HOWARTH Immunopharmacology Group, Southampton General Hos-
pital, Southampton A method of intracellular cytokine detection by

flow cytometry (Jung et al.JImmunol Methods 1993;159:197) has been
used to compare the cytokine-generating potential ofT lymphocytes
recovered from the airways by bronchoalveolar lavage (BAL) and
from the peripheral blood of asthmatics and non-asthmatics. After
short term culture (5 h) of whole blood or BAL fluid with PMA,
ionomycin and monensin (which blocks cytokine transport mech-
anisms leading to intracellular accumulation) the cells were stained
with fluorescent labelled antibodies against IL-2, IFN-y, IL-4, IL-5,
and CD3. Three colour flow cytometric analysis was used to detect
CD3 + T cells and two cytokines simultanously. We compared nine
atopic asthmatics (mean (SD) FEV1 92-5 (23-7)% pred, geometric
mean PC20 1-03 mg/ml) with five non-asthmatic controls (FEV, 106-7
(8-2)%, PC20 >32 mg/ml). Results are shown in the table expressed

Cytokine profile (% CD3 +cells)

IL-2 IFNy IL-4 IL-5

BAL fluid
N 47-5 62-0 0-6 0 3

(37-7-71-2) (31-8-80) (0-5-5) (0-0 8)
A 36.0* 77-7* 0 9 0 4

(24-2-53 9) (65-2-92-1) (0-8 5) (0-22)
Blood
N 20-0 15-6 0 3 0.1

(12-1-26-9) (11-38 6) (0-1-0-6) (0 1-0 4)
A 12-2 16-3 0 2 0-2

(0 1-36-2) (0 3-56) (0-0-8) (0-0-6)

N = normal, A= asthmatic.
*p<0.05 N v A.

as median (range). We conclude that IL-2- and IFNy-producing T
cells predominate in the airways of both normal and asthmatic sub-
jects. However, BAL cells in the asthmatic group show a significant
decrease in IL-2-producingT cells together with a significant increase
in IFN-y-producingT cells compared with non-asthmatics. [Supported
by Deutsche Forschungsgemeinschaft.]

Does soybean dust-induced asthma have specific im-
munohistochemical features?

M SYNEK, J ANTO, R BEASLEY, AJ FREW, J SUNYER, ST HOLGATE University
Medicine, Southampton General Hospital, Southampton, UK; Institut
d'Investigaci6 Medica, Barcelona, Spain; Wellington School of Medicine,
Wellington, New Zealand Twenty six asthma epidemics induced by
soybean dust occurred in Barcelona, Spain in the 1980s. We studied
lung tissue specimens of three groups of subjects: seven asthmatics
from Barcelona who died of soybean dust-induced asthma attack, 26
asthmatics from New Zealand (NZ) who died of asthma, and nine
asthmatics from NZ who died of unrelated causes. The tissue sections
were cut at 4 gm from paraffin-embedded blocks. The following cell
types were detected by monoclonal antibodies: mast cells (AA-1:
tryptase), activated eosinophils (EG-2:secreted cationic protein), neu-
trophils (anti-elastase), CD3 + T cells, and CD8 + T cells (rabbit
and mouse antibodies respectively). The numbers of mast cells,
eosinophils and neutrophils were not significantly different between
the groups. The numbers of CD3 + and CD8 + T cells were sig-
nificantly lower in subjects from Barcelona than in either group from
NZ. Comparison with the asthma deaths from NZ showed the
following figures (in the epithelium and airway wall respectively): 0
v 0 30 cells/mm (p= 0-02) for CD3+ and 0 09 v 1-32 cells/mm (p=
0 01) for CD8+ and 1-36 v 47 90 cells/mm2 (p =0.004) for CD3+
and 9-32 v 127-40 cells/mm2 (p = 0-002) for CD8 +. Numbers of
CD3 + in non-fatal asthma were also higher than in fatal cases from
Barcelona with respective figures in the epithelium and airway wall
0-80 v 0 cells/mm (p =0006) and 123-30 v 1-36 cells/mm2 (p=0 01).
These results suggest that soybean dust-induced asthma has its specific
immunohistochemical features.

Effects of aspirin desensitisation on urinary LTE4 levels and
FEV, in aspirin-sensitive asthmatic patients
SM NASSER, M PATEL, G BELL, TH LEE Department of Allergy, UMDS,
Guy's Hospital, London Asthmatic patients with aspirin sensitivity
(ASA) can be desensitised to aspirin but the mechanisms are unknown.
There are at least two possibilities which include downregulation of
leukotriene production to aspirin ingestion after desensitisation, or
reduction in airway sensitivity to leukotrienes. To test the hypothesis
that there may be a reduction in leukotriene release we studied five
ASA patients of mean (SE) age 41 (2 8) years with baseline FEV, of
95 (4-7)%. Urinary LTE4 and FEV, were measured before and after
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ingestion of a threshold dose of aspirin and at regular intervals during
desensitisation up to 600 mg aspirin. Prior to desensitisation the mean
maximum fall in FEV, three hours following a threshold aspirin dose
was 16-6 (6-3)% and urinary LTE4 rose from a baseline value of 228
(80) to a mean value of 2257 (1337) pg/mg creatinine. Immediately
after desensitisation and following 600 mg aspirin there was a mean
maximum fall in FEV, of only 4-1 (3 8)% and urinary LTE4 increased
from a baseline of783 (313) creatinine to 1474 (676) pg/mg creatinine.
Following desensitisation and chronic aspirin ingestion for at least
two months, mean urinary LTE4 rose from a basal level of 432 (127)
to 749 (257) pg/mg creatinine at three hours after 600mg aspirin
accompanied by a mean maximum fall in FEV, of 7-4 (4 5)%. We
conclude that (1) there is substantial leukotriene release immediately
following aspirin desensitisation, although no change in lung function
after aspirin ingestion, and (2) chronic aspirin ingestion leads to
downregulation of LTE4 release in response to aspirin.

Arachidonic acid turnover in membrane lipids of atopic asth-
matics: effect of nedocromil sodium

FP HOGAN, MP O'SULLIVAN, JS PRICHARD Department of Clinical Med-
icine, TCD Medical School, St James' Hospital, Dublin Membrane
lipids contain large amounts of arachidonic acid (AA) which acts as
a substrate for eicosanoid biosynthesis. Phospholipids serve as a
structural pool from which AA can be liberated by the action of
phospholipases while neutral lipids serve as a storage site when the
influx of AA is large as occurs in inflammation. Leucocytes from
atopic asthmatics are known to have an altered AA metabolism
and exhibit increased incorporation of AA into phospholipids and
decreased incorporation into neutral lipids. In addition, most agonists
activate inflammatory cells and contact airway smooth muscle by
stimulating polyphosphoinositide (PI) hydrolysis, with the subsequent
synthesis of phosphatidic acid (PA) as an intermediate of PI break-
down. PA may act as an endogenous ionophore because of its ability
to increase permeability of membranes to calcium. Thus drugs that
inhibit phospholipid turnover may be of potential use in asthma.
This study therefore examines the effects of nedocromil sodium on

incorporation and release of 3H-AA from membrane lipids ofPBMCs
from atopic asthmatic subjects. Peripheral blood mononuclear cells
(PBMCs) were isolated from atopic asthmatic individuals by dextran
sedimentation and Ficoll/Hypaque density gradient centrifugation.
The cells were then incubated with tritiated arachidonic acid (3H-
AA) in the absence and presence of nedocromil sodium (1 iM) for
one hour at 37°C. The cells were washed and subsequently stimulated
with opsonised zymosan (OZ) for a further 30 minutes at 37°C.
Following centrifugation, total lipids were extracted twice using chlo-
roform:methanol (2:1) and the combined chloroform layers evap-
orated under reduced pressure. Phospholipids were separated by two-

dimensional thin layer chromatography using the solvent system
chloroform:methanol:acetic acid:water in the ratios 100:50:16:8 and
100:15:16:4 v/v. Tritiated lipids were detected by autoradiography and
beta scintillation spectrometry. When PBMCs from atopic asthmatic
individuals were incubated with 3H-AA there was a significant increase
in incorporation of 'H-AA in neutral lipids after one hour in the
presence of the nedocromil sodium. The drug, however, had no effect
on the amount of 3H-AA incorporated into individual phospholipid
classes. Upon stimulation with OZ in the absence of nedocromil
sodium, significant quantities of 3H-AA were released from pho-
sphatidylcholine (PC) and phosphatidylinositol (PI) while the 3H-AA
content of phosphatidic acid (PA) and phosphatidylethanolamine
(PE) increased. In the presence of nedocromil sodium, however, the
3H-AA content of PA was significantly diminished. These results
indicate that nedocromil sodium alters lipid turnover in PBMCs from
atopic asthmatic individuals by encouraging the uptake of excess AA
into neutral lipids (storage site) where it can be temporarily retained,
thus making less AA available in the phospholipid fraction (active
site) for use in the biosynthesis of eicosanoids. In addition, the
reduction of PA by nedocromil sodium may reflect an inhibition of
phospholipase C or D activity and thereby prevent sustained activation
of cells. Both these factors may contribute to the therapeutic effects
of nedocromil sodium in asthma.

Effect of low dose oral theophylline on bronchial wail eos-

inophils after allergen challenge in atopic asthma
PJ SULLIVAN, S BEKIR, ZH JAFFAR, CP PAGE, P JEFFERY, J

COSTELLO Department of Thoracic Medicine, King's College Hospital,
London; Department of Lung Pathology, The Royal Brompton National
Heart and Lung Hospital, London We have investigated the effect of
pretreatment with theophylline on the bronchial wall cellular infiltrate

after allergen challenge. Nineteen mild atopic asthmatics (FEV,>80%
pred) inhaled Dermatophygoides pteronyssinus allergen and all exhibited
a late asthmatic response. Bronchoscopy with bronchial biopsy was

performed 24 hours after challenge. Subjects were then treated with
theophylline, 200mg 12 hourly or placebo for six weeks, and identical
allergen challenge and bronchoscopy were repeated. Mean calculated
steady state theophylline concentration was 6-7 mg/l. Adequate bi-
opsies were obtained from 15 subjects. Cells were counted in a 60 gm
band beneath the BM and expressed as cells permm BM. The median
(95% CI) EG2 + activated eosinophil count changed from 5-9 (5 0
to 12-0) to 2-1 (0-7 to 4 4) during theophylline (n=9, Wilcoxon
p<0 05) and from 5-9 (3-6 to 11 1) to 3-9 (2-0 to 9 1) (n=6, NS)
during placebo, and there was a significant treatment effect (Mann-
Whitney intergroup comparison, p<005). Extracellular EG2 staining,
representing degranulated eosinophil product, was quantified by point
counting and expressed as a percentage of section area. The value
changed from 6-8% (3 3 to 12-7) to 1-1% (0 5 to 4-8) during
theophylline (p<0 05) and from 2-6% (1-8 to 5 4) to 1-7% (0-6 to
11 -2) during placebo (NS). Intergroup comparison was not statistically
significant. The effect of theophylline on extracellular EG2 staining
correlated (r= 0-89, p<0 01) with the effect on the EG2 + cell count
which suggests that the reduction in EG2 + cells is not the result of
increased degranulation and exhaustion of intracellular eosinophil
cationic protein. [Supported by Napp Laboratories, Cambridge.]

Importance of respiratory infection in general practice in the
1990s
SA EVANS, JM STONER, MA WOODHEAD Manchester Royal Infirmary;
Peterloo Medical Centre, Middleton Whilst the weekly returns service
of the Royal College of General Practitioners monitors the incidence
of specific diseases, up to date information on the proportion of
primary care consultations resulting from respiratory disease in gen-
eral, and respiratory infection in particular, is lacking. We have
investigated this issue by recording the main reason for consultation
for patients >15 years of age at an urban group practice during the
first week of each month from November 1993 to March 1994 (five
partners, 8559 registered, 6741 >15 years, with a male/female ratio
of 1:1 - 1). A total of2106 consultations were recorded, with respiratory
disease being the commonest reason for consultation over the period
as a whole (n=363, 17%), and also four of five individual months.
Locomotor disorders (n = 286, 14%) and obstetrics/gynaecology (n =
244, 12%) were the next commonest categories. Respiratory tract
infections (RTI) accounted for 210 consultations (11% of total, 58%
of respiratory), 129 being upper RTIs, and 81 lower RTIs. The
number of RTIs seen each week varied widely (22-69), with upper
and lower RTI consultations tending to move in parallel. The patients
with upper RTIs were younger than those with lower RTIs (mean
(SD) age 40 (17) v 60 (18) years, p<0Q01), and more likely to be
female (94 (73%) v 46 (57%), p<0 01). Patients with lower RTIs
were more likely to be seen at home (31 (38%) v 13 (10%), p<0 05).
Antibiotics were prescribed for 13 (54%) RTIs and were more fre-
quently prescribed for lower RTIs (76 (95%) v 47 (36%), p<0Q01).
We conclude that during the winter at least, respiratory disease is the
commonest reason for GP consultation, with respiratory infection
accounting for the majority of such consultations. This represents a

massive burden on health care resources, and should perhaps be
reflected in the priority given to RTI when research and patient
education initiatives are considered.

Study of the usefulness of sputum microscopy and culture in
general practice
P JOHNSON, J MACFARLANE, H HUMPHREYS Respiratory Medicine Unit,
City Hospital and Public Health Laboratory, Nottingham It is not clear
how useful sputum microbiology is to general practitioners (GPs), or

whether the results influence management. We have used a ques-
tionnaire to ascertain this. Between November 1993 and March 1994,
268 GP sputum specimens were processed in Nottingham, of which
69 (25-7%) were culture positive: H influenzae 37; Str pneumoniae
18; Staph aureus 5; Ps aeruginosa 5; coliforms 6; others 2. Four grew
more than one organism. 216 (80 6%) questionnaires were returned.
Reasons cited for sending a specimen included: failure of antibiotics
112 (51-9%); chronic lung disease 35 (16-2%); first presentation of
cough and sputum 31 (14-4%); to "exclude" infection 24 (11-1%).
130 patients had been on antibiotics in the three weeks before
specimen collection, 35(269%) ofwhom had positive sputum culture,
compared with 18 (21-2%) of the 85 who had not been on antibiotics
(p>0 05). Of 53 positive results, GPs continued prior antibiotics in
20 cases, started them in 21, changed them in five, and gave none in
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seven. Of 163 negative results, prior antibiotics were continued in 53
cases, stopped in nine, and changed in six. Three had antibiotics
started and 88 had none. The result was considered "helpful" in 179
(829%) of216 cases. This included 96% positive and 78-5% negative
results. We conclude that sputum testing is of value to GPs even if
patients have taken antibiotics. [Supported by Hoechst.]

Influenza immunisation status and viral respiratory tract in-
fections in patients with chronic airflow limitation

R FOX, N FRENCH, L DAVIES, A REID, K MUTrON, J EARIS Regional
Infectious Diseases Unit, Aintree Chest Centre, Public Health Laboratory
Service, Fazakerley Hospital, Liverpool A prospective study was per-
formed in the medical, geriatric, and chest wards of a district general
hospital to investigate the influenza immunisation status and look for
serological evidence of recent infection with respiratory viruses in
patients admitted to hospital with exacerbations of chronic airflow
limitation. All patients over the age of 50 years admitted November
1993-March 1994 with an exacerbation of chronic airflow limitation
were included. The main outcome measures were administration of
influenza vaccine during the autumn/winter 1993/4, and serological
evidence of recent infection with influenza A and B, adenovirus, or
respiratory syncytial virus (RSV) as defined by a fourfold rise in
antibody titre to at least 160 or a single antibody titre of greater than
320. One hundred and ninety four patients agreed to participate in
the study. Their mean (SD) age was 70 years (7 0) and 102 (53%)
were men. One hundred and one (52%) had not been vaccinated
against influenza. Reasons for non-vaccination were vaccine not
offered, 37; vaccine offered but refused by patient, 30; vaccine thought
to be contraindicated by GP, 18; patient awaiting vaccination, 16. To
date 124 (64%) patients have evaluable serological results, of which
25 (20%) have evidence of recent viral infection (influenza A 17,
RSV 7, adenovirus 1). Most of the influenza infections (12/17) were
in the unvaccinated patients. We conclude that patients with chronic
airflow limitation should be specifically targeted for influenza im-
munisation to try and improve coverage. A substantial proportion of
patients refuse to have the vaccine because of previous adverse effects.
This, and the role of respiratory viruses in exacerbations of chronic
airflow limitation, requires further investigation.

Community acquired pneumonia is commonly caused by
Chlamydia pneumoniae in underdeveloped communities

SJ LEWIS, C DE GOVEIA, D RODITI, G MAARTENS Department ofMedicine,
Bristol Royal Infirmary; Department ofMedicine, Groote Schuur Hospital,
Cape Town, South Africa We set out to assess the proportion and
clinical characteristics of adults with community acquired pneumonia
due to atypical organisms in Cape Town. Acute and convalescent
serum samples were collected from patients admitted over one year
with pneumonia. These were tested for antibodies against L pneu-
mophila, C pneumoniae, C psittaci, C burnetii and M pneumoniae.
Clinical, radiographical and biochemical data were recorded. Ninety
two of the 113 patients filled the criteria of community acquired
pneumonia. Of these 32 (35 9%) had serological evidence of recent
infection due to C pneumoniae (20 7%), L pneumophila (8 7%) C
psittaci (5 7%), M pneumoniae (1-1%), and C burnetii (0%). There
were no clinical, radiographical or laboratory features characteristic
of the pneumonias due to atypical organisms. A tetracycline or
erythromycin was prescribed in six of the 32 (19%) with infection
and 12 of the 60 (20%) without infection due to an atypical organism.
Infections due to Cpneumoniae occurred throughout the year. Atypical
bacteria, especially C pneumoniae, are a common under appreciated
cause of pneumonia in Cape Town. The high prevalence of these
organisms, which clinically produce an infection indistinguishable
from classical infecting organisms, has implications for treatment of
pneumonias in underdeveloped countries.

Functional status and microbiology in community acquired
pneumonia (CAP) in the elderly

AS JUBBER, MA WOODHEAD Department of Geriatric Medicine, Hopel
Ladywell Hospital, Salford; Department of Respiratory Medicine, Man-
chesterRoyal Infirmary, Manchester The role ofGram negative entero-
bacteria (GNEB) in the aetiology of CAP in the elderly remains
controversial. Some studies have shown that GNEB account for a
significant proportion of cases (Verghese et al. Medicine 1983;62:
271-85), while others have failed to find a single case (Venkatesan et
al. Thorax 1990;45:245-58). We report a retrospective study to assess
the frequency ofGNEB in elderly patients with CAP and the relevance
of such isolates to patients' functional status. 105 case notes were

randomly selected from a pool of 226 cases of lower respiratory tract
infections identified over 18 months. Thirty four patients did not
fulfil the criteria for the diagnosis of CAP and were excluded. Seventy
one patients (median age 80, range 66-97, 30 women) were included;
44 (62%) came from their own homes and 27 (38%) from institutional
care. Functional status was classified into two main categories ac-
cording to their activities of daily living; 35 (49%) were highly
dependent and 36 (51%) self caring or minimally dependent. In these
two categories sputum specimens grew Haemophilus influenzae in 9/35,
5/36, Streptococcus pneumoniae in 6/35, 5/36, Moraxella catarrhalis in
3/35, 3/36, GNEB in 6/35, 0/36 (p = 0-02, Fisher's exact test) and
Staphylococcus aureus in 1/35, 1/36. However, sputum was obtained on
the admission day in only 4/35 and 6/36 respectively. Where GNEB
were found in all but one case the patients had received prior antibiotics.
Of 33 (46%) blood cultures performed two were positive but GNEB
were not found. GNEB in sputum resulted in a change in antibiotic
therapy in three patients. We conclude that GNEB are usually only
found in the highly dependent elderly population, but their role as
pathogens in CAP is questionable and suggest that the finding of such
organisms in sputum should not alter antibiotic therapy.

Blood culture quality in community acquired pneumonia

MJ IREDALE, MR HOWARD, SA EVANS, MA WOODHEAD Department of
Respiratory Medicine and Microbiology, Manchester Royal Infirmary,
Manchester It is recommended that blood cultures should constitute
part of the investigation of community acquired pneumonia (CAP)
on admission to hospital (Br Y Hosp Med 1993;49:346-50). As part
of a multicentre study we have examined the adequacy of blood culture
sampling in patients admitted to the Manchester Royal Infirmary with
CAP. All patients admitted under medical care with CAP in a three
month period (December 1993 to February 1994) were identified.
Information was gained from medical notes regarding pre-admission
antibiotic therapy. The microbiology laboratory was informed of the
patients' identity and the volume of blood received for culture was
recorded. Twenty seven patients with CAP were identified (1lM/
6F), median age 70 yr (range 19-96). Eleven (40.7%) had received
antibiotics pre-admission. Of the 27 patients five failed to be notified
to the laboratory and there was one laboratory failure; 21 patients
were therefore analysed. Of the 21, four (19%) did not have blood
cultures performed and six (28 6%) had an inadequate volume
(<10 ml) of blood taken for culture. Therefore only 11/21 (52 4%)
patients admitted with a diagnosis ofCAP had adequate blood cultures
taken. Of the patients analysed one sample only was culture positive.
Blood culture is an important part of the investigation of CAP but
needs to be performed adequately to maximise its usefulness.

Penetration of co-amoxiclav into lung tissues

PJ COOK, D HONEYBOURNE, JM ANDREWS, J WOODCOCK, R WISE Clinical
Investigation Unit, City Hospital, Birmingham; Department of Micro-
biology, City Hospital, Birmingham Tissue levels are important in
antimicrobial efficacy. Fifteen adults (mean age 59 years, 12 men)
took 500mg amoxycillin and 250mg clavulanate orally, 1-2 hours
before bronchoscopy for haemoptysis or radiographic abnormality.
Bronchial mucosal biopsies and alveolar macrophages were
ultrasonicated and assayed: the indicator organism for amoxycillin
was Micrococcus lutea, and for clavulanate, Kebsiella pneumoniae. Cla-
vulanate was measured in macrophages by HPLC. Epithelial lining
fluid (ELF) levels were derived from BAL concentrations by urea
dilution. Mean (SE) concentrations in serum were 6-61 (0 73) mg/l
for amoxycillin and 5-14 (0.69) for clavulanate; in mucosa, 2-65
(0-31) for amoxycillin and 1-80 (0-30) for clavulanate; in ELF,
0 94 (0 26) for amoxycillin and 1-55 (0 56) for clavulanate; and
in macrophages, 0 40 (0 23) for amoxycillin and 1-61 (0 47) for
clavulanate (including 11 subjects with no detectable amoxycillin and
six with no detectable clavulanate in their macrophages out of 14
studied). The MIG9o for clavulanate against Legionella pneumophila
(0 1-0 25 mg/1) was therefore exceeded in all compartments. Co-
amoxiclav may be effective against Legionella pneumophila and My-
cobacterium tuberculosis, against which penicillins and clavulanate are
synergistic (Zhang et al. Am Rev Respir Dis 1992;145:657-60).

Procaine penicillin is stillappropriate for pneumococcal pneu-
monia

F MANRESA, JDORCA, F GUDIOL, E PRATS, JLINARES, C CABELLOS Chest
and Infectious Diseases Units and Microbiology Laboratory, Hospital de
Bellvitge, University of Barcelona, Barcelona, Spain In our area of
high prevalence of penicillin-resistant pneumococci we investigated

1067P

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.49.10.1044P

 on 1 O
ctober 1994. D

ow
nloaded from

 

http://thorax.bmj.com/


Proceedings of the British Thoracic Society

if procaine penicillin is still of use in the treannent of suspected
pneumococcal pneumonia (PP) of mild to moderate severity. We
prospectively identified and subsequently treated patients with sus-
pected PP on clinical findings with intramuscular procaine penicillin
1-2 megaunits/1 2 hours. The clinical outcome was evaluated with no
microbiological information. From July 1991 to July 1993 49 patients
were included. Streptococcus pneumoniae could be demonstrated in 17
patients (34%); five out of the 17 isolates (29%) were resistant to
penicillin (MIC 0-25-4 .g/ml). Fifteen of the 17 patients (88%) were
cured with procaine penicillin, one patient showed allergy, and another
one (with isolated MIC 4 gtg/ml) presented a therapeutical failure.
The clinical evolution was slightly different between resistant and

n Deferves.ence* Cough and sputum
(days) (days)

Resistant 5 3-6 6-0
Sensitive 12 l.9t 2.7$

*below 38'C; tp<007; tp<0007.

sensitive cases (table). By intention to treat analysis 40 of 49 patients
(81%) were cured. Among the 22 patients without microbiological
diagnosis, three were considered failures (two empyema, one Legionella
pneumonia), two showed allergy, and two were lost. No deaths oc-
curred. Our results suggest that procaine penicillin is still useful for
treating PP of mild to moderate severity caused by pneumococci with
intermediate resistance to penicillin.

Death from pneumonia in young adults

MA WOODHEAD, J WATSON, JT MACFARLANE FOR THE BTS RESEARCH
COMMITTEE We performed a study of death certificate (DC) entries
for pneumonia (ICD codes 480-487) in adults aged 15-54 in England
and Wales in 1986. Information was provided by the Office of
Population Censuses and Surveys (OPCS) for all 3355 such DC
entries. In 2962 the final underlying cause of death (UCD) included
a wide variety of conditions with only two - neoplasms (31%) and
diseases of the nervous system (12%) - accounting for > 10% of cases.
Pneumonia was the final UCD in only 393 (12%) cases, and of these
24 (6%) were deleted due to subsequent inclusion of confidential
information after death entry. In 235 (65%) of the remaining 369
cases pneumonia was the only DC entry and of the 134 (36%) with
>1 DC entry, only septicaemia, circulatory disorders, and ill defined
disorders had >10 DC entries. To investigate these cases further,
OPCS provided copies of DCs for the 65 individuals aged 15-44
with pneumonia as final UCD in October-December 1990. For each
case a questionnaire was sent to the physician responsible during the
final illness. Fifty three (82%) replies were received; 21 (43%) had
community acquired, one aspiration, and one nosocomial pneumonia.
In the other 30 (57%) pneumonia occurred in relation to HIV
infection, with 22 (73%) of these deaths occurring in just five centres
recognised for the care of patients with AIDS. In young adults
pneumonia on a DC is usually a terminal event in another chronic
illness. About 50% of those with pneumonia as final UCD have HIV
infection; in the remaining 50% investigation into preventable factors
in their deaths would be of value.

Radiological appearances ofbronchopulmonary infection with
Pseudomonas aeruginosa in HIV positive patients
NJ ALI, D KESSEL, RF MILLER Department of Medicine, UCLMS; De-
partment of Imaging, Middlesex Hospital, London We retrospectively
reviewed the chest radiographs ofHIV positive patients with broncho-
pulmonary isolates of Ps aeruginosa. Thirty six such patients (46
episodes) were admitted to our unit over a four year period. In eight
the infection was fulminant and in 28 it was indolent (in 10 of these
infection recurred). Radiographs were reviewed byDKwho was blind

Radiographic Fulminant Indolent
abnormality (8 episodes) (38 episodes)

Normal 1 8
Alveolar 5 10*
Interstitial 2 17
Bronchial wall thickening 2 16
Effusion 2 7

*In 3 cavitation and in 2 classical lobar consolidation.

to the clinical diagnosis. In 12 of those with interstitial changes
the radiographic abnormalities were typical of Pneumocystis carinii

pneumonia (PCP); six had a previous episode of PCP. Bronchial wall
thickening occurred in nearly half of those with indolent infection.
We conclude that there are no specific radiographic features of Ps
aeruginosa infection in HIV positive patients, but that a wide range
of abnormalities are seen which can mimic PCP, classical lobar
pneumonia, or tuberculosis. Infection with this organism should be
considered in the differential diagnosis of HIV infected patients with
respiratory disease.

Passage of bacteria through piece filters designed for use in
tests of forced expiration

DM PRYCE ROBERTS, JP LEEMING, AH KENDRICK, EC SMITH Respiratory
Department and Bristol Public Health Laboratory, Bristol Royal Infirmary,
Bristol Respiratory function equipment is difficult to disinfect and
normally a change of mouthpiece is the only precaution taken against
cross infection. Disposable filters have been advocated to prevent
cross infection particularly for those at high risk. Pseudomonas cepacia
poses a particular hazard in cystic fibrosis. Filters are said to remove
99-9% of bacteria expired during a forced exhalation when calculated
by washing the organisms off the filters onto an agar plate held beyond
it, and counting the colonies (Kirk et al. J Hosp Infect 1992;20:
193-8). We have re-evaluated two filters (Collins DC-1 and Pall PF
305 barrier filters) by blowing through them directly onto a culture
plate. Thirty nine patients were recruited into the study, 20 with
cystic fibrosis and 19 with other conditions who are attending re-
spiratory clinics. The patients blew through the two filters in ran-
domised order onto an agar plate which was held at a fixed distance
of 8-5 cm away from the patient by a mechanical device. Patients
with no growth on the control plate were excluded from the analysis.
Both filters removed approximately two thirds of the bacteria expired
onto the plates, with mean (range) colony counts of 7-52 (0-38, n =
36) on the control plate: filter I 2 67 (2-26 colonies, n = 27); filter II
248 (0-15 colonies, n=27). We conclude that the use of currently
available filters may not offer adequate protection from bacterial cross
infection to patients with cystic fibrosis.

Care ofintravenous lines in cystic fibrosis: an audit ofpractice
within the British Isles

GE WILSON, C FARQUHARSON, MJ wALsHAw Adult CF Unit, The Car-
diothoracic Centre, Liverpool In cystic fibrosis (CF) the need for
parenteral antibiotics in the treatment of chest infections requires
patients to have intravenous catheters inserted. These can be either
temporary or permanent, central or peripheral. It is usually the
responsibility of the CF nurse specialist to supervise these lines, but
there are no clear national guidelines as to their care whilst in use.
We therefore audited by questionnaire all 41 CF nurse specialists
working in CF centres with either adult, children, or a mix of CF
patients in the UK and Eire. Thirty five questionnaires (85%) were
returned: 11 (31%) from units working with children only, 10 (29%)
with adults only, and 14 (40%) with adults and children. The children
were under the sole care of a CF paediatrician in nine centres, with
shared care in 13 centres. In adult centres sole care was provided for
in five centres and shared care in nine centres. Only three (9%)
centres have a protocol for the administration of intravenous anti-
biotics, although 32 (91%) have a protocol for the care and use of
central lines, in all cases drawn up empirically. We asked about the

Table 1

Peripheral Central

No Yes Sterile No Yes Sterile

Hand wash 0 35 21 0 35 19
Hand dry 0 35 2 0 35 11
Gloves 26 9 3 14 21 19
Swab line 2 33 33 1 34 34

specific care of all intravenous lines (table 1). Agents used to wash
hands were chlorhexidine (3), alcoholic manusept (17), and un-

specified (1). The line swabs used were alcowipe (6), steret (26), and
alcoholic spray (1). Further questions related to the frequency of line
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Table 2

Peripheral Central

Saline Hepflush Hepsal Saline Hepflush Hepsal

Before 31 0 3 30 2 4
Between 35 1 0 33 1 1
After 16 7 25 17 16 10

flushing and the agents used are shown in table 2. These results
demonstrate a wide variation in the practice of caring for both
peripheral and central lines in CF patients, and suggest a need for
further studies in order to arrive at a nationally agreed protocol.

Capsaicin cough test: relation to disease and reported cough
MJ DOHERTY, PMA CALVERLEY, MG PEARSON Aintree Chest Centre,
Liverpool Cough is a common but poorly understood symptom
of many respiratory diseases. We have studied cough sensitivity to
increasing concentrations of capsaicin (inhaled in nine doubling di-
lutions from 1 9 jM to 500 gM) in normal subjects and those with
various respiratory diseases. We studied 97 normal subjects (mean
age 38-2 years, range 20-65) and 41 asthmatics (mean age 49,
range 22-73, mean FEVy 76-9% predicted), 21 subjects with chronic
obstructive pulmonary disease (COPD) (mean age 64-6, range 45-75,
mean FEV1 35-2% predicted), and 12 subjects with cryptogenic
fibrosing alveolitis (CFA) (mean age 65, range 55-73, mean FVC
72% predicted). In normal subjects the median concentration eliciting
five coughs was above the ninth concentration (500 gM) but with a
significant tail such that 95% were above the fourth concentration
(15 6 jiM) defined as the lower end of the normal range. In com-
parison, asthmatics and patients with COPD had lower median values
(125 jM and 62-5 gM, both p<005) and 20% and 21% respectively
were outside the normal range. In CFA patients capsaicin sensitivity
was markedly increased, with most (75%) outside the normal range
and a median of 15-6 jtM. Capsaicin sensitivity was not related to
reported symptoms of cough in any of the disease states, whether
recorded as cough present/absent or graded as mild/moderate/severe.
Thus the spectrum of response to capsaicin is significantly increased
in disease states but, in the absence of a relationship to symptoms,
the importance or relevance of this test remains unclear.

Preflight assessment of patients with cryptogenic fibrosing
alveolitis

AOC JOHNSON, RL PAGE, SB PEARSON Respiratory Unit, Killingbeck
Hospital, Leeds Modem commercial aircraft are not fully pressurised
and passengers may be exposed to altitudes up to 2450 m, potentially
resulting in significant hypoxaemia in those with impaired gas ex-
change. Passengers expected to desaturate below 85% should have
supplemental oxygen. Prediction of inflight hypoxia has been studied
in COPD but not in CFA. We studied 22 randomly selected patients
with CFA and measured: (1) full lung function tests; (2) saturation
(Sao2) and blood gases while breathing air; (3) Sao2 and blood gases
breathing 15% oxygen ("hypoxic gas") which simulates an altitude
of 2450m for 15 minutes at rest; (4) Sao2 breathing air for three min
during mild exertion (25 J on bicycle); (5) Sao2 breathing 15% oxygen
for three min during mild exertion. The results are shown in the

Table 1

Mean (SD) % pred Mean (SD) % pred

Age (y) 66-8 (7-53) TLC (1) 4-85 (1-03) 86%
FEVI (1) 2-07 (0-49) 84% TLco 3-16 (1-38) 41%
FVC (1) 2-80 (0 74) 90% Kco 0-67 (0-29) 49%

Table 2

n Sao2 mean (SD) Pao2 Paco2
On air at rest 22 95% (3%) 9-84 (1-79) 4-78 (0 45)
On 15% at rest 22 89% (5%) 7-11 (1-32) 4-52 (0-37)
On air exertion 14 92% (5%)
On 15% exertion 14 84% (7%)

lung function tests. Sao2 on air at rest less than 95% clearly identified
all five subjects who desaturated below 85% on hypoxic gas at rest,
but no Sao2 identified the further five who desaturated below 85% on
exertion. During hypoxic challenge four subjects developed significant
symptoms (angina in two), but only one of these had a Sao2 below
85%. In total, eight subjects were advised to use supplemental oxygen
during air travel. In COPD altitude desaturation can be predicted
from Pao2 and FEV, (Dillard, 1993). In CFA Dillard's formula is
misleading and Sao2 at rest reliably predicts those likely to become
dangerously desaturated during flight while at rest. However, hypoxic
challenge is required to identify those who desaturate on exertion
(e.g. walking to the toilet) and those who develop significant symptoms
with less severe hypoxaemia.

Comparison of reported mortality rates from cryptogenic fi-
brosing alveolitis (CFA) in five countries

R HUBBARD, J BRITrON, D COULTAS, I JOHNSTON Division ofRespiratory
Medicine and University Hospital, Nottingham, UK; University of New
Mexico, USA From 1979 when the specific International Clas-
sification of Diseases (ICD) code for CFA (516 3) was introduced,
to 1988 the reported mortality from CFA in England and Wales
(E&W) has steadily increased. Whether this represents a true increase
in mortality or is due to changes in coding and diagnostic practices
is not clear. The use of 516-3 in E&W has been shown to be associated
with high diagnostic accuracy but low sensitivity (Johnston et al, BMJ
1990;301:1017-21) and a substantial number of cases of CFA may
be coded as ICD 515 (post-inflammatory fibrosis). To investigate
further trends in mortality due to CFA we have examined annual
mortality figures for 516-3 and 515 from E&W, Scotland (S), Australia
(A), USA and Canada (C). Data are presented as age standardised
rates except for the USA where only crude mortality rates are available
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Figure 2
(figs 1 and 2). Reported mortality from 516-3 continues to rise in
E&W and the trend is similar in S, A and C. The USA 516.3 rates
are low with no obvious trend and the reason for this is not clear.
Annual mortality from 515 is increasing in all countries and so there
is no clear evidence that the rise in 516-3 mortality is due to diagnostic
transfer from 515.

Efficacy of azathioprine as a second line treatment in pul-
monary sarcoidosis

SJ LEWIS, ED BATEMAN, GM AINSLIE Respiratory Clinic, Grote Schuur
Hospital; University ofCape Town, Cape Town, South Aftica The value

tables. Sao, on air at rest was closely correlated with Sao, on hypoxic
gas at rest (R=0-94), but less well correlated with Sao2 on hypoxic
gas on exertion (R= 0 56). Prediction was not improved by including
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of azathioprine in the treatment of pulmonary sarcoidosis is not well
established. We preformed a retrospective review of all sarcoid patients
(n= 10) treated in our clinic with this drug between 1969 and 1993
to assess its efficacy and safety. All had biopsy proven sarcoidosis and
had previously shown only partial (six) or no response (four) to high
dose oral corticosteroids. Azathioprine was given initially at a dose
of 50 mg, then increased to O00 mg a day. A small dose of oral
corticosteroids was continued during azathioprine treatment. Four
patients had stage 2 and six stage 3 radiographic patterns, and five
of the latter had evidence of fibrosis. Two patients had significant
and sustained improvement in lung function (FVC increasing from
72% to 89% and from 49% to 79% of predicted respectively, and
TLCO from 78% to 114% and 27% to 49% of predicted), their chest
radiograph cleared. In another patient the course of azathioprine was
too brief to evaluate (26 days). Two patients (including one with
fibrosis) had short-lived improvement and steroid-sparing effect (mean
dose reduced from 20 mg to 10 mg on alternate days). In the remainder
(five) no benefit was observed; chest radiographs and lung function
tests remained unchanged (four) or deteriorated (one). No patient
who failed to respond to high dose corticosteroids responded to
azathioprine. No side effects were seen attributable to azathioprine.
These results suggest that azathioprine may provide an alternative to
corticosteroids when a steroid sparing effect is required, but they are
not effective in patients that fail to respond to high dose corticosteroids
and/or have radiographic evidence of fibrosis.

Computed tomography appearances and lung function in sur-
vivors ofARDS

MSA MALIK, DM HANSELL, BF KEOGH, TW EVANS Unit of Critical Care,
Royal Brompton National Heart and Lung Hospital, London Survivors
of acute respiratory distress in adults (ARDS) may be asymptomatic
and have normal pulmonary function, or may have marked dyspnoea
and severe physiological abnormalities (Thorax 1994;49:8-13). Com-
puted tomography (CT) in acute ARDS has suggested that the
lungs are inhomogenously affected by the disease process, but CT
appearances in survivors are not documented. Furthermore, the extent
to which anatomical and physiological abnormalities are related is
unknown. The aims of this study were, therefore, to look for possible
correlations between CT appearances (assessed as previously de-
scribed, Am Rev Respir Dis 1993:148:1076) and measurements of gas
exchange (pulmonary gas transfer coefficient (Kco) and Pao2) and
time since intubation in survivors of ARDS, all of whom were self-
ventilating and mobile. Seven patients (three men, age range 17-59
years) were studied 31-187 days after intubation. Mean (SE) per-
centage of abnormal lung on CT assessment was 51-3 (9 6)%; mean
Kco was 78-2 (7 2)% of predicted; and mean Pao2 on air was 10 1
(0-57) kPa. No significant correlation was detected between CT
appearances and time from intubation or Pao2. However, a significant
correlation was observed between percentage of abnormal lung on CT
and Kco (r= -0-77, p<005). We conclude that residual anatomical
abnormalities visible on CT accurately reflect deficits in gas transfer
capability in survivors ofARDS. With the increasing use of CT in the
evaluation and management ofARDS patients our finding supports its
role in monitoring their progress and further assessing the natural
history of the condition.

Graft lung volume after single lung transplantation

Y KATAYAMA, N BRIFFA, G CREMONA, B MIST, A MCMAHON, SAM NASHEF,
SR LARGE, FC WELLS, J WALLWORK, TW HIGENBOTTAM Department of
Respiratory Physiology; The Transplant Unit, Papworth Hospital,
Cambridge There are many data on the perfusion and ventilation of
the single lung transplant (SLT) but few observations on lung volume.
In heart-lung transplants the recipient's own predicted lung volume
is achieved within one year of surgery irrespective of preoperative size
or donor lung size. We have measured the size of the donor lung after
transplantation (GV) using a planimeter method and chest radiograph
obtained at total lung capacity. This was expressed as %TLC. At the
same time spirometry (FEV,) and total lung capacity (TLC), together
with gas transfer for carbon monoxide (TLCO), were measured. Nine-
teen patients who received SLT between 1988 and 1993 and who
survived six months were studied. Fifteen emphysema patients (pre-
operative TLC % pred, 154 (59)), two cryptogenic fibrosing alveolitis
(CFA) (preoperative TLC % pred, 40% and 80%), and two sarcoid
patients (preoperative TLC % pred, 96% and 130%) were studied.
By one month post operation the TLC in the emphysema patients
fell to 111 (29)% pred and did not change up to two years. There
was a difference at one month between right GV 40 (7)% (n =11)
and left GV 52 (11)% (n=4) of TLC. At 10 months right GV was

37 (3)% and left was 51 (13)%. The same was true of the sarcoid
patients but in the patient with CFA GV rose 66% of TLC one month
after operation. The % pred TLCO and FEV, rose by 22-4% and
25-3% by one month after operation and showed little change up to
two years. These data indicate the importance of chest wall adaptation
after surgery and that in emphysema SLT does not lead to compression
of the graft.

Pulmonary vein gas analysis is superior to peripheral arterial
gas analysis for assessing individual donor lung function

A EL-GAMEL, N YONAN, J EGAN, KJ SMITH, A RAHMAN, AK
DEIRANIYA Transplant Unit, Wythenshawe Hospital, Manchester
Radial arterial oxygenation is the standard method for assessing a
potential lung donor. Various pathophysiological mechanisms affect
the Pao2 of peripheral arterial blood gases independent
of individual lung function. We studied 30 lungs of 15 patients (age
48-55) undergoing elective open heart surgery who were clinically
suitable for lung donation (normal chest radiography, normal spir-
ometry, normal ejection fraction), and compared the radial arterial
Pao2 with individual pulmonary vein Pao2 for assessing the ability of
each lung to achieve the basic acceptable criteria for lung donation
(Pao2>300 mm Hg on Fio2 100%). Following surgery four lungs
were identified as not having been suitable for transplantation (two
pneumonia, two collapse). Pulmonary vein samples of these lungs
showed Po2 <300mm Hg (81 8-256; mean 175-8). Only one of these
four lungs gave radial Pao2 <300 mm Hg. The remaining pulmonary
vein samples (n = 26) showed Po2 >300mm Hg (315-609; mean
470 57); none had clinical or radiological problems postoperatively.
Nine of these lungs (n = 26) gave a radial Pao2 <300mm Hg. The
sensitivity of the radial blood Pao2 in assessing individual lungs for
transplantation was 25% (1/4) and the specificity was 66% (17/26):
false +ve = 34%, false -ve = 75%. We suggest that direct sampling
from the pulmonary veins gives a more accurate assessment of in-
dividual lung gas exchange in comparison to peripheral arterial Pao2
identifying more potentional lungs for transplantation.

Enoximone causes vasorelaxation of isolated human pul-
monary arteries

AY BUTT, M TAKAO, AT DINH-XUAN, G CREMONA, J PEPKE-ZABA, TW
HIGENBOTTAM Department of Respiratory Physiology, Papworth Hos-
pital, Cambridge Enoximone is a type III phosphodiesterase inhibitor
which has both positive inotropic and vasorelaxant activities. We have
tested its effect on vasoreactivity of human pulmonary artery rings
(n = 36) isolated from 10 patients having transplant surgery for cystic
fibrosis (n = 2), emphysema (n = 4), and bronchiectasis (n = 2), lob-
ectomy for carcinoma (n = 1), donor lung not used for transplantation
(n = 1). Lobar and segmental branches of pulmonary arteries (PA)
were dissected and cut into rings (2-5 mm in length and 2-4 mm in
diameter). From these rings endothelium was carefully removed using
a pipe cleaner. Isometric tension was studied after mounting the rings
in organ baths filled with 20 ml of Krebs Ringer solution at 37°C
bubbled with 95% 02 and 5% CO2. After obtaining a stable basal
tone, rings were treated with phenylepheine (10-6 to 10-3M) to
obtain a stable plateau of contraction. Some of the rings were further
treated with NO synthase inhibitor, No-nitro L-arginine methyl ester
(L-NAME) (10-4M). Dose response curves were then obtained with
enoximone (10- to 10-M) and at stable plateau of relaxation
sodium nitroprusside (10-6 to 10-4M) was added. Enoximone caused
a dose-dependent relaxation of the precontracted rings with and
without endothelium (mean (SE) maximal relaxation 75 (7)% in E +
v 69 (8)% in E - rings). Inhibition ofNO synthase with L-NAME did
not reflect the degree of relaxation induced by enoximone (maximum
relaxation 75 (10)% in E+ and 72 (12)% in E- rings). Enoximone
is an endothelium independent vasodilator of the human pulmonary
arteries and may have a role in the management ofpulmonary vascular
disease with endothelial dysfunction.

Long term treatment of severe pulmonary hypertension with
intravenous Iloprost
AY BUTT, AT DINH-XUAN, M TAKAO, G CREMONA, TW

HIGENBOTTAM Department of Respiratory Physiology, Papworth Hos-
pital, Cambridge Prostacyclin analogue Iloprost has been shown
to cause acute pulmonary vasodilatation in patients with primary
pulmonary hypertension (Scott et al. Br J Clin Pharmacol 1990;4:
231-4) but its long term therapeutic role in pulmonary hypertension
is not known. We report a retrospective analysis of 15 patients with
severe pulmonary hypertension treated with long term continuous
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Iloprost infusion (eight men and seven women, mean age 37-3 years
(range 20-54) years). Nine patients had primary pumonary hy-
pertension, three had thromboembolic disease, and in three patients
pulmonary hypertension was associated with scleroderma. Right heart
catheterisation was performed on all patients (mean (SE); right atrial
pressure 10-5 (1-3) mm Hg; pulmonary artery pressure 67-5 (4.2)
mm Hg; cardiac index 1-66 (0-95) 1/min/m2; pulmonary vascular
resistance 19-2 (2 66) units, and mixed venous oxygen saturation
60-1 (1-9)%). Patients were then treated with continuous Iloprost
infusion through a central line. Their exercise tolerance was measured
at baseline and at three monthly intervals up to 32 months. Distance
(metres) covered during 12 minute walk of each follow-up was

Duration No. ofpatients 12 min walk (metres)
(months)

Baseline 14 *472-8 (51-2)
0-3 12 *682-5 (45 6)
3-6 11 *590.9 (63 2)
6-9 9 513 (61-1)
9-12 8 601-3 (77 2)
12-15 9 544-4 (99i1)
15-18 7 762-8 (84 6)
18-21 8 *730 (57-2)
21-24 5 560 (40 3)
24-27 3 746-7 (197-4)
27-30 4 680 (101-65)
30-33 4 *690 (154-3)

*p<0-05.

recorded (table). There was a trend towards improvment in exercise
tolerance of patients treated with Iloprost infusion. While on Iloprost
two patients (13%) had heart and lung transplantation, nine (60%)
died, and four (27%) are still on treatment. Larger studies are required
to test the effect of Iloprost on long term survival of patients with
severe pulmonary hypertension.

Lisinopril attenuates the hypoxic pulmonary vasoconstrictor
response: evidence for a facilitatory role of angiotensin II

RI CARGILL, BJ LIPWORTH Department of Clinical Pharmacology, Nine-
wells Hospital and Medical School, University ofDundee Evidence from
animal studies suggests that angiotensin II (ANG II) is required to
produce acute hypoxic pulmonary vasoconstriction (HPV). We have
therefore assessed the effects of suppressing ANG II levels by ACE
inhibition on HPV in 10 healthy subjects. In randomised, double
blind fashion, subjects received four daily doses of Lisinopril (L5,
LIO, L20, then L20mg) or matched placebo (P), attending the
laboratory five hours after taking the final dose. After reaching a
resting haemodynamic state (TI) subjects were made hypoxaemic
(Sao2 75-80%) for 30 minutes (T2) by breathing a N2/02 mixture.
Mean pulmonary arterial pressure (MPAP) was measured from pulsed
wave Doppler analysis of pulmonary artery flow at T, and T2, and
hence PVR was calculated. MPAP at T, was similar after L and after
P (means and 95% CI for difference): L 9-2 mm Hg v P 8-6 mm Hg
(95% CI -3-81 to 2-61). The increase in MPAP (between T, and
T2) induced by hypoxaemia was significantly lower after pretreatment
with Lisinopril: L 13-4mm Hg v P 19-6mm Hg (95% CI 2-47 to
9-93). Likewise PVR at T, was unaltered by L and the PVR response
to hypoxaemia was also significantly blunted: L 124 dynes.s.cm- v
P 179 dynes.s.cm-5 (95% CI ll to 99). Lisinopril had no confounding
systemic effects (MAP, CO, SVR) at baseline or in response to
hypoxaemia. Thus, Lisinopril significantly attenuated the MPAP and
PVR responses to hypoxaemia without decreasing baseline MPAP or
PVR, suggesting that ANG II plays a facilitatory role during HPV in
man. ACE inhibition may therefore be a useful adjunctive treatment
for pulmonary hypertension secondary to hypoxaemic lung disease.

Is asthma in pregnancy affected by the sex of the fetus?

N BEECROFT, GM COCHRANE, HJ MILBURN UMDS and Chest Clinic,
Guy's Hospital, London Asthma may improve, deteriorate, or remain
the same during pregnancy, but any changes in asthma usually revert
post partum to the pre-pregnancy course, arguing in favour of a
specific pregnancy effect. Half of those experiencing a change in
asthma in pregnancy have similar changes in subsequent pregnancies,
but the remainder experience different courses of asthma in different
pregnancies, suggesting that some determinants of asthma are unique
to each pregnancy. This study was designed to examine the possibility
that the sex of the fetus can influence the course of asthma in
pregnancy. Patients were recruited in the second trimester of preg-
nancy from antenatal (28) and asthma (6) clinics. All completed a

questionnaire on changes in asthma in general, cough, shortness of
breath (SOB), nocturnal waking, medication, and visits to the doctor.
Fourteen agreed to keep diary cards and PEFR measurements
throughout pregnancy but only six satisfactorily completed this part
of the study. None knew their baby's sex before delivery. The results
showed around one third of patients reported no change in their
asthma and these were evenly distributed between mothers of male
and female babies for most indices. Of those reporting a change, there
was a trend in each index for increase in symptoms in mothers of
girls and an improvement in mothers of boys, significant results being
found for SOB (X2 6-3, p<0-01) and nocturnal waking (x2 5.37,
p<005). When all the indices were collated, 43/126 total reported
indices of asthma had improved in mothers of boys, whereas only
8/112 total reported indices had improved in mothers of girls (X2
26-9, p<0-001). This suggests that the sex of the fetus may influence
the course of asthma in pregnancy in some patients and could be
related to different fetal hormones produced. A male fetus will produce
highest levels of androgens between weeks 12 and 16 of pregnancy,
which is the period when most of our patients took part in the study.

Childhood asthma and gender differences in best function of
adult asthmatics

CK CONNOLLY, RJ PRESCOTT Darlington Memorial Hospital and Uni-
versity ofEdinburgh Best function (expressed as percentage predicted)
in asthmatics attending hospital is less in men than women. The
susceptibility of the respiratory system to adverse environmental
factors in childhood may be greater in men than women, raising the
possibility that differences in adult life might be explained by failure
to achieve potential in men. Best function was recorded in several
hospital clinics in 752 subjects (372 men, 380 women), ofwhom 253
(133 men (36%), 120 women (32%)) gave a history of childhood
asthma (CA). Duration of asthma was measured from onset, or from
relapse following a symptom-free period of at least five years. Best
peak expiratory flow (PEF) and FEV, were established according to
a protocol which included trial of corticosteroids if <70% predicted.
Mean best PEF was 441 1/min in men and 368 1/min in women, and
FEV, was 2-291 in men and 1-851 in women. Expressed as percentage
predicted, both PEF (81-9% v 99-6%) and FEV, (72-2% v 81-6%)
were greater in women. Multiple regression ofbest pulmonary function
on height and age was stratified by gender and history of CA. The
only gender difference in the height or age slopes was for FEV, where
there had been no childhood asthma (NCA) (- 0050 (men) v - 0-032
(women), p<0-01). Best function was calculated at 20 years for
subjects of mean height (172-5 cm for men, 159-3 cm for women).
The calculated best function was lower in men with CA. The model
was further refined by adjusting the starting age to 20 years and
adding duration of asthma after 20 years. Best function was again
lower in men with CA. Although PEF was lower in women with CA,

Men Women

FEV, PEF FEV, PEF
litre (Go) llmin (%) litre (0%) llmin (%)

NCA 4-32 (106) 651 (106) 3 05 (98) 522 (121)
CA 3-73 (92) 564 (92) 3-13 (101) 482 (112)
p 0 01 0-002 0-64 0 04

both values were above predicted. The results suggest that failure to
achieve full potential might be a major determinant of the difference
between best function in male and female asthmatics, but this could
only be confirmed in a prospective longitudinal study.

Cat allergen in public places

A CUSTOVIC, SCO TAGGART, LA OLDHAM, A WOODCOCK North West Lung
Centre, Wythenshawe Hospital, Manchester, UK Allergy to domestic
pets is an important cause of asthma. People in developed countries
spend more than 90% of their time indoors. We have measured levels
of cat allergen Fel d I in public buildings and public transport. Dust
samples were collected by vacuuming (flow 45 U/s) a 1 m2 area of seats
and carpets for two minutes in five schools, six hotels, four cinemas,
six pubs, three buses, and two trains. Fel d I was assayed by a two-
site immunometric ELISA. Fel d I was present in all dust samples,
ranging from 0-17-45-6 jg/g of fine dust. The figure shows con-
centrations of Fel d I (median and range) in the dust from different
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sites. Fel d I levels were significantly higher in the dust from upholstered
seats than in carpeted floors. Upholstered seats from public buildings
and transport constitute an allergen reservoir for continuous con-
tamination of the indoor environment which could compromise the
effects of allergen avoidance employed at home.

Effect of dehumidifiers on mite counts and house dust mite
allergen Der p I

A CUSTOVIC, SCO TAGGART, JH KENNAUGH, A WOODCOCK North West
Lung Centre, Wythenshawe Hospital, Manchester; Department of En-
vironmental Biology, University of Manchester, UK Humidity is the
decisive limiting factor for house dust mite (HDM) population growth.
We investigated the effects of portable dehumidifiers (DH) on mite
counts and Der p I levels in homes in England. Mite counts and Der
p I (ELISA) were measured in the paired dust samples collected by
vacuuming a 1 m2 area ofbedroom carpet, living room carpet, mattress
and sofa in six houses supplied with a DH and six control houses,
before and one, two, and three months after the instalment of the
DH (winter 1993). Temperature and relative humidity (RH) were
recorded daily. The figure shows mite counts and Derp I concentration
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.'.'.' ''- - - ' '_'''-:e....-.,,-....

....... -................
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in bedroom carpets. Mite counts did not change significantly. Der p
I decreased significantly in both groups at one, two, and three months
with no differences between the groups. Mean RH during the third
month of study was significantly lower in the DH group, but the level
ofRH capable of retarding HDM population growth was not achieved.
A single portable DH did not reduce mite counts or Der p I levels.

Gastrointestinal absorption of inhaled budenoside in healthy
adults: is it significant?

C TRESCOLI-SERRANO, MJ WARD, M GARCIA-ZARCO Kings Mill Hospital,
Sutton in Ashfield, Nottinghamshire High doses of inhaled steroids
are often used in the management of chronic asthma, with consequent
increase in the risk of systemic adverse effects. Independently of the

inhalation device, less than 30% of the inhaled steroid is deposited
in the lung, the rest being deposited in the mouth and absorbed from

the gut later. We tried to show if the oropharyngeal deposition of

inhaled budenoside (BUD) in healthy people has any systemic effects

as measured by 08.00 hours cortisol suppression after a single noc-

turnal dose of 2 mg via turbohaler. We tried to block gastrointestinal

absorption with mouth rinsing (MR) or activated charcoal (AC) IOg
taken -5, 5, 30, 60, and 120 minutes after inhalation. Twelve healthy
non-smoking volunteers inhaled: (1) placebo, (2) BUD 2mg, (3)
BUD 2mg + MR, (4) BUD 2 mg + AC. Serum cortisol levels were
measured at 08.00 hours before and after inhalation. Cortisol sup-
pression was: 9% with placebo (p =0 394, NS), 35% with BUD (p=
0 017), 26% with BUD + MR (p=0-032) and 31% with BUD +
AC (p=0-007). The difference in cortisol suppression without and
with MR (35% v 26%) and without and with AC (35% v 32%) was
not significant. Systemic adverse effects due to systemic absorption
of inhaled budenoside are more likely to be from bronchoalveolar
absorption than from gastrointestinal. To check this hypothesis BUD
2 mg nebulised suspension was given orally to 12 volunteers with
a cortisol suppression; 9% (p=0 1, NS), therefore confirms that
gastrointestinal absorption of inhaled budenoside is not significant in
healthy adults.

Toothbrushes act as a potential source of oral candidiasis in
patients on inhaled steroids

U LEIVERS, A ANDERTON, J MACFARLANE, J MARTIN, F DONALD Respiratory

Medicine and Microbiology, City Hospital, Nottingham Patients are
often advised to rinse their mouths or brush their teeth after using
inhaled steroids to reduce the chance of sore mouth and oral can-
didiasis. We have studied 17 inpatients receiving inhaled steroids (12
female: 11 aged less than 65 years) to see whether a toothbrush or
the plastic inhaler body can act as a source for oral candidiasis. Six
(35%) had had oral candidiasis in the past. Eight (47%) complained
of a sore mouth but none had signs of oral candidiasis. Twelve throat
swabs grew Candida sp including 7/8 (88%) patients with sore mouth.
Candida sp was cultured in heavy growth from the toothbrush of six
patients (35%), all of whom also had positive throat swab cultures
and five sore mouths. Cultures were positive from only one inhaler
body (throat swab was also positive). We conclude that there is an
association between a sore mouth and the culture of Candida sp from
a toothbrush and the oropharynx. Colonised toothbrushes may act
as a source of candidal reinfection in patients on inhaled steroids and
should be sterilised or renewed regularly and when oral candidiasis
or sore mouth occurs. [Supported by Allen and Hanburys.]

Bronchodilator use in mild to moderate asthmatics

A BENBOW, I NAYA, AJ BUSWELL, JM MORSE, A RICHARDS, L DEAMER, K

BOWLER, D ALTON, J MURDOCH Clinical Research, Fisons UK Operations,
Leicestershire, UK A number of guidelines on the management of
asthma have been produced over the last few years (BTS 1990, 1993,
NHLBI 1992). In these guidelines anti-inflammatory therapy should
be introduced at specified levels of bronchodilator use. Previous work
(Pearson, BTS 1992) has shown that, despite efforts at education,
patients continue to comply poorly with anti-inflammatory pre-
scription. During the course of a large multicentre study in general
practice involving the enrolment of mild to moderate asthmatics we
have examined levels of bronchodilator use in patients not currently
using an anti-inflammatory. Asthmatics entered a two week baseline
trial if they had not taken anti-inflammatory in the previous four
weeks, were using bronchodilators as needed and had symptoms. The
baseline levels of bronchodilator use for the first 200 patients entered
are presented here; 126 patients (63%) were taking >2 puffs sal-
butamol/day and 17 patients (8.5%) were using >50 puffs/week or
over a cannister a month. From these results it is apparent that many
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patients remain undertreated. The reasons for this may include poor
awareness of severity, lack of compliance with anti-inflammatory
therapy in the past, or lack of knowledge of the guidelines by patient
or doctor.

Survey of the clinical features of adult asthma in volunteers
recruited from general practice between 1987 and 1990

AH KENDRICK, CMB HIGGS, G LASZLO Respiratory Department, Bristol
Royal Infirmary, Bristol We report the clinical characteristics of a
group of255 stable asthmatics recruited from general practice between
1987 and 1990. The patients were interviewed in 12 rural, suburban
and city centre practices. The age range was 17 to 76 years (mean
43 4) and 138 (54%) were men. Information about each patient was
obtained during a structured interview. All had a greater than 20%
variance in peak flow (range 24-95%; mean 61%). Only 10 were
recording peak expiratory flow (PEF) at home. Symptoms associated
with asthma included shortness of breath (95%), wheeze (94%), chest
tightness (89%), nocturnal wheeze (65%), cough (53%), and chest
pain (30%). Eighty eight (35%) stated that asthma limited their
exercise, while in 65% asthma did not limit them on a "good day".
During their worst attack 114 (45%) were severely limited and 13/
114 (11%) became unconscious. Twenty five (10%) had never had a
severe attack, 59 (23%) had <6 hours warning, 70 (27%) had >6
hours warning and 101 (40%) had no warning. 140 (55%) had never
been admitted to hospital because of asthma, whilst 202 (79%) had
not required emergency treatment for asthma in the last year. Sixty
four (25%) had never called the doctor out, whilst 16 (6%) had done
so regularly. Asthma was influenced by fumes (46%), dust (40%),
exercise (38%), animal dander (31%), pollen (26%), and food or
drink (22%). Ten were not prescribed inhaled bronchodilators; 221
(87%) used salbutamol, 129 (53%) taking it as required. Inhaled and
oral steroids were not prescribed in the last year in 93 (36%) and
168 (66%) respectively. Maximum PEF ranged from 14% to 181%
predicted (mean 101 %). Minimum PEF ranged from 10% to 106%
predicted (mean 40 5%). We conclude that prior to the publication
of asthma guidelines in 1990 few asthmatics were monitoring their
PEF and wide fluctuations of PEF appear to have been the rule. The
impact of the guidelines on asthma symptoms and control in general
practice should be evaluated.

Asthma management care plan audit in a chest clinic

MP CHOPRA, S MEADOWCROFT, D LATCHFORD, J KELLY Chest Clinic,
Tameside General Hospital, Ashton-under-Lyme It is too often said
that asthma is managed very badly at all levels. Various studies have
shown that morbidity and mortality are not falling despite new effective
anti-asthma drugs, and modifications to traditional remedies. It is
now well recognised that education, counselling and the introduction
of a self management plan should constitute the main objectives in
improving asthma care and reducing hospital admission (Beasley
et al. Thorax 1989;44:200-4; Partridge. The IPractitioner 1991;235:
715-21). The British Thoracic Society initiated the national guidelines
for the management of asthma but, as yet, these have not been
widely applied in practice. Evaluation is needed to determine if these
guidelines are being met by physicians managing asthma. At the Chest
Clinic of Tameside General Hospital we therefore designed and
introduced documented care plan to all asthmatics. Between June
1989 and December 1992 all asthma patients (total 590) attending
the chest clinic as outpatients were included on the asthma care plan
register. In all we evaluated 100 care plans (47 male and 53 female)
between the ages of 15 and 70 (mean 40) years. Every sixth patient
on the register was chosen to constitute this sample of 100. The
following aspects were examined: (a) number of times patients were
counselled on inhaler technique and change of device; (b) compliance
to treatment; (c) progress of asthma with home peak flow monitoring;
(d) patients' understanding of what to do if their asthma worsened;
(e) how many times the treatment needed changing or warranted
increased inhaled/oral steroid dosage to stabilise and control their
asthma; (f) hospital admissions before and after counselling to assess
effectiveness of counselling; (g) progress of patients on the emergency
asthma plan to see if they had followed our advice. Of these 100
patients whose treatment was optimised by counselling and education,
69% required 1-3 hospital visits, 22% required 4-5 visits and 9%
required 6-10 visits. Peak flow monitoring was undertaken in the
case of 66 patients, allowing us to assess the severity and control of
their asthma and introduce the treatment changes in their therapy.
The patients fell into three categories in respect of dosage: up to
800 jg (63 patients), 800-1600 jig (31), and 1600-2000 jg (six). Our
management plan has shown that adult patients with asthma can be

effectively managed with inhaled steroids. On the basis of our ex-

perience of selfmanagement we believe that patients with mild asthma,
receiving inhaled steroids up to 800 ig, should be discharged back to
general practitioner care. Patients on higher doses should be given
constant counselling to reinforce education and improve compliance
of inhaler therapy.

Effect of a preprinted form on the management ofacute asthma
in an A&E department

SM ROBINSON, BDW HARRISON, MA LAMBERT Departments of Accident
and Emergency and Respiratory Medicine, Norfolk and Norwich Hospital,
Norwich It is well documented that the treatment of patients at-
tending A&E departments with acute asthma might be deficient. In
an attempt to improve the assessment and management of patients
presenting with symptoms of acute asthma we introduced a new form
into the A&E department. The form not only contained prompts for
demographic details, current symptoms, past medical history, and
physical examination, but also stipulated the management, follow up,
and discharge medication according to the severity of the asthma
attack. We compared the 70 consecutive adult patients seen in the
six months before the introduction of the form with the 105 patients
seen in the subsequent six months. Use of the form significantly
improved the documentation of past asthma history (X2 16-9, p =
0-0001), current treatment (X2 7-24, p=0 007), expected peak flow
(X' 44.4, p=0-0001), % expected peak flow (X2 62-8, p=0-001),
and respiratory rate (X2 7-2, p = 0 007). No significant improvement
was seen in the documentation of current history, pulse rate, and
peak flow. Compliance with the recommended treatment of acute
asthma, as suggested by the British Thoracic Society, significantly
improved with use of the form (X2 24-5, p=0-0001) and a greater
number of patients were reviewed one hour after commencing treat-
ment (X2 13-8, p=0 0002). Although use of the form reduced the
number of patients discharged home when contraindications to dis-
charge were present (X2 5-25, p=0 02), the prescription of steroids
on discharge was similar (X2 2-35, p=0-126) and there was no
difference in readmission rates (X2 0-06, p=0 8). There were no
fatalities in the patients discharged from A&E. The management of
acute asthma in our department was significantly improved by the
use of this proforma.

Hospital admissions for asthma in Zaria, Northern Nigeria

JG AYRES, S IFERE, J OKPAPI Chest Research Institute, Birmingham
Heartlands Hospital, Birmingham; Ahmado Bello University Hospital,
Zaria, Nigeria The prevalence of asthma in rural Africa has generally
been regarded as low, particularly in children, the reasons for which
are likely to be multifactorial. There are very few data on trends in
asthma in African countries. Zaria is a moderate sized town in
Northern Nigeria. The main tribe is the Moslem Hausa tribe and the
society is patriarchal. Ward admission books had been kept at the
hospital since 1982 and we examined hospital admissions by sex and
age for adults from 1984 to 1992 for which years data were most
complete. There are no data on populations so rates could not be
calculated. Data on paediatric admissions were less complete and were
studied from 1988 to 1991. In adults 303 patients were admitted
over the nine year period, 71 male and 232 female, the respective
mean ages being 43-3 and 33-0 years respectively (p<0 0002); 76%
were from the Hausa tribe. There was no trend in numbers of
admissions per year over this period. The mean duration of admission
was 15-2 days for the 59 (83%) for whom these data were available,
and 11 4 days for the 189 women (82%). Duration of stay increased
with age only up to age 55. During the four years of paediatric study
just 44 admissions for asthma were recorded, about one a month
with an equal sex ratio. These findings suggest that hospital admission
for asthma in Northern Nigeria is significantly higher in women,
suggesting that indoor environmental factors may be playing a part
in the pathogenesis of asthma in this region. Hospital admissions
were low in children confirming previous work. [Supported by the
Tropical Health and Education Trust.]

Refinement of the computer assisted analysis of serial peak
flow records in the diagnosis of occupational asthma

P BRIGHT, DT NEWTON, PFG GANNON, CFA PANTIN, PS BURGE, J
BELCHER Occupational Lung Disease Unit, Birmingham Heartlands
Hospital, Birmingham; ICHRC, North Staffordshire Hospital, Stoke on
Trent, Staffordshire The performance of a computer assisted analysis
system for serial peak flow records has previously been reported
(Gannon, ERS 1993). It is known that one weakness of the system
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was a lack of robustness and a relative under reporting of positive
records compared with a human expert. The system has been refined
by using an additional 729 measurements on each work or rest period
(complex) and repeating the discriminant analysis. This produced 26
measurements most predictive of the score assigned to each complex.
Scores are allocated as 1= 0% chance of occupational asthma, 2=
1-49%, 3 = 50-99%, 4=100%. The new analysis was then used to
score the records of 60 new subjects. Results are the overall score for
the record produced from the summation of results for each complex
within a record, complex scores of 1 or 4 being weighted by x 2

Oasys scores: new (%); old (%o)

Expert 1 2 3 4

1 (21) 14 (67); 15 (71) 7 (33); 6 (29)
2 (12) 2 (17); 2 (17) 8 (66); 9 (75) 2 (17); 1 (8)
3 (11) 5 (45); 5 (45) 6 (55); 6 (55)
4 (15) 1 (6); nil 5 (31); 9 (56) 10 (63); 7 (44)

(table). The single case scored as 1 by Oasys and 4 by the expert was
reviewed by three independent reviews and reclassified as 1. The
kappa statistic for the old system v the expert was 0 49; for the new

system it was 0-51. The improvement is attributable to the improved
scoring of definitely positive records. [PB and DTN are supported
by the National Asthma Campaign.]

Industrial injury benefit for occupational asthma in the Nortl-
ern region 1991-2

SC STENTON, P SANDHU Regional Unit for Occupational Lung Disease,
Newcastle General Hospital, University of Newcastle upon Tyne: The
Benefits Agency, Newcastle upon Tyne We reviewed the data for all
claimants of industrial injury benefit for occupational asthma (PD
D7) at the Newcastle office of the Benefits Agency over a one year
period following the April 1991 revision of the list of prescribed
agents. There were 205 claimants, 88% of whom were men. Many
were elderly, the median age being 57 years. Almost half had worked
in "traditional" industries such as shipbuilding or mining where the
risks of developing asthma are thought to be low. 44% referred
themselves, 27% were advised to apply by a workmate, union, or

legal representative, and only 12% had been advised to apply by a

physician. Nonetheless, the majority had evidence of airflow ob-

struction, the median FEV, being 71% ofpredicted. 90% took inhaled
bronchodilators and 71% also took inhaled corticosteroids. Fifty six

(27%) were judged to be suffering from occupational asthma. Their
median age was 46 years. The commonest causes were hardening
agents (14 cases), wood and paper dusts (12 cases), isocyanates (six
cases), and rosin (5 cases). Few applicants from the "traditional"

industries were awarded benefit. Of those with occupational asthma

only 16 (29%) were currently attending a chest clinic and a further

15 (27%) had done so in the past. No investigations had been

undertaken to help establish the diagnosis of occupational asthma in

49 (88%) cases. Three subjects had made serial PEFR measurements

at and away from work, and four had undergone inhalation challenge
tests. At least 14 subjects were thought to have undergone occupational
exposures to the agent responsible for their asthma. The data suggest
that many cases of occupational asthma are not brought to the

attention of an appropriate medical specialist and that there is con-

siderable room for improved liaison between medical services and the

Benefits Agency.

Oximetric saturation and end tidal CO2 as predictors of re-

spiratory failure in patients with acute obstructive pulmonary
disease

DP BURKE, JS MANN The Royal Wolverhampton Hospitals NHS Trust,
Wolverhampton We undertook a prospective study to determine

whether end tidal CO2 (PETCo2) and/or oximetric saturation (Spo2)
could be used to reduce the need for blood gas estimations in

patients suspected of having respiratory failure (Pao2<8 kPa and/or

Paco2>6 kPa). One hundred and thirty two patients (asthma 85,
COAD 29, and indeterminate 18) presenting to an A&E department
with acute obstructive pulmonary disease and judged to require arterial

blood gas analysis had simultaneous measurement of PETCO2 and

SP02 whilst breathing air. Thirteen patients had a Pao2<8 kPa, 14
had a Paco2>6 kPa, and 16 had both. PETCO2 correlated poorly with

Paco2 (r= 0 42). However, using a cut-off of Spo2<95% for measuring
blood gases resulted in only three of 30 patients with Paco2>6 kPa

being missed (two had Paco2 = 6.1 kPa and one had Paco2 = 6-2 kPa),

and only one of 29 patients with a Pao2<8 kPa being missed (Pao2 =
7-9 kPa). Using an SPo2<95% only 59 (44 7%) of patients recruited
would have required arterial blood gases. The results suggest that
patients presenting to the A&E department with acute obstructive
pulmonary disease and an SPO2 >99% measured whilst the patient is
breathing air are unlikely to require blood gas estimation.

Use of ambulatory oxygen therapy with long term oxygen
therapy
AA OKUBADEJO, Li RESTRICK, EA PAUL, JA WEDZICHA Department of
Thoracic Medicine, London Chest Hospital, London Long term oxygen
therapy (LTOT) improves survival in patients with COPD and severe
hypoxaemia. Ambulatory oxygen therapy (AO) may increase the total
number of hours of oxygen used daily in addition to improving
exercise capacity and dyspnoea, but it is not known whether this
results in improved survival. We compared patients with COPD using
LTOT alone with those usingAO in addition to LTOT (AO + LTOT).
A complete list of patients with COPD using LTOT in East London
in January 1991 was obtained; there were 148 patients (76M, 72F)
of whom 31 (20 9%) were also using AO (AO+LTOT) and 117 who
were using LTOT alone. The two groups were similar in mean age
(AO + LTOT 65 years; LTOT alone 68 years, 95% CI for difference
in mean age -03 to + 6-4 years). The differences between the groups
in lung function and Sao2 were small (mean (SD) FEV,: AO + LTOT
0-52 (0 30) 1; LTOT alone 0 49 (0 26) 1,95% CI for difference-0- 14
to +0 071, Sao2:AO+LTOT 87 1 (6-1)%; LTOT alone 89 2 (5 6)%,
95% CI -0-2 to +4 4%). The groups were similar in terms of
number of hours of concentrator use (AO +LTOT 17-0 (5 9) hours/
day; LTOT alone 15-1 (5 3) hours/day). Walking tests were performed
on 18 (58%) patients with AO + LTOT. The median six minute
walking distance on air was 205 m which was increased in patients
breathing 2 1/min oxygen to 225 m (p = 0002). Mean (SD) baseline
Sao2 was 90 (4)% which fell during the walk on air to a nadir of80 (9)%
(p=0-001). In the AO +LTOT group 15 (48%) were housebound
compared with 53 (45%) of those using LTOT alone. After three years
follow up eight (25 8%) of those using AO+LTOT and 46 (39 3%)
using LTOT alone were still alive; this difference was not statistically
significant (p = 0 24). FEV, has been shown to be the best long term

predictor ofsurvival in these patients. Since these two groups ofpatients
had comparable FEV, in January 1991 our findings suggest that the
use of ambulatory oxygen therapy in addition to LTOT does not

significantly improve survival in these patients.

Quality of life in patients with COPD and severe hypoxaemia
AA OKUBADEJO, PW JONES, JA WEDZICHA Department of Thoracic Med-
icine, London Chest Hospital, London; Division ofPhysiological Medicine,
St George's Hospital, London Patients with COPD and severe hyp-
oxaemia have impairment in most areas of life quality but a re-

lationship between hypoxaemia and quality of life has not been
established. Previous studies used generic health measures such as

the Sickness Impact Profile (SIP). We have used a disease-specific
health measure - the St George's Respiratory Questionnaire (SGRQ)
- to examine the relationship. In this study 31 patients (13M, 18F)
of median age 69 (range 47-85) years with COPD were assessed.
Spirometry and blood gases were measured and patients completed
three questionnaires: SGRQ, SIP, and the Hospital Anxiety and
Depression Scale (HAD). Mean (SD) values were: FEV, 0-8 (0-3) 1,
Pao2 7-2 (0 9) kPa, Paco2 6-3 (11I)kPa, SGRQ total score 58-8
(17-7), SIP total score 17-4 (9 1), anxiety score 6-4 (4 3), depression
score 6-0 (3 0). Pao2 was significantly correlated with the SGRQ
activity (r2= 0- 14, p= 0 02), SGRQ impacts (r = 0- 11, p= 0 04), and
total SGRQ scores (r2=0 19, p=0-008), but not with the SGRQ
symptom score, SIP total score or HAD scores. SGRQ total score

correlated with anxiety (r2=0 2, p=<0-0001) and depression (r2=
0-46, p<0-0001) on the HAD scale. SIP total score also correlated
with anxiety (r2=0-14, p=0038) and with depression (r2=0-42,
p<0-0001). We have confirmed that in patients with COPD and
moderate to severe hypoxaemia quality of life is related to anxiety
and depression. Our findings suggest that quality of life is related to

the severity of hypoxaemia, but this relationship is only detectable
when using a disease-specific health measure.

Relationship between changes in spirometry and changes in
quality of life during a two year study of inhaled beclo-
methasone in COPD

GA BALE, DC WEIR, P BRIGHT, L SANDMAN, PS BURGE Department of
Thoracic Medicine, Birmingham Heardands Hospital, Birmingham The
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benefit (if any) of inhaled steroids in COPD is small when measured
by lung function. Ifsmall changes in lung function were associated with
quality of life gains, the rationale for treatment would be increased. We
have used the Guyatt quality of life questionnaire sequentially during
a two year placebo controlled study of inhaled beclomethasone
1500-2000 ig daily in patients with COPD, which is still running.
We have correlated the difference between the first and last ques-
tionnaire with the corresponding differences in spirometry in the first
30 completed patients. Their mean baseline characteristics were as
follows: age 66 years (80% male), FEV, 1-01 litres, FVC 2-94 litres,
PEF 230 1/min. The correlation coefficients for the four dimensions

A Dyspnoea A Fatigue A Emotion A Mastery

A FEV, 0-46 0-36 0-19 0-24
A FVC 0-52 0-07 0-07 0-27
A PEP 0-42 0-16 0-09 0-47

of the quality of life questionnaire are shown in the table. The
correlation between the dyspnoea score and spirometry suggest that
the changes seen are associated with clinically significant alterations
in ftunction.

Repeatability of two new short airways questionnaires
FH QUIRK, PW JONES Division of Physiological Medicine, St Georges
Hospital Medical School, London A need had arisen for a short,
disease-specific, respiratory questionnaire that had a low respondent
burden and was minimally influenced by demographic variables such
as age, sex, and disease duration. We have employed a criterion-based
process of item selection and reduction to produce two new airways
questionnaires, one of 20 items (AQ-20) and one of 30 items (AQ-
30). The development process was unique in that both patients'
perceptions of their health and factor analysis were utilised to select
items for inclusion since adherence solely to a mathematical model
may exclude items that are of significance to patients in their day-to-
day lives (Juniper et al. Qual Life Res 1994;3:52-3). The test-retest
reliability of these questionnaires has been investigated to examine
the stability of questionnaire responses over a short time period.
Patients were recruited from an outpatient chest clinic, 39 had asthma
and 15 had COAD. Mean age was 52 years (range 13-78) and mean
FEV, was 75% predicted (range 19-160); 22 patients were male. All
patients completed the two questionnaires AQ-20 and AQ-30 on two
occasions two weeks apart. Pearson's product moment correlations
(r) between the AQ-20, AQ-30 and FEV, were -0-35 and -0 40
respectively. These are values of a similar magnitude to other re-
spiratory health measures. Pearson's r between the repeated pre-
sentations ofAQ-20 and AQ-30 were 0-93 and 0 9 respectively. These
are high levels of repeatability for instruments of this kind. We
conclude that, over a two week period, the AQ-20 and AQ-30 are
stable, repeatable measures of perceived respiratory health.

Can the shuttle walking test detect the effect of pulmonary
rehabilitation?

SJ SINGH, MDL MORGAN Department ofRespiratory Medicine, The Glen-
field Hospital, Leicester The aime of the study was to assess the shuffle
walking test as an outcome measure for a pulmonary rehabilitation
programme. Ten patients (seven men) were recruited with stable
chronic airways disease (mean (SD) FEV, 1 19 (0-65)1, age 63-4
(6 8) years). On initial assessment patients performed two shuttle
walking tests (the first a practice) and a treadmill endurance test (at
50% predicted Vo2 max). The pulmonary rehabilitation programme
required the patients to attend the hospital twice a week for two
periods of exercise (brisk walking and mobility) training (in addition
to educational lectures). Patients were also required to perform home
exercise (brisk walking) at least twice a week. All patients completed
the seven week course. After rehabilitation patients immediately re-
peated both the treadmill and shuttle walking test. Comparing pre
and post rehabilitation the results showed that there was a significant
improvement (p<0.05) in shuttle walking test distance after re-
habilitation: pre and post mean distance 278-0m and 341-0 m, mean
increase 63-0m (95% CI 14-9 to 111 1Im). There was a moderate
correlation between FEV, and increase in shuttle distance (r=0-62).
Mean treadmill endurance time increased by 14-4 minutes (p<0.05),
representing a mean percentage increase of 249-6% (95% CI 122-8%
to 376 3%). The shuttle walking test is sensitive to changes in exercise
tolerance occurring as a result of pulmonary rehabilitation.

Respiratory rehabilitation, complementary and cost-effective

RJ WOLSTENHOLME, S BAINES Chest Unit, Billinge Hospital, Wigan,
Lancashire The aim of respiratory rehabilitation should be to com-
plement existing respiratory services by improving standards ofroutine
care with a more efficient use of resources (Clark Thorax 1994;49:
270-8). We have studied a group of patients with chronic airflow
obstruction over a two-year period. They received maximal ap-
propriate medical therapy but had required frequent hospital ad-
mission. Our aim was to show a reduction in hospital stay by effective
use of respiratory rehabilitation. The rehabilitation programme is
outpatient based involving relaxation methods, breathing control, and
exercise reconditioning. The exercises are simple and aerobic. Initially
performed daily they are maintained for 5-10 minutes three times a
week. Fifty six patients have been studied over the two-year period.
Thirty patients were non-compliant (NC) and 26 compliant (CP)
completing the 12-month programme. In the CP group there was a
64% reduction in days in hospital and in the NC group a 22%
increase. The sessional cost ofthe research respiratory physiotherapist
was £1500. Two thirds of the NC patients dropped out of the
programme in the first three months. The CP patients were slightly
older (CP 56-54 years v 51-53 years NC) but there was no gender
difference. There was little difference in spirometric values or six
minute walking distances (CP 48-9% FEV, predicted v NC 55-7%
FEVy pred, CP 71-6% FVC pred v NC 72-2% FVC pred, walking
test CP 439 m v NC 443 m). Diagnoses were similar in the two
groups with 43% having asthma, 27% bronchiectasis, and 30%
chronic bronchitis/emphysema. Younger patients, however, found the
exercise less challenging and the programme is being adapted to cater
for different patient expectations and needs. The basic programme
has shown itself to be cost-effective. It is now well established with
107 patients having passed through the unit.

Information technology in a department of respiratory med-
icine: cost analysis
C BEECH, DR BALDWIN, J PRESCOTT, AH EVANS, CFA PANTIN Department
of Respiratory Medicine, North Staffordshire Hospital Trust, City General
Hospital, Newcastle under Lyme, Staffordshire The Department of
Respiratory Medicine at Stoke on Trent has developed a computer
system incorporating pulmonary function tests, word processing,
management of equipment loans, and implementation of automated
protocols. Results ofan evaluation ofthe speed ofthe system compared
with manual procedures were presented in 1993 (Beech et al. Eur
Respir_J 1993;17:145s). The computer system saved time with lung
function tests and equipment loans, but increased secretarial time. A
cost analysis of the system has been performed according to standard
business practice by the chief financial accountant of the North
Staffordshire Hospital JP) as follows: (1) income - personnel costs
based upon time savings (lung function and equipment loans tech-
nician); (2) expenditure - personnel costs based upon lost secretarial
time, capital charges, training, maintenance of equipment, con-
sumables, software licences and computer support staff; and (3)
savings resulting from changes in work practice - the computer system
enabled identification of missing equipment (213 nebulisers) and
allowed automation of assessment of long term oxygen therapy re-
sulting in fewer clinic appointments, blood gas analyses and cor-
respondence. The table shows costs in pounds sterling over a six year

1988-9 1990-1 1992-3 1994-5

Income 0 1202 3513 3690
Expenditure 47016 71317 64114 47922
Net surplus -47016 -70155 -60601 -44232
Work practice 0 26767 8685 8096
Net surplus incl.
work practice -47016 -43388 -51916 -36136

period (projected for 1994-5). A net negative figure indicates a loss.
The initial financial outlay of a computer system is high, but beneficial
changes in work practice which result from the system can offset the
costs.

Exercise testing and prognosis in adult cystic fibrosis
AJ MOORCROFT, ME DODD, AK WEBB Adult Cystic Fibrosis Unit, Wyth-
enshawe Hospital, Manchester Exercise testing has been used in cystic
fibrosis mainly to assess the effects of training programmes. It has
only been used once to assess prognosis (Nixon et al. N EnglJ Med
1992;327:1785-8). We have examined the prognostic value ofexercise
testing in comparison to spirometry, demographic characteristics,
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nutrition, and sputum colonisation. Eighty seven adult patients (mean
age 19-8 years) were evaluated by progressive maximal exercise testing,
spirometry, sputum culture, age, gender, BMI (body mass index),
and assessed for outcome at five years. There were 22 deaths in the
five years. The significant differences between those who survived
and those who died were; FEV, (mean 68-9 v 39 7% pred, p<0-0001),
BMI (mean 19-0 v 17-1, p<0-01), Vo2max (mean 67-6 v 54-3%
pred, p<0 05) and WORKmax (mean 89-4 v 71-2% pred, p<005).
Those who died were ventilatory limited on maximal testing as
evidenced by a mean maximal ventilation of 98-4 v 65-0% pred
maximal voluntary ventilation (p<0-0001) and had a significantly
higher ventilatory equivalent (VEmax/Vo2max) of 38-7 v 32-4
(p<0-001) indicating a larger dead space. Both of these differences
are closely correlated with the FEVI. Age, sex, peak expired CO2,
oxygen saturations, and Ps cepacia colonisation were not found to be
significant predictors although in the case of Ps cepacia it was not
examined in a time dependent fashion. When significant independent
univariate factors were entered into a multivariate logistic regression
model only FEV, was a significant independent correlate of mortality.
Substitution of ventilation expressed as % pred maximal voluntary
ventilation instead of FEV, showed it to be equally predictive. Thus
in this patient group, whilst exercise testing gives useful functional
information and the Vo2max, WORKmax, ventilatory equivalent plus
VEmax are correlates of survival, they are not better than FEV, as
prognostic indicators.

Factors influencing aerobic power in patients with ankylosing
spondylitis

P RIANTAWAN, R CARTER, RD STURROCK, SW BANHAM Centre for Re-
spiratory Investigation, University Departments of Medicine and Rheum-
atology, Glasgow Royal Infirmary, Glasgow Ankylosing spondylitis
commonly affects exercise tolerance, as reflected by reduced maximal
oxygen uptake (Vo2max). This study assessed the relationship and
the additive influence of anthropometric, pulmonary, and muscular
factors on Vo2max in 20 patients with ankylosing spondylitis (14 M,
6 F, mean age 46 years (range 26-67), chest expansion (CE) 2 cm (SD
0-75). The following were measured: (1) anthropometry including lean
body mass (LBM) derived from skinfold thicknesses; (2) static lung
volumes; (3) maximal inspiratory pressure (Pimax) at FRC; (4)
maximal voluntary contraction of the quadriceps (Qds) in the sitting
position with the knee flexed to 900 (N.M); and (5) Vo2max attained
during exercise on a cycle ergometer. Mean (SD) Vo2max was 26-6
(6 65) ml/kg/min (79% predicted). Correlations between Vo2max and

Age Wt Ht LBM Qds VC Pimax CE

r -0-48 0-06 006 0-2 075 0-31 037 -0-11
Adjusted 19-2 0 0 0 53-2 4-5 9-2 0
R2(%)
p 0 03 NS NS NS <0-001 NS NS NS

possible explanatory variables are given in the table. Qds was the best
single predictor of Vo2max. Stepwise regression analysis revealed that
LBM significantly increased the explained variance to 73 7%, as the
following expression

Vo2max (ml/kg/min) = 28-0 + 0-1 8Qds(N.m) - 0-44LBM(kg)

[F27-64, p<0-001, adjusted R2 73 7%, residuals SD 3-41, n=20].
Age, wt, ht, VC, Pimax or CE did not yield additional information
about Vo2max. Correlation coefficient between the actual Vo2max
and the values derived from the model was 0-87 (p<0-001). In
ankylosing spondylitis, aerobic power is influenced mainly by muscular
factor. While a degree of restrictive defect is common, pulmonary
factor does not significantly influence exercise capacity.

Resting energy expenditure (REE) and use ofchronic nebulised
P2 agonists
J CONGLETON, JH GREEN, MF MUERS National Heart and Lung Institute,
London; KiUingbeck Hospital, Leeds A proportion of patients with
chronic airflow limitation appears to have a raised REE. The mech-
anism of this is not known. 02 agonist use could theoretically cause
a raised REE via the adrenergic system but one might expect tolerance
to develop. This has been shown to be the case in controls taking
salbutamol via a meter dose inhaler (Wilson et al. Thorax 1993;48).
Our study was designed to see whether chronic use of high dose
nebulised 12 agonists has any effect on REE in patients. Fifteen
subjects with chronic airflow limitation who were being considered
for a home nebuliser prescription were studied (mean FEV, 41-2%

predicted, FEV,: FVC 46-2%). REE was measured by indirect ca-
lorimetry via a ventilated hood (Datex Deltatrac). The patients were
studied in a stable clinical state after an overnight fast. Morning
medication was omitted. Triceps skinfold (TSF) was measured with
skin calipers in order to estimate fat free mass (FFM). Handgrip
strength was measured with a dynamometer. All the subjects were
then assessed for a home nebuliser according to our unit's protocol. If
clinically indicated this was provided with a prescription for salbutamol
5 mg four times daily. At least three months (mean 7 9) after the
initial REE reading 13 patients were restudied (one had died, one
refused repeat study). At this time seven patients were using regular
nebulised salbutamol (N), six were using salbutamol via an MDI (I).
There was no difference in initial spirometry, age, weight, symptom
score, %FFM, or REE between group N and group I. There were

Weight Handgrp %FFM REE REE
(kg) (kg. m2) (%H-B)* (kJ/h/

kgFFM)

N(n = 7)
t=O 62-7 (14-5)25-6 (7 6) 70-2 (5-1) 106-6 (10-8)5-76 (0 9)
t=8-8 months 63-8 (16-9)24-9 (9 7) 70 5 (5 6) 105-3 (11-0)5-64 (0-93)

I (n=6)
t=0 70 9 (21) 25-7 (10-9)64-3 (9 3) 99 4 (9 3) 5 30 (0 46)
t=6-8 months 72-9 (20 2)28 (9 9) 62-7 (9) 99-3 (13-7) 5-35 (0-61)

*%H-B =% predicted by Harris-Benedict equation.

no changes over time (table). We conclude that chronic use of high
dose nebulised 02 agonists had no effect on REE, weight, or body
composition.

Use of lung function tests to predict subjective response from
home nebulisers
H BONTOFT, DR BALDWIN, AH EVANS, CFA PANTIN Department of Re-
spiratory Medicine, North Staffordshire Hospital Trust, City General
Hospital, Newcastle under Lyme, Staffordshire Lung function tests are
often used to assess patients with chronic obstructive pulmonary
disease (COPD) for suitability for home nebuliser therapy. However,
despite little or no objective improvement in lung function after a test
nebulised drug, there may be considerable subjective benefit. It is not
known which commonly used lung function test parameter best
predicts subjective improvement from home nebuliser therapy. This
study has tested the usefulness of six lung function parameters as
predictors of subjective benefit as measured by the Chronic Re-
spiratory Questionnaire in 12 patients with COPD. Subjects com-
pleted the questionnaire at 4 visits to the department. Objective
measures (spirometry, peak expiratory flow (PEF) and 12 minute
walking distance) were recorded for each subject. At visit 2, 2-5 mg
of nebulised salbutamol was given with objective measures before and
after. Subjects were then issued with a nebuliser. Subjective response
was assessed by comparing questionnaire answers from visit 1 with
visit 3 and visit 4. The table shows the sensitivity and specificity of
the putative objective predictors of subjective response. Six of 12

Measure Sensitivity (%) Specificity (0%)

12 minute walk 100 0
PEF 83 17
FEV, 50 50
FVC 83 17
FEF50 83 66
FEF,5 66 66

subjects showed a subjective improvment. FEF50 and FEF75 may be
better predictors of subjective response to home nebulisers in patients
with COPD than other less sensitive but more commonly used
parameters (PEF, FEV,, FVC).

Effect of ouabain and salbutamol on transepithelial nasal po-
tentials in patients with cystic fibrosis and healthy controls

D PECKHAM, A CONN, AJ KNox Division of Respiratory Medicine, City
Hospital, Nottingham In patients with cystic fibrosis (CF) there is a
reduction in airway epithelial chloride secretion and an increase in
sodium absorption which leads to sputum dehydration. While drugs
which inhibit sodium absorption may have a therapeutic role to play
in the management of CF, agents which have stimulatory effects may
be detrimental. Beta adrenergic agents have been demonstrated in
vitro to increase sodium absorption across cystic fibrosis airway
epithelium, while the Na/K ATPase inhibitor, ouabain, has the op-
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posite effect. We have investigated the in vivo activity of both ouabain
and salbutamol in a double blind randomised placebo controlled
crossover study. 0-4 ml of a fine spray of 5 mg/ml salbutamol, 0-25 mg/
ml ouabain, and 0 9% saline was administered intranasally to 10 CF
patients and 10 healthy controls. Each subject was studied with at
least five days between each visit and on each occasion nasal potential
difference (PD) was measured before and at 5, 15, 30, 45, and 60
minutes following drug application. The effect of ouabain, salbutamol
and saline on nasal PD was compared using two way analysis of
variance with a p value <0 05 being regarded as significant. In
both healthy controls and patients with cystic fibrosis there was no

significant difference in nasal PD in the 60 minutes after ouabain,
salbutamol, or placebo. Although basolateral Na/K ATPase activity
appears to be increased in cystic fibrosis nasal epithelium, the topical
use of ouabain has no demonstrable effect on nasal potential. Similarly
the in vivo application of salbutamol, which is frequently used in the
management of cystic fibrosis, has no stimulatory effect on nasal PD
and is therefore unlikely to result in further sputum dehydration.

Analysis of genetic diversity in human-derived Pneumocystis
carinii isolated from four geographical locations

A WAKEFIELD, C FRITSCHER, A MALIN, W HUGHES, RF MILLER IMM
Oxford; Hospital de Clinicas de Porto Alegre, Brazil; University Hospital,
Harare, Zimbabwe; St J7udes Hospital, Memphis, USA; UCLMS,
London Genetic divergence has been shown in P carinii isolated from
different host species and within the same host species. We examined
the sequence of a portion of the P carinii mitochondrial large subunit
ribosomal RNA gene obtained from 30 HIV infected individuals in
four different locations - Britain, USA, Brazil, and Zimbabwe. (This
locus is highly informative showing up to 27% differences in P carinii
isolated from infected lungs of rat, human, rabbit, ferret, mouse, and
horse.) Amplification was performed on each sample from extracted
DNA using the P carinii specific primers pAZ 102-H and pAZ 102-
E and the sequences of a 196 base pairs portion of the PCR product
were compared. All 12 samples from Britain had identical sequence;

a single base polymorphism was identified at base 52 (displaying
adenosine, thymidine, or cytosine). The 18 samples from other loc-
ations showed no differences from British samples; base 52 residue
was also variable. These data show a striking lack of sequence diversity
at this locus between isolates of human-derived P carinii from geo-
graphically different locations and suggest that global variations in
incidence and presentation of pneumocystis pneumonia may not be
due to infection by different strains of the organism.

Progressive HIV infection is characterised by a relative
reduction in alveolar macrophages with antigen presenting
phenotype

MCI LIPMAN, MA JOHNSON, LW POULTER The Royal Free Hospital and
School ofMedicine, London HIV-related respiratory disease may result
from alterations in the local immune response such as abnormalities
in alveolar macrophage (AM) antigen presenting capacity. Monoclonal
antibodies RFD1 and RFD7 when used together can phenotypically
distinguish AM which induce (RFD1 + RFD7 -), effect
(RFD1 - RFD7 +), or suppress (RFD1 + RFD7 +) T cell responses.

The relative balance of these subsets may alter with progressive HIV
disease resulting in increased susceptibility to opportunistic infections.
We therefore investigated the expression of these markers in a popu-
lation of HIV infected subjects with no respiratory disease. Thirty
two HIV positives (median blood CD4 count 490 cells/PI, range

0-1090) on no antiretroviral therapy underwent bronchoscopy and
bronchoalveolar lavage. The AM from the recovered cells were in-
vestigated for the expression of RFD1 and RFD7, CD68 (a pan-

macrophage marker) and CD14 (monocyte marker). HIA-DR ex-

pression was also determined semiquantitatively by image analysis.
Results were compared with those obtained from healthy volunteers.
Median HLA-DR expression was significantly greater in the HIV
group than the controls (2-85 U v 2 06 U, p =0-006); however, the
other parameters investigated were similar between the two groups.

Within the HIV population there was a highly significant relationship
between blood CD4 count and antigen presenting phenotype
(RFD1 + RFD7 -) [Rho = 0 51, p = 0-0051 and an inverse correlation
with AM phagocytic cell type (RFD1-RFD7+) [Rho=- 0 5, p=
0-006]. The proportion of AM staining either CD68+ or CDl14+
did not change with falling CD4 count. The data suggest that HIV
infection is associated with an increased level ofHLA-DR expression
but, as systemic immunity declines, a change occurs in AM subsets
characterised by a relative reduction in antigen presenting cells.

Comparison of extracelliullar epithelial lung surface proteins in
paired lavages from the same subjects
AK DATTA, A MOHAMMED, B MULLER, TD TETLEY, A GUZ, SF
SMITH Departments ofMedicine and Chemical Pathology, Charing Cross
and Westminster Medical School, London Single site bronchoalveolar
lavage (BAL) is used to sample material from the human lung for
clinical and research purposes. Several studies have compared cell
number and type in different lung lobes, but it is unclear whether or
not the protein distribution on the epithelial lung surface is uniform.
In a preliminary study BAL (4 x 50 ml) of the lingula (LL) and right
middle (RML) lobes were performed on five patients (three men, of
age 30-81 (median 61) years) undergoing routine fibreoptic bron-
choscopy in whom radiology was comparable in LL and RML. Total
and differential cell counts were performed; neither fluid (RML;
median 35, range 24-75%: LL; 48, 34-60%) nor cell (RML; 16-1,
7-5-35-5 x 106: LL; 11-5, 72-49-6 x 106) recoveries or profiles (not
shown) differed between sites. BAL supernatants were assayed for
proteins: (a) mainly serum derived: albumin (nephelometry), (b)
mainly locally produced in lung: lipocortin 1 (Lcl; ELISA), and (c)
both serum and locally derived: total protein (dye binding) and

Protein Albumin ACE Lcl
(pg/ml) (pg/ml) (mU/mi) (ng/ml)

RML 155 63-0 2-18 36-4
(70-167) (39-1-101 0) (1-52-4-91) (99->83)

LL 82 51-3 1-70 16-4
(31-776) (166-234-0) (0 49-5 33) (14-3-33-3)

Median (limits of range); Wilcoxon signed rank test for paired data; n= 5 pairs
except Lcl (n= 4).

angiotensin converting enzyme activity (ACE; colorimetry). As no
differences were found in any parameter examined, the study suggests
that single site BAL yields data on these proteins which are rep-
resentative of other lung regions.

Effect of acute cigarette smoking on epithelial permeability,
inflammation and oxidant status in the airspaces of chronic
smokers

D MORRISON, S LANNAN, A LANGRIDGE, I RAHMAN, W
MACNEE Respiratory Medicine Unit, Department of Medicine (RIE),
Royal Infirmary, Edinburgh Airspace epithelial permeability is in-
creased in cigarette smokers. Oxidants are present in cigarette smoke
and are also released from inflammatory leucocytes. The antioxidant
glutathione (GSH) falls in the lungs when animals are exposed acutely
to cigarette smoke, but is increased in bronchoalveolar lavage fluid
(BALF) in chronic smokers. We measured airspace epithelial per-
meability as 9"'Tc-DTPA lung clearance in eight chronic smokers,
both one and 12 hours after smoking using an interrenal correction.
50% clearance of inhaled activity from lung to blood was reduced by
acute cigarette smoking from a mean (SE) of 19 9 (1 9) minutes to
16-8 (1-6) (p<0-01). BAL was performed in six subjects 12 hours
after smoking (chronic; age 37 (4) years, 21 (5) pack years, FEV, 96
(6)% pred, COHb 2-8 (0 3)%) and in six subjects one hour after
smoking (acute; age 47 (3) years, 37 (7) pack years, FEV, 88 (10)%
pred, pre COHb 5 (0 6)%, post COHb 7-1 (0-5)%). BALF return
and cell viability were similar in the chronic (return 162 (7) ml, cell
viability 85 (4)%) and acute smokers (return 154 (13) ml, cell viability
86 (2)%, p>0 05) as were BALF albumin (38-9 (5 6) gg/ml, 36-7
(5-1), p>0 05) and epithelial lining fluid volume (0-14 (0 02) ml,
0-12 (0-02), p>0 05). The percentage of macrophages in BALF was
reduced (acute; 93 7 (0 7), chronic; 96-0 (0 4), p<0 05) and the
percentage of neutrophils increased (acute; 2-2 (0 6)%, chronic; 0-8
(0-4), p<0 05) in acute compared with chronic smokers. The Trolox
equivalent antioxidant capacity was not different in plasma (0 49
(0 07) mM, 0 37 (0 03) mM, p>0 05), nor in BALF (28-0 (6 3) tM,
27-4 (6-5) gM, p>0 05) in acute or chronic smokers; neither was
GSH nor its oxidised form GSSG (mixed leucocytes; GSH 5-2 (1-3),
3 9 (0-9), GSSG 0-8 (0-4), 0-08 (0-05) nmoles/106 cells: BALF; GSH
4-1 (1-3), 2-0 (0 2), GSSG 0 3 (0 2), 0-02 (0-02) gM, p>005).
Spontaneous superoxide release from mixed leucocytes was not altered
by acute smoking (unstimulated; acute 16-7 (2 7), chronic; 17-9 (4-1)
nmoles cytochrome c reduced) but increased significantly with PMA
stimulation (acute; PMA 23-0 (3-3), p<0 05, chronic PMA 19-3
(3-7), p>0 05). Thus acute cigarette smoking increases epithelial
permeability associated with neutrophil influx but without major
change in superoxide production from mixed leucocytes nor in GSH
a major antioxidant in cell and epithelial lining fluid. [Supported by
the British Lung Foundation.]
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Neutrophilia in induced sputum from smokers and ex-smokers
is directly related to the severity of airflow limitation

VM KEATINGS, U LALLOO, PJ BARNES Department of Thoracic Medicine,
The National Heart and Lung Institute, London It is known that
patients with chronic obstructive pulmonary disease (COPD) have
an increased proportion of neutrophils in the airway lining fluid. This
observation has also been made in smokers with normal lung function.
We induced sputum using inhaled hypertonic saline in 11 patients
with COPD and six healthy smokers of mean (SD) age 52-3 (5 7)
years. The sputum samples were homogenised using dithiothreitol
and centrifuged to obtain a pellet. Total and differential cell counts
were carried out without knowledge ofthe clinical characteristics of the
patients. All subjects had an increase in the proportion of neutrophils
compared with normal non-smoking controls. The percentage of
neutrophils was inversely proportional to the FEV, expressed as a

percentage ofpredicted value (r2 =-0 8) and was unrelated to whether
the patient was a current or ex-smoker. This study shows that the
degree of neutrophilia in induced sputum is strongly related to the
severity of airflow obstruction in COPD and is unrelated to whether or

not smoking continues. These findings suggest that smoking initiates a

series ofevents in the susceptible individual leading to an inflammatory
process that appears to be self perpetuating even after the initial insult
of cigarette smoke has been removed.

Time course of neutrophil influx in experimental pneumonia

RA LAWSON, C HASLETT Respiratory Medicine Unit, Department ofMed-
icine (RIE), Edinburgh The inflammatory response of some pneu-

monias (e.g. pneumococcal) usually resolves without sequelae. Others
(e.g. Gram negative) are associated with chronic damage. To in-
vestigate this we have characterised neutrophil (PMN) influx kinetics
in a rabbit pneumonia. 5 x 107 pneumococci (streptococci) or E coli
were bronchoscopically instilled in the right cranial lobe. PMNs from
donor animals were labelled with "'1In tropolone (In-PMN). These
were injected intravenously at 6, 30, or 78 hours after induction of
pneumonia. Twenty one hours later `smTc-labelled red blood cells
were injected. A dual isotope gamma camera image was acquired.
In-PMN in lavagate and tissue in excess of that expected compared
with red cells was calculated (using a reference blood sample) and
expressed as % injectate. Analogous calculations were performed on

lung and reference regions of interest on gamma camera images. All

Organism Control 6 hours 30 hours 78 hours
(n= 17) (n= 5) (n= 6) (n= 5)

(1) Lavage Strept 0 00 0 53* 0 05 0-03
In-PMN E colit 0.00 0-12* 0.09* 0-08
(2) Tissue Strept 0-25 11-48* 2-57 1-84
In-PMN E colit 0-25 6-16* 9-43* 1-97
(3) Scan Strept -1-53 10-28* 4-25 1-89
In-PMN Ecolit -1-53 7-15* 7.79* -0-11

t<0 004 ANOVA (effect of time); *p<0.05, Scheffe's a posteriori test v controls.

measures of PMN influx were significantly elevated at six hours.
However, only in E coli were they still significantly elevated at 30
hours. Indeed, there was a trend for indices to be higher at 30 than
at six hours in this group. These differing patterns of PMN influx
may reflect different inflammatory mechanisms induced by strep-
tococci and E coli. [Supported by CHSA and MRC, UK.]

Reduction ofLPS-induced tumour necrosis factor-alpha (TNF-
a) release bymacrophages/monocytes in response to interleukin
10 (IL-10).

L ARMSTRONG, AB MILLAR School of Postgraduate Medicine, University
of Bath IL-10 is a recognised anti-inflammatory mediator with the
ability to suppress monokine synthesis in human peripheral blood
monocytes (PBM) as well as murine peritoneal macrophages. The
effect of IL-10 upon human alveolar macrophage (AM) TNF-oa
production is unknown. Our aim was to assess the ability of human
recombinant IL-10 to suppress TNF-ot production by AM alone
and in comparison with PBM. Six non-smoking healthy volunteers
underwent bronchoscopy and bronchalveolar lavage (BAL). Vene-
puncture was performed prior to the procedure. Recovered AMs
and PBMs were cultured for a period of 24 hours in the presence of
10 jg/ml lipopolysaccharide (LPS) with and without IL-10 (DNAX)
at a dose range of 1-200 U/ml. The TNF-ot content in the AM
supematants was determined by ELISA. The mean (SE) con-
centrations of TNF-oa (in ng/ml) are shown in the table. These data

AMs PBMs

Medium 0-641 (0 160) 0 059 (0-012)
LPS 3-508 (0 629) 2-079 (0 470)
IL- 10 U/ml +l0 gml LPS

1 3-208 (0487) 1-898 (0 407)
10 2-810 (0 379) 1-569 (0.380)*
50 2-035 (0284)* 0-698 (0-167)**
100 2-319 (0-534)** 0-602 (0-134)*
200 2-460 (1 010)** 0-630 (0-141)*

*p<0.05, **p<0-01, paired Student's t test LPS+IL-10.
demonstrate a significant abrogation in the induced TNF-a response
when AMs and PBMs are cultured in the presence of 50 U/ml IL-10
or more. IL-10 had a significant effect on TNF-a release by AMs, if
less potent than its effect on human PBMs. Thus IL-10 may have an
important role in the regulatory cytokine network, although its role
within the lung remains uncertain.

Plasma vitamin E levels in patients with cryptogenic fibrosing
alveolitis

GE WILSON, CIA JACK, M JACKSON, CRK HIND Department of Medicine,
Royal Liverpool University Hospital; The Cardiothoracic Centre,
Liverpool Cryptogenic fibrosing alveolitis (CFA) has been shown to
be associated with elevated indicators of lipid peroxidation - for
example, the diene conjugated isomer of linoleic acid [%MR] and
thiobarbituric acid [TBAR] activity (Thorax 1992;47:219P). Fat sol-
uble vitamin E is the main antioxidant which prevents lipid per-
oxidation in biological systems. We have therefore studied patients
with active CFA who have previously been shown to have raised
serum levels of both %MR and TBAR. Serial plasma vitamin E assays
were made using a HPLC technique in 26 paients with CFA (14
men) of mean age 64 years (range 42-73) over a mean period of 18
months (range 1-46). In all the patients studied mean (SD) plasma
vitamin E levels were significantly below the control range at the time
of their presentation with CFA (control 10-32 (1-47) v patients 2-07
(1-54), p<0-0001). There was a significant negative correlation (r=
-0-26; p =0-01) between serum TBAR and plasma vitamin E levels.
There was also a suggestion of an inverse relationship between %MR
and vitamin E (r= -0-19; p = 0-06). These results suggest that there
is an inverse relationship between elevated serum levels of markers
of lipid peroxidation and reduced plasma vitamin E (antioxidant)
levels in patients with CFA. Whether this is a primary or a secondary
phenomenon will require further study.
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