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Psychosocial factors in brittle asthma

GMF GARDEN, JG AYRES West Midlands
Poisons Unit, Dudley Road Hospital,
Birmingham; Chest Research Institute,
Birmingham Many studies have shown that
emotional factors play a part in asthma, but
few have examined patients with severe
asthma. It was our impression that patients
with "brittle" asthma (> 40% diurnal
variation in peak flow and persistent
symptoms despite maximal treatment) had
greater psychosocial morbidity than other
asthmatics. Twenty brittle asthma patients
and a control group of asthmatics, matched
for age, sex and duration of illness, were asked
to complete the General Health Question-
naire (GHQ) and the Eysenck Personality
Inventory (EPI), and to participate in a life
events interview and the Structured Clinical
Interview for DSM III-R (SCID). The mean
(SD) age was 45 6 (12 4) years for the brittle
asthma group, and 45 6 (13 1) years for the
control group. All patients were receiving
inhaled steroids and fl2 agonists; 9 brittle
asthma patients were taking oral steroids, and
12 were receiving P2 agonists by subcutaneous
infusion or injection. Eight brittle asthma
patients scored > 11 on the GHQ compared
with five of the control group (NS). A sig-
nificant difference in theprevalence ofpastand
intercurrent psychiatric illness was found
between the two groups: eight of the brittle
asthma subjects, but only two of the control
group had intercurrent psychiatric illness (X'
test; p = 0-029), whereas 12 of the brittle
asthma group and five of the control group
had intercurrent or previous psychiatric ill-
ness (p = 0-025). Life events analysis
demonstrated no overall difference, but the
brittle asthma group had significantly more
personal health events (p = 0 004). There
was no difference in personality profiles
between the two groups. The results suggest
that patients with "brittle" asthma have
greater psychiatric morbidity than those with
non-brittle asthma. They raise the question
of whether psychiatric disorder contributes
to or is consequent on "brittle" asthma,
and whether mechanisms for coping with
worsening asthma are important in patients
whose asthma becomes brittle.

Discharge and follow up ofacute asthma

MG PEARSON, I RYLAND, M RUDOLF,
BDW HARRISON Fazakerley Hospital,
Liverpool; Ealing Hospital, London; Norfolk
and Norwich Hospital, Norwich The British
Thoracic Society asthma guidelines recom-
mend that PEF variability in the 24 hours
before discharge should be less than 25%,
and that all patients should have steroids and
be followed in clinic. The BTS/RCP/NAC
national audit of acute asthma studied 678
patients admitted in August/September 1990
to 34 hospitals. Of these, 29% under general
and 13% under chest physicians (p < 0 01)
had no predischarge PEF. Such patients were
no worse in initial severity but more likely to
go home without any steroids (20% v 4%,
p < 0-01) and more likely not to be followed
up (46% v 20%, p < 0-02). This left 538

(80%) cases with PEF analysis. Only 54% of
patients had a daily variability in PEF of less
than 25%, and 12 5% were discharged with
PEF variability greater than 45%. The
degree of variability was independent of
physician type, patient age, and level of initial
PEF. It was greater in patients with a recent
previous admission and in those with early
( < 2 days) or late ( > 10 days) discharge. High
PEF variability was associated with re-
admission within two months (20% v 11%,
p < 0-05). Forty three (7%) went home on
neither oral nor inhaled steroids (4% chest,
11% general physicians, p < 0-01) in spite of
similar initial PEF. Only 22 of these 43 had
PEF measured predischarge and of these
60% (against 45% of all patients, p < 0-01)
had PEF variability >25%. However, none
of the 43 died and only one was readmitted
within two months, against 16% overall of
those on oral steroids. General physicians
gave appointments to 54% patients (chest
90%, p < 0-01) but 22% of those given
appointments did not attend. Neither initial
PEF nor best PEF predischarge helped deter-
mine whether an appointment was given or
kept but patients less than 45 years were more
likely not to be given appointments or to fail
to attend. Patients on oral steroids were more
likely to have an appointment. The failure to
meet the guidelines as to PEF variability
predischarge could be due to either a poor
appreciation of continuing asthma problems
or too stringent a criterion. The association of
high PEF variability with non-use ofsteroids,
no follow up and early readmission suggests it
is likely to be the former.

Five year review of asthma: mortality

CK CONNOLLY, RJ PRESCOTT, NK MURTHY,
SM ALCOCK Memorial Hospital, Darlington,
and Edinburgh University Six hundred and
twenty nine subjects entered the Darlington
and Northallerton study of long term follow
up of asthma and were reviewed at five years.
Twenty nine (5%) could not be traced.
Ninety seven (16%) of those traced had died,
compared with an expected mortality of 11%
in the age-sex matched population. Forty
four of the deaths were from respiratory
causes. Overall mortality was associated with
increased age, heavier smoking, living in non-
centrally heated homes, lower social class,
and worse lung function. The significance of
smoking, central heating, and social class was
lost on multivariate analysis of the
sociodemographic variables, age being the
dominating factor. Persistent obstruction was
much more important on multivariate
analysis than control of asthma as assessed by
actual/best function. Respiratory mortality
was associated with increased age and heavier
smoking and not quite significantly with liv-
ing in non-centrally heated homes but not
with social class. Respiratory function was
again very important. On multivariate
analysis age dominated the sociodemographic
variables and persistent obstruction the res-
piratory variables, actual/best function no
longer being significant. A separate analysis

was performed on the 364 subjects expected
to be less than 60 at the initial review, of
whom 23 had died. The only significant
relationships were with pulmonary function.
Actual/best function was not significantly
related to mortality and on multivariate
analysis of best FVC and best PEF best FVC
proved the most discriminating.

Markers ofrisk ofasthma death in the 12
months following a hospital admission
for asthma

N PEARCE, J CRANE, C BURGESS, K WOODMAN,
R BEASLEY Department ofMedicine, Welling-
ton School of Medicine, New Zealand To
investigate the association between markers
of asthma severity and the relative risk of
subsequent death, a study has been conduc-
ted of persons aged 5-45 years who had a
hospital admission for asthma in New
Zealand during 1981-1987. The study
included 39 patients who died of asthma
during the 12 months following this index
admission, and 263 controls chosen from all
hospital admissions for asthma during the
same period. The two groups were compared
with respect to markers of chronic and acute
asthma severity recorded at the time of the
index admission. Of the markers of chronic
asthma severity assessed, an admission in the
previous 12 months was the strongest marker
of subsequent risk of death (OR = 3-5,
p < 0-01). The risk increased with the
number of admissions in the previous 12
months, such that patients with five or more
admissions in the previous 12 months had an
8-8 fold risk of subsequent death. Of the
markers of acute asthma severity assessed, a
Pco, > 40 mm Hg was the strongest marker
of subsequent risk of death (OR = 5-5,
p < 0-01). These findings indicate that the
most valid single chronic and acute markers
of risk of asthma death are the number of
hospital admissions for asthma, in the
previous 12 months and a documented PCO2
of >40 mm Hg in the previous 12 months.
These findings may be useful, not only in the
clinical recognition of patients at high risk of
asthma death but also in the use of markers
for considering confounding or effect modifi-
cation by asthma severity in epidemiological
studies of asthma deaths.

Prevalence of respiratory symptoms
and self reported asthma in a student
population

I BRUCE, R HARLAND, N MCBRIDE, J MACMAHON
Department of Respiratory Medicine, Belfast
City Hospital, Belfast, and Student Health
Service, Queen's University, Belfast At the
time of entry medical examination students at
Queen's University Belfast complete a health
screening questionnaire. This includes ques-
tions relating to cough, dyspnoea and the
presence of a current diagnosis of asthma.
The medical notes of all students between 18
and 21 years old with self reported asthma
(n = 339) and an equal number of matched
controls were reviewed for these symptoms,
for a history suggestive of atopy and the
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results of type 1 skin testing if performed.
The prevalence of self reported asthma rose
from 4-7 per thousand to 16 5 per thousand.
Dyspnoeic symptoms were recorded in
61-9% of asthmatics (SD 12-2%) and cough
9 4% (SD 6-6). This compares with
prevalence of 3-3% (SD 3 4) and 1-7% (SD
1-6) respectively of these symptoms in the
control group. In controls a history sugges-
tive of atopy occurred in a mean of 10-6%
(SD 8-5) with no significant change in
prevalence over 19 years. The proportion of
asthmatics with a history suggestive of atopy
remained constant, mean 56-8% (SD 8 4%),
with positive type 1 skin testing documented
in 42% (SD 14-1%) of all asthmatics. There
was a three fold increase in the point
prevalence of asthma in Queen's University
Belfast students over the past 19 years. The
proportion of the asthmatic population with
respiratory symptoms and evidence of atopy
has remained constant during this period,
suggesting that the increased reporting of
asthma is due to a true rise in prevalence
rather than other factors such as diagnostic
drift.

Pet ownership and associated morbidity
in asthmatic patients

S MATUSIEWICZ, I WILLIAMSON, P BROWN,
F BOELLERT, G CROMPTON, A GREENING
Northern and Western General Hospitals,
Edinburgh Despite advances in drug
therapy, asthma morbidity is increasing in the
UK. "Aeroallergens," such as house dust
mite and pollens, have been suggested as
contributing factors. Interestingly, the UK
population of domestic dogs and cats
increased by 30% and 40% respectively
during the 1980s despite a static human
population of 56 million (Beta Pet Futures
Report, Henley Centre for Forecasting,
1991). We have surveyed current and
previous pet ownership in 200 consecutive
asthmatics during a two month period and a
control group of 100 patients attending a
diabetic clinic. Results are shown in the table
below. Eight and a half per cent ofasthmatics
had previously disposed of pets because of
asthma; 14% of asthmatics owning pets
believed their pet worsened their asthma and
a further 10% said asthma was exacerbated
by other people's cats or dogs but not their
own. Young atopic asthmatics were more
likely to be using high dose (>1000 jg)
inhaled steroids if they owned a pet (X',
p < 0 05). Regression analysis revealed a
relationship between inhaled steroid dosage
and % lifetime pet ownership, with higher
doses associated with individuals who had
owned pets for a greater proportion of their
life (p < 0-001). It is concluded that pets may
provide an important source of aeroallergens
contributing to asthma morbidity and
requirement for increased prophylactic
therapy.

Pet Any pet Dog Cat
ownership (%O) (%) (%)

Asthma 52 33 22
Control 42 25 14

Salbutamol and asthma deaths in New

Zealand, 1969-1976: case-control study

N PEARCE, K WOODMAN, R BEASLEY, C BURGESS,

J CRANE Department of Medicine, Wellington

School ofMedicine, New Zealand A series of
New Zealand case-control studies has found
an association between inhaled fenoterol and
asthma deaths. It has been suggested that
this association occurred because unstable
asthmatics were switched to fenoterol after
its introduction in 1976 (thus producing
confounding by chronic asthma severity), or
because its relatively greater potency may
have led to delays in seeking medical help for
severe attacks. If so, a similar phenomenon
might also have occurred after the introduc-
tion ofsalbutamol in 1969 as a potent and long
acting beta agonist. This hypothesis has been
investigated in a case-control study of 17
asthma deaths during 1969-1976 in patients
aged 5-45 years who were admitted to a major
hospital for asthma during the 12 month
period prior to death. Control group A
comprised 57 patients admitted to hospital
for asthma during the same time period who
also had had a previous admission in the
preceding 12 months. Control group B
comprised 65 asthma hospital admissions
during the same time period. The inhaled
salbutamol odds ratio was 0-88 (95% CI
0-29-2-62, p = 0-82) using control group A,
and 1-40 (95% CI 048-4409, p = 0-54) using
control group B. The major problem with this
study is the small number of cases, but the
findings nevertheless indicate that salbutamol
was not associated with asthma deaths after
its introduction. This analogously casts
further doubt on the suggestion that the
association between fenoterol and asthma
deaths after its introduction is an artefact due
to unstable asthmatics being switched to the
newer drug.

Comparison of two protocols for
incremental exercise testing

PR CLOSE, JES WHITE, TN STONE, PA CORRIS, GJ
GIBSON Sir William Leech Centre for Lung
Research, Freeman Hospital, Newcastle upon
Tyne In clinical exercise testing the
increment of work chosen for progressive
tests needs to be adjusted to the likely
capability ofthe subject. In our laboratory the
increments used are either 10 W or 25 W each
minute on a bicycle ergometer but it is not
clear whether these two protocols produce
comparable results. We wished to assess
whether the protocol affects an individual's
ventilatory response to exercise and whether
the level of breathlessness reported is
influenced by the increments of work used,
since the latter is a major determinant of the
duration of the exercise period. Twenty
healthy subjects (10 male, mean (SD) age 24
(6) years) each performed a total of six
progressive exercise tests over a period of six
months. Three of the tests used 10 W incre-
ments and the other three 25 W increments
per minute and the tests were performed in
random order. Expired gas was analysed by
mass spectrometer, ventilation (VE) and
oxygen consumption (Vo,) were calculated
with the argon dilution technique. Oxygen
saturation was measured by pulse oximeter
and heart rate by cardiac monitor. The
subject was asked to indicate the severity of
breathlessness on a 10 cm scale, from which a
visual analogue score (VAS) was measured.
Work load was increased every minute with
values ofVo, VE and VAS recorded every 30
seconds. Analysis of results by two way
analysis or variance showed no significant
differences between the relationships ofVE to
VO,, VE to workload or ventilation to VAS for
breathlessness (p > 0-5). We conclude that

data obtained using the two protocols are

comparable.

New method for determining oxygen
uptake kinetics: application to chronic
obstructive pulmonary disease (COPD)
patients

CB COOPER, AK GITT, K WASSERMAN Harbor-
UCLA Medical Center, California For con-
stant work rate (CWR) exercise, oxygen up-
take (Vo,) increases exponentially with time.
For work rates below the anaerobic threshold
(AT), a steady state is achieved by three
minutes for normal subjects. The rise in Vo,
is usually expressed as an exponential func-
tion with a time constant (T) equal to about
35 s in normal subjects. Vo2 kinetics were
reported to be slowed in patients with COPD
(Nery et al. J Appl Physiol 1982;53:1594).
Reliable measurements are difficult at low
work rates owing to a low signal:noise ratio.
To overcome this problem we measured the
cumulative Vo2 and determined the time
displacement of its asymptote from the ideal
cumulative Vo2 (without 02 deficit). We
studied 16 COPD subjects aged 68(6) years,
FEV, 1-02(0-47) 1, % Pred FEV, 40(14)%,
Pao2 9-3(15) kPa, Paco2 5-9(14) kPa, mean
(SD). Each subject performed six minutes of
CWR exercise above AT at a work rate
equivalent to 80% of maximum Vo2
determined from a previous symptom limited
increasing work rate test. The mean work
rate for these tests was 41(20) W. Two
independent observers (01 and 02) deter-
mined T using the asymptote method. We
compared the results with values ofT derived
in 12 normal male subjects aged 47(12) years
performing CWR tests at 25 W, 60W (below
AT) and 80% ofmaximum Vo2 (130(31) W).
T for Vo2 determined by the asymptote
method was well correlated between in-
dependent observers. T was prolonged in
COPD subjects compared with normals at
equivalent work rates and work intensity.
This finding might be explained by reduced
conductance of the pulmonary circulation.

CWR (W) T(O1) (s) T(02) (s) r

Normal: 25 28-2(12 5) 28 4(9 9) 0-967
60 38-6(12-7) 39-9(13 7) 0 973
130(31) 63-3(15-5) 63-8(13-5) 0-971

COPD: 41(20) 80-6(15-7) 82-6(15-5) 0-989

A new and simple technique
for estimating alveolar carbon dioxide
tension during tidal breathing

J JORDANOGLOU, N KOULOURIS, D KYROYSIS,
P VASSALOS Pulmonary Department, Medical
School of Athens University, "Sotiria"
Hospital, Athens A non-invasive technique
has been recently reported for measuring
alveolar carbon dioxide during tidal breath-
ing (Jordanoglou et al. Thorax 1990;45:520).
The estimation of PACO, can be simplified by
using only the expiratory flow and carbon
dioxide fraction curves, simultaneously
recorded, during tidal breathing. Eighteen
normal subjects (nine male) were studied
seated, with a noseclip on, breathing tidally
through a mouthpiece connected with a
Fleisch screen, pneumotachograph and a cap-
nograph. The expiratory flow and carbon
dioxide fraction versus time (VE-t, FEC02-t)
were recorded for one minute after a 3-5
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minute rest, and an arterial blood sample was
taken at the end of each session for compari-
son. The effective time of the FEco2-t curve

(teffco2 = Fco2dt/FETco2) was calculated and
used for the separation of the VE-t curve in
two compartments, the physiological dead
space (VDphys) and the alveolar part (VA).
The effective FECo2 at the mouth per breath
was derived from FETCo,2 teffco2 and the
expiratory time. The effective PACo2 was com-
puted from FECo2 and the ratio VA/VT. The
results showed that (a) within subject coef-
ficient of variation (COV) for PACo2 was

611% (range 439-985%); (b) PACO2 and
PACO2 values agreed closely with a difference
of -137 + 2-75 mm Hg (mean (SD));
(t = - 102,p = 0-31). Regression analysis
showed the PACO2 = 14-91 + 0-62 PACO2
mmHg (r = 0-79, p < 0-01, SEE =

2-25 mm Hg). We conclude that PACo2 can be
easily and reliably estimated non-invasively
during quiet breathing from expiratory flow
and Fco2 tracings recorded at the mouth, and
that it is closely related to PACo2 in normal
subjects.

Effect of oxitropium bromide and
salbutamol on oxygen desaturation and
breathlessness during six minute
walking tests in chronic obstructive
pulmonary disease

DPS SPENCE, MG PEARSON, PMA CALVERLEY
Aintree Chest Centre, Fazakerley Hospital,
Liverpool Oxygen desaturation during
corridor exercise occurs in stable chronic
obstructive pulmonary disease (Hay Am Rev
Respir Dis 1988:A552) and can be influenced
by bronchodilators. Whether this is clinically
important or varies with the drug is unclear.
We studied six minute walking distance
(6MD), breathlessness pre and end exercise
(by Borg scaling) and continuous Sao, (Biox
3700 oximeter) in two groups of chronic
obstructive pulmonary disease patients.
Group 1 (n = 24 FEV, (SE) 0-9(0 07) 1 rest-
ing Sao2 91-88(0-98)%) exercised before, 15
and 120 min after 5 mg nebulised salbutamol
while group 2 (n = 32, FEV, 0 77(0 04) 1,
resting Sao2 92 69(0 79)%) exercised before
and 60 minutes after 200 pg oxitropium
bromide. Both studies included a placebo
controlled limb. Resting Sao2 fell by
1-15(0-62)% after oxitropium but not after
salbutamol. The lowest Sao2 was similar to
placebo after both drugs: group 1)
86-38(1-5)%; group 2) 87-25(1-81)%. Walk-
ing distance and breathlessness improved
significantly (p < 0-005 and p < 0-02) after
oxitropium and at 15 and 120 min post
salbutamol ((p < 0-001 and p < 0-05) and
(p < 0-001 and p < NS) at 15 and 120
minutes respectively). Resting Sao2
correlated with distance walked in the
oxitropium group but not the salbutamol
group. There was no correlation between
resting breathlessness and resting Sao2 in
either group. Lowest Sao2 reached correlated
with final breathlessness score r = 0 5

(p < 0-05). These data suggest that oxygen
saturation is not the most important
determinant of breathlessness in chronic
obstructive pulmonary disease and that,
although bronchodilator drugs may worsen

desaturation at rest, they do not worsen

desaturation during exercise.

Improvement in six minute walking test
afterregularballooninflationinpatients
with severe airflow limitation

AJ CHAUHAN, J MCLINDON, P DILLON, J SAWYER,
L GRAY, BC LEAHY Department of Medicine,
Trafford General Hospital, Manchester
Patients with severe chronic airflow limitation
have a reduced exercise tolerance and a sub-
sequently limited quality of life. Pulmonary
rehabilitation programmes can improve
exercise tolerance but not necessarily their
spirometry. We describe a simple exercise
programme which patients with chronic
airflow limitation can perform at home. A
randomised controlled trial was performed
with patients in two groups; those inflating a

standard rubber balloon regularly to 10 cm
and a control group who did not. A total of 22
patients were recruited and 11 patients were

randomly assigned to the two groups.
Inclusion criteria: patients with proved
chronic airflow limitation, with an FEV, < 1

litre, in a stable state and whose treatment was
not changed during the study. Each patient
had an initial assessment oftheir FEVy, FVC,
PEF and a six minute walking test. The
walking tests were standardised and no

encouragement was given to the patients.
Three six minute attempts were made and
only the third six minute walking test was

recorded and the initial two discounted. Over
eight weeks only the study group inflated
balloons 40 times per day, 20 in the morning
and 20 times in the evening. After eight weeks
spirometry and six minute walking tests were
repeated on both groups. Results are shown
in the table below. There was a statistically
significant increase in the six minute walking
distance in patients who inflated balloons over
eight weeks, as calculated by paired Student's
t test (p < 0 005). There was no change in the
control group. Spirometry showed no sig-
nificant changes after the study in either
group. We conclude that regular balloon
inflationinpatientswithseverechronicairflow
limitation improved their exercise tolerance
and is a cheap and cost effective method
of pulmonary rehabilitation that can be
performed in their home environment.

6 min walking test before and after 8 weeks (m)
Mean Mean Mean
before after difference

Balloons
(n = 11) 2692 2940 247

No balloons
(n = 11) 2575 2586 1 15

Collateral ventilation and gas exchange
in the normal lung

NW MORRELL, CM ROBERTS, T BIGGS, WA SEED
Department of Medicine, Charing Cross
Hospital, London Resistance to collateral
flow ofgas in the normal human lung is known
to be high. However, little is known about the
contribution of collateral ventilation to gas
exchange. This study compared gas exchange
in obstructed segments with that in obstruc-
ted lobes. Gas tensions in obstructed lobes are

not influenced by collaterally respired gases,

and so provide a control. Six volunteers, aged
20-30 years, with normal lung function,
underwent fibreoptic bronchoscopy under
local anaesthesia. A balloon catheter with a

lumen that opened distally was passed via the
instrument channel ofthe bronchoscope. Air-
way gases could be sampled continuously
through the catheter, connected to a res-

piratory mass spectrometer. The approxi-
mate sampling rate was 23 ml/min with a

delay time of9 7 seconds and a 95% response

time of 1-5 seconds. The partial pressures of
oxygen (Po2) and carbon dioxide (Pco2) were
measured at the orifice of a selected lobar or

segmental bronchus until a steady state was

achieved. The balloon was then inflated under
direct vision to occlude the lobe or segment.
Leakage of gas around the balloon could be
detected visually or by continuing tidal
oscillation of the Po2 and Pco2 on the mass

spectrometer. Complete occlusions led to
smooth changes of Po2 and Pco2, which
reached a plateau in about 20 seconds. Such
occlusions were obtained and analysed for
seven lobes and 10 segments. The mean end
tidal Po2 and Pco2 before occlusion were

comparable for both lobes and segments (89-1
v 88-8 mm Hg and 46-6 v 39 7 mm Hg res-

pectively). In the obstructed lobes the P02 fell
to 45-9 mm Hg (SE 3-61) and in the obstruc-
ted segments to 49-2 mm Hg (2-28). There
was no significant difference between these
results (p > 0 4). The Pco2 in the obstructed
segments rose to 48-7 mm Hg (1-29) while
that in the lobes rose to 52-8 mm Hg (1-75)
(p > 0-05). These values are comparable to
reported values for mixed venous Po2 and
Pco2. From these results we conclude that
collateral ventilation is negligible in obstruc-
ted segments of the normal human lung and
can have no role in the prevention of local
hypoxia or collapse.

Influence of mechanical limitation on
the ventilatory and sensory responses to
carbon dioxide and hypoxia

DPS SPENCE, Y JONES, C MEAD, PMA
CALVERLEY Aintree Chest Centre, Fazak-
erley Hospital, Liverpool Despite much
research there is still uncertainty about
whether alveolar hypoventilation in chronic
obstructive pulmonary disease is due to an
intrinsically low chemosensitivity or is a

response to increased mechanical impedance.
Recent data in healthy volunteers during
loaded breathing suggests that the degree of
hypoventilation induced by resistive loading
is inversely related to the rate of increase of
inspiratory effort (IES) with minute ventila-
tion (VE) during unloaded CO2 rebreathing
(Clague et al. J Appl Physiol, in press). To
determine whether the IES/VE relationship is
an intrinsic characteristic uninfluenced by
more sustained ventilatory loading we have
studied six patients with stable chronic ob-
structive pulmonary disease FEV, (SE) 0-84
(0-11). We measured spirometry, breathing
patterns, lung volumes in a body plethys-
mograph and dynamic intrinsic PEEP
(PEEPi) before and after 200 Mg oxitropium
bromide. Ventilatory responses to carbon
dioxide rebreathing and to isocapnic hypoxia

Fev, FRC VE PEEPi VhjPco2 VAjSOo2 IES/Pco2 IES/Sao2

Pre 0-84 (0-12) 6 17 (0-6) 14 4 (1 5) 5 82 (1-3) 10 7 (3-2) -1 41 (0-5) 1-77 (0-39) -0 44 (0-11)
Post 1-09 (0-16) 5-32 (0-64) 17-0 (2-1) 2 23 (086) 98 (2 7) -1-15 (03) 1 90(0.13) -0-27(0 11)
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were measured before and after the drug,
sensation being assessed by Borg scaling.
Results are summarised in the table below
(mean (SE) values). The bronchodilator re-
sponse was very variable but PEEPi fell
significantly (p < 0-01) evenwhenthechange
in FEV, or FRC was small. Changes in the
hypoxic and hypercapnic responses were not
related to changes in lung mechanics. The
IES/VE slope was unaffected by the drug and
was highly correlated between carbon dioxide
and hypoxic tests (r = 0 9, p < 0 02) more
so than were the ventilatory responses
(r = -03, NS). These data suggest that
small doses of bronchodilator produce vari-
able mechanical effects but the rate ofincrease
of sensation with rising ventilation is an
intrinsic characteristic whatever the stimulus
at least in chronic obstructive pulmonary
disease patients.

Nedocromil sodium inhibits histamine
release within proximal asthmatic air-
ways in vivo

DL MAXWELL, RJ HAWKSWORTH, B ATKINSON,
TH LEE Department of Allergy and Allied
Respiratory Disorders, UMDS, Guy's Hospi-
tal, London Changes in local osmolarity of
bronchial epithelial fluid with subsequent
mast cell activation may contribute to exer-
cise induced asthma. Using a balloon catheter
placed in the left main bronchus to study
histamine release from proximal airway
epithelium in vivo, we have previously shown
that asthmatic airways release more histamine
than those of normal subjects and that asth-
matics (but not normals) increase histamine
release in response to local hyperosmolar
challenge (Thorax 1990;45:309P). We have
now studied the effects of prior inhalation of
nedocromil sodium (Tilade) on histamine
release from proximal airway epithelium in
asthma in a double blind placebo controlled
manner. Six mild asthmatics, aged 19-26
years and on no regular treatment, were
bronchoscoped 30 min following inhalation
of 4 mg nedocromil sodium or placebo in a
randomised crossover study. The left main
bronchus was occluded at its bifurcation by
placement and inflation of a balloon catheter
at this site. Six sequential lavages of2-3 ml of
each of normal (0 9%) saline (pre), hyper-
tonic (2-7%) saline (hyper) and again of
normal saline (post) were carried out above
the balloon with dwell times of 45 sec each.
Lavage samples were centrifuged at 4°C and
supernatants stored at -70°C. The six
samples of each lavage solution were sub-
sequently combined for histamine radio-
immunoassay and were found to contain the
mean (SE) concentrations (nmol/l) of his-
tamine shown in the table below. Baseline
histamine levels were lower following
nedocromil sodium than after placebo but not
significantly so. However, the mean increase
in histamine concentrations accompanying
hyperosmolar challenge following placebo
was significantly greater than that following
nedocromil sodium (p < 0 01, ANOVA).
The procedure also caused significantly
greater falls in peak expiratory flow following
placebo (mean percentage fall: - 20%, SE
4%) than following nedocromil sodium
(-1%, SE 6%; p < 0-02, paired t test). Two
conclusions may be drawn. Firstly, these data
provide further evidence that there is tonic
basal histamine release within asthmatic air-
ways. Secondly, this is the first demonstration

that nedocromil sodium can inhibit histamine
release from mediator cells in vivo.

Pre Hyper Post

Placebo 6-9 (2-9) 12-1 (4-0) 25 3 (8 0)
Nedocromil 3-7 (0-7) 4 2 (1 1) 5 8 (1 7)
sodium

Induced sputum: a method of assess-
ment ofairway inflammation in asthma

MJ IREDALE, S WANKLYN, IP PHILLIPS, T
KRAUSZ, Pw IND Departments of Medicine
and Cytopathology, Hammersmith Hospital,
London Airway inflammation is central to
asthma pathogenesis, but assessment involves
invasive procedures-for example, bronchial
biopsy and bronchoalveolar lavage. We have
examined induced sputum to assess airway
inflammation, and determined bronchial
hyperresponsiveness. Six normal (N) and 12
stable asthmatic (A) subjects inhaled nebu-
lised hypertonic (4-5%) saline (HS) for
increasing periods (0 5-16 min) as a bronchial

IFN-y. We have recently shown increased
numbers of cells in BAL from atopic asth-
matics expressing mRNA for Th2 cytokines
when compared to non-atopic controls
(Thorax 1991;46:753P). To assess whether
cytokine mRNA for IL-4 and IL-5 was
present in lung T lymphocytes, BAL was
obtained from five atopic asthmatics (mean
age 23, range 19-32) with positive skinprick
test and RAST responses to common
aeroallergens and demonstrated bronchial
hyperreactivity or variable airflow obstruc-
tion. Immunomagnetic beads were used to
enrich or deplete for CD2 + cells in BAL
prior to in situ hybridisation with
radiolabelled cRNA probes on cytospin
preparations. May Grunwald Giemsa stain-
ing of cytospins was used to assess cell
differential. There was a clear association
between CD2 + cells and expression of
mRNA for IL-4 and IL-5 and a physical
association between CD2+ beads and IL-4
or IL-5 mRNA positive cells (see table
below). These results suggest that the
majority of mRNA for IL-4 and IL-5 in
lavage cells from atopic asthmatics is present
in T-lymphocytes. These may represent a
Th2 equivalent in vivo.

Lavage fluid cells (median) CD2+ CD2- Unseparated

% lymphocytes 70 3 13
% cells IL-4 mRNA+ 42 1 7
% cells IL-5 mRNA+ 59 2 7

challenge, measuring FEV, 1 min after each
inhalation period. PD,0-the cumulative
provocative dose ofHS causing a 20% fall in
FEV, from baseline-was obtained from the
log dose-response curve. Sputum expec-
torated during the procedure was analysed.
Total cell counts were obtained from sputum
aliquots after incubation with Cytoclair. Dif-
ferential cell counts were performed by two
observers on direct smears stained with
Chromotrope 2R. Geometric mean PD,0 for
A was 6-3 (2-8-14, 95% CI) ml. Mean
maximum fall in FEV, for N was 4-5 (2-1-
7)%. Adequate sputum samples were
obtained from 5/6 M and 11/12 A subjects.
Total cell count and % macrophages,
polymorphs, lymphocytes and epithelial cells
did not differ between A and N. Sputum from
N contained 6-7 (2-1, sem) % eosinophils
compared with 17 (2 2) % in sputum from A
(p < 0-02). Sputum induction with HS is a
simple, well tolerated, procedure which
demonstrates significant eosinophilia in A as
opposed to N sputum. It can simultaneously
yield a measure of bronchial responsiveness,
and deserves further evaluation.

Localisation ofmRNA for IL-4 and IL-5
toT cells in bronchoalveolar lavage fluid
in atopic asthma

DS ROBINSON, Q HAMID, SUN YING,
AM BENTLEY, SR DURHAM, AB KAY National
Heart and Lung Institute, London Recent
evidence supports the division of human
CD4 + T cell clones (TCC) into Thl and Th2
subtypes on the basis of cytokine production
in a pattern now well established in mouse
TCC. Allergen specific T cell clones are
predominantly of the Th2 phenotype and
such cells may contribute to activation of
eosinophils through production of IL-5, mast
cells through IL-4, and IgE production by B
cells through production of IL-4 and not

Control of a adrenoceptor desensitisa-
don in cultured human airway smooth
muscle (HASM) cells

IP HALL, K DAYKIN, P TOWNSEND, S WIDDOP
Department of Therapeutics, University
Hospital of Nottingham The effects of
prolonged exposure ofhuman airway smooth
muscle to f adrenoceptor agonists are impor-
tant to define in view of evidence that P
agonists may worsen asthma control. We have
used primary cultures of HASM cells to
study desensitisation of cyclic AMP re-
sponses to beta agonists. HASM cells were
grown from explants of human trachealis
muscle (see Hall et al. Br J Pharmacol, in
press) and studied between passages 4 and 16.
['H]-cyclicAMP accumulation was measured
essentially as previously described (Hall et al.
Br J Pharmacol 1989;97:603. Isoprenaline
(EC50 2 (SD 0-4) x 10-7 M, n = 13) induced
concentration dependent ['HI-cyclic AMP
formation in HASM cells, the response
reaching a maximum within 10 min (n = 8)
and remaining stable for periods ofup to one
hour (n = 8). Following preincubation with
1 iM isoprenaline for 16 hours followed by
washing and repeat challenge with isoprena-
line for 10 mins, marked desensitisation ofthe
['H]-cyclic AMP response was observed (85
(3)% inhibition of the response to 1 pM
isoprenaline, n = 8, p < 0-001 compared
with control response). However, 16 hour
preincubation with isoprenaline did not sig-
nificantly alter the subsequent response to the
adenylate cyclase activator forskolin (0-01-
10 /!M, n = 4). Preincubation for shorter
periods resulted in smaller degrees of desen-
sitisation: after two hours preincubation with
1 pM isoprenaline, 67 (4)% inhibition of the
subsequent response to isoprenaline was seen
(n = 4, p < 0.05). These results demon-
strate that marked desensitisation of the
cyclic AMP response to beta adrenoceptor
stimulation occurs in cultured HASM cells,
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and that this desensitisation response may at

least in part be due to uncoupling of beta
receptors from adenylate cyclase.

Presence of multiple phosphoinositi-
dase C isoforms in bovine tracheal
smooth muscle (BTSM)

ER CHILVERS, PJ BARNES, MA GIEMBYCZ
Respiratory Medicine Unit, City Hospital,
Edinburgh and Department of Thoracic
Medicine, National Heart and Lung Institute,
London To investigate the possible direct
effects of cyclic nucleotide phosphodiesterase
(PDE) inhibitors on agonist stimulated phos-
phoinositidase C (PIC) activity inBTSM and
to explore the apparent agonist selective
inhibition of receptor mediated PIC coupled
events by protein kinase A (PKA), we sought
to examine the possibility of multiple PIC
isoforms in this tissue. BTSM was homogen-
ised in 10 mM TEA, 10 mM dithiothreitol
(DTT), 1 mMEDTA, and 5 mMMg acetate
containing leupeptin, STI and PMSP
proteinase inhibitors and applied to a

1 5 x 18 cm Q Sepharose anion exchange
column. After removal ofnon-bound protein,
40 x 1 ml fractions were collected over a

linear 0-550 mM KC1 gradient in a 10 mM
TEA, 0-2 mM EDTA, 2 mM DTT buffer
containing 20% (w/v) glycerol. PIC activity
in the fractions was assayed by examining
conversion of [3H]phosphatidylinositol(4,5)-
bisphosphate (PtdIns(4,5)P2) to [3H]InsPs at
37GC in a Bis-Tris/KCl buffer containing
1 mM CaC12, 3 mM deoxycholate (DOC)
and 5 pM PtdIns (4, 5)P2. Reactions were

terminated at 10 min with chloroform/meth-
anol/HCl and the [3H]InsP content of the
aqueous phase measured by liquid scintilla-
tion counting. Initial experiments demon-
strated that PIC activity was linear with
respect to time and total protein added and
was critically dependent on the presence of2-
3 mM DOC for maximal activity. Three
peaks of PIC activity were identified and
partially resolved, eluting at 160, 280 and
410 mM KCG respectively and about 85% of
the enzyme eluting in the first two peaks. The
PIC activity in all three peaks was abolished
by 2 mMEGTA but not influenced by 1 mM
AH 21-132, a mixed type IIIJIV cyclic
nucleotide PDE inhibitor. Although further
identification of these PIC activities is
required (for example, reactivity with PIC
isoform specific antibodies), these results are

highly suggestive of the presence of multiple
Ca2 + sensitive PIC isoforms in BTSM and
may explain the agonist specific effects of
PKA and [Ca2 + ]e on PIC coupled transduc-
tion in this tissue.

Human airway smooth muscle (HASM):
the Ca2+ store during sustained agonist
activation

CHC TWORT, L CHOPRA, R LASKEY, C VAN

BREEMEN UMDS, St Thomas's Hospital,
London, and University of Miami School of
Medicine, Miami, USA Inositol 1,4,5-tris-
phosphate(IP,) mediated release of
intracellularly stored Ca2" in response to

agonist activation provides the rapid rise in
cytosolic Ca2+ (Ca2+i) which initiates airway
smooth muscle (ASM) contraction. The time
course of IP3 generation reveals a return to
basal level after only 30 seconds despite
continuing presence of agonist suggesting

that the store may be allowed to refill during
sustained agonist activation. We investigated
the Ca"+ store in cultured ASM cells.
Monolayers of cells (n = 3-6) were labelled
to steady state for two hours with 45Ca2+-
physiological salt solution (PSS), and
exposed to bradykinin (Bk) 2 pM for varying
durations (0-15 min). The Ca"+ content of
the store was then assessed by measurement
of stimulated 45Ca2" efflux in Ca"2 free PSS in
response to a second agonist (histamine
10 uM). In the absence of Bk exposure con-

trol histamine release was 1-08 (SD 0-05)
nmol Ca" /106 cells/min, and after 45 seconds
Bk was 0-19 (0-02). With increasing duration
of Bk exposure, histamine induced release
rose only slightly to 0-29 (0 02) at 15 minutes.
Spectrofluorometric measurement of Ca"+, in
fura-2 loaded cells revealed no rise in Ca2", in
response to histamine following 60 seconds
Bk exposure. After 15 minutes Bk exposure
histamine caused a transient rise in Ca2"j, but
only to 10% of that in the absence of Bk.
Similar results were obtained with ionomycin
5 MM, a direct (non-IP3 mediated) releaser of
intracellularly stored Ca2", in place of his-
tamine, thereby indicating an empty Ca2"
store following prolonged agonist (Bk)
exposure, not a failure of the signal transduc-
tion mechanism (IP, generation). This study
indicates that the intracellular Ca" store in
human ASM does not refill during the sus-

tained agonist activation and, in the absence
of measurable IP3 levels during this period,
provokes the search for those factors which
do prevent refilling.

Do cholinergic pathways take part in
adenosine 5'-monophosphate and sodium
metabisulphite induced broncho-
constriction in asthma?

BJ O'CONNOR, YM CHEN-WORSDELL, RW
FULLER, PJ BARNES Department of Thoracic
Medicine, National Heart and Lung Institute,
Royal Brompton Hospital, London Adeno-
sine 5'-monophosphate (AMP) and sodium
metabisulphite (MBS) induce indirect bron-
choconstriction in asthma by undetermined
mechanisms, which may include activation of
neural pathways. To investigate the role of
cholinergic mechanisms in the genesis of
airway responsiveness (AR) to these stimuli,
we compared the effect of ipratropium
bromide, a potent antimuscarinic agent, on

bronchial provocation with both AMP and
MBS, with its known ability to reduce AR to
methacholine (Mch). In two similar ran-

domised double blind studies, 10 mild asth-
matic subjects received a single dose of
ipratropium (Ipra), 1 mg from a nebuliser, or

a matched placebo (P1) forty five minutes prior
to challenge with AMP and Mch in study 1,
and MBS and Mch in study 2. Doubling
increments of AMP, MBS and Mch (0-78-
800,0-680, and 0-06-64 mg/ml respectively)
were nebulised until FEV, fell by 20% from
baseline; logPCG, was calculated by linear

interpolation. In study 1 Ipra reduced AR to

Mch by 5-1 doubling dilutions (DD) but
failed to alter AR to AMP. In study 2 Ipra
caused a similar reduction in AR to Mch (5-2
DD) but had no effect on AR to MBS (table
below). Thus ipratropium, in a dose which
causes a 35 fold reduction in AR to Mch, has
no effect on AR to AMP or MBS. Activation
of cholinergic pathways is unlikely to mediate
the bronchoconstrictor actions ofeither AMP
or MBS. Whether other neural mechanisms
play a part remains to be determined.

Macrophage aggregates in rats exposed
to dust from the air of wool mills:
mechanism of formation

DM BROWN, K DONALDSON Institute of
Occupational Medicine, Edinburgh Our
previous studies have described symptoms of
bronchitis in workers in wool mills in the
North of England; grain workers are also
reported to have symptoms of bronchitis. In
rats, intrapulmonary instillation of dust
collected from the air of wool mills, or grain
dust, results in the appearance of inflam-
matory cells and aggregates of mononuclear
cells in the lavage fluid. The cells within the
aggregates were almost exclusively macro-

phages, as shown by monoclonal antibody
staining of cells. Aggregates are likely to be
produce as a result of up regulation of
adhesion molecules, possibly via an autocrine
mechanism involving cytokines. Incubation
of rat alveolar macrophages in vitro with wool
and grain dusts and substances stimulating
macrophage metabolism and secretion, phor-
bol ester (PMA) and lipopolysaccharide
(LPS) all caused increased numbers of cells
per aggregate compared with spontaneous
aggregate formation in the medium control
(results as mean (SEM) cells per aggregate for
10 aggregates in a typical experiment):
medium 21-6 (1-9), wool 28-5 (3-4), grain 32-2
(3 4), LPS 30 4 (1-6), PMA 36-2 (3 3). Saline
extracts of the dusts or macrophage super-

natants produced no increase over spontan-
eous aggregate formation. When macrophage
protein kinase C was inactivated by treatment
with staurosporine(S), this inhibited
aggregation-results presented as above for
three experiments: medium 17-9 (0 7), PMA
33-5 (1-3), LPS 35-6 (2 1), medium + S 17-0
(0-6), PMA+S 194 (1-3), LPS+S20-5 (1-2).
Removal of calcium ions from medium com-

pletely abolished aggregate formation-
results as above from a single, typical
experiment; medium 17 4 (1-2), medium +
PMA 28-4 (1-6), medium + PMA minus
calcium 0 (0). These experiments suggest that
the formation of aggregates of macrophages
seen in wool and grain exposed rat lung is
very likely to be mediated by the up regula-
tion of adhesion molecules by a process

involving protein kinase C and calcium ions.

This research was funded by the Health and
Safety Executive

Study I Study 2

Mch AMP Mch MBS

Placebo -0-48 (0-19) 1 01(0-17) -0 41(0 18) 0-55 (0-06)
Ipratropium 1-07 (0-18)** 1-04 (0-17) 0-99 (0 20)** 0-06 (0 05)

Mean (SE) logPCG,, mg/ml; **p < 0-001 (ANOVA).
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In vitro toxic effect of colophony to lung
epithelial cells contrasts with its lack of
effect on the lung in vivo

RT CULLEN, MS WHITTINGTON, S CLARK Ins-
titute of Occupational Medicine, Edinburgh
Inhalation of fumes from heated colophony,
through its use in hot melt glueing or as a flux
in soft soldering, can cause irritation to
mucous membranes and give rise to asthma.
In order to study the mechanisms leading to
these effects we have exposed mice to fumes
from colophony or multicore solder wire
heated with a thermostatically controlled sol-
dering iron. Fume concentrations, as formal-
dehyde. exceeded the occupational exposure
limit of 0-1 mg/m' by 10 times for colophony
and five times for solder. Daily 70 minute
exposures to fume for periods ranging from
one day to seven weeks failed to produce
observable effects, by histology, on upper and
lower respiratory tract. In addition, fume
treatment did not alter the numbers or types
of cells recovered by bronchoalveolar lavage.
These negative effects were in marked con-

trast to the concentration dependent in vitro
toxicity of solutions of colophony and con-

densed fume on chromium-51 labelled cells
of the lung epithelial line A549. Results from
experiments were expressed as lytic indices:
100 x ("Cr release by colophony)/("Cr
release in control cultures). Lysis began to
occur with colophony at 50 jg/ml (index 30 5
(SEM 3 3)) and at 150 pg/ml the index was

83-5 (4 3). Colophony fume recovered from
the exposure chamber was found to be sig-
nificantly (p < 0 002; analysis of variance)
more toxic on a weight for weight basis than
unheated colophony.

This work was generously supported by the
Health and Safety Executive

Longfibresofamositeasbestosstimulate
rat alveolar macrophage secretion of
tumour necrosis factor and the effect is
enhanced by opsonisation with
immunoglobulin G

K DONALDSON, XY LI, GM BROWN Institute of
Occupational Medicine Ltd, Roxburgh Place,
Edinburgh We have studied two samples of
amosite asbestos that differ in their length
only. The long fibre amosite (LFA) has about
60% of fibres greater than 10 gm in length
while the short fibre sample (SFA) has 6%. In
animal studies the LFA is more inflam-
mogenic, fibrogenic and carcinogenic than
SFA. Rat bronchoalveolar lavage macro-

phages were cultured overnight in the
presence of particles. An aliquot of fibres was
preincubated for 30 minutes in 50 pg/ml of
rat IgG to opsonise them. To control for non-
specific effects of phagocytosis, the non-

pathogenic, compact particle TiP, was also
used. The levels of tumour necrosis factor in
the supernatant were measured by using the
L929 cell assay (table above). With unopson-
ised fibres LFA caused a much greater release
ofTNF than did SFA (p < 0-01) while TiO2
andSFAdidnot differ significantly. Opsonisa-
tion of the particles with rat immunoglobulin
G (IgG) caused a dramatic increase in their
ability to stimulate release of TNF
(p < 0-001). However, LFA still produced a

much greater effect than SFA (p < 0-01);
TiO, and SFAwere not significantly different.
The stimulation of tumour necrosis factor
release caused by LFA could be dramatically
reduced by treatment of the macrophages
with the protein kinase inhibitor stauro-

sporine (results presumed as above) LFA:
612 (353), LFA + staurosporine 275 (203).
The results suggest that long fibres ofasbestos
could have some of their pathogenic effects
mediated via their ability to stimulate macro-
phage tumour necrosis factor secretion, and
protein kinase C may play a part in the effect.

This research was funded by the Colt fibre
research programme

Tumour necrosisfactor release by alveolar macro-
phages (means (SE) from three experiments

Particle Unopsonised Opsonised

TiO2 207 (50) 878 (294)
SFA 305 (120) 1584 (445)
LFA 936 (208) 5784 (1066)

Specificity of plicatic acid induced his-
tamine release from bronchoalveolar
lavage cells and bronchial biopsy tissue
in asthma due to western red cedar

AJ FREW, H CHAN, S LAM, M CHAN-YEUNG
University of British Columbia, Respiratory
Division, Vancouver, Canada Occupational
asthma due to westem red cedar (WRCA) has
been attributed to sensitisation to plicatic acid
(PA), a component ofthe tree's resin. Inhala-
tion of PA induces bronchoconstriction and
histamine release in WRCA patients. To
study the specificity of this response, peri-
pheral blood basophils, large cells and bron-
chial biopsy specimens were obtained from 11

WRCA patients, seven atopic asthmatics, and
seven non-atopic control subjects, and then
challenged with PA and with PA conjugated
to human serum albumin (PA-HSA). Grass
pollen and calcium ionophore served as
positive controls. PA and PA-HSA released
histamine specificity from the blood basophils
of WRCA patients but not in the other
groups. PA and PA-HSA induced histamine
release from WRCA bronchial biopsies and
BAL cells. No significant histamine release
was observed in the atopic asthmatics, but in
3/7 normal subjects PA caused non-specific
histamine release from bronchial biopsy tis-
sue. In contrast, PA-HSA did not induce
non-specific histamine release. Grass pollen
gave appropriate histamine release only from
the bronchial biopsy specimens from
individuals with grass pollen allergy. This
study confirms that PA can release histamine
from bronchial mucosal mast cells ofWRCA
patients, but the ability of PA to induce non-

specific histamine release in some normal
subjects raises the possibility that PA may

have both specific and non-specific actions on
bronchial mast cells.

The early immune response in extrinsic
allergic alveolitis as assessed by analysis
of bronchoalveolar fluid

SP REYNOLDS, KP JONES, BH DAVIES Asthma
Unit, Sully Hospital, Penarth, S Glamorgan
The purpose of this study was to determine
the cellular and humoral events occurring six
hours after inhalation challenge in a group of
pigeon breeders. Twelve subjects agreed to
undergo bronchial inhalation challenge with
either nebulised pigeon serum (Ps) (10) or
saline (2). The development of characteristic
symptoms was used to detect a positive
response in combination with monitoring
tests (white blood cells, body temperature,

and spirometry). An initial bronchoalveolar
lavage was performed at zero hours, followed
by inhalation challenge and a further lavage
six hours later. Paired bronchoalveolar lavage
samples were analysed for urea, albumin,
total and differential WBC, Interleukin-1,
interleukin-2, and specific antibody concen-
trations. Analysis of data was performed
where appropriate with the Mann-Whitney
U test, Wilcoxon signed rank test, and Spear-
man rank correlation coefficient. There was a
significant increase in numbers/ml of total
cells (p < 0 001), lymphocytes (p < 0 003)
T lymphocytes (p < 0 001) and neutrophils
(p < 0-01) in responders. A monitoring score
reflecting severity of patient response
correlated with an increase in all cell types
(p < 001). There was a fall in specific
antibody activity/ml of ELF in all patients,
although less marked in responders
(p < 0 03, all comparisons). In conclusion,
(1) responders developed a bronchoalveolar
lavage fluid lymphocytic and neutrophilic
"alveolitis" following inhalation challenge;
(2) the degree of basoalveolar lavage fluid
"alveolitis" correlated with the severity of
patient response; (3) failure to demonstrate an
increase in soluble immune proteins in res-
ponders is likely to have been strongly
influenced by an increase in secretory sub-
stances between lavage procedures.

Do interleukin-6, IgG or CD23 provide
evidence for B cell activation in extrin-
sic allergic alveolitis?

KP JONES, SP REYNOLDS, BH DAVIES Asthma
and Allergy Unit, Sully Hospital, S Glamor-
gan Interleukin-6 is a cytokine produced by
a variety of cell types and one of its many
described functions is the induction of dif-
ferentiation of B cells and the stimulation of
IgG secretion. The purpose of this study was
to determine the relationship between IL-6
and IgG in the bronchoalveolar lavage fluid of
patients with extrinsic allergic alveolitis
(EAA), their asymptomatic equally exposed
counterparts, and normal controls. A total of
34 subjects were studied, 15 with EAA, eight
asymptomatic and 11 normal. IL-6 was
determined by radioimmunoassay and IgG
by enzyme linked imunosorbent assay
(ELISA). A further ELISA assay for CD23 a
product of activated B cells was also perfor-
med in both lavage fluid and serum. The
results were analysed by using the Kruskal-
Wallis one way analysis of variance, the
Mann-Whitney U test and correlations per-
formed by using the Spearman rank correla-
tion coefficient. Patients with EAA had sig-
nificantly lower levels of IL-6 (p < 0 001)
than did their asymptomatic counterparts,
whereas total IgG was significantly higher in
EAA (p < 0001). The asymptomatic
subjects also had significantly higher levels of
IL-6 than the normal controls (p < 0 025).
Soluble CD23 was not detected in the lavage
fluid of any patient group, but was readily
detected in serum. There was, however, no
difference between any disease and the control
population. The reduced levels ofBALF IL-
6 seen in the symptomatic subjects when
compared with asymptomatic subjects could
suggest increased binding to cell surface
receptors on B cells on activation. The
increased levels of IgG are also suggestive of
B cell activation. It may be that asymptomatic
subjects remain in symptom free by virtue of
a failure to activate B cells.
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Effects of steroid on macrophage lym-
phocyte interactions in sarcoidosis

LSG KARUNAKARAN, HJ MILBURN, LW POULTER

Department of Immunology, Royal Free
Hospital School of Medicine and Department
of Thoracic Medicine, Guy's Hospital, Lon-
don Changes in the expression of pheno-
typic markers on alveolar macrophages (AM)
in sarcoid patients are associated with disease
progress and can be modified by treatment
with inhaled budesonide. The aim of this
study was to determine whether modification
of AM phenotype is related to functional
changes in AM and/or determined by lym-
phocytes. AM were obtained by broncho-
alveolar lavage from sarcoid patients and
normal volunteers. The antigen presenting
capacity of these cells was assessed in mixed
lymphocyte reactions (MLRs), one donor of
allogenic T cells being used. T cells were

removed from lavage samples by sheep red
blood cell rosetting and the resulting lavage
fluid was cultured with and without budeson-
ide (5 x 10 - mg/105 cells) in the presence
and absence ofT cells for four days. At times
0, 1, 2 and 4 days cells were harvested,
cytospins prepared and an MLR set up.
Phenotypic studies used the immunoperoxi-
dase method and monoclonal antibodies to
identify antigen presenting cells (RFDI+),
phagocytic cells (RFD7+), and suppressor
macrophages (RFD1 + RFD7 +). Addition
of autologous T cells increased the propor-
tions of all three subsets of cells in normal
subjects and the numbers ofRFDA + cells in
sarcoid patients. In both sarcoid and normal
subjects addition of budesonide to AM cul-
tures without T cells resulted in a five fold
increase in RFD7 + cells and a similar
increase in RFD 1 + RFD7 + cells, as well as

an overall increase in stimulatory capacity
measured by the index (SI from 2-0 to 3 4).
Addition of T cells back into culture did not
influence the budesonide induced changes in
phenotype and MLR in either group of
subjects. This study shows that the ability of
budesonide to induce phenotypic and func-
tional change in AM is independent of lym-
phocytes.

Interleukin-8 mRNA expression in sar-

coidosis

AM SOUTHCOTT, P PANTELIDIS, RM DU

BOIS Royal Brompton National Heart and
Lung Hospital, London Neutrophil
accumulation within the airspaces of the
lower respiratory tract occurs in a variety of
interstitial lung diseases. In sarcoidosis, a

disease generally characterised by the
presence ofmononuclear cells at disease sites,
neutrophils may be found in the lavage
returns from patients with more advanced
disease. Furthermore, products of neutrophil
degranulation may be observed in lavage fluid
from sarcoidosis patients, particularly those
with more severe lung involvement.
Interleukin-8 (IL-8), a recently described
cytokine, is a powerful neutrophil chemo-
attractant and may be produced by alveolar
macrophages. We speculated that IL-8
expresson may be increased in sarcoidosis,
particularly in those patients with persistent
disease. To investigate this, total RNA was

extracted from cell pellets obtained by bron-
choalveolar lavage from 10 patients with
biopsy proven sarcoidosis (four within one

year of initial presentation, six with a disease
duration of one year) and six normal
individuals. IL-8 mRNA expression was

assessed by using dot blot analysis with a 3p
labelled 750 base pair Pst I-Bam HI fragment
IL-8 cDNA probe (gift of RG Crystal, US
National Institutes ofHealth) and related to y

actin mRNA expression as an internal con-

trol, with laser densitometric analysis of
autoradiographs. Constitutive IL-8 mRNA
expression was observed in lavage cellmRNA
from 5/6 normal individuals and 8/10 patients
with sarcoidosis. When patients with a more

recent onset of sarcoidosis (n = 4) were com-
pared with those with more persistent disease
no significant differences in IL-8 mRNA
expression were observed. We conclude that
(1) IL-8mRNA is present in lavage cells from
both normal individuals and patients with
sarcoidosis; (2) IL-8 mRNA expression is not
restricted to those patients with more persis-
tent disease, suggesting that IL-8 gene up
regulation is not an inevitable consequence of
more persistent sarcoidosis.

Evaluation of diaphragmatic thickness-
respiratory muscle strength relation-
ship by ultrasound

J UEKI, PF DE BRUIN, NB PRIDE Department
of Medicine, Royal Postgraduate Medical
School, London To assess diaphragm func-
tion non-invasively, the changes of diaphrag-
matic thickness during maximum inspiratory
effort were studied by using ultrasound. In
seven normal male volunteers, the changes of
thickness while breath holding and relaxing
against a closed mouthpiece and during a

maximum inspiratory mouth pressure (MIP)
manoeuvre were recorded in the sitting posi-
tion at functional residual capacity (FRC),
residual volume (RV) and 75% vital capacity
(75% VC). MIP was measured through the
mouthpiece with a differential pressure trans-
ducer (HP 267B). A 7 5 MHz ultrasound
transducer (PLE 705S, Toshiba) was held
vertical at the 9th or 10th right intercostal
space between anteroaxillary and midaxillary
lines to observe the diaphragm in the zone of
apposition 0-5-2 cm below the costophrenic
angle. On a B mode picture the thickness was
measured from the middle of the pleural line
of the diaphragm to the middle of the perito-
neal line of the diaphragm. The thickness
during the MIP manoeuvre and MIP was 2 4
(0-3) (mean (SD)) mm, -104 (31) cmH2O at
RV, 4 3 (1-6) mm, -102 (23) cm H2O at
FRC, and 4 8 (1 3) mm, -54 (16) cm H2O at
75% VC respectively. The thickening ratio
(TR) was calculated as TR = thickness dur-
ing MIP/thickness while breath holding and
relaxing. TR was 1 6 (0-3) at RV, 2-5 (0-9) at
FRC, and 1 9 (0-5) at 75% VC respectively.
At FRC there was a high degree of correlation
between TR and MIP (r = -0-94). The
diaphragm increased its thickness during
maximum inspiratory effort but the change of
the thickness was different at each lung
volume, presumably reflecting differences in
diaphragm length. Ultrasound provides a

non-invasive assessment of diaphragm con-

traction during MIP which may be useful for
the evaluation of diaphragm function.

PF de B was supported by the Cons Nac Desenv
Cient Tecnol6gico-CNPq of Brazil

Use of 24 hour ambulatory oximetry
to monitor the response to assisted
ventilation with NIPPV

M JACKSON, J WILLIS, JM SHNEERSON Assisted
Ventilation Unit, Newmarket General

Hospital, Newmarket We have developed a

technique for recording pulse oximetry
continuously for a 24 hour period while
allowing the subject to remain ambulant
within the hospital. Oxygen saturation from a

Minolta Pulsox-7 oximeter was measured and
recorded at five second intervals, allowing
17280 samples in each 24 hour period. Ten
patients with ventilatory failure due to
neuromusculoskeletal disorders were studied
using this technique in order to monitor their
response to treatment with nocturnal nasal
intermittent positive pressure ventilation
(NIPPV). The studies were performed prior
to NIPPV, before discharge from hospital
(mean 8 5 days after start oftreatment) and on
follow up at a mean of 11 weeks following
discharge. The pre-NIPPV studies revealed a

mean 24 hour Sao2 value ranging from 65% to
88%. At discharge the mean 24 hour values
ranged from 88% to 93%. The follow up

studies showed that the improvement in
oximetry was maintained, with mean values
from 87% to 95%. Separate analysis of
daytime 12 hour segments showed values of
68-90% before NIPPV, 87-93% prior to
discharge and 87-96% at follow up. Twenty
four hour oximetry provides a more complete
assessment of adequacy and effectiveness of
ventilatory support than the sleep study and
daytime arterial blood gas analysis conven-

tionally performed. This study has shown
that the improvement in Sao2 at night during
NIPPV is maintained during the day as well.
This improvement is apparent within 8-5
days of starting treatment and there is little
further change during the next 11 weeks.

Intravascular oxygen supplementation

P KALLIS, NM AL-SAADY, ED BENNETT,

T TREASURE Departments of Cardiothoracic
Surgery and Intensive Care, St George's
Hospital, London The intravascular
oxygenator (IVOX) (Mortensen JD, Barry
G. Int J Artif Organs 1989;12:384) was used
in seven patients with acute respiratory
failure (adult respiratory distress syndrome 2,
pneumonia 2 and fibrosing alveolitis 1). Their
median age was 46 years, range 14-76 (four
male and three female). The pre-IVOX
variables are shown in the table below.
Insertion was through the right common

femoral vein under screening. All patients
were on inotropic support and two also
required haemofiltration before IVOX
insertion. The device was in situ for a median
of five days (range 1-12) with moderate
anticoagulation and antibiotic prophylaxis.
The median 02 transfer achieved was 85 ml/
min (range 68-140) and the median CO,
removal was 70 ml/min (range 40-106),
depending on the IVOX size (range 0-2-
0-5 m2). Two patients survived and five
died from multisystem failure. Hypoxia
contributed to the cause of death of three
patients. All five had postmortem examina-

Median Range

Fio2 1 0 7-1
Sao2(%) 91 88-95
Po2kPa 7*7 54-11
Pco2kPa 9 1 3-7-11
Peak inspiratory

pressure (cm H,O) 46 34-50
Positive end expiratory

pressure (cm H2O) 11 5-15
Minute volume

(ml/kg/min) 152 91-292

215P

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.47.3.209P

 on 1 M
arch 1992. D

ow
nloaded from

 

http://thorax.bmj.com/


Proceedings

tions, which did not reveal any IVOX related
complications. It is concluded that IVOX is
safe for three weeks but provides only halfthe
oxygen requirements of a patient and has to
be used in conjunction with a ventilator.

Respiratory and quadriceps muscle
strength in chronic adult onset asthma

PF DE BRUIN, J SPRING, A WATSON,
NB PRIDE Department of Medicine, Royal
Postgraduate Medical School, London
Earlier studies of respiratory muscle strength
(RMS) in asthma have shown conflicting
results. RMS is known to decline with age so
that any impairment due to asthma or its
treatment is likely to be of more clinical
importance in older subjects. We have
studied RMS and Quadriceps femoris
strength in 14 middle aged patients with adult
onset asthma (6M, 8F; mean age 56-9 (SD
8-3) years) and eight normal subjects (4M,
4F; mean age 55-8 (SD 8-35) years). All
patients had been diagnosed more than five
years earlier, had been stable during the
previous three months and had a normal Kco.
Twelve asthmatics were taking inhaled
steroids, one was on oral steroids and
one was on both. Maximum inspiratory and
expiratory mouth pressures (MIP, MEP)
were measured using a conventional mouth-
piece at functional residual capacity (FRC)
and total lung capacity (TLC) respectively.
Maximum voluntary isometric strength of
the right quadriceps muscle was determined
as described by Edwards et al (Clin Sci Molec
Med 1977;52:283-90). Results are summar-
ised in the table below. Values for MIP, MEP
and quadriceps strength were slightly
reduced when compared with those ofcontrol
subjects but FRC/TLC was only slightly
raised. These studies show relatively good
preservation of PMS in chronic asthma with
modest hyperinflation. Further studies are
required to assess the effects of more severe
hyperinflation.

PF de B was supported by the Cons Nac Desenv
Cient Tecnol6gico-CNPq ofBrazil

radiographs or CT scans. All 12 patients were
normocapnic with Po, > 10 kPa. Bilateral
diaphragm paresis (BDP) was confirmed in
seven patients and unilateral (UDP) in five by
the absence of electrical and mechanical
responses to phrenic nerve stimulation in the
neck. Mouth (PEmax, Pimax), esophageal
(Pes) and transdiaphragmatic (Pdi) pressure
measurements (mean (SD) cm H,O) and lung
function (% predicted, mean (SD)) are
shown in the table below. It is concluded that
these 12 patients had the clinical features of
neuralgic amyotrophy. Their breathlessness
was due to associated diaphragm paresis,
unilateral in five and bilateral in seven. This is
an uncommon cause of breathlessness, and
can give rise to diagnostic difficulty.

severe chronic heart failure due to left
ventricular dysfunction and without symp-
tomatic ischaemia, (mean ejection fraction
18%, mean frusemide dose 160mg) were
entered into a controlled trial of domiciliary
nocturnal nasal CPAP. All had polysomno-
graphy (with sleep apnoea quantified as >4%
dips in arterial saturation per hour). Seven
had noctumal Cheyne-Stokes respiration
(Sao, dip rate 3 to 27/h) and one both central
and obstructive apnoeas (Sao2 dip rate 8/h).
Bicycle exercise to exhaustion, and heart
failure symptoms (modified Likert question-
naire) were blindly assessed at baseline and
after nocturnal domiciliary CPAP at < 1-5 cm
H2O (placebo) and 7 5 cm H2O (active), each
for two weeks in random order. Pulse

FVC A FVC* TLCO Kco PEmax Pimax SniffPdi
BDP 68(21) 29 (6) 74(11) 117(14) 131(24) 41(12) 8(7)
UDP 70 (12) 18 (13) 63 (11) 108 (23) 105 (23) 78 (21) 57 (9)

*% fall in supine position.

Diaphragmatic strength in chronic
heart failure

SA EVANS, WJM KINNEAR, AJ COWLEY,
IDA JOHNSTON University Hospital,
Nottingham A reduction in static mouth
pressure has been observed in chronic heart
failure, which suggests that respiratory
muscle weakness may occur in this condition
(Chest 1990;98:1091). Transdiaphragmatic
pressures (Pdi) have not been previously
reported in chronic heart failure. We have
studied 13 patients (11 men), with chronic
heart failure (NYHA class II-IV), mean age
66-3 years (range 48-80), measuring Pdi
during a maximal sniff using catheter
mounted transducers. We also measured rest-
ing cardiac output (by an indirect Fick
principle, using CO2 as the indicator) and
maximal ventilation rates during symptom
limited treadmill exercise (Vmax). The mean
value (SD) for Pdi was 102 5 cm H2O (24-8),
seven subjects having values below the

Asthma (n = 14) Control (n = 8) t test

FEV, (%) 62-7 (208) 106-8 (18) p = 0-0001
FRC/TLC x 100 57-8 (8 8) 51 6 (4-4) p = 0-08
MIP (cm H2O) -57 4 (23-8) -74-8 (21 8) p = 0-105
MEP (cm H20) 833 (33) 107 (40-4) p = 0-15
Quadriceps (N) 317 8 (100 5) 355-9 (81-7) p = 0-38

oximetry (all subjects) and radionuclide
estimated left ventricular ejection fraction
(three subjects) were repeated at the end of
each period. Two subjects withdrew from the
study due to worsening heart failure symp-
toms during active CPAP (7 5 cm H,O), and
one of these died. Where it was measured,
resting left ventricular ejection fraction was
lower on active therapy than on placebo. End
points on the two treatments were compared
with a paired t test (table below). These data
exclude a 25% improvement in exercise
tolerance with95% confidence.Arandomised
study of 40 subjects would be required to be
95% likely to exclude a 10% improvement in
exercise tolerance at the 1% level, and 160
subjects to exclude a 10% improvement in
symptom score with similar power. Since two
of the subjects deteriorated on active therapy
it may be detrimental in some cases.

Placebo Active

Mean exercise 4-6 (1 8) 4 3 (1 6)
tolerance min min

NS
Mean overall 20 (7 8) 20 (5 5)
symptom score NS

Sao,diprate 15(72)h 14(11-7)h
NS

Breathlessness and shoulder pain

RJ AQUILINA, DA MULVEY, J MOXHAM, M GREEN
Respiratory Muscle Laboratory, National
Heart and Lung Institute, and Department of
Thoracic Medicine, King's College Hospital,
London We describe 12 male patients (aged
41-75 years) in whom severe shoulder and
neck pain preceded the onset of exertional
breathlessness and orthopnoea. All under-
went full evaluation including respiratory
muscle studies in our laboratory. The
prodrome of acute severe neck and shoulder
pain lasted from one to five days. Three had a
similar episode of pain up to a year
previously. Seven initially noticed breath-
lessness when swimming. Four had weakness
and wasting of shoulder girdle or arm
muscles. There was no progression in signs
over the three year period. No significant
cervical or thoracic lesion was found on plain

previously published normal range (Clin Sci
1985;69:91). The mean cardiac index (CI)
was 2-01 I/min/m2 (0 33), and mean Vmax
41-2 I/min (7-53). Pdi correlated with CI
(r = 0-65, p = 0-02), but not with Vmax
(r = 0-32, p = 0-3). We conclude that in
chronic heart failure the reduction in resting
cardiac output appears to be associated with
a decrease in diaphragmatic strength. The
clinical relevance of this is unclear, however,
as maximal ventilatory rates in chronic heart
failure do not appear to be determined by
diaphragm strength.

Controiled trial of nasal CPAP in heart
failure with sleep disordered breathing

RJO DAVIES, K HARRINGTON, 0 ORMEROD,
JR STRADLING Osler Chest Unit, Churchill
Hospital, Oxford Eight men with stable

Night time blood pressure in obstruc-
tive sleep apnoea, snoring, and normal
sleep

RJO DAVIES, K VARDI-VISY, M CLARKE,
JR STRADLING Osler Chest Unit, Churchill
Hospital, Oxford Uninterrupted non-REM
sleep lowers blood pressure (BP) below day-
time levels. Obstructive sleep apnoea (OSA)
fragments sleep and increases sympathetic
activity. It causes recurrent BP falls during
frustrated inspiratory efforts and large BP
rises at the end of each apnoea. The overall
effect of OSA on sleeping blood pressure is
uncertain. This study reports the change in
mean BP between 10 minutes' quiet supine
wakefulness and 10 minutes' supine non-
REM sleep (2-5 hours after sleep onset) in
OSA, snoring, and normal sleep. Seventeen
male OSA patients, 10 snorers, and 10
normals matched for age and body mass index
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were studied. Arterial non
beat BP (Finapres, Ohme
during polysomnography. r
BP rose compared with quii
contrast to normal sleep and
fell (p < 0-02, ANOVA
multiple range test) see tabl
mean blood pressure is a
higher during OSA than du
or snoring without sleep
may increase cardiovascul
patients.

OSA(n = 17)
Snoring (n = 10)
Normal (n = 10)

-invasive beat to
da) was recorded
)uring OSA mean

Wegener's granuloma: prognosis, treat-
ment, and cause of death

et wakefulness, in SECTION 3: ET PEEL Preston Hospital, North
I snoring, where it Shields, Tyne and Wear Median survival for
and Duncan's the whole group was 8-5 years with a better

le below. Sleeping prognosis for single organ involvement and
bout 10 mm Hg worse for renal disease. Renal failure was the
Lring normal sleep commonest cause of death (26%) followed by
disruption. This disseminated vasculitis and ischaemic heart
lar risk in OSA disease (16%). In 6% death was probably

due to treatment and treatment was also
responsible for much morbidity. Eleven per

cent of patients received no treatment, with
Change in mean median survival of 4-2 years. These patients
BP (mm Hg) possibly had indolent disease. Initial treat-

ment (treatment given within three months of

+34 (696) diagnosis) with prednisolone alone gave a
_ 5-5 (8-7) median survival of over 12 years but many of

these patients received cytotoxics at a later
stage in their disease. Treatment with cyclo-
phosphamide + prednisolone gave a better

Wegener's granuloma: a series of
British cases seen during 197585 by a

subcommittee of the British Thoracic
Society

SECTION 1: G ANDERSON Newport Chest
Clinic, Newport, Gwent The names of
patients with Wegener's granulomatosis
admitted to hospital in England, Scotland
and Wales from 1975 to 1985 were obtained
by Hospital Activity Analysis (HAA). Where

possible the notes, chest radiographs and
pathological specimens were obtained. The
clinical data were computerised. The
radiographs were classified by three observers
using an International Labour Organisation
classification. The pathological materials were
reviewed by a single observer. Three hundred
and seventy patients were recorded by HAA
as having Wegener's granulomatosis. Ninety
five were excluded because the diagnosis was
uncertain or data were incomplete, leaving
265 cases for analysis. Of these 115 had
disease considered histologically confirmed
by the single observer and 150 had a clinical
diagnosis. Mean times from onset to
presentation and from presentation to
diagnosis were approximately seven months,
with considerable scatter, and the mean
age at diagnosis was 50 years. Involvement of
upper respiratory tract occurred in 75%, lung
in 63% and kidney 60%. Single organ
involvement occurred in 22%. There was a

non-specific pattern of anaemia, polymorph
leucocytosis, eosinophilia and hyper-
gammaglobulinaemia. The ANCA test was
not available during the period covered by the
study. Chest radiographs were available in
204 patients; 61% of films were abnormal.
The commonest abnormality was large
opacities (70% of abnormal films) and small
irregular opacities in 19%.

Wegener's granuloma: histological
features

SECTION 2: AR GIBBS Llandough Hospital,
Penarth, Cardiff One hundred and fifteen
patients fulfilled the criteria for the diagnosis
of Wegener's granulomatosis. The common-
est sites for biopsy were the upper respiratory
tract, kidney and lung. More than half the
nasal and needle lung biopsy specimens
showed non-specific changes. Non-specific
abnormalities were usually present in skin
biopsy specimens. Renal biopsy material
usually demonstrated glomerulonephritis
rather than vasculitis or granulomatous
appearances.

median survival (9-3 years) than did treat-
ment with azathioprine + prednisolone (7 3
years), but the retrospective format of the
study does not permit a firm conclusion about
the relative merits of different treatment.

Four weeks' versus three months'
anticoagulation for deep vein throm-
bosis and/or pulmonary embolism

IA CAMPBELL on behalf of the BTS Research
Committee Seven hundred and fifty six
patients were entered by 121 physicians into a
multicentre study comparing four weeks'
with three months' anticoagulation in
patients admitted to hospital with deep vein
thrombosis (DVT), pulmonary embolus (PE)
or the combination (DVT/PE). Patients were
reviewed at one month, three months and 12
months. Forty four were excluded from
analysis because they did not fulfil the entry
criteria, leaving 712, ofwhom 354 were in the
four week group and 358 in the three month
group. Mean age was 58, (SD 16), 361 had
DVT, 219 PE and 132 DVT/PE, and 382
were male. The groups were alike in sex and
age distribution as well as type of thrombo-
embolic pathology. Objective confirmation
was sought in 589 patients with high
probability confirmation of diagnosis in 507
(71%). Fifty four died (26 in four week
group; 28 in three month group), with DVT
and/or PE as primary cause of death in seven

(three in four week group; four in three
month group). In four deaths (2,2) DVT/PE
was one of many contributory factors and in
40 deaths (20,20) DVT/PE was unrelated.
The cause of death was unknown for two
patients in the three month group. Side effects
were uncommon, although one patient died
of haemorrhage. In the four week group 17
failed to resolve on treatment. Five had new

episodes ofDVT/PE during treatment and 25
relapsed after the end treatment. In the three
month group three failed to resolve treat-
ment, seven had new episodes of DVT/PE
during treatment and 11 relapsed after the
end of treatment. The total numbers of
failures to resolve on treatment or thrombo-
embolic episodes were 53 (15%) and 27 (8%)
in the four week and three month group
respectively (X' = 8-5, p = 0-004). If we

consider only relapses after the end of treat-
ment, the difference remains statistically
significant at the 5% level. Within the trial 116
patients had developed their DVT and/or PE
postoperatively, and among these patients
one patient in each treatment group failed to
achieve resolution on treatment and there was

only one recurrence in the four week group.
Thus, although the longer period of anti-
coagulation with warfarin was advantageous
to the group as a whole, a shorter period may
be acceptable when a DVT/PE develops
postoperatively.

Pulmonary lymphangioleiomyomato-
sis: a case-control study of possible
aetiological factors

I WAHEDNA, S COOPER, J WILLIAMS,
IC PATERSON, JR BRITTON, AE TATTERSFIELD
Respiratory Medicine Unit, City Hospital,
Nottingham Pulmonary lymphangioleio-
myomatosis (PLL) is a rare disease of un-
known aetiology which predominantly affects
premenopausal women. This had led to the
suspicion that female sex hormones may have
a role in the pathogenesis of the disease. We
report a case control study of the roles of the
oral contraceptive pill (OCP), pregnancy,
parity, fibroids and smoking in the aetiology
of PLL. All chest physicians in the United
Kingdom were contacted and asked for
details ofall live patients with PLL. Each case
and four age matched controls obtained from
the general practitioner ofeach case were sent
a letter explaining the study and asked to fill in
a questionnaire on details regarding the use of
the OCP, pregnancy, parity, history of
fibroids andofsmoking. Twenty three cases of
PLL were identified; 21 cases and 46 controls
returned completed questionnaires. The
mean (SD) age of the cases and controls was
43 (10) and 44 (11) years respectively. The
mean age (SD) at the onset of symptoms was
34 (9) years and the median time (range) to
diagnosis was 2 (0-29) years. The mnedian
interval (range) since the onset of symptoms
was 6 (2-31) years with eight cases surviving
for more than 10 years. Thirteen cases and 32
control subjects had used the OCP (matched
odds ratio 0 39, 95% CI 0-09, 1-68;
p = 0 19). Twelve cases and 41 controls had
been pregnant (odds ratio 0-14, 95% CI 0-03,
0-71; p = 0 008) and 10 cases and 41 controls
had had children (odds ratio 0-13, 95% CI
0-03, 0-67; p = 0 006). Five cases and four
controls had had uterine fibroids (odds ratio
3-12; 95% CI 0-52, 18-7; p = 0 20). Eight
patients and 22 control subjects smoked (odds
ratio 0-58, 95% CI 0 20, 1-71; p = 0 32).
Thus we have shown that pregnancy and
parity were associated with a significantly
lower risk of developing PLL. Pulmonary
lymphangioleiomyomatosis was also less
common, though not to the point of statistical
significance, among OCP users and smokers.

Clinicopathological features of peri-
bronchiolitis

SP O'HICKEY, CW EDWARDS, JG AYRES Chest
Research Institute, East Birmingham Hospital,
Birmingham Several forms of bronchiolitis
have been described, including peri-
bronchiolitis (PB), a relatively rare form
characterised by peribronchiolar fibrosis and
neutrophil infiltration without luminal
involvement. Clinically cough, sputum
production and airflow obstruction occur. We
have retrospectively reviewed the clinical and
radiological features of nine subjects with
peribronchiolitis histologically proved by
open lung biopsy. The subjects ages ranged
from 31 to 67 years; seven were female.
Presenting features included cough (in all 9),
purulent sputum production (7), breathless-
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ness (7) and wheeze (2). A respiratory tract
infection was thought to have precipitated
symptoms in two subjects. Basal crackles
were audible in three subjects. Pulmonary
physiology demonstrated an obstructive
picture in six subjects and a restrictive picture
in three. Gas transfer was significantly
reduced in five subjects. High resolution com-
puted tomography (HRCT) was performed
on seven subjects. Three showed peripheral
nodular linear shadows as previously
recorded in obliterative bronchiolitis. One
showed the picture of fibrosing alveolitis, a
second that of bronchiectasis, and one diffuse
nodular shadowing not typical of bronchio-
litis, and one was normal. These results
suggest that in UK practice less than half of
subjects with peribronchiolitis demonstrate
the classic clinical and radiological features
usually associated with obliterative
bronchiolitis. This suggests that the
histological appearances of peribronchiolitis
may represent a common final response to a
number of varied pulmonary insults and is
probably not a clinical entity in itself.

Chiamydia pneumoniae serology in UK
populations

SJ BOURKE, D CARRINGTON, G BOYD,
cE FREW Freeman Hospital, Newcastle upon
Tyne, and Royal Infirmary, Glasgow
C pneumoniae is now emerging as a major
respiratory pathogen. Diagnosis relies on
microimmunofluorescence (MIF) serological
tests but cross reactions between chlamydial
species have not yet been clearly defined. The
interaction of MIF antibody responses was
therefore studied in three groups with
different chlamydial infections. Of 452
subjects, 288 (64%) had IgG antibodies at a
titre >1/16 to C pneumoniae, 117 (26%) to
C psittaci and 41 (9%) to C trachomatis.
There was a high prevalence of C psittaci
antibodies in pigeon fanciers, and of
C trachomatis antibodies in male patients
under investigation for infertility. Results are
shown in the table below. Farmers had a low
prevalence ofantibodies to both Cpsittaci and
C trachomatis. C pneumoniae antibodies were
common in all three groups, but particularly
in pigeon fanciers as reported before (Thorax
1991;46:304). There was very little overlap
of antibody responses in the farmers: 3% had
antibodies to both C psittaci and
C pneumoniae, and none had antibodies to all
three organisms. Of the male infertility
patients 11% had antibodies to both
C trachomatis and Cpneumoniae, and 5% had
antibodies to all three organisms. Of the
pigeon fanciers 31% had antibodies to both
C psittaci and C pneumoniae, 36% to
C pneumoniae alone, 5% to C psittaci alone
and 3% to all three organisms. The low
overlap of antibodies in the farmers indicates
that MIF tests are type specific without much
cross reactivity. In subjects exposed to two
agents, more complex reactions seem to
occur, whereby infection with one chlamydial
agent may provoke an anamnestic response to
other chlamydia to which the subject has been

Pigeon
fanciers Farmers Infertile

%0 of: (n = 271) (n = 100) (n = 81)

C pneumoniae 198 47 43
C psittaci 106 6 5
C trachomatis 18 2 21

exposed. This seems to occur more with
C psittaci than with C trachomatis and may
account for the particularly high prevalence
of C pneumoniae in pigeon fanciers.

HRCT appearances can identify labile
disease in fibrosing alveolitis associated
with systemic sclerosis

AU WELLS, DM HANSELL, D DENSION, CM BLACK,
RM DU Bois Royal Brompton and Royal Free
Hospitals, London Lung disease in systemic
sclerosis is histologically identical to lone
cryptogenic fibrosing alveolitis; open lung
biopsy appearances reveal a mixture offibrosis
and inflammation. It has been established
that high resolution computed tomography
(HRCT) appearances are a useful guide to
histological findings. A reticular pattern is
associated with a fibrotic biopsy whereas
patchy parenchymal opacification identifies
an increased prevalence of inflammation. To
evaluate the clinical utility of an analysis
of HRCT appearances, we categorised
abnormalities on initial scan in 45 patients as
predominant reticulation (group A), equally
extensive reticulation and parenchymal
opacification (group B) or predominant
parenchymal opacification (group C). Chan-
ges in HRCT appearance 24 (SD 10) months
later were assessed and changes in pulmonary
function parameters (FVC, TLCO, Kco) dur-
ing the next 12 months were tabulated. A
change in extent of disease assessed by
HRCT was less frequent in group A (3/20,
15%) than in group B (5/14, 36%) and most
frequent in group C (4/7, 57%), p < 0.05 (X2
test for trend). In group A only 1/15 treated
patients was found to have less extensive
disease on HRCT whereas 5/14 patients in
groups B and C (HRCT appearances suggest-
ing prominent cellularity) improved follow-
ing therapy. Alteration in pulmonary func-
tion was seen less frequently in groupA (5/23,
22%) than in group B (7/15,47%) or group C
(5/7, 71%), p < 0 05. These findings suggest
that in systemic sclerosis HRCT appearances
indicative of predominant lung fibrosis are
usually associated with stable disease,
whereas HRCT appearance suggestive of
significantinflammationareassociatedwithan
increased likelihood of change in CT
appearances and lung function during follow
up.

High resolution computed tomography
appearances correlate with broncho-
alveolar lavage cell profiles in fibrosing
alveolitis

AU WELLS, DM HANSELL, P CULLINAN, PL
HASLAM, CM BLACK, RM DU BOIS Royal
Brompton and Royal Free Hospitals, London
The extent and activity (inflammation v
established fibrosis) of disease in fibrosing
alveolitis can be identified by high resolution
computed tomography (HRCT). Broncho-
alveolar lavage (BAL) cell profiles have also
been used to assess respiratory tract inflam-
mation; BAL fluid neutrophilia or eosino-
philia is associated with a worse prognosis,
suggesting either extensive or active disease.
The aim ofthis study was to see whether there
was any relationship between BAL cell profile
and HRCT appearances. Forty eight patients
with systemic sclerosis, including 33 with
associated fibrosing alveolitis, underwent

concurrent HRCT and BAL. An assessment
of the percentage involvement on HRCT of
the lavaged lobe was made and the lobes were
divided into three groups: those with no
involvement (group A, 15/48), those with
<50% involvement (group B, 20/48) and
those with >50% involvement (group C, 13/
48). HRCT appearances of 23/33 abnormal
lobes were graded on a five point scale from
parenchymal opacification alone (taken to
represent increased cellularity) through to a
reticular pattern alone (reflecting fibrosis). A
confidence rating was assigned to each
observation: lobes of an "uncertain" rating
were excluded (10/33). The BAL neutrophil
count was increased in group C (median
15%) compared with group B (median 3%)
and group A (median 3%), p < 0-001. A
reticular appearance on HRCT was indepen-
dently associated with BAL fluid neutrophilia
(p < 0-01). The BAL eosinophil count was
increased in group B (median 3%) and group
C (median 4%) compared with group A
(median 0%). The BAL lymphocyte count
was independent of both extent and
appearance of disease on HRCT. We con-
clude: (1) neutrophil and eosinophil traffic
into the lungs occurs independently and
relates to disease extent; (2) BAL neutrophilia
reflects a more fibrotic HRCT appearance.
This may be important in terms of pathogen-
esis and mertis further study.

Relationship between 9'Tc DTPA
clearance and extent of disease assessed
by HRCT in patients with fibrosing
alveolitis

AU WELLS, DM HANSELL, R LAWRENCE, CM
BLACK, RM DU BOIS Royal Brompton and
Royal Free Hospitals, London The fibrosing
alveolitis of systemic sclerosis (SSc) consists
histologically of a mixture of fibrosis and
increased cellularity in variable proportions.
Increased lung epithelial clearance of inhaled
99ITc DTPA has been employed to measure
alveolar epithelial permeability in many pul-
monary diseases, including SSc. High resolu-
tion computed tomography (HRCT) has
been successfully used to categorise the
extent of lung disease and predict the likely
histological findings at open lung biopsy. To
explore the relationship between lung epi-
thelial permeability and presence, extent and
inflammatory component of lung disease, the
HRCT appearances of 78 patients with SSc
were compared with DTPA clearance.
DTPA clearance was abnormally fast in 5/16
patients (31%) with normal HRCT
appearances and in 42/62 patients (68%) with
disease on HRCT. DTPA clearance was
abnormal in 29/30 (97%) with more than
20% involvement on HRCT, but only 18/48
(37%) with less than 20% involvement had
abnormal clearance (p < 0-0001). There was
no significant difference in clearance abnor-
malities between patients with predominant
reticulation indicative offibrosis (16/24, 67%)
and predominant parenchymal opacification
indicative ofcellular inflanmmation, (4/6,67%)
on HRCT. We conclude that DTPA
clearance is a sensitive marker of alveolar
inflammation in pre-clinical disease. In the
presence ofextensive lung disease in systemic
sclerosis as judged by HRCT alveolar epi-
thelial clearance is almost always enhanced
whether HRCT appearances suggest fibrotic
disease or increased cellularity.
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Assessment of type I and type III
procollagen peptide levels in broncho-
alveolar lavage fluid andserum as mark-
ers of fibrotic lung disease

CM O'CONNOR, MX FITZGERLAND Department
of Medicine, University College, Dublin, and
St Vincent's Hospital, Dublin Lung fibrosis
is characterised by increased deposition of
collagen in the lung interstitium. Histological
studies have demonstrated an increase in the
relative amount of type I to type III collagen
in the fibrotic lung. Deposition of newly
synthesised collagen is accompanied by the
extracellular cleavage of N and C terminal
peptides from the procollagen molecule.
Studies on several fibrotic disorders have
indicated that measurement of these peptides
in serum may be useful in monitoring fibrotic
changes in tissue. The aim of the present
study was to ascertain if levels of procollagen
peptides in bronchoalveolar lavage fluid or

serum reflect fibrotic disease in patients with
interstitial lung disease (ILD). Lavage fluid
and serum levels of C terminal type I
procollagen peptide (PICP) and N terminal
type III procollagen peptide (PIIICP) were

analysed in 16 patients with biopsy proved
sarcoidosis and four patients with fibrosing
alveolitis. No patient was on corticosteroid
treatment at the time of study or during the
six month period preceding the study.
Patients were divided into three categories:
category 1 = sarcoid patients with stage 0 or

stage 1 disease as assessed by chest radio-
graphy (that is, radiographic evidence of
interstitial involvement, n = 5); category
2 = sarcoid patients with stage 2 or stage 3
disease (that is, interstitial infiltrates on chest
radiograph but no evidence offibrosis, n = 9)
and category 3 = sarcoid patients with stage
4 disease and patients with fibrosing alveolitis
(that is, patients with fibrotic disease, n = 6).
Lavage fluid levels of PICP and PIIINP
increased with increasing lung involvement,
highest levels ofboth peptides being observed
in category 3 patients (PICP v category: F
ratio = 3 43, p < 0 05; PIIINP v category:
F ratio = 8-51, p < 0-001). The increase in
PICP levels observed in lavage fluid was not,
however, reflected in serum and although a

trend towards increased serum PIIINP levels
with disease category was observed this did
not reach statistical significance. These results
indicate that increased lavage fluid levels of
type I and type II procollagen peptides reflect
fibrotic changes in the lungs of patients with
ILD but that assessment of serum

procollagen peptide levels is insensitive to
these changes.

Serum concentrations of free radical
activity in patients with BCNU related
pulmonary fibrosis

CIA JACK, C BLEASDALE, R O'DRISCOLL, AA

WOODCOCK, MJ JACKSON, CRK HIND Royal
Liverpoool University Hospital and Wythen-
shawe Hospital, Manchester BCNU (car-
mustine) is a known cause of pulmonary
fibrosis, which may occur several years after
treatment. The mechanism of fibrosis is un-
known but it has been postulated that toxic
free radicals may be involved (Thorax
1990;45:784). To investigate this further,
eight patients (six male, two female; mean age
24 5 years, range 21-29) who had received
BCNU for malignant brain tumours in child-
hood and who subsequently developed pul-
monary fibrosis were studied. All had free

radical activity measured in their broncho-
alveolar lavage fluid, using a non-peroxide
assay (% molar ratio (MR) = 9,11-linoleic
acid/9,12-linoleic acid) (Thorax 1989;44:
347). Serum samples from four were also
analysed for evidence of free radical activity
using the non-peroxide assay (%MR) and
also an assay of lipid peroxidation products
(thiobarbituric acid (TBA) activity) (Biochem
Med 1976;15:212). The results are as follows:
lavage mean %MR 3 1 (range 08-6 4) (nor-
mal 0-5-2 0). Serum mean %MR 6-5 (range
2-6-12 7) (normal 08-3-0). Serum mean

TBA 6-5 (range 5-6-6-7) (normal 0 5-3-0).
Although the levels of all three indicators
were elevated in the majority of patients,
there was no correlation between each assay,

or with pulmonary function tests or bron-
choalveoar lavage differential cell counts.
These results provide further support for the
hypothesis that the active inflammatory
process in BCNU related pulmonary fibrosis
may involve toxic free radicals in its patho-
physiology.

Circulating free radical activity in
patients with cryptogenic fibrosing
alveolitis

CIA JACK, MJ JACKSON, CRK HIND Royal
Liverpool University Hospital, Liverpool
Free radical activity has been implicated in
the pathogenesis of cryptogenic fibrosing
alveolitis (CFA) (Thorax 1989;44:347). This
method involved serum measurement of the
non-peroxide free radical derivative 9,11-
LA, an isomer of 9,12-LA linoleic acid.
However, recently doubt has been cast on the
value of this assay in the presence of infection
(Clin Chim Acta 1989;186:53). To investigate
whether CFA is indeed associated with free
radical activity, we measured serial serum

samples for thiobarbituric acid (TBA)
activity (Biochem Med 1976;15:212) (normal
range for our laboratory 0-5-3-0 nmol/ml), a

marker of lipid peroxidation. Eight patients
were studied (five males and three females;
mean age 66 years, range 41-75) over a mean

period of32 3 months (range 6-48). None was
receiving steroid or immunosuppressant
therapy at the start of the study. All were

serially followed on the basis of clinical,
radiological and lung function studies, which
provided markers of their disease activity. In
all eight patients initial TBA activity was

elevated (mean 5 5, range 4 4-8 3), and in five
patients this subsequently fell to normal
levels (mean 2-0, range 1-4-3-0). Of these,
three received prednisolone and two were

untreated. In all five, lung function appeared
to stabilise or improve, as reflected in their
vital capacity. In the other three patients
TBA activity did not fall (mean 4-6, range
4 0-55), and their clinical condition contin-
ued to deteriorate despite immunosuppres-
sive therapy. Two of these three patients died
during the study. These preliminary results
suggest that serum TBA activity correlates
with both the activity of CFA and the re-

sponse to treatment.

Apposition of fibroblasts to mast cells
and lymphocytes in normal human lung
and in cryptogenic fibrosing alveolitis:
ultrastructure and cell perimeter
measurements

BE HEARD, A DEWAR, B CORRIN Department of
Lung Pathology, National Heart and Lung
Institute, Brompton Hospital, London In
view of the probable importance of fibroblast
to mast cell relationships in the pathogenesis
of pulmonary fibrosis, we have quantified
apposition of these cells ultrastructurally in
lung samples from patients with cryptogenic
fibrosing alveolitis (CFA), and compared
these results with those for samples ofnormal
lung. The same procedure was used for
lymphocytes, and all the results compared.
The perimeters ofmast cells and lymphocytes
in human lungs were measured in electron
micrographs by digitiser to determine the
percentage of perimeter apposed to fibroblast
(PPAF). Fibroblasts were apposed to the
majority of mast cells. The median PPAF for
mast cells in normal lung was 50 3%, and in
cryptogenicfibrosingalveolitis (CFA) 35-7%.
Although the value in CFA was lower, the
difference was not statistically significant
(median difference 11-8; 95% confidence
interval (-19-6,25-1); p = 0 65). The PPAF
range overall was 3-8% to 94-1%. There was

similar apposition of fibroblasts to lympho-
cytes, andno statistical differences were found
when median PPAF results for mast cells and
lymphocytes were compared, for normal and
CFA lung. The high degree of percentage
apposition, accurately quantified in this study,
shows that fibroblasts, mast cells and lym-
phocytes are ideally arranged structurally in
normal alveolar walls, to facilitate the many
physiological interactions which are cur-

rently being uncovered. The present study
also shows that apposition persists in patho-
logical states-for example, CFA lung-but,
because all these cells are increased in number
in CFA lung, apposition is easier to identify
here than in normal lung.

Der pl levels six months after treatment
of houses with liquid nitrogen

S KALRA, P CRANK, J HEPWORTH, CAC PICKER-
ING, A WOODCOCK North West Lung Centre,
Wythenshawe Hospital, Manchester The
house dust mite, Dermatophagoides pteronys-
sinus, and its major allergen Der pl, have an

important role in the pathogenesis of asthma.
We evaluated the effect of killing mites, by
freezing with liquid nitrogen, on Der pl
levels in 10 houses. Mattresses and carpets
were soaked once with liquid nitrogen in July
1990. Dust samples were collected by
vacuuming (Medivac) for five minutes
through a 0 7 gm filter (Whatman GFF) from
mattress surface, bedroom carpet and living
room carpet. Samples were obtained before
liquid nitrogen application and twice, at three
month intervals, afterwards. Samples were

coded and analysed blind. Der pl was
measured in dust samples by ELISA (ALK

Der pl (ng/g of dust)-geom.mean (95%0 CI)

Before 3 months 6 months ANOVA

Living room carpet 3449 (1683-7278) 2328 (1247-4345) 4017 (1352-11940) NS
Bedroom carpet 2387 (977-5834) 2084 (1069-4074) 1581 (657-3801) NS
Mattress 2280(1066-4864) 1663 (891-3104) 1729 (955-3133) NS
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Laboratories) see table on p219P. Der p1
levels did not show a significant fall up to six
months after liquid nitrogen application and
there were no significant differences between
the levels seen in the treated houses compared
with a group of 40 control houses sampled
concurrently. The absence of any significant
decline in domestic allergen load over a six
month period is consistent with the high
degree of stability ofDer p1 and suggests that
short term benefits ofacaricidal treatment are
unlikely to be significant unless followed by
aggressive cleaning.

Breathing better but blue: oxygen
saturation changes after nebulised sal-
butamol in acute asthma

GJ CONNETT, W LENNEY Royal Alexandra
Hospital for Sick Children, Brighton We
assessed the use of pulse oximetry in the
management of acute asthmatics referred to
our hospital. Oxygen saturations were
measured in 90 children (18 months-14
years) before, and 0, 5, and 10 minutes after
5 mg ofnebulised salbutamol. Measurements
were continued in those children whose
saturations fell and remained low. Twenty
two children were sent home. Four patterns
of change were observed. The numbers in
each group were: (a) saturation decrease (at
least 2%-self limiting by 10 min): 16; (b)
prolonged saturation decrease: 6; (c) satura-
tion unchanged (+1%): 49; (d) saturation
increase (at least 2%):19. The development of
hypoxia after salbutamol was unpredictable.
In three cases saturations fell to levels at
which oxygen was considered necessary.
Oximetry did not determine the need for
hospital admission. SAO, < 91% pre and post
nebuliser were found in nine children. These
included the only six who subsequently
required intravenous therapy. Changes in
Sao, after salbutamol did not correlate with
changes in clinical scoring ofairways obstruc-
tion. Pulse oximetry identifies asthmatics with
critical changes in oxygen delivery after sal-
butamol, and children that might need more
intensive treatment.

Exercise capacity in survivors of child-
hood Wilms's tumour

MEM JENNEY, EB FARAGHER, N CLAYTON, A
WOODCOCK North West Lung Centre, Wyth-
enshawe Hospital, Manchester We have
demonstrated a restrictive defect in children
surviving Wilms's tumour. This study inves-
tigates any consequent impairment of exer-
cise ability. We studied 40 patients aged 6-30
years surviving childhood Wilms's tumour
who had received chemotherapy alone
(n = 11), or chemotherapy and radiation to
the flank (n = 13), whole abdomen (n = 1 1)
or thorax (n = 5). Patients completed a ques-
tionnaire relating to habitual activity and

subjective exercise tolerance and performed a
progressive symptom limited exercise test on
a cycle ergometer. Predictive equations for
submaximal and maximal parameters ofexer-
cise were calculated from 77 age, sex and
height matched controls. Cardiopulmonary
exercise was impaired in irradiated patients,
most severely in those receiving thoracic
irradiation with higher minute ventilation
(V1,0) and cardiac frequency (fc,.0) at a sub-
maximal Vo, of 1 litre. A lower work load was
achieved at a heart rate of 170 beats per
minute (W,70) and lower maximal oxygen
uptake (Vo, max) and work load (Wmax)
achieved (table below). There is a major
impairment of exercise capacity in patients
who received irradiation in childhood.

Daytime behaviour in 4-5 year old
children with mild to moderate sleep
disordered breathing

NJ ALI, D PITSON, JR STRADLING Osler Chest
Unit, Churchill Hospital, Oxford We
previously reported (BTS Summer 1991)
that a simple questionnaire sent to the parents
of 997 randomly selected 4-5 year old chil-
dren, designed to identify those with possible
sleep disordered breathing (SDB), found 66
who on subsequent overnight sleep studies
proved tohave significantly more sleep distur-
bance, more hypoxic dips and higher pulse
rates on average than a matched control
group. However, the severity of these distur-
bances' was moderate compared with the
majority of our clinical cases of sleep apnoea
in children. This abstract examines whether
there were any differences in the daytime
behaviour of these children. The parents and
teachers ofboth the study children with SDB
and the normal controls were asked to com-
plete a shortened version ofthe Conners child
behaviour questionnaire. This is a widely
used child behaviour scale, with good
interrater agreement, for which there are
normal data for British children. Three fac-
tors, potential consequences of sleep distur-
bance in children, were assessed: aggression
or rebelliousness, inattentiveness or pas-
sivity, and hyperactivity. Seventy nine com-
plete parent and teacher questionnaires were
returned (34/66 from the SDB group and 45/
66 from the control group). Children in the
SDB group (after allowance for confounding
variables) were significantly more likely to be
thought aggressive or rebellious (relative risk
(RR) 1 5, 95% CI 14-11 8), inattentive (RR
4 3, CI 1-5-12-6) and hyperactive (RR 1-14,
CI 0-93-985) by their parents. Analysis of
the teacher questionnaires showed that these
children were 3-5 times more likely to be
considered hyperactive (CI 1-1-12-1). Thus
even mild to moderate SDB, in children aged
4-5 years derived from a randomly selected
population, appears to be associated with
significant behavioural problems.

Mean % predicted

Chemotherapy Flank Abdominal Thoracic
Control only irradiation irradiation irradiation

Fc,o 100 112 108 111 118*
V1.0 101 115 100 119* 130*
W170 100 91 91 80* 88
Wmax 100 94 96 72* 78*
Vo, max 100 99 86* 71* 69*

*Significant differences from control (p < 0.01).

Lung function, respiratory illness, and
passive smoking in British children

RJ RONA, S CHINN Department of Public
Health Medicine, United Medical and Dental
Schools of Guy's and St Thomas's Hospitals,
London In a sample of 2867 children in the
age range 65-11 99 years the factors
associated with lung function (as measured
using forced vital capacity (FVC), forced
expiratory volume in one second (FEV,),
forced expiratory flow rates between 25 and 75
per cent, and 75 and 85 per cent (FEF25,75 and
FEF,,5 ) were assessed, in particular passive
smoking and respiratory illness. Adjustments
were made for height, age, socioeconomic
background, biological environment and
anthropometric measurements of children
and their parents. Passive smoking was
measured in terms of cigarettes smoked by
each parent at home. The respiratory symp-
toms and conditions assessed were wheeze,
asthma and bronchitis attacks, cough in the
morning and cough at any other time. Mater-
nal smoking, but not paternal smoking, was
associated with reduced FEF25,,5, FEF7,5.5,
and FEV, (unadjusted for respiratory illness)
in boys. With a few exceptions, in girls only
FEV,, FEF2,,7 and FEF,, ,5were reduced in
children with wheeze and asthma attacks.
The same variables were associated with
bronchitis attacks in girls only. The effect of
passive smoking therefore may depend on the
level of exposure and child's susceptibility as
only maternal smoking was significantly
associated with impaired lung function in
boys.

Pseudo-outbreak of tuberculosis in a
paediatric oncology ward

PDO DAVIES, CSD WILLIAMS, P SHEARS, LE
RHOES, Q SYED, JM WATSON Tuberculosis
Research Unit, Alder Hey Hospital, Liverpool;
Liverpool District Health Authority; PHLS
Communicable Disease Surveillance Centre,
London During a four week period in
summer 1990, nine presumed cases of tuber-
culosis, diagnosed by direct smear on micro-
scopy and associated with the childrens'
oncology unit in Alder Hey Hospital, were
identified. In view ofthe possible implications
of an outbreak of tuberculosis in a childrens'
oncology ward and extensive contact
procedure was set in motion as soon as the first
three presumed cases were identified and
screening included 113 oncology patients, 33
siblings, 42 children from adjacent wards,
165 staffmembers and 93 adult visitors. One
of the presumed cases died and post mortem
showed no evidence of mycobacterial infec-
tion. None of the specimens from the
presumed cases grew M tuberculosis and no
source of infection was found. An examina-
tion of laboratory reagents showed the
presence of acid fast bacilli in a phenol red
solution used in specimen preparation. The
lack of a cause of infection and the failure to
grow M tuberculosis from any smear positive
specimen, together with the evidence of the
laboratory examination, led to the conclusion
that this had been a pseudooutbreak. This
incident emphasises the need for vigorous
laboratory monitoring and a critical assess-
ment of epidemiological and clinical findings.
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Controlled study evaluating a nurse run
asthma clinic in a paediatric depart-
ment

I CHARLTON Department of Primary Medical
Care, University of Southampton This was a
randomised control study involving 91 chil-
dren aged 3-16 years admitted with asthma or
attending outpatients for asthma. The
intervention group received a programme
administered by the nurse involving educa-
tion, review ofinhaler technique, and instruc-
tion in the use of self management plans. The
intervention group were encouraged to have
three monthly follow ups with their GP. This
programme was facilitated by a specially
designed diary card and colour coded peak-
flow meter. The control group were asked to
record their peak flow and symptoms on a
standard diary card. All patients completed a
morbidity questionnaire prior to com-
mencing the study and after 12 months of the
study. Patients in the intervention group had
a 37% reduction in their mean daily symptom

>70% predicted, we performed metha-
choline challenge tests. Forty three subjects
from the asthmatic group, 86 from the
"wheezy" group, and 75 from the comparison
underwent challenge tests. Data were
analysed according to Abramson et al
(Thorax 1990;45:924), providing dose-res-
ponse slope (all subjects), linear regression
slope (significant in 155 subjects) and PD20 (51
subjects). The inverse cube root of dose-
response slope (ICRTS) was the most nor-
mally distributed index of reactivity and
was used in all subsequent analyses. The
"asthmatic" group had airflow obstruction
and bronchial hyperreactivity, and had
greater peak flow variability than the
"wheezy" group, who did not differ from the
comparison group (table below). These data
suggest that children who are wheezy only in
the presence of infection do not progress to
asthma in adult life.

This study was supported by the National
Asthma Campaign and by Allen and Hanburys

Asthma Wheezy Comparison

FEV/FVC (%) 73 (12)* 82 (7) 83 (6)
Peak flow variation 22 (16)* 14 (12) 13 (10)
ICRTS 0 65 (0 19)* 0-78 (0 12) 0-79 (0-14)

Results are mean (SD). *Differs from other groups (p < 0 001).

score (p < 0-05) and significantly improved Observations on decline in FEVI in
peak flow recordings (p = 0-05). The patientswithchronicairflowobstruction
intervention group had fewer school (CAO): relation to acute steroid re-
absences, GP home visits and casualty sponse, bronchial responsiveness
attendances. There was no difference in the (BHR), and treatment with inhaled
readmission rates. During the two years ofthe corticosteroids
study the number of asthma/wheeze admis-
sions in the 3-16 year old group fell by 27%
and there appeared to be a change in the DC WEIR, GA WIELAND, P SHERWOOD BURGE
diagnostic labelling ofchildren admitted with Chest Research Institute, East Birmingham
respiratory symptoms. It is concluded that Hospital, Birmingham We have documen-
the nurse run asthma clinic was able to ted the change in FEV, in 121 patients, with
influence the morbidity of those patients who non-asthmatic CAO. All had completed a
attended. This was done by providing a short term "steroid trial," comparing oral
package of organised care based on peak flow prednisolone and inhaled beclomethasone
selfmanagement plans. The fact that hospital dipropionate (BDP) 48-72 months earlier. A
readmissions were not affected needs to be formal follow up assessment had been carried
balanced against improvements in patients' out two years after the initial trial, and
wellbeing and the reduction in time lost from patients not at that time on inhaled BDP were
school, GP home visiting and use of casualty started on this drug. Seventy four of the
services when the economic benefits of the original group were restudied, 25 had died,
intervention are being assessed. the remainder could not be traced. Patients

dying during the observation period from all
causes had lower FEV, (mean (SE) 1-06

Outcome ofwheeze in childhood: airway (008)1) and carbon monoxide gas transfer
function 25 years later when recruited than those surviving. The

FEV, of those surviving fell from an initial
DJ GODDEN on behalf of the Aberdeen value of 1 27 (0 06)1 to 1-04 (0-05)1 at follow
WHEASE study group Departments of up. The average decline in FEV, was 31 7
Thoracic Medicine and Sociology, University (7-5) ml/y, and 30% of patients showed an
of Aberdeen In 1964 a random community improvement in FEV,. Patients showing a
survey of 2511 children aged 10-14 years in response to steroids in the initial trial showed
Aberdeen, identified 121 children who had a similar decline in FEV, (27-2 (8-8) ml/y) to
asthma and 167 who had "wheeze in the non-responders (342(106)). The correlation
presence ofupper respiratory tract infection" between BHR and decline in FEV, was weak
(Dawson et al. Lancet 1979;i:827). As part of a (r = 021). Patients with marked bronchial
larger sociological study, we have success- responsiveness (PC20 < 0 5 mg/ml) showed a
fully traced and measured pulmonary func- less rapid decline in FEV, (17 4 (10-4) ml/y)
tion in 64% ofthe group (78 subjects from the than the 11 patients with a PC2,, > 4 mg/ml
asthmatic group and 111 from the wheezy (552 (128) ml/y), (p < 005). The decline in
group), and in a comparison group (98 FEV, in 31 patients who started regular
subjects), randomly selected from the original inhaled BDP therapy at the two year follow
survey, who had no respiratory symptoms in up improved over the subsequent three years
childhood. FEVI, FVC, and peak flow from a decline of 118 6 (23 3) ml/y to a mean
variability, calculated as amplitude percent improvement of 12 4 (19-0) ml/y. These data
mean (Higgins et al. Am Rev Respir Dis suggest that inhaled corticosteroids may have
1989;140:1368), were measured. In those a beneficial effect on the disease in the long
who agreed and whose resting FEV, was term.

Bronchial reactivity, smoking, atopy,
and accelerated decline in FEV,

AJ FREW, SM KENNEDY, M CHAN-YEUNG

University of British Columbia Respiratory
Division, Vancouver, Canada The relation-
ship between non-specific bronchial respon-
siveness (NSBR) and the rate of decline of
FEV, (RDFEV) was explored on the basis of
serial lung function data from four
occupational health surveys with a mean
follow up of 5 64 years. Baseline metha-
choline and lung function data were available
for 703/1154 (61%) non-asthmatic subjects.
The available and non-available groups were
well matched with respect to baseline lung
function, atopy and smoking status, but those
available for follow up were younger (42-5 v
37-7 years) and slightly less responsive to
methacholine (p < 0 01). In a multiple linear
regression analysis, age, baseline FEV, (%
predicted) and occupational group were
found to be independent predictive factors
for RDFEV. When these factors were
included in the model, RDFEV was found to
be increased among current smokers, com-
pared with never smokers or ex-smokers. In
the final regression model a relationship was
found between methacholine sensitivity (cal-
culated as dose-response slope) and RDFEV
(p < 0 05). Stratification by smoking status
revealed that the relationship between
RDFEV and bronchial responsiveness was
largely confined to current smokers, and that
atopy was an additional risk factor in current
smokers only. Within the limits imposed by
selection into working populations, this
analysis confirms that increased NSBR is
associated with accelerated RDFEV is
associated with accelerated RDFEV in non-
smokers. However, it is not possible from this
analysis to determine whether smokers with
accelerated RDFEV have pre-existing NSBR
or whether smoking causes both NSBR and
accelerated RDFEV.

A clinical description of those pre-
scribed oxygen concentrators in
England and Wales

JC WATERHOUSE, CG BILLINGS, J NICHOL, P
HOWARD Department of Medicine and Phar-
macology, Sheffield University All patients
presicribed an oxygen concentrator in six
areas of the country during August 1990, and
February 1991 were identified. Most of them
were visited within seven days of the installa-
tion and a questionnaire completed.
Measurements were made of Sao2 by pulse
oximetry, both on oxygen (at the prescribed
flow rate) and off, and of peak expiratory flow
(PEF). Four hundred and sixty six patients
were visited (265 M, 201 F). Nine per cent
did not know their diagnosis, 46% mentioned
emphysema, 4% mentioned cor pulmonale
and the remainder a variety of other res-
piratory diagnoses. Age varied from two
months to 95 years. Ninety per cent claimed
breathlessness on Fletcher grades 4 and 5.
Peak flow varied widely from normal to below
60 litres/min (mean (SD) 186 (97) litres/min).
The table (p222P) shows results of pulse
oximetry (Sao,) at the visit. Of the 387
patients measured on air only 55% were
considered significantly hypoxaemic during
the day; atprescribedflowrate (n = 311)25%
remained so. Twenty per cent claimed to have
been told the dose of oxygen by their GP,
72% by the consultant or hospital. The
remainder were told by the engineer or did
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not know. Of the GP group who knew flow/
time information (n = 78), the hours used
were 15 7 (5-7) and the flow 2-3 (0-8) litres!
min. Of the hospital group (n = 276), hours
were 17-0 (5-0) and flow 2-1 (0 7) litres/min.
Oxygen at home is prescribed at a regimen
appropriate to cor pulmonale associated with
obstructive airways disease. Patients treated,
however, have a wide range of pulmonary
pathologies. The flow rate prescribed often
fails to raise arterial oxygen to therapeutic
levels. A detailed analyses of prescribed
patients is still required, together with objec-
tive measurements of therapeutic benefit and
an improved home monitoring service.

Not done 98-91 90-81 <81

On air 16% 38% 35% 11%
On02 34% 50% 15% 1%

Oxygen concentrators: assessment for
prescription and reassessment

LU RETRICK, EA PAUL, GM BRAID, P CULLINAN, J

MOORE-GILLON, JA WEDZICHA Departments
of Thoracic Medicine and Epidemiology, Lon-
don Chest Hospital, and Department of Res-
piratory Medicine, St Bartholomew's and
Homerton Hospitals, London Previous
studies have shown major shortcomings in
appropriateness of oxygen concentrator pre-
scription and use. We assessed, at home, 176
of the 180 (98%) patients using an oxygen
concentrator in three adjacent FHSAs. A
questionnaire was administered, Sao, on/off
oxygen was measured and spirometry per-
formed. A postal survey of patients' GPs
achieved a 96% response rate. The overall
prescription rate was 16/100 000; mean (SD)
age of patients 67 (9); 95 M, 85 F. Eighty-
three point seven percent of prescriptions
were on the recommedation of respiratory
physicians; 92-6% of patients were under
outpatient review. Seventy three point three
percent of patients were known by their GPs
to have had a formal respiratory assessment
prior to prescription, but the results of Pao2
were only available to the GP in 28-9% of
cases, and FEV, in 17-8% of cases. Nineteen
point three percent of patients admitted to
being current cigarette smokers and the
median hours of use prescribed was 16. The
mean (SD) Sao, on air was 88-6 (5 7)% rising
significantly to 94-3 (3 4)% after 20 min
concentrator use (difference 5 7; 95% CI 5-2-
6-4). The concentrator undercorrected (Sao,
< 92% on oxygen) in 17-1% of cases. On air,
29-5% of patients had daytime Sao2 >92%,
suggesting that they may not require a con-

centrator, although these may be patients
who have nocturnal hypoxia alone. The mean
(SD) FEV, was 0-52 (0-32) l and 97-5% of
patients had an FEV, < 1-5 1. We have found
better compliance with DHSS guidelines for
LTOT prescriptions than previous studies.
There are no DHSS guidelines on reassess-

ment. Patients prescribed LTOT need reas-

sessments at intervals, to ensure adequate
correction ofhypoxia and that a concentrator
is still required. Communication between
hospitals and GPs appears poor and should be
improved. We recommend the use of a stan-
dard form, with copies to the GP and concen-
trator supplier, following formal assessment
for concentrator prescription.

Optimum time of surgical intervention
for persistent air leak in spontaneous
pneumothorax

R MATHUR, IDA JOHNSTON University Hospi-
tal, Nottingham Persistent air leak (PAL) is
a troublesome complication of spontaneous
pneumothorax. Surgery is an effective treat-
ment for PAL but the optimum time to
perform surgery is unclear. We therefore
surveyed hospital records of all adults with
spontaneous pneumothorax admitted to
University Hospital over three years, from
1988 to 1991. Traumatic and iatrogenic
pneumothoraces were excluded. Of 166
patients with spontaneous pneumothorax 57
developed PAL, defined as continued inter-
costal tube bubbling 48 hours after insertion.
There was a wide range in the timing of
surgical intervention. In PAL cases treated
medically (total 33) 75% resolved by 10 days
(median six days) but subsequently the rate of
resolution fell sharply. In 20 cases with
underlying normal lungs median time to PAL
resolution was shorter than in 13 cases with
abnormal lungs (4 v 14 days, p < 0-05), with
75% resolving by six days (normal lungs) v 21
days (abnormal lungs). Median PAL resolu-
tion time did not appear to be affected by the
size of the initial pneumothorax (6-5 days for
<2/3 hemithorax, 5 days for > 2/3 hemi-
thorax). We conclude that surgery should be
considered for PAL at 6-7 days when lungs
are otherwise normal but in those with
underlying lung disease it seems reasonable to
continue conservative treatment for about 14
days. However, further work is needed to
subject such recommendations to cost benefit
analysis, which will need to take account of
not only the costs of medical and surgical
treatment but also the effectiveness ofsurgery
in preventing recurrence.

Who treats tuberculosis and how effec-
tively: Leeds tuberculosis survey 1991

JM GOLDMAN, C TEALE, SB PEARSON Leeds
Chest Clinic, Leeds In the five year period
beginning in January 1986, 411 cases of
tuberculosis were notified in Leeds. We revi-
ewed the notes of 406 of these patients and in
397 the diagnosis of tuberculosis was accep-
ted and data were recorded. Treatment was

supervised by respiratory physicians in 329
cases (group A) and by other consultants in 68
cases (group B). In group B there were 37
cases supervised by physicians, 14 by
geriatricians, 11 by surgeons, and three by
paediatricians, and there were five patients
with missing data who had not been treated
by a respiratory physician. Six or nine
months of standard therapy (R6H6Z2,
R6H6E2Z2, R6H6E2, R9H9Z2 or R9H9E2)
were used in 63% of group A, but only 23%
of group B (p < 0-001). The common

reasons for non-standard treatment were
extrathoracic disease (A = 8-2%, B =

12-5%), side effects (A = 4*9%, B = 1-6%),
atypical mycobacteria (A = 4 0%, B =

3-1%), prolonged treatment for extensive
disease (A = 2-0%, B = 1-6%) and prolon-
ged treatment due to clerical error
(A = 5-5%, B = 4-9%). Death from tuber-
culosis during adequate treatment occurred
in 3-6% of A and 10-3% of B (p < 0 05),
while death from tuberculosis on no treat-
ment occurred in 1-8% of A and 25% of B
(p < 0-001). The diagnosis of tuberculosis
was made at post mortem in 69% of those
who died in group B compared to 20% of

groupA(p < 0-001). Thedifferencesinuseof
standard regimens and in the death rate
between the two groups could be explained
by case mix. Patients over 65 accounted for
25% of A and 50% of B (p < 0-001);
however, those in group B (aged over 65)
were more likely to die from tuberculosis
(47% B, 12% A, p < 0-01). Extrathoracic
tuberculosis accounted for 20% of A and
40% B (p < 0-001). Non-respiratory
physicians treat an older population, inwhom
extrathoracic tuberculosis is more common.
The death rate ofthese patients is far in excess
of those treated by respiratory physicians.
This seems to be due to a failure of diagnosis
rather than treatment since 69% of tuber-
culosis deaths in group B were diagnosed post
mortem.

Assessment of respiratory workload
against provision of respiratory
physicians

MG PEARSON, J LITTLER, PDO DAVIES Aintree
Chest Centre and Mersey Region Information
Unit, Liverpool The NHS has always
collected data but is has rarely been possible
to utilise it. Mersey Region Information Unit
has produced an "activity pack" for general
medicine for each of 10 districts (excluding
tertiary cardiac, neurology and renal units).
Inpatient activity was measured as consultant
episodes (excluding day cases) aggregated by
ICD coding into 13 subspecialty groupings.
Respiratory diagnoses accounted for 26% of
the 69 867 consultant episodes, varying from
20% in Chester to 31% in North Liverpool.
By comparison cardiac diagnoses made up
22%, gastroenterology 15% and diabetes/
endocrinology 3% ofconsultant episodes. On
average a Mersey consultant cares for 900
general medical episodes of all diagnoses per
year. The number of respiratory episodes
divided by number of respiratory physicians
yields an index of potential specialist work
load. Four districts had between 700 and 900
respiratory episodes/physician/year. Five
districts had between 1000 and 1700 episodes
per physician and one district has no chest
physician in spite of 1073 respiratory
episodes per year. The BTS asthma
guidelines suggest that care should be under a
respiratory physician. Analysing the single
diagnosis asthma (ICD 493) shows that chest
physicians look after only 45% of 2146
asthma episodes (range 24-64%). In
comparison, diabetologists cared for 62%
(50-71%) of the 1175 diabetic admissions.
Not only is potential inpatient load high but
existing respiratory physicians in Mersey are
seeing over 25% of all new GP outpatient
medical referrals (diagnosis unspecified). If it
is accepted that most respiratory diseases
should be looked after by respiratory special-
ists and also that 900 consultant episodes/
consultant/year (about 25 beds per consul-
tant) is a maximum workload then at least five
more respiratory physicians (a 33% increase)
are needed now in Mersey. Activity analysis
of workload on a wider scale is likely to
support the need for more respiratory
physicians. In the short term, since res-
piratory dignoses account for over 25% of
hospital episodes, health authority pur-
chasers should insist that every acute hospital
has at least one respiratory physician if
quality care is to be provided.
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DNA amplification by the polymerase
chain reaction to detect Pneumocystis
carinii colonisation in asymptomatic
human immunodeficiency virus (HIV)
infected subjects

TR LEIGH, HO KANGRO, BG GAZZARD, DJ
JEFFRIES, JV COLLINS Westminster Hospital,
London Department of Virology, St Barth-
olomew's Hospital, London, Brompton Hospi-
tal, London Pneumocystis carinii pneumonia
(PCP) affects immunosuppressed subjects,
particularly AIDS patients with low CD4
counts, and is said to result from the
proliferation of pre-existing P carinii (PC)
organisms acquired during childhood (Masur
et al. Ann Intern Med 1989;111:813).
However, using DNA amplification by the
polymerase chain reaction (PCR), a highly
sensitive technique for detecting PC, we have
previously failed to detect PC colonisation in
normal individuals (Leigh et al. Thorax
1991;46:743P). We set out to investigate with
PCR the presence of PC colonisation in 60
male homosexuals (50 HIV infected), with
varying levels of CD4 count. These com-
prised 10 HIV negative control individuals
(mean age 28 y), 20 HIV positive individuals
with CD4 count > 400 x 106/1 (mean age 37
y, mean CD4 = 515 x 106/1), 20 HIV
positive individuals with CD4 count
<400 x 106/1 (mean age 36 y, mean CD4
263 x 106/1), and 10 HIV positive patients
receiving regular PCP chemoprophylaxis
(mean age 40 y, mean CD4 24 x 106/1).
Sputum induction (SI), a sensitive technique
for diagnosing PCP in AIDS patients, was
performed on all subjects. Specimens were
tested for PC using PCR (Wakefield et al.
Molec Biochem Parasitol 1990;43:69) with gel
electrophoresis (GEL) followed by oligo-
nucleotide hybridisation (OH), which gives a
100 fold further increase in sensitivity com-
pared with the GEL. In the HIV negative
group two patients were PC positive by OH
alone but remained asymptomatic, one lived
with an AIDS patients with a low CD4 count
(but not PCP). In the CD4 > 400 group two
patients were PC positive by OH alone, and
remained asymptomatic without PCP
prophylaxis. In the CD4 < 400 group four
patients were PC positive, one was positive by
OH alone and remained asymptomatic, three
were positive by GEL and OH. Of these, one
developed PCP six weeks post SI, one
remained asymptomatic but commenced
dapsone chemoprophylaxis, and one
remained asymptomatic without PCP pro-
phylaxis. Two of the GEL positive patients
had the lowest CD4 counts in the group (40
and 90 x 106/1). In the PCP prophylaxis
group four patients were PC positive, one was
GEL and OH positive and developed PCP
four weeks post SI, three were positive byOH
alone and remained asymptomatic. We have
demonstrated PC colonisation in asymp-
tomatic HIV and non-HIV infected
homosexuals in association with a low DC4
count, and greater risk of PCP. PCR may
have a role in the initiation and monitoring of
PCP prophylaxis.

Antiretroviral treatment modifies
phenotype of alveolar macrophages in
AIDS patients

DH BRAY, SB SQUIRE, EK BAGDADES, A KAWANA,
MA JOHNSON, LW POULTER Departments of
Immunology and Thoracic. Medicine, Royal
Free Hospital and School of Medicine, London

Monoclonal antibodies (MoAbs) and
immunoperoxidase methods were used to
identify antigen-presenting (dendritic) and
phagocytic cells and to assess expression of
HLA-DR molecules on cells obtained by
bronchoalveolar lavage from AIDS patients
and normal volunteers. In 17 patients not

six had pulmonary tuberculosis, nine had
extrapulmonary tuberculosis, and four had
both pulmonary and extrapulmonary disease.
Although the numbers are still small these
data suggest an increased associated between
tuberculosis and HIV in this country. Per-
haps the "white plague" is up and coming?

Year Cumulative cases New AIDS cases Total tuberculosis HIV+ tuberculosis

1985 36 18 50 3
1986 69 33 55 3
1987 128 59 65 3
1988 192 64 76 3
1989 338 146 57 2
1990 462 124 57 10
1991 575 113 44 9
(to 31 July)

receiving antiretroviral therapy the expres-
sion of HLA-DR molecules (MoAb RFD1)
and the percentages of cells expressing RFD 1
marker for dendritic cells and RFD7 marker
were significantly reduced (1-44 x 10-7
(p < 0-002). 0 5% (p < 0-001), 1-35%
(p < 0 003) respectively v 7-50 x 10-',28%
and 48% in normal volunteers). However, in
lavage fluid obtained after the start of treat-
ment with zidovudine (AZT) in 21 patients or
with 2',3'-dideoxyinosine (DDI) in five
patients the expression ofthe markers studied
was found to have returned to normal. The
same pattern was noted when lavage cells
were obtained from the same patients during
three or more episodes of pneumonitis. The
changes observed were clearly associated
with antiretroviral treatment and did not
correlate with applications of other drugs,
blood CD4 counts or presence of infectious
organisms in lavage fluid. Expression of
HLA-DR molecules as well as both dendritic
(RFD1) and phagocytic markers (RFD7) on
macrophages has been shown to be associated
with functional capacities of these cells. The
reversal of impaired expression ofphenotype,
and possibly function, on alveolar macro-
phages in AIDS patients by AZT and DDI
signifies an important ability ofthese drugs to
modify some immune functions.

Tuberculosis and AIDS: is the "lwhite
plague" up and coming?

NM FOLEY, SJG SEMPLE, RF MILLER Depart-
ment of Medicine, UCMSM, Middlesex
Hospital, London The association between
AIDS and infection with Mycobacterium
tuberculosis is now well recognised in North
America and in Africa, where up to 25% of
patients with tuberculosis are HIV positive
(HIV+). There has been little evidence to
date of an increased incidence of tuberculosis
associated with AIDS in the United King-
dom. We have recorded the cumulative num-
ber of AIDS cases in the Bloomsbury area
since 1981, in addition to the total seen with
tuberculosis each year. Data are presented in
the table above from 1985 onwards, when
HIV testing became available. Despite a
steady increased in the number ofAIDS cases
seen each year, the total number of patients
with tuberculosis and the number of HIV +
patients with tuberculosis remained largely
unchanged until the end of 1989. From
January 1990 to July 1991 there has been a
marked increase in the number of HIV
positive patients with tuberculosis: of 36
patients with tuberculosis who were white
males aged < 55 years, 12 (33%) wereHIV +.
Of the 19 HIV+ patients with tuberculosis

AIDS related primary intrathoracic
lymphoma

J REES, L HUGHES-DAVIES, MF SPITTLE, RF
MILLER Department of Medicine, UCMSM,
and the Myerstein Institute of Clinical
Oncology, Middlesex Hospital, London
Primary intrathoracic lymphoma (PIL) is
rare in immunocompetent patients and those
with AIDS. We report seven cases of AIDS
related PIL seen over a four year period
(during this period 479 HIV positive patients
were admitted for respiratory investigations).
There were six male patients (five homosex-
ual, one bisexual) and one female. They had
been HIV positive for between six months
and seven years (median 2-5 years). Six were
taking zidovudine and five had prior AIDS
defining disease. The mean CD4 (T helper)
count was 70/mm'. Presentation was typically
non-specific with fever, weight loss and
malaise. Respiratory symptoms included dys-
pnoea in four patients, cough in three and
pleural pain in two. Chest radiographic
abnormalities included a pleural mass in three
patients (one also had hilar lymphadeno-
pathy), lobar collapse in three, multiple
intrapulmonary nodules in one and media-
stinal lymphadenopathy with interstitial
shadows in one. Diagnosis was made by fine
needle aspiration biopsy of a pleural mass in
two and pulmonary mass in one, broncho-
scopic bronchial biopsy in two, open lung
biopsy in one and at post mortem in one (after
the diagnosis was suspected in life, but inves-
tigations were negative). Histology showed
high grade B cells lymphoma in five patients
and lymphoplasmatoid tumour in one and
one had a T cell lymphoma. Subsequent
dissemination to brain, liver and bone
marrow occurred in five patients. Two
patients were treated with chemotherapy and
two received radiotherapy. One pancytopenic
patient with early bone marrow dissemina-
tion failed to respond to steroid therapy and
one patient refused treatment. The median
survival in the six patients diagnosed in life
was two months. PIL presents late in the
course of HIV disease with non-specific
symptoms and varied chest radiographic
appearances; even with treatment the prog-
nosis is poor.

Tuberculosis in the elderly: presenta-
tion and outcome: Leeds tuberculosis
survey 1991

JM GOLDMAN, C TEALE, SB PEARSON Leeds
Chest Clinic, Leeds In the five year period
beginning in January 1986, 411 cases of
tuberculosis were notified in Leeds. We re-
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viewed the notes of 406 of these patients and
in 397 the diagnosis of tuberculosis was
accepted and data were recorded. There were
117 patients aged 65 or over (group E) (66%
male, 8% from the Indian subcontinent),
whose data regarding the presentation and
outcome of the disease were compared with
similar information from 244 patients aged
between 16 and 64 (group A) (57% male,
34% from the Indian subcontinent). At
presentation E were more likely to present
with dyspnoea (E = 38%, A = 20%,
p < 0001) or collapse (E = 7%, A= 1%
p < 0 01) and A were more likely to present
with night sweats (A = 24%, E = 12%,
p < 001)orchestpain(A = 23%,E = 8%,
p < 0-01), The two groups had a similar
frequency of apical shadowing (E = 58%,
A = 48%) and cavitation (E = 13%,
A = 14%) on the chest radiograph. E more

often had lower zone changes (E = 12%,
A = 5%, p < 0-01) and miliary shadowing
(E = 6%, A = 0-5%, p < 0 001). Positive
cultures were obtained in 74% ofE and 59%
of A (p < 0-01) and extrathoracic
involvement occurred in 24% ofA and 12%
of E (p < 0-02). Treatment was documented
as completed in 88% of A and 66% of E
(p < 0-001). Death due to tuberculosis
occurred in 28% of E and 4% of A
(p < 0-001). Our findings are different from
those previously described in a group of
elderly South African patients with regard to
radiographic changes (Morris. Thorax
1990;45:912). Isolated apical changes were

found in 47% of E and 40% of A (NS) as

opposed to only 7% in the other series. We
do, however, agree that lower zone and
miliary shadowing are more common among
E. In this survey old people with tuberculosis
presented in a similar manner, symp-
tomatically and radiologically, to younger
patients but were more likely to have positive
cultures and die of their disease.

Results of tuberculosis contact tracing:
Blackburn 1982-90

LP ORMEROD Chest Clinic, Blackburn Royal
Infirmary, Blackburn, Lancashire The value
of tuberculosis contact tracing beyond six
months (Selby et al. Thorax 1988;43:834P) or

after the initial asseessment (Hussain et al.
Thorax 1991;46:778P) has been questioned.
During 1982-90 inclusive 8021 close tuber-
culosis contacts were seen in Blackburn.
Contact management was by a protocol
begun in 1982, which was virtually identical
with the recommendations made in 1983 by
the Joint Tuberculosis Committee (BMJ
1983;287:118P). Thirty seven of the 429
(8 6%) of tuberculosis cases in the Indian
subcontinent (ISC) ethnic group and 13/220
(5-4%) of white ethnic tuberculosis cases
diagnosed in 1982-90 were found by contact
tracing. In addition, 372 children (308 ISC,
64 white) required chemoprophylaxis. In
ISC patients 18 of the 37 cases oftuberculosis
detected were on the initial screening, six at
the six months, eight at the one year and three
at the two year follow up. Two presented
between follow up intervals. In white patients
6/13 cases were detected on initial screening,
five at one year and one at two year follow up
intervals. All the cases of tuberculosis detec-
ted in the white ethnic group were contacts of
smear positive disease. One third (14/37) of
cases in the ISC ethnic group were contacts of
patients with smear positive disease, but 17/
37 were contacts of other forms of respiratory

tuberculosis. Only six cases of tuberculosis
were found at the initial screening of contacts
of non-pulmonary tuberculosis. The data
support the management recommended in
the recent revised guidelines by the Joint
Tuberculosis Committee (BMJ 1990;
300:995P), which limits follow up to contacts
of patients with smear positive disease in the
white population, but requires follow up for
contacts of all patients with respiratory dis-
ease in the ISC ethnic group. The experience
in Edinburgh and South Glamorgan is not

borne out in an area with a significant propor-
tion of ISC ethnic tuberculosis and urban
deprivation.

Tuberculosis among health service
employees

C LOUGHREY, M RILEY, G VARGHESE Depart-
ment of Respiratory Medicine, Belfast City
Hospital, Belfast The incidence of tuber-
culosis in health care workers is uncertain.
We sought to clarify this by examining all
Northern Ireland tuberculosis notification
forms from 1982 to 1990. One thousand and
twenty four cases oftuberculosis were notified
during this period. In 931 (91 %) it was stated
whether the patient had worked in the
National Health Service (NHS). Sixty eight
(6 6%) NHS employees were identified.
Follow up excluded four who were wrongly
classified. Seventeen were excluded as being
older than 64 or retired from NHS work for
five years or more. The remaining 47 (4 6%)
consisted of 37 pulmonary and 10 non-pul-
monary cases. Four had previously been
treated for pulmonary tuberculosis (5-40
years ago). Fourteen (29 8%) were nurses,
seven (14-9%) doctors (five of these of Indian
origin), four (8 5%) laboratory workers and
four (8-5%) domestic staff. Only one case had
been detected by screening. Seventeen (36%)
had a history of BCG vaccination. Tuber-
culosis cases in NHS employees were not
significantly increased compared with the
general population aged 15-64 (standardised
incidence ratio 125-4: 95% CI 92-1-166-7).
We conclude that health service employees do
not appear to have an increased risk of
tuberculosis, although further standardisa-
tion of rates by age group could increase the
estimate. The low pick up rate by routine
screening of workers suggests that this prac-
tice may not be cost effective.

Is a three drug regimen the best treat-
ment for tuberculosis?

G CUNNANE, P KELLY, P CORCORAN, L CLANCY

Peamount Hospital, Newcastle, Co
Dublin We present data on consecutive
patients with tuberculosis treated with
Rifater and compare them with patients
treated with other regimens (table above).
More patients are consistently culture
negative when treated with rifampicin (R) at

one month and two months compared with
the other two regimens. Relapse Rate: To
date, of the 98 patients who have completed
treatment, 39 have had one year or more post
treatment follow up. Two patients have
relapsed with fully sensitive tuberculosis.
Both patients admit non-compliance with
treatment. Conclusion: The three drug
regimen of rifampicin, isomazid (H), and
pyrazinamide (Z) produces significantly faster
consistent sputum culture conversion than
other regimens. These results support a
policy of treatment with rifampicin, isoni-
azid, and pyrazinamide without ethambutol
(E) or streptomycin in the management of
tuberculosis.

Time takenfor patients who successfully completed
treatment as planned to become consistently culture
negative

Months

1 2 3 4 5 6
% culture negative

RHE x 9months 58 76 88 96 99 100
(n = 76)

RHZ x 6months 52 86 98 100 100 100
(n= 67)

Rifampicin x 6 74 87 91 96 98 100
months (n = 98)

Hypoxia directly causes pulmonary vas-
cular smooth muscle to relax in man

J PEPKE-ZABA, TW HIGENBOTTAM, AT DINH-
XUAN Department ofRespiratory Physiology,
Papworth Hospital, Cambridge In vitro
hypoxia can cause vasodilatation of pig con-
duit pulmonary arteries (PA) (Am Rev Respir
Dis 1991;143:A775). The effect of acute
hypoxia on human PA (n = 6) was studied.
HalfofPA rings (diameter > 2 mm) were left
with intact endothelium, whereas the endo-
thelium was carefully removed from the other
half. The rings were suspended in organ
baths containing 20 ml of37°C Krebs-Ringer
bicarbonate solution, constantly gassed with
95% 02 and 5% CO2. After 90 mins of
equilibration PA rings were precontracted
with phenylephrine (10' M) and then
treated with L-NMMA (10-4 M), a specific
inhibitor of the synthesis of endothelium
derived nitric oxide, or with ouabaine (OUA;
5 x 10-6 M), an inhibitor of the ATPase
dependent NA+/K+ pump (results shown in
table below). After the PA rings had reached a

stable plateau of contraction, the gas mixture
was changed to 5% CO2 and 95% N2, which
yielded a final Po2 of 6-08 (SE 0 45) kPa in the
bath. This caused a sharp reduction in ten-
sion of the rings, which reached a maximum
of relaxation within one hour. Since OUA but
not L-NMMA blocked the hypoxia induced
relaxation of both PA rings with (E4-) and
without (E ) endothelium, this relaxation is
more likely to be a result of direct action of
low Po2 on pulmonary vascular smooth
muscle.

Control L-NMMA OUA

Conditions: E' E El E E' E

% relaxation (mean (SE)) 85 5 (5-1) 71 8 (11-8) 89 0 (6 7) 83-6 (8-3) 36-8 (7.8)* 41-1 (112)*

*p < 0-005 by comparison with PA control rings.
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A growth factor and chemoattractant
for fibroblasts (FB) is produced by
endothelial cells (EC) exposed to
hypoxia

AJ PEACOCK, KE DAWES, GJ LAURENT Depart-
ment of Respiratory Medicine, Western Infir-
mary, Glasgow, and Biochemistry Unit,
Department of Thoracic Medicine, National
Heart and Lung Institute, London Hypoxia
causes pulmonary vasconstriction. The
vasoconstriction is accompanied by remodel-
ling of the pulmonary arteries but whether
hypoxia itself is a stimulus to this remodelling
remains unknown. We hypothesised that EC
might be responsible and showed that endo-
thelin- 1 (ET- 1) a vasoactive peptide secreted
by EC was capable of initiating adventitial
hypertrophy by stimulating the growth and
chemotaxis of FB (Peacock et al. Am Rev
Respir Dis 1990;141:A189). Now we have
cultured EC in hypoxic conditions and
measured (1) the effect of the resulting con-
ditioned media on chemotaxis and growth of
rat skin FB and (2) levels of ET-1 in the
media. Endothelial cells were obtained from
human umbelical vein and grown in 25 cm'
flasks. Once the cells were confluent, super-
natant was replaced with serum free media
and the flasks flooded with nitrogen (hypoxia)
or air. The flasks were sealed and incubated at
37'C for 6, 15, 24 hrs (P02 35 mm Hg in
hypoxic flasks). The conditioned media was
then removed and used in the following ways.
Estimation of ET-1 concentration by radio-
immunoassay: Peak [ET-l] occurred after 15
hours and was 193 (SE 6) pg/10' cells in
hypoxic medium v 165 (8 9) pg/10' cells in
normal medium. Chemotaxis: FB were placed
in the upper wells of modified Boyden cham-
bers separated by filters from lower wells
containing conditioned media in doubling
dilutions. After five hours the FB that passed
through the filter were counted. Media from
cells exposed to 24 hours' hypoxia caused
more chemotaxis than media from normal
cells (30 (2) cells/grid v 24 (0 4) cells/grid;
p < 0-001); control 5 (1-2) cells/grid.
Replication: FB were grown in 96 well plates
in the presence of conditioned media in
doubling dilutions. Cell number was assessed
after 48 hours. Media from cells exposed to 24
hours' hypoxia caused more growth than
media from normoxic cells (139 (8) % control
v 126 (4 5) % control; p < 0-01). We con-
clude that hypoxia induces EC to secrete a
factor(s) which is both mitogenic and
chemoattractant for FB. Some, but not all, of
this activity may be due to endothelin.

Effects of chronic hypoxia on contrac-
tility ofpulmonary resistance vessels

TK ROGERS, AH MORICE Department of
Medicine and Pharmacology, University of
Sheffield Rats exposed to chronic hypoxia
develop pulmonary hypertension, with
remodelling of muscular pulmonary arteries
and arterioles. We have examined contractile
responses to prostaglandin. F,, (PGF,,) and
potassium chloride (KCI) ofpulmonary resis-
tance vessels (PRVs) of rats. Male Wistar rats
were exposed to an Fio2 of 10% in a normo-
baric chamber for between 16 and 30 days,
when pulmonary hypertension is established.
Using an operating microscope PRVs were
isolated and mounted in an automated
myograph (Cambustion) in physiological
saline solution perfused with 95% 0° and 5%
CO,. In each experiment (n = 12) a vessel
from a chronically hypoxic (CH) rat was

compared with one from a littermate control
(CO) reared in normoxic conditions. Vessels
measured 142 + 58 pm in diameter when set
to 17 5 mm Hg pressure. Cumulative dose-
response curves were derived for KC1 and
PGF2,, under isometric conditions. There was
no statistically significant difference between
the responses of the CH and CO vessels to
either of the agonists. The responses of the
two sets of vessels to KC1 were very close,
while there was an apparent leftward shift of
the dose-response curve of CH vessels for
PGF2,,; the dose potency ratio in CH vessels
was 1 4 at an active contraction of 0 5 mN/
mm. The pulmonary hypertension seen in
chronically hypoxic rats may be due in part to
the anatomical effect of remodelling or to
greater contractile stimulation. The possible
increased potency of PFG2,, a receptor
mediated agonist, compared with KC1,
which works by depolarisation, suggests that
receptor affinity or number may be
upregulated by hypoxia.

ANP relaxes resistance vessels at patho-
physiological concentrations

TK ROGERS, AH MORICE Department of
Medicine and Pharmacology, Royal Hallam-
shire Hospital, University of Sheffield Atrial
natriuretic peptide (ANP) is a vasodilator, It
is released into the pulmonary circulation
from the right atrium in response to atrial
stretch, which occurs in pulmonary hyper-
tension. We have investigated its effect on
pulmonary and mesenteric resistance vessels
(PRV and MRV respectively). Male Wistar
rats were anaesthetised prior to removal of
heart and lungs. By means of an operating
microscope vessels were isolated and moun-
ted in an automated myograph (Cambustion),
in physiological saline solution perfused with
95% 02, 5% CO,. In each experiment
(n = 14) PRV and MRV from the same
animal were compared. Vessels were 85-
300 pm in diameter with no significant dif-
ference between the two vessel types. They
were maximally precontracted with prosta-
glandin F2,, (100 pM). Both PRVs and MRVs
contracted with equal force (137 and
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141 mN/mm respectively). Cumulative
doses of human ANP were added and relaxa-
tion was measured isometrically. ANP
relaxed PRVs more completely and potently
than MRVs (maximally 28% v 10% respec-
tively), producing significant relaxation of
PRVs at 150 pM (p < 0-01) and of MRVs
not until 5 nM ANP was added (p < 0-05).
This supports the hypothesis that ANP may
have a role in mitigating the severity of
pulmonary hypertension and raises the hope
ofachieving specific pulmonary vasodilatation
by pharmacological manipulation of ANP
metabolism.

Investigation of the mechanism of
hypoxia induced pulmonary vasocon-
striction in human isolated pulmonary
arteries

AT DEMIRYUREK, RM WADSWORTH, KA KANE, A
PEACOCK Department of Physiology and
Pharmacology, University of Strathclyde,
Glasgow, and Department of Respiratory
Medicine, Western Infirmary, Glasgow The
aim of this study was to determine the role of
endothelium and elucidate the effects cyclo-
oxygenase inhibition and voltage operated
calcium channel blockade on the hypoxic
contraction of isolated pulmonary artery
rings. Lung segments were obtained from 19
patients (mean age 63 (SD 2), range 44-76)
undergoing thoracic surgery. Pulmonary
arteries were cut into rings and suspended in
Krebs-Henseleit solution (37'C) under
optimum resting force. The solution was
aerated with gas mixtures containing 20% 02
(normoxia), 5% 02 (moderate hypoxia) and
0% 02 (severe hypoxia). Introduction of
severe, but not moderate, hypoxia led to a
sustained and reproducible contraction both
under resting force and in the presence of
endothelin-1 (ET-1). Denudation of the
endothelium either reduced (in 2/5 prepara-
tions) or reversed to relaxation (in 3/5
preparations) the hypoxic contraction recor-
ded under resting force or when
precontracted. Flurbiprofen (1 pM), a
cyclooxygenase inhibitor, itelf produced a
contraction in all arteries studied
(11 + 3gcm-2, n = 7) and significantly
inhibited hypoxic contraction both under
resting force (8-1 (SE 2) to 1 7 (1) g cm-2,
n = 7, p < 0-05) and in the presence ofET-1
(from 18 (5) to 0 3 (1) g cm-2, n = 6,
p < 0-05). Verapamil (1 pM) had no effect on
the hypoxic contraction under resting force or
in the presence of ET-1. These results show
that hypoxia induced contraction in human
isolated pulmonary arteries is dependent on
the endothelium and may be, at least in part,
due to inhibition of prostacyclin release.

Effect of lipid on pulmonary vaso-
constriction in the rat

SV BAUDOUIN, PJ BARNES, TW EVANS

Departments of Thoracic Medicine and
Intensive Care, Royal Brompton National
Heart and Lung Hospital, London Intralipid
(IL) is used widely as a (non-carbohydrate)
source of calories in many parenteral feeding
regimens. However, IL infusions have been
reported to reduce Pao2 in both animals and
man, particularly in the presence of lung
injury (Chest 1988;16:183). The mechanisms
underlying this deterioration in gas exchange
are unclear, but are likely to involve mis-
matching of ventilation (V) and perfusion
(OD. We tested the hypothesis that pulmonary
vasodilation may occur in these circum-
stances by examining the effect of IL on
angiotensin-II (A-IL) induced pulmonary
vasoconstriction in the isolated, blood
perfused rat lung. The lungs were ventilated
with a gas mixture of 21% 0,/5% CO2. After
a 20 min stabilisation period, 1 pg boluses of
A-II were added to the preparation until two
consistent changes in pulmonary artery
pressures (Ppa) were observed; 20 p1 of IL or
0-9% NaCl were then added and after 10 min
further boluses of A-II until two repro-
ducible responses were obtained. The
pulmonary pressor response to A-II did not
change significantly following 0 9% NaCl,
nor did IL alter basal Ppa significantly (mean
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(SE) Ppa 14 (1) pre IL, 16 (2) post IL
mm Hg, p > 005). However, IL signifi-
cantly reduced the pressor response to A-II,
as shown in the table below. We conclude that
pulmonary vasodilation is an important
mechanism in IL induced falls in Pao,.

Mean (SE) % increase from
baseline Ppafollowing A-II

Pre ILI Post ILI
n 09%NaCl 09%NaCl p

Control 6 85 (14) 97 (14) >0-05
IL group 8 86 (11) 55 (9) <0 01

Vascular reactivity to brain natriuretic
peptide in the isolated and blood per-
fused rat lung

L ZHAO, JMB HUGHES, RJD WINTER Depart-
ment of Medicine, Respiratory Division, Royal
Postgraduate Medical School, Hammersmith
Hospital, London Brain natriuretic peptide
(BNP), a natriuretic polypeptide, is present in
cardiac and vascular tissue and has high
degree of sequence homology with atrial
natriuretic peptide (ANP). We have studied
the acute effect ofBNP on resting pulmonary
vascular tone and on hypoxic pulmonary
vasoconstriction. We also studied the effect of
BNP in the absence and presence of a specific
inhibitor of neutral endopeptidase 24-11
(NEI, UK 73,967, candoxatrilat, Pfizer), the
proteolytic enzyme known to degrade ANP.
Pulmonary vascular tone was studied in the
isolated and blood perfused rat lung prepara-
tion (Emery et al Clin Sci 1981;61:569). Male
Wistar rats (weight 200-250 g) were anaes-
thetised with intraperitoneal pentobarbitone
(6 mg/100 g) and lungs perfused with normal
haematocrit at constant flow (18 ml/min)
and ventilated with: (1) air + 5% CO2
(normoxia) and (2) 2% 02 + 5% CO2,
balance N2 (hypoxia). BNP (rat-32, 360 ng,
Peninsula, CA; final reservoir concentration
10 nM) was given during normoxic ventila-
tion and during the stable phase of hypoxic
pulmonary vasoconstriction (HPV) in the
absence and presence of 0 07 mg NEI (figure
below). Baseline pulmonary arterial pressure
(Ppa) was 17 2 (SE 0 1) mm Hg (n = 6) and
the mean increase in Ppa in hypoxia (A Ppa)
was 8-5 (0-3) mm Hg (n = 6). NEI 0-07 mg
had no effect on either the resting tone or the
stable phase of HPV. BNP 360 ng had no
effect on baseline Ppa. In the stable phase of
HPV 360 ng ofBNP produced a fall in APpa
of 2-8 + 0-2 mm Hg (n = 6); in the presence
of 0 07 mg of NEI BNP produced a similar
decrease in APpa of 2-7 + 0-2 mm Hg
compared with BNP 360 ng alone. In com-
parison, ANP 300 ng (rat 3-28, Bachem, CA
mm Hg final reservoir concentration 10 nM)

produced 2-9 (0-4) mm Hg fall in 9-9 (1 0)
mm Hg A Ppa, but in the presence of 0-07 mg
NEl ANP produced a greater decrease in
APAP of 4-8 (0-3) mm Hg. Thus BNP has a
vasodilator effect within the pulmonary cir-
culation but, unlike ANP, it is not metabol-
ised by neutral endopeptidase 24-11.

Endothelium dependent acute hypoxic
vasoconstriction in isolated pulmonary
arteries

RM LEACH, B AGRAWAL, CHC TWORT, JPT WARD,
IR CAMERON Respiratory Research Lab,
UMDS (St Thomas's Hospital), London
The mechanism underlying hypoxic
vasoconstriction is unknown. We have
investigated the effect of acute hypoxia on
isolated large (1-2 mm) and small (< 300 ym
diameter) pulmonary and mesenteric arteries,
using a small vessel myograph. Adult male
CSE rats (250 g) were anaesthetised with
ether and the heart and lungs removed.
Arteries were mounted as ring preparations as
previously described (Leach RM et al. Q J
Exp Physiol 1989;74:947). In both mesenteric
and pulmonary arteries a biphasic response
was observed to acute hypoxia (Po2
< 35 mm Hg). The response, although
present in the resting arteries, was much
greater following the induction of a small
degree of tone (15-30% maximum K+
depolarisation) with PgF2, (10 M). The
initial response was similar in the two tissues,
and consisted of a transient contraction last-
ing 2-3 min. In the mesenteric arteries this
was followed by a profound and sustained
relaxation below the baseline resting tone,
rapidly reversed by reoxygenation. In con-
trast, a slowly developing contraction, which
reached a plateau after 45 min and which was
immediately reversed by reoxgygenation, was
observed in the pulmonary arteries. The
magnitude of the second phase hypoxic con-
striction (as a percentage ofthe maximum K+
depolarisation and in mN/mm) was (79 (SE
13)%; 1-5 (0 2) mN/mm, n = 8) in the large
and (40 (8)%; 1-7 (0-2) mN/mm, n = 6) in
the small pulmonary arteries. Following
mechanical removal of the endothelium the
response of the mesenteric arteries (n = 6) to
acute hypoxia was unaffected. In the pulmon-
ary arteries the second phase slow contraction
was abolished and a relaxation below the
baseline resting tone similar to that seen in
mesenteric arteries was observed (n = 6). L-
nitro arginine (n = 8), a potent inhibitor of
EDRF, and indomethacin (n = 3) had no
effect on the phase 2 contraction in pulmon-
ary arteries. These results suggest that the
endothelium has an important role in the
generation of hypoxic vasoconstriction but is
independent of either EDRF or prostanoids.

Changes in reactivity in pulmonary
arteries of rats exposed to hypoxia for
seven days

DE CRAWLEY, L ZHAO, MA GIEMBYCZ, PJ BARNES,
R WINTER, TW EVANS Departments of
Thoracic Medicine, National Heart and Lung
Institute, and Royal Postgraduate Medical
School, London Chronic hypoxia has been
shown to induce marked vascular remodel-
ling and impairs both endothelium
dependent (ED) and independent (EI)
vasodilation. We have examined the
specificity of these changes at the level of
soluble guanylyl cyclase (SGC) using acetyl-
choline (ACh) and sodium nitroprusside
(SNP), compared with particulate guanylyl
cyclase (PGC) using atrial natriuretic peptide
(ANP). Pulmonary arteries from rats exposed
to hypoxia for seven days and from age
matched controls were cut into rings and their
responsiveness to ACh assessed in the
absence and presence of the endothelium
derived relaxing factor (EDRF) synthesis
inhibitor. The maximal relaxation seen with
L-NMMA, SNP, and ANP in control and
seven day hypoxic groups was: ACh-90
(SE 5) v 42 (5)%; ACh + L-NMMA 66 (6) v
0%; SNP -97 (2) v 69 (5)% and ANP 3 (2) v
12 (7)%. The tissue cyclic GMP levels in the
same groups expressed as fmol/mg tissue
were: ACh - 158 (39) v 58 (19); ACh
+L-NMMA 76 (23) v 33 (12); SNP -120 (9)
v 62 (13); and ANP -91 (7) v 80 (4). These
results demonstrate an impairment of both
ED and EI vasodilation in chronic hypoxia.
This impairment is specific to an effect at the
level of SGC, PGC remaining normal.

This work was supported by the British Heart
Foundation

Differential responses of guinea pig
pulmonary arteries to neuropeptides
and neural stimulation

SF LIU, TW EVANS, PJ BARNES Department of
Thoracic Medicine, National Heart and Lung
Institute, London Regional variation in the
response to vasodilators exist in both
systemic and pulmonary vessels. Calcitonin
gene related peptide (CGRP) has been shown
to be 10 times more potent in relaxing small
than large porcine coronary arteries. We have
compared the vasorelaxant responses to three
potent vasodilator neuropeptides, CGRP,
substance P (SP) and vasoactive intestinal
polypeptide (VIP), and to neural responses
elicited by electrical field stimulation (EFS) in
guinea pig main pulmonary artery (PA) and
its branch. PA rings were mounted in 2 ml
organ baths and precontracted with the
thromboxane analogue U44069. The mean
(SE) relaxant responses to these peptides are

Ppa (mmHg)

360ng BNP 0.07mg NEI 380ng BNP

2%02 2%02 r 2%02
I
0 10 20 30 40 50 60 70

Time (min)

The acute effects of 360 ng brain natriuretic
peptide (BNP) on hypoxic pulmonary
vasoconstriction in the absence and presence of
0 07 mg neutral endopeptidase inhibitor
(NEI).

Relaxation in response to peptides
(% of U44069 contraction) [Peptides (nM)]

10 30 100 300

CGRP
Main 3(1) 44(9)* 68(10)* 81 (9)* 81(9)*
Branch 2 (1) 6 (2) 6 (2) 13 (4) 13 (4)

SP
Main 19 (11) 61 (5)* 59 (6)*
Branch 25 (9) 79 (2) 81 (4)

VIP
Main 1 (1) 5 (2) 9(2) 29(8) 33(7)
Branch 4 (1) 20 (7) 31 (11) 55 (15) 56 (14)

*p < 0 05, compared with branch PA rings.
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summarised in the table on p226P. CGRP
was a potent relaxant of main but not branch
PA, SP was more effective in branch than
main PA, whereas VIP had similar effect on
the two vessels. EFS induced frequency
dependent relaxation of both main and
branch PA rings. Endothelial denudation
markedly reduced the EFS induced relaxa-
tion in branch PA, but had no effect on the
relaxation in main PA rings. Our results
indicate that marked regional variation in the
response to neuropeptides and nerve stimula-
tion could occur within the same pulmonary
vascular tree.

This work was supported by British Heart
Foundation

Resolution of pulmonary hypertension,
pulmonary vascular remodelling and
right ventricular hypertrophy induced
by seven day hypoxia in rats

L ZHAO, JMB HUGHES, RJD WINTER Depart-
ment of Medicine, Respiratory Division, Royal
Postgraduate Medical School, Hammersmith
Hospital, London Little information is
available about the time course of the
resolution of the earliest changes of
pulmonary hypertension. We have investi-
gated the resolution of pulmonary hyper-
tension and the vascular and cardiac changes
caused by seven days hypoxia in rats. Albino
male Wistar rats were divided into 6 groups:
normoxic control; seven day hypoxic (day 0);
four days, eight days, 15 days and 24 days
recovery in air. Hypoxic rats were kept in the
normobaric chamber (Fio2 10%) for seven

days. Measurements of systemic blood pres-
sure (SBP, mm Hg) and pulmonary artery
pressure (Ppa, mm Hg) were made in anaes-

thetised animals. Right and left ventricular
weights (RV and LV) were measured and
right ventricular hypertrophy was expressed
by RV/LV (%). Vascular remodelling was

assessed by counting the percentage of thick
walled peripheral vessels (TWPV, %).
Microhaematocrit (Hct, %) was measured in
a centrifuge. The results are given in the figure
below. These results show temporal dis-
sociation of haematocrit, right ventricular

301 Ppa (mmHg)

hypertrophy, pulmonary artery pressure and
vessel wall changes during the resolution of
pulmonary hypertension.

Vasorelaxant effect of lemakalim on
pulmonary arteries of normoxic and
chronically hypoxic rats

RM LEACH, LC CHAPPELL, IR CAMERON,
CHC TWORT, JPT WARD Respiratory Research
Laboratory, UMDS, St Thomas's Campus,
London The class of compounds known as
K+ channel openers (KCOs) are potent relax-
ing agents of both the systemic vasculature
and bronchial smooth muscle. Their possible
role in the treatment of pulmonary hyperten-
sion is unclear. We have studied the actions of
lemakalim (BRL38227, the active enantiomer
of cromakalim) on isolated small pulmonary
arterial vessels of normal and chronically
hypoxic rats. Male, Cummin Sprague Europe
rats (200-350 g) were maintained in an
environmental chamber (10% 02) for four
weeks. They were anaesthetised with ether
and the heart and lungs removed. A small
pulmonary arterial vessel (150-300 ,um
diameter) was mounted as a ring preparation
in a dual chamber Mulvany/Halpern
myograph as previously described (Leach
RM et al. Q J Exp Phys 1989:947). Lemak-
alim was a powerful vasorelaxant in this
preparation. Following precontraction with
prostaglandin F,, (100 jM) in tissue from
control rats, cumulative dose response curves
gave a mean (SE) EC,0 of 0-52 (0 05) pM,
with a maximum degree of relaxation of 49-5
(1 9)% of initial tension (n = 6). In arteries
from chronically hypoxic rats the EC,,, was
significantly reduced (0 23 (0 06) pM;
p < 0-01), and the maximum relaxation
obtained was increased (63 6 (5 1)%;
p < 001). Chronic hypoxia is associated
with endothelial dysfunction (Leach RM et
al. Eur Respir J 1990;3:312S). Mechanical
removal of the endothelium from control
arteries did not significantly alter the response
to lemakalim. This implies that the enhanced
efficacy of the compound following chronic
hypoxia is related to alterations in the smooth
muscle. The mechanism by which these
changes occur is not known, but could be
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partly explained by an adaptive increase in
the density of the lemakalim and ATP
sensitive K+ channel.

Audit ofa standard tuberculosis contact
procedure

SF HUSSAIN, R WATURA, IA CAMPBELL, B CASH-
MAN, M EVANS Departments of Chest,
Applied Public Health, and Public Health
Medicine, Cardiff, South Glamorgan The
British Thoracic Society guidelines are used
to formulate tuberculosis contact tracing
protocols. In an audit of 101 index cases and
611 contacts, data adequacy, adherence to the
recommended protocol and the outcome of
the procedure was assessed. The protocol was
followed in most cases. Initial attendance was
98%. Heaf test was done in 332 contacts but
13% did not return for the reading. Among
the contacts not Heaf tested, most were above
50 years of age but in 18% the reason for not
testing was not mentioned. Three hundred
and seventy six had chest radiography. In
seven (1%) contacts the initial screening was
incomplete as they were discharged without
chest radiography, despite being Heaf grade
2-4. One hundred and thirty nine (23 3%)
contacts were screened unnecessarily (casual
contacts of smear negative or non-pulmonary
tuberculosis). Eleven close contacts were
referred to the chest clinic (five diagnosed as
tuberculosis, four received chemoprophy-
laxis and two had changes other than tuber-
culosis). Forty nine per cent of the 70 follow
up appointments were inappropriate, 26% of
these because of inadequate data. No new
case of tuberculosis has been notified among
those contacts who were inadequately
screened. Ethnicity and smear status of index
cases form the basis of the contact tracing
guidelines but the present notification form
has no provision for recording these. Our
study highlights this deficiency: in 65% of
cases the smear status remained unknown to
the contact nurse and in 3% the tuberculosis
site was not mentioned. We recommend that
the tuberculosis notification form should
clearly indicate site, smear status and ethnic
origin of the index case. Contact status (close
or casual) should be recorded when contacts
are listed; screening can then be focused on
those at greatest risk of developing tuber-
culosis.

Drug resistance of Mycobacterium
tuberculosis in Karachi, Pakistan

J KHAN, N ISLAM, N AJANEE, B FAROOQUI, W
JAFRI Department of Medicine, Aga Khan
University Hospital, Karachi, Pakistan
Tuberculosis remains a major health problem
in developing countries like Pakistan. Treat-
ment of drug resistant tuberculosis poses a
particular problem. A recent study from the
UK (Omeroid LP et al. Tubercule
1990;71:283) showed that the incidence of
primary drug resistance amongst people of
Indian subcontinent ethnic origin has fallen
from 15 2% in 1980-4 to 6.5% in 1985-9. We
carried out this retrospective study to see the
drug resistant pattern of Mycobacterium
tuberculosis in Karachi. One hundred and fifty
six patients were included in the period
August 1988 to March 1991. One hundred
and six patients had pulmonary tuberculosis
and the remainder extrapulmonary. This
study showed primary drug resistance of
17 07% and secondary resistance of

4 3636% -see table on p228P. The highest
drug resistance was with INH (1 138%). As
the migration of people from India and Pakis-
tan towards the West continues the problem
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of drug resistance will remain troublesome
not only in third world countries like Pakistan
but also in the West.

Primary Secondary

drug resistance (No (%))

Total resistance 21 (17 07) 12 (36 63)
Resistant to:
onedrug 13(1056) 6(18 18)
two drugs 5 (4 06) 3 (9 09)
three drugs 2 (1-62) 2 (6 06)
four drugs 1 (0 81) 1 (3 03)

Calculated annual risk of tuberculosis
infection in south west Ireland 1983-90

CP BREDIN, S SHEEHAN, DM O'RIORDAN
Departments of Respiratory Medicine and
Microbiology, Regional Hospital and Univer-
sity College, Cork The annual risk of tuber-
culosis infection is now generally regarded as
the best single indicator for evaluating the
tuberculosis situation and its trend in a com-
munity. However, its determination involves
a large number of tuberculin tests over a
number ofyears on BCG free schoolchildren.
The incidence of smear positive pulmonary
tuberculosis is more readily available. We
applied the empirical relationship between
these two indices (risk/incidence ratio of 1:36)
described for developed countries by
Rouillon and Styblo (Bull Int Union Tuberc
1981;56:118) to southwest Ireland (popula-
tion 536 894) for the years 1983-90 inclusive.
The annual incidence of smear positive pul-
monary tuberculosis in the area fell from 7 07
per 100 000 in 1983 to 5 96 in 1990. The
calculated annual risk of tuberculosis infec-
tion based on the relationship described
above fell from 0 196% in 1983 to 0 165% in
1990. This method of expressing the trend of
tuberculosis in a community highlights the
relationship between the infectivity of tuber-
culosis and the smear positive pulmonary
form of this disease.

Pulmonary disease in a rural African
hospital

P NEILL, R CONGDON Mount Darwin Hospi-
tal, Zimbabwe A recently opened hospital
allowed assessment of pulmonary disease in
the work load of such a unit. Hospital statis-
tics for 1990 and 1991 were examined to
ascertain morbidity and mortality and
radiography and laboratory usage. The 140
bed hospital, 156 km from Harare, manned
by one doctor (RC), admitted over nine
months in 1990, for all diagnoses except
maternity, 811 men, 1085 women, and 1056
children. Excluding surgical cases, there were
11 common conditions. In children chest
infection was the commonest diagnosis (table
above). In adults chest infection and malaria
were commonest. Asthma was uncommon
(< 5 cases/month except in the rains, when
numbers doubled). Chronic obstructive air-
ways disease was not diagnosed and lung
cancer was seen in five cases. Outpatient
diagnoses are less rigorous. However, for
those up to 5 respiratory disease made up
2386 (48%) of 5026 medical cases, and in the
over 5s 3690 (25%) of 14617 cases (exceeded
only by venereal disease). Most patients die at
home, so mortality appears low. However, in
those up to 5 12/27 deaths were from res-

piratory infection, and in over 5s 4/11 were
from pneumonia or tuberculosis. Tuber-
culosis is increasing, from 38 cases in 1989 to
111 in 1990 and 74 in the first six months of
1991. HIV was diagnosed in 184 patients in
1990. Pneumonia and tuberculosis con-
stituted 129 (70%) of presentations, though
most also had severe wasting. From 354 to
667 radiographs are done each month; 45-
60% are chest radiographs, about 60% of
these being for possible pneumonia or tuber-
culosis. A review of chest radiographs (PN)
found 20% with changes consistent with the
above; 70% were normal. It is concluded that
pulmonary disease, mainly infective, con-
stitutes the major case load ofmedical cases in
this rural African hospital.

All Pneumonia/Resp
Age (y) diagnoses infections TB

< 1 257 132 0
1-5 340 132 5

>5 1 373 303 103

Comparison of "abruptly stopping"
with "tailing off" prednisolone in acute
asthma

M HATTON, MB ALLEN, SV VATHENEN, S DAVIS,
NJ COOKE Department of Respiratory
Medicine, General Infirmary, Leeds Short
courses of prednisolone are used in the treat-
ment of acute asthma. In clinical practice
physicians either terminate these courses
abruptly or tail off the dose. Forty adults
admitted with acute asthma were recruited
into a double blind, placebo controlled, ran-
domised outpatient study. This compared a
regimen where the prednisolone was abruptly
stopped with a 14 day regimen that tailed offat
a rate of 5 mg every second day. Patients who
doubled their initial peak expiratory flow rate
(PEF) in less than seven days of hospital
treatment were enrolled into the trial if their
PEF was stable (that is, < 15% variability
over 48 hours) and within 15% of their
previous best or their predicted PEF.
Spirometry was performed at discharge (day
1 and day 14) with the patients recording
home PEF measurements twice daily in the
interim. Twenty one patients received active
prednisolone (A), 19 placebo tablets (P).
Seven patients defaulted; one in each group
was readmitted to hospital, and one patient in
group A required an emergency steroid
course during the trial period. The results,
expressed in means (with standard deviation),
from the remaining 17 patients in group A
have been compared with the 14 in group P by
the Mann-Whitney U test (table below).
There were no significant differences between
the groups on entry to the trial or on day 14,
suggesting that there was no advantage in
tailing offshort courses oforal prednisolone in
these patients with acute asthma.

D ASHBY Tuberculosis Research Unit, Sefton
General Hospital, Liverpool, and Department
of Statistics, Liverpool University To deter-
mine whether residents of homes for the
elderly are at increased risk of disease and
infection, a study of tuberculin reactivity and
chest radiography has been undertaken
among the elderly in residential homes in
Liverpool. Two thousand, six hundred and
sixty five individuals in 88 homes have been
studied. The number of residents per home
ranged from 11 to 120, median 40, and the
median length of stay was 78 weeks. The
median age ofthe residents was 83, maximum
104. During the three month screening
period one individual presented with active
tuberculosis, giving an annual rate of 1 5 per
1000 (95% confidence limits 0 2 to 2 8). This
compares with an annual rate of approxi-
mately 1 0 per 1000 for the elderly in Liver-
pool District. Positive Heaf test responses
(grade 2-4) were present in 434 (16%). A
further 297 (11%) had a grade 1 positive test.
No relationship between Heaf positivity and
length of time in the home, independent of
age, was found. There was, however, a sig-
nificant relationship with sex (males having an
odds ratio of 1-62 compared with females for
Heaf test positivity), age (older people had
weaker reactions, odds ratio 0 97 for each
year) and smoking (ex smokers had an odds
ratio of 1 2 and current smokers 1-59 com-
pared with non-smokers). We conclude that
residence in a home for the elderly, in Liver-
pool, does not appear to increase risk of
disease or infection with tuberculosis.

The British Lung Foundation provided the
salary ofM Nisar.

Bone mineral density changes inwomen
taking inhaled corticosteroids

MQF HATTON, B OLDROYD, R STEAD, PE BEL-
CHETZ, MA SMITH, NJ COOKE Departments of
Respiratory Medicine and Endocrinology, and
MRC Bone Mineralisation Group, General
Infirmary, Leeds There is increasing recog-
nition of the systemic effects of high dose
inhaled corticosteroids; biochemical studies
indicate that they may increase bone resorp-
tion (Thorax 1991;46:160). We studied the
bone mineral density in 11 asthmatic women
(median age 55, range 36-77) on high dose
inhaled corticosteroids with a Lunar DPX
dual energy x-ray absorptrometer. Three
were premenopausal, seven post-menopausal
and one, aged 51, had undergone hysterec-
tomy when 39. Past treatment had included
inhaled corticosteroid ( > 800 gg/day over the
previous year), with occasional short courses
of oral prednisolone ( < 6 weeks in total over
the previous two years). Eight patients took
inhaled beclomethasone dipropionate during
the study, three budesonide (mean dose
1250 ag/day, SD 350), with eight needing

PEF (% predicted) FEV, (% predicted)
Mean

Group age (y) Day I Day 14 Day 1 Day 14

A 37 1(15) 71 3 (11) 75-5 (16) 67 2 (19) 74-8 (19)
B 40-2 (18) 66 8 (13) 78 8 (16) 66-1 (21) 78-7 (20)

Risk of tuberculosis infection in short courses of oral prednisolone. Their
residential homes for the elderly requirements were equivalent to a median of

36 days (range 14-72) treatment with 40 mg
PDO DAVIES, M NISAR, CSD WILLIAMS, of prednisolone through the study period.
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The initial scan showed significant reductions
in lumbar spine bone mineral density (Thorax
1990;45:792). Repeat scans over a median
period of 25 months (range 16-30) were

performed measuring the bone mineral den-
sity of the total body, spine, forearm and
femoral neck. The respective mean (SD)
percentage losses of bone mineral density per

year were 1-13% (1 96),0 76% (1-76),1 59%
(2 59) and 0-6% (1-88). Paired t testing
showed no significant changes in any of the
measured parameters during the course ofthe
study. The expected percentage loss per year

in a similar, normal population is in the order
of 1%. These results suggest that this has not

been significantly increased by inhaled cor-

ticosteroids over the two year trial period.

Effect of three weeks' treatment with
inhaled beclomethasone dipropionate
(BDP), at doses of 750 pg beclometha-
sone dipropionate, 1500 ug beclometha-
sone dipropionate, and oral prednisolone
(Pred) 40 mg per day on hypothalamic-
pituitary-adrenal function in patients
with chronic airflow obstruction (CAO)

DC WEIR, P SHERWOOD BURGE Department of
Respiratory Medicine, East Birmingham Hos-
pital, Birmingham We have investigated the
effect high dose inhaled and oral cortico-
steroids on hypothalamic-pituitary-adrenal
(HPA) function in 105 patients with chronic
airflow obstruction. HPA function was

measured before treatment and after three
weeks treatment with inhaled BDP, either
750 yg bd, or 1500 jug bd. Two thirds of
patients then received oral prednisolone in a

dose of 40 mg per day for three weeks, the
remainder continuing on inhaled beclometh-
asone alone. HPA function was assessed by
tetrosactrin tests, and 24 hour urinary free
cortisol (UFC) estimation. The post tetrosac-
trin cortisol fell significantly in both BDP
dose groups with treatment, but the effect was
more marked in the higher dose group (mean
(95% CI) difference from baseline nmol/l
750 Mg bd -73 (-21 to -124); 1500 Mg bd,
-169 (-107 to -211). However, the
increase in serum cortisol following tetrosac-
trin was "normal" (> 200 nmol) in all of the
750 pg bd group, and in 85% of the 1500 Mg
bd group. UFC also showed significant sup-
pression, more marked in the higher dose
group. A further three weeks treatment with
BDP alone did not produce any further fall in
any measure ofHPA function. However, oral
prednisolone caused a further fall in post
tetrosactrin cortisol. In patients receiving
1500 Mg bd BDP oral prednisolone caused a

fall from baseline in post-tetrosactrin cortisol
of nearly four times that seen after BDP
alone. Both doses of inhaled BDP caused
detectable adrenal suppression, but even the
higher dose of BDP was considerably less
adrenosuppressive than oral prednisolone.

Respiretory symptom, spirometry, and
employment status follow up in
occupational asthma

PFG GANNON, DC WEIR, AS ROBERTSON, P SHER-
WOOD BURGE Occupational Lung Disease
Unit, East Birmingham Hospital, Birming-
ham One hundred and twelve workers with
diagnosed occupational asthma of greater
than 12 months' duration were asked to
complete a self administered questionnaire

on respiratory symptoms, treatment and
employment status. This was checked
through with a doctor in clinic at the above
unit, spirometric values were obtained from
the patients records. Diagnosis was based on

history plus at least one other investigation.
The mean time from diagnosis was 19
months. The group consisted of 74% males,
26% females, mean age 48 years and 31%
lifelong non-smokers (mean pack years

smokers 17 3). Employment status was 65%
employed, 15% unemployed, 15% retired
and 5% on long term sick leave. Thirty two
per cent of workers were still employed in the
same job as when diagnosed. Workers no

longer exposed in the same job noticed an

improvement of wheeze in 39%, cough in
38% and dyspnoea in 37%. Sixty per cent
gave asthma as the reason for moving from
their original job. Eighty five per cent of all
patients still wheezed, 55% on most days or

nights; 70% complained of cough and 47%
had MRC chronic bronchitis. Seventy three
per cent of workers used bronchodilators and
inhaled steroid and only 5% used no medica-
tion. The mean % predicted FEV, at presen-
tation was 73% compared with 74% at follow
up (mean interval to most recent clinic
spirometry 25 months). Mean % predicted
FVC at presentation was 86% compared with
87% at follow up. This study suggests that a

substantial number of workers remain
exposed in their original workplace more than
one year after diagnosis. The majority of
workers who are no longer exposed have
noted no improvement in a number of res-

piratory symptoms. The vast majority of
workers still require standard asthma
therapy. Any deterioration in spirometric
values is likely to have been masked by
improvements following antiasthma therapy
started after presentation.

Radiographic chemical sensitisation in
a radiographer

CJ TRIGG, DC HEAP, MJ HERDMAN, RJ DAVIES

Department of Respiratory Medicine, St Bar-
tholomew's Hospital, London, and Occu-
pational Health Department, United Hospital,
Bath Work related respiratory tract symp-
toms have been reported in radiographers and
photographic workers following exposure to
developer and fixed solutions but clear cut

occupational asthma has not been demon-
strated in such cases. We investigated a 39
year old male non-smoking radiographer who
developed work related dyspnoea three mon-
ths following accidental leak of developer and
fixer fumes from an x ray processor. Peak
expiratory flow charts showed a classic work
related decline. Skinprick tests were positive
for grass, cat and Aspergillus fumigatus; full
lung function test results were normal. His-
tamine bronchial provocation test showed a

10% fall in forced expiratory volume in one

second (FEV,) at 8 mg/ml (44 umol
cumulative dose). He underwent specific
challenge studies with radiographic
chemicals single blind with three control days
for comparison. After baseline recordings of

FEV, 15 minute exposures to active
chemicals or placebo were followed by six
hours' monitoring and a histamine bronchial
provocation test at 4 pm. A small but sig-
nificant early response (8% fall in FEV,) was

demonstrated only on the active day with
accompanying chest tightness, conjunctival
and nasal irritation. Bronchial responsiveness
was unaltered. Seven normal volunteers with
similar bronchial responsiveness underwent
active challenge and did not react, excluding
the possibility of non-specific bronchocon-
striction to sulphur dioxide. Subsequent
challenge studies with glutaraldehyde were

inconclusive as the patient had been com-

menced on inhaled steroids in the interim.
Glutaraldehyde seems the most likely sensit-
iser, already known as a cause of occupational
asthma in endoscopy unit workers. Every
effort should be made to minimise exposure to
developer/fixer fumes in radiography depart-
ments.

Evaluation of the "Ventilometer": a

hand held spirometer

KA FISHWICK, R HARKAWAT, J ASKEW, AJ AVERY,
EH WALTERS, DJ HENDRICK Chest Unit, New-
castle General Hospital, University of New-
castle upon Tyne The Clement Clarke
"Ventilometer" (VM1) is a modification of
the mini-Wright peak flow meter. By using an
attached microprocessor controlled pressure
sensor, digital readings ofFEV, FVC, FEV,J
FVC and PEF can be obtained very conveni-
ently, but the manufacturers' calibration
cannot be changed. Comparisons were made:
(1) between a VM1 and a weekly calibrated
Vitalograph spirometer (VT) for
measurements of FEV, (range 0-52-4-40
litres) and FVC (0-74-5-40 1) from 100
subjects making routine clinic attendances,
and (2) between a second VM1 and a daily
calibrated Jaeger electronic pneumo-

tachygraph (TAC) for measurements of
baseline FEV, (1-31-4-58 1) and post PD,0
FEV, (0-99-3-54 1) for 20 subjects undergo-
ing methacholine tests. For both data sets a

total of seven spirometric manoeuvres were

performed. Each subject used one instrument
for manoeuvres 1, 2, 5 and 6, and the other for
3, 4 and 7. The starting order was assigned
randomly but equally between instruments.
The first measurement was not used in the
analysis. The differences between mean

measurements are given in the table below.
Study 1 showed significant differences be-
tween the means of both FEV, and FVC. The
VMl was also found to be more variable than
the VT for both parameters (FEV,
SD = 0077 VT, 0094 VMI, p < 001;
FVC SD = 0-149 VT, 0 203 VMI,
p < 0-001; SDs derived from one way
analysis of variance). Study 2 showed no

significant difference between the means.

However, in the measurement of baseline
FEV, the TAC was found to be more variable
than the VMI (SD TAC =- 0-0817,
VMI = 0-0615, p < 0-04), while the VMI
was more variable than theTAC for post PD20

VT minus VMI (n = 100) TAC minus VMI (n = 20)

FEV, (litres) FVC (litres) FEV, (PRE) (litres) FEV, (posT) (litres)

Mean 0-077 0-269 +0 036 -0-036
Range -0 15 to +0-5 -0 41 to + 1 19 -0-33 to +0 32 -0-42 to +0 31
p <0*001 <0.001 <0-1 >0*1
95% CI +0061 to +0092 +0217to +0313 -0004to +0076 -0089to +0017
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FEV, measurements (SD TAC = 0 1177,
VM1 = 0 1477, p < 0 08). We conclude
that the variability of the VM1 is acceptable
considering its advantageous low cost and
portability, and that its accuracy might be
improved with a calibration option.

Comparison ofthe mini-Wright and the
Wright pocket peak flow meters

H BODANI, J PEARSON, M LEVY 32a Prestwood
Avenue, Harrow, Middlesex A pilot study
comparing the reliability and repeatability of
two Wright pocket (pA and pB) with two
mini-Wright (wA and wB) peak flow meters.
Four pairs of meters were compared by
asking consecutive patients to perform 4
maximum-effort peak flow readings using the
two meters alternately in each group. The
meters used first were alternated in order to
reduce bias. The methods of Altman and
Bland were used to compare the two meters
(Lancet 1986;i:307). Calculations used the
highest reading for each meter. In order to
determine their limits of agreement the mean
and standard deviation of the difference be-
tween the two meters was determined using
the following formula:

Mean difference + [1-96 x SD ofdifference].
Results are shown in the table below. The
mini-Wright meter was found to be much
more repeatable than the pocket Wright
meter, their within-subject standard devia-
tions were 5 77 (n = 33) and 21 78 (n = 37)
respectively. These data suggest that different
meters should not be used for assessing
patients' peak flow rates, and furthermore that
the pocket Wright meter should be further
evaluated before it is recommended for wide-
spread use.

Limits of Interval
Group n Bias agreement width

pA-wB 59 22-9 -19-1,64-9 84
pA-pB 30 -5-7 -55, 43 6 99
pB-wA 31 0 0 -58-8, 58 8 117 6
wA-wB 31 3-5 -29-1,36-2 65-2

standard deviation and standard deviation %
mean were calculated for each week. Intra-
class correlation coefficients were higher than
0 79 for all indices; the highest values were for
amplitude % mean and standard deviation %
mean (0-83 and 0-86). Measures of peak flow
variability were 5-6-10% lower in the second
week of measurement, though standard
deviation % mean showed less bias (6-3%)
than amplitude % mean (10%). The 95%
ranges for repeat measurements also margin-
ally favoured the standard deviation % mean

(± 53%; amplitude % mean + 57%). All
indices of variability were higher in reactive
subjects, and standard deviation % mean had
the highest intraclass correlation coefficient in
both reactors and non-reactors. Overall,
these data confirm that the standard deviation
% mean is the best discriminator of between
subject differences in peak flow variability for
population studies.

Effects ofa six week course ofsalmeterol
on bronchial reactivity

JA ROBERTS, P BRADDING, ST HOLGATE, PH

HOWARTH Medicine I, Southampton General
Hospital, Southampton Salmeterol xina-
foate is a long acting agonist. Regular /,

agonist therapy may be detrimental to overall
asthma control (Sears et al Lancet
1990;i:1391). Furthermore, a rebound
increase in bronchial hyperreactivity has been
reported on cessation of /, agonist treatment
(Vathenen et al. Lancet 1988;i:554). We have
examined the effect of a six week course of
salmeterol xinafoate on bronchial reactivity
on a group of atopic asthmatics in a double
blind, placebo controlled study. Twenty four
atopic asthmatics (16 male: 8 female) were
recruited with a mean age (SEM) 32 years (3)
years. They were taking short acting 13, agon-
ist as required as their only medication. After
a two week run in period when daily symp-

toms, inhaler usage and peak flow (am and
pm) were recorded in diary cards and PC,0
FEV, methacholine measured, patients were

randomly allocated to placebo (n = 12) or
salmeterol (n= 12). Diary card recording
was continued for the subsequent six weeks

peak flow in the salmeterol treated patients
(414-483 1 min-' (p = 0-001)), also seen in
the placebo group (419-4431 min-'
(p = 0-034)). The PC20 methacholine
geometric mean increased from a baseline of
0-45 mg/ml to 2-1 mg/ml (p = 0-007) after
six weeks' therapy, with no change in the
placebo over the same period (0 7 to 0-1 mg/
ml (NS)). Themean PC,0 value, five days after
stopping treatment, remained above baseline
in the salmeterol group, but this did not reach
statisticalsignificant(p = 0-189). Thesefind-
ings identify significant improvement in PEF
and PC20 during regular treatment and do not

identify rebound deterioration after discon-
tinuation of therapy.

Terfenadine in nocturnal asthma

C TEALE, H HOSKER, SB PEARSON Respiratory
Unit, Killingbeck Hospital, Leeds In a single
dose study H, blockade with terfenadine
produced modest nocturnal bronchodilata-
tion but failed to influence nocturnal dipping
in asthma (Br J Clin Pharmacol 1991;32:371).
We have now performed an out patient study
to determine the longer term effects of H,
blockade with terfenadine in nocturnal
asthma. We studied 13 asthmatics, mean age
57 years (range 40-67) and mean FEV, 1-5 1
(range 0 3-3 1) with nocturnal deterioration
in PEF of > 20% for at least 5/7 days on home
monitoring. Following a one week "run in"
subjects took terfenadine 120 mg or placebo
bd for two week blocks in a double blind
randomised cross over study with a one week
"wash out" between treatment phases.
Subjects recorded am and pm PEF, symp-
toms and sleep disturbance. The results are
shown in the table with p values from analysis
of variance (PEF) or Wilcoxon signed rank
test. The table below shows effects of terfen-
adine 120 mg or placebo on mean PEF and
median symptoms and sleep disturbance in
nocturnal asthma. In summary, H,-blockade
with terfenadine 120 mg bd in nocturnal
asthma reduced sleep loss but small
improvements in morning and evening PEF,
symptoms and frequency of waking failed to
achieve significance.

Repeatability of measures of peak
expiratory flow variability forcommun-
ity studies

I PAVORD, K RICHARDS, A WISNIEWSKI, A KNOX,
A JOHN, I WAHEDNA, A TATTERSFIELD, S WEISS,

J BRITTON Respiratory Medicine Unit, City
Hospital, Nottingham, and Department of
Medicine, Harvard Medical School, Boston,
Mass Measures of peak expiratory flow rate
variability are being used increasingly in
community studies. We have previously
reported that of several indices of variability,
the amplitude % mean and standard devi-
ation % mean are the best discriminators
between normal subjects and those with
wheeze or a diagnosis ofasthma (Higgins et al
Am Respir Dis 1989;140:1368). However,
little is known about the repeatability of these
measures. We now present repeatability data
from 61 participants in a large community
study, 31 of whom had a PD,,, methacholine
< 12 25 pmol. Subjects were asked to record
the best of three measurements on a mini-
Wright peak flow meter every two hours
during waking hours for seven days for two
non-consecutive weeks. Log transformed
values of mean daily absolute amplitude,
amplitude % highest, amplitude % mean,

Placebo Terfenadine p

Morning PEF (1/m) 264 273 0-15
Evening PEF (1/m) 293 302 0 09
Symptom score (0-4) 1-5 1-6 0-08
Wakening (No of times) 1 0 0-5 0-24
Time awake (min) 66 40 >001

and bronchial reactivity measurements made Comparison of 10 mg dry powder (DP)
in the final week and also five days after with 4 mg aerosol ofnedocromil sodium
discontinuation of therapy. Twenty three (NS) in exercise induced asthma (EIA)
patients completed the study with one with-
drawn (placebo group) because of deteriora- KR- PATEL Department of Respiratory
tion in asthma requiring corticosteroids. Medicine, Western Infirmary, Glasgow The
There was a significant increase in morning objective of this study was to compare the

Mean (SD) maximum percentage fall in FEV, post
exercise

Placebo NS-DP NS-MDI

Pre challenge baseline 2 91 (0-91) 3-00 (0 97) 2-94 (0-86)
Maximum % fall 25-1 (6-2) 7-8 (6-1)* 99 (6-1)*
*p < 0-01 compared with placebo

Mean (SD) plasma nedocromil sodium levels (ng/ml)
Pre exercise 5-4 (3-7) 3-7 (2 7)
Post exercise 5-9 (4-1) 5-5 (2 9)
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activity of nedocromil sodium DP (10 mg)
delivered from a Spinhaler and nedocromil
sodium (4 mg) administered from a metered
dose inhaler (MDI) with a placebo in inhi-
biting EIA. The study was of a double blind,
double dummy crossover design. Ten
patients (five males and five females, mean age
37-1 years) completed the study. The exercise
challenge consisted of steady state running on
a treadmill at submaximal work load. The
FEV, was measured before and after treat-
ments, and at 0, 2, 5, 10, 15 and 30 min post
exercise. Blood samples were collected from
the patients before treatment, immediately
before and after exercise for nedocromil
sodium levels. The table on p230P shows that
significant protection was observed with
active treatments compared with placebo but
there was no significant difference between the
two formulations. The absorption of
nedocromil sodium (DP) was comparable to
that of MDI. There was an increase in the
levels of nedocromil sodium with MDI fol-
lowing exercise challenge.

Effects of budesonide and terbutaline
on bronchial reactivity to allergen in
subjects with mild atopic asthma

CS WONG, I WAHEDNA, ID PAVORD, AE TATTERS-

FIELD Respiratory Medicine Unit, City
Hospital, Nottingham Regular use of
inhaled f2 agonists has been shown in some

studies to cause a rebound increase in bron-
chial reactivity to histamine or methacholine
following cessation of treatment. We set out

to determine whether regular treatment with
inhaled terbutaline causes an increase in
bronchial reactivity to allergen following
cessation of treatment, and to assess whether
inhaled budesonide modifies this response.

We studied 37 subjects (23 male), aged 18 to
52 years, with mild asthma allergic to
Dermatophagoides pteronyssinus, grass pollen
or cat fur in a double blind, double dummy,
parallel group design. The concentration of
allergen to cause a 20% fall in FEV, (PC20
allergen) was determined for each subject,
followed by a two week run in period during
which subjects took only inhaled ipratropium
bromide for symptomatic relief. A three dose
allergen challenge was performed with a 10
fold dilution ofthe PC20, a two fold dilution of
PC20, and PC20; subjects were then ran-

domised to receive terbutaline 1000 pg or

placebo three times daily by Turbuhaler, plus
budesonide 800 pg or placebo twice daily by
Turbuhaler. Following a mean treatment
period of 18 days the three dose allergen
challenge was repeated 34 hours after stop-
ping both inhalers. The mean (95% CI)
change in maximum % change in FEV, were

placebo -7 0 (-20, 6), terbutaline -0 4
(-9, 8), terbutaline + budesonide 3 9 (-5,
13), budesonide 15 6 (6, 25) (p < 0 01). The
median doubling dose change in PC20 allergen
were placebo -0-47, terbutaline 0-15, ter-
butaline + budesonide 0 24, budesonide 1 11
(p < 0-05). In this study regular treatment
with inhaled terbutaline did not cause an

increase in bronchial reactivity to allergen;
budesonide was effective in protecting against
allergen challenge.

Repeatability of the early response to
allergen in subjects with mild atopic
asthma

CS WONG, I WAHEDNA, ID PAVORD, AE TATTERS-

FIELD Respiratory Medicine Unit, City
Hospital, Nottingham The airway responses

to allergen challenges are being increasingly
studied to assess the effects ofdrugs in asthma.
To determine the repeatability of the PC,0
allergen measurement and the effect of time
between allergen challenges on the
repeatability we studied 41 subjects (25
male), aged 18-52 years, with mild asthma
(mean FEV, 93% predicted) on intermittent
inhaled #2 agonist treatment only. A dose-
response allergen challenge with Dermato-
phagoides pteronyssinus, grass pollen or cat fur
determined the concentration of allergen to
cause a 20% fall in FEV, (PC20) for each
subject. Following a mean interval of 23 days
(range 14-73) a dose-response allergen
challenge was repeated, with the previously
determined PC20 allergen as the highest dose.
The bias (mean difference) and the coefficient
of repeatability (2 times the standard devia-
tion ofdifferences) for PC,0 allergen were 0-27
and 2-1 doubling doses respectively. The bias
and coefficient of repeatability for maximum
% fall in FEV, to the same dose of allergen
were -0 07% and 23% respectively. When
subjects were grouped according to interval
between allergen challenges-14 days
(n = 15), 15 to 21 days (n = 13) and greater
than 21 days (n = 13) there was a trend for
the bias and coefficient of repeatability for
PC,0 allergen to increase (p = 0 065). We
conclude that in a large sample of subjects the
airway response to allergen challenge is
repeatable; the repeatability may be
improved when the interval between repeat
measurements is close to 14 days.

Allergen induced release of inflam-
matory mediators into nasal lavage fluid
and the effect of topical glucocorticoids

S LOZEWICZ, J WANG, AF WALLS, J DUDDLE, K

THOMAS, JL DEVALIA, RJ DAVIES St Barth-
olomew's Hospital, London, and Southampton
General Hospital, Southampton Thirty nine
patients with seasonal allergic rhinitis were

entered into a double blind cross over study in
which they underwent treatment with either
topically administered fluticasone propionate
(FP) (200 pg od) or identical placebo for two
weeks. They then underwent nasal provoca-
tion with mixed grass pollen followed by
nasal lavage at one of several time points
between 0 and 8 hours. Patients subsequently
received the alternate treatment for two
weeks prior to repeat allergen provocation
and nasal lavage as before. The concentration
of eosinophil cationic protein (ECP) in lavage
fluid was significantly elevated above baseline
during the late (but not early) phase and this
increase was abolished during treatment with
FP. The concentration of tryptase was sig-
nificantly elevated during the early but not
late phase and this increase was not affected by
FP (table). The concentration of prostaglan-
din D, (PGD2) was significantly elevated
above baseline in both early and late phase
and neither increase was affected by treatment
with FP. These results suggest that treatment

with FP abolishes the allergen induced late
phase release of ECP but has no effect on the
release ofthe mast cell mediators tryptase and
PGD2

Interleukin-4 immunoreactivity is
localised to mast cells in the upper

respiratory tract

P BRADDING, I FEATHER, S WILSON, C HEUSSER,
ST HOLGATE, PH HOWARTH Medicine I,
Southampton General Hospital, Southampton
Interleukin-4 is a multifunctional cytokine
which has a crucial role in the isotype switch-
ing of B cells to IgE synthesis through a

cognate interaction involvingT lymphocytes.
In addition to developing high circulating
IgE levels, transgenic mice with enhanced
interleukin-4 (IL-4) production also develop
allergic conjunctivitis, characterised by
mononuclear, mast cell and eosinophil infil-
tration, cell changes similar to those identified
in allergic rhinitis. To investigate IL-4
products within the nasal mucosa, nasal
biopsy specimens were obtained under local
anaesthesia from the inferior turbinates of 11
patients with perennial allergic rhinitis and
stained immunohistochemically for IL-4.
The biopsy specimens were processed into
glycol methacrylate and 2 pm sections stained
with two specific mouse IgG monoclonal
antibodies, 3H4 and 4D9, which recognise
different epitopes of human IL-4. Localisa-
tion of cell immunostaining was undertaken
by both dual staining with monoclonal
antibodies AA1 and CD3 to detect mast cells
and T lymphocytes and by immunostaining
adjacent sections and investigating overlap-
ping immunostaining by the Camera-Lucida
system. IL-4 immunoreactivity was identified
in the rhinitis biopsy specimens with a

median of 27 2 positive cells/mm2. This
immunostaining co-localised with AA1
immunostaining but not with CD3 positive
cells identifying IL-4 product localised to
mast cells. These findings suggest that mast
cells may participate in allergic inflammation
in rhinitis by production and release of IL-4.

Histamine challenge in allergic rhinitis:
effect of single doses of an anticholiner-
gic agent and a adrenoceptor agonist

MA BIRCHALL, JC HENDERSON, NB PRIDE, RW
FULLER Department ofMedicine, Royal Post-
graduate Medical School, Hammersmith
Hospital, London Nasal challenge offers a

useful method of elucidating the underlying
mechanisms of allergic rhinitis. We have
studied the effects of an a agonist and
cholinergic blockade on histamine induced
resistance changes (oscillation method) and
secretion volumes. Nine subjects with clinical
and skin test evidence of Dermatophagoides
pteronissinus associated rhinitis were chal-
lenged with increasing doses of histamine via
a metered dosimeter to determine the dose

Median concentration in nasal lavagefluid (ng/ml)

Mediator Treatment phase Baseline Early Late

ECP FP 1-45 2 15 2 9
Placebo 1-4 2 80 110**t

Tryptase Combined 0 405 0 565** 0-425
PGD2 Combined 0-173 0 193* 0-220**

**p < 0 02, *p < 0-03 with respect to baseline.
tp < 0-01 with respect to FP treatment.
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giving doubling of nasal resistance (D100).
On subsequent occasions, they received
saline 0-9%, xylometazoline 0-1% or
oxitropium 0 075% in randomised, double-
blind fashion. Sequential nasal challenges
with doses of histamine D100/3, D100 and
D100X3 were then given and resistance
changes, sneeze count and secretion volume
increase over baseline recorded for 10 min-
utes. The significant dose-response effect
noted for resistance changes under control
conditions (saline) was abolished by
xylometazoline, which also reduced baseline
resistance (increase at D100 xylo.1 92
cm.H2O/l/s (SE 0 12); saline 13 1 (1 27)).
Oxitropium blunted the dose-response effect
(D100 8 94, (0 84)). A significant increase in
sneezing was observed for xylometazoline
(D100X3 6-56, (1 78); dlO0/3,1 89, (0 89)).
Xylometazoline increased secretion volumes
(D100 14 32 ml (1 35); saline 9-98 ml (0 65)),
while oxitropium significantly depressed the
volume response and flattened the dose-
response seen with saline (D100 6-73%
(0 38)). These results confirm the effect of a
receptors in vasoconstriction in the human
nasal mucosa but also suggest a possible role
in sensory modulation. Oxitropium bromide
has the predicted effect on secretion volumes,
but its effect on nasal resistance also suggests a
role for muscarinic receptors in reducing
nasal resistance in response to non-specific
challenge in patients with allergic rhinitis.

The expression of leucocyte endothelial
adhesion molecules is increased in
perennial allergic rhinitis

S MONTEFORT, IH FEATHER, SJ WILSON,
DO HASKARD, TH LEE, ST HOLGATE,
PH HOWARTH University of Southampton;
UMDS, Guy's Hospital, London; Royal
Postgraduate Medical School, London
Accumulating evidence supports the impor-
tance of leucocyte-endothelial cell adhesion
molecule (CAM) expression as an initiating
process in tissue inflammation. To investigate
the relevance of CAM expression to allergic
airways inflammation, nasal biopsy specimens
from patients with perennial allergic rhinitis
(n = 8) and from non-atopic healthy volun-
teers (n = 8) were immunostained with
monoclonal antibodies directed against the
CAMs, intercellular adhesion molecule 1
(ICAM 1), endothelial cell adhesion molecule
1 (ELAM- 1 and vascular adhesion molecule 1
(VCAM- 1)). The endothelial staining of
these CAMs was related to the number of
vessels within each specimen, delineated by a
monoclonal antibody against Ulex europaeus-
1 lectin present on endothelial cells, and to the
number of tissue leucocytes staining for the
#2 integrin lymphocyte function associated
antigen 1 (LFA-1), the ligand for ICAM-1.
ICAM-1 was the most prominent CAM
present on the endothelium of the normal
nasal mucosa with less expression ofELAM-
1 and only minimal or absent expression of
VCAM-1. In perennial rhinitis both ICAM-
1 (p < 005) and VCAM-1 (p < 001)
endothelial expression were significantly
increased. Consistent with this, the number
of submucosal LFA-1 positive cells was sig-
nificantly greater (p < 0 05) in the perennial
rhinitics than in the healthy controls. These
findings indicate CAM up regulation in aller-
gic airways inflammation and are consistent
with their involvement in the pathogenesis of
perennial rhinitis. Therapeutic modulation of
CAM expression may thus offer a novel
approach to disease regulation.

Comparative nasal effects ofbradykiinin
and histamine: influence on nasal air-
ways resistance and plasma vascular
leakage

K RAJAKULASINGAM, R POLOSA, LCK LAU,
MK CHURCH, ST HOLGATE, PH HOWARTH
Medicine 1, Southampton General Hospital,
Southampton Bradykinin is an oligopeptide
which may contribute to the pathogenesis of
allergic rhinitis, as nasal bradykinin challenge
induces rhinorrhoea, nasal blockage and
increased plasma vascular leakage. To inves-
tigate how bradykinin compares with his-
tamine in these effects, two double blind,
randomised, placebo controlled and cross
over studies were undertaken comparing the
nasal effects of equimolar, single dose admin-
istration of bradykinin (1 89 ,uM) and his-
tamine (191 juM). At the doses selected, in
comparison with vehicle placebo, both
bradykinin and histamine induced significant
rhinorrhoea (p < 001). The volume of rhin-
orrhoea induced by histamine was 29%
greater than that induced by bradykinin
(p < 0 05). In contrast, although histamine
significantly increased nasal airways resis-
tance compared with vehicle (p < 0 05) the
effect of bradykinin on nasal airways resis-
tance was significantly greater than histamine
(p < 0 05) and vehicle (p < 0 005) in both
magnitude and duration of effect. Similarly,
the effect of bradykinin on nasal vascular
permeability was significantly greater than
both histamine (p < 0-05) and vehicle
(p < 0 05). This study identifies that the
nasal vascular effects of histamine are less
prominent than its actions on rhinorrhoea
and that the effects of bradykinin on nasal
airways resistance may explain the relative
lack of efficacy of H1 antihistamines on nasal
blockage in clinical disease.

Repeatability and
bradykinin induced
and plasma leakage

reversibility of
nasal symptoms

K RAJAKULASINGAM, R POLOSA, LCK LAU,
MK CHURCH, ST HOLGATE, P HOWARTH

Medicine 1, Southampton General Hospital,
Southampton Nasal insufflation with
bradykinin (B) induces nasal discomfort,
rhinorrhoea and nasal blockage, all features of
rhinitis. To support the potential of brady-
kinin as a mediator in the pathogenesis of
rhinitis it is necessary to show that the nasal
symptoms and changes in plasma vascular
leakage are repeatable and reversible. This
study was conducted in three phases in
double blind, randomised and crossover
fashion. Phase 1: Eight subjects attended
the laboratory on two separate occasions.
Increasing doses (200, 1000 and 2000 jug) of
(B) was administered at 20 minute intervals to
each nostril via a pump spray. Nasal airways
resistance (NAR) was measured by using
active posterior rhinomanometry. Phase 2:
The same eight subjects attended the
laboratory on two separate occasions. A single
dose (2000 jg) of B was instilled into each
nostril via a pump spray. Rhinorrhoea, nasal
pain and NAR were monitored at regular
intervals for up to 40 minutes post-challenge.
Phase 3: The same eight subjects attended the
laboratory on two separate occasions. A single
dose (2000 jg) of B was instilled into each
nostril via a pump spray. Bilateral nasal
lavage was undertaken at regular time
intervals for up to 40 minutes. Albumin and
total protein were measured as an index of

change in vascular permeability. In all eight
subjects B caused dose dependent increase in
NAR and there was no statistical difference
between the two challenge days. When B was
given as single dose, there was no significant
difference between the values for symptoms or
for markers of vascular leakage on the two
challenge days. These data suggest that B is a
potent inflammatory mediator in the human
airways and both the symptoms and the
measures ofplasma exudation were reversible
and reproducible at two challenge sessions on
different days.

Infiltration by lymphocytes in the nasal
mucous membrane in allergic rhinitis

M CALDERON, S LOZEWICZ, S CHALSTREY, RJ
DAVIES Departments of Respiratory Medicine
and ENT, St Bartholomew's Hospital, Lon-
don We have used immunocytochemical
techniques to study infiltration by lympho-
cytes in biopsy specimens ofthe nasal mucous
membrane in 24 atopic patients and 10
normal volunteers. Twelve patients had
perennial rhinitis (PR) and 12 had seasonal
allergic rhinitis to grass pollen (SR). Biopsy
specimens were taken both in and out of the
pollen season in the patients with SR and in
normal volunteers. They were stained by the
indirect immunoperoxidase technique and
with monoclonal antibodies to: CD3 (total T
cell); CD4 (helperT cell); CD8 (suppressor T
cell); CD25 (activatedT cell) and CD22 (total
B cell). The density of cellular infiltrate in
each section was graded on a semiquantitative
scale as follows: 0 (no cells), 1 (<20 cells
mm-'), 2 (20-40 cells mm-2) and 3 (> 40 cells
mm-2). T helper cells were significantly
(p < 0 02) more numerous in biopsy
specimens from patients with PR than in
those from patients with SR out of season and
normal subjects (median grades 2, 0, 0 respec-
tively). There were significantly (p < 0 04)
more CD25 positive cells in PR and SR
during the season compared with SR out of
season (median grades 1, 1, 0 respectively).
The thickness of the nasal epithelium was
significantly (p < 0 05) greater in biopsy
specimens of PR than in biopsies of SR
patients during the pollen season (median
values 50 and 38 pm respectively). These
results suggest that in allergic rhinitis those
patients with perennial symptoms demon-
strate a greater degree of nasal infiltration by
T helper cells and increased thickness of the
nasal epithelium than patients who have only
seasonal exposure to allergen.

Local hyperthermia reduces nasal
blockage and vascular leakage after
allergen challenge in seasonal rhinitic
subjects

S JOHNSTON, J PRICE, L LAU, I FEATHER,
S HOLGATE, P HOWARTH Immuno-
pharmacology Group, Southampton General
Hospital, Southampton Prior treatment
with local hyperthermia has been shown to
improve the symptoms of the common cold
and seasonal and perennial allergic rhinitis,
and to reduce exercise induced asthma. The
effect of prior local hyperthermia on nasal
allergen challenge induced nasal blockage and
vascular leakage was tested in seasonal aller-
gic rhinitic subjects outside the pollen season.
Ten subjects were treated with heated
humidified air in a randomised double blind
placebo controlled crossover study. A patent

232P

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.47.3.209P

 on 1 M
arch 1992. D

ow
nloaded from

 

http://thorax.bmj.com/


Proceedings

pending device (Virotherm) was used to
deliver air at 100% humidity and 40 1/min,
either at 31'C (placebo) or 42°C (treatment)
through a face mask, inhaled by continuous
tidal breathing for 30 min, followed by 30 min
rest. Four visits were separated by a min-
imum of two weeks: at the first two, after
baseline nasal lavage, subjects were chal-
lenged with 0 1 ml ofa 10-2 solution ofmixed
grass pollen per nostril, followed by nasal
lavage at 2, 5, 10, 15, 20 and 30 min; total
protein and albumin levels in nasal lavage
fluid were measured. At the last two visits,
after baseline nasal airways resistance (NAR)
was recorded by active posterior rhinoman-
ometry, subjects were challenged and NAR
was measured at the same time points; the
number of sneezes and the weight of mucus
blown into preweighed dry tissues were also
recorded. Placebo and active groups were
compared by Wilcoxon's signed rank test.
Local hyperthermia reduced the allergen
related increase in NAR (median peak %
increase 92% active, 166% placebo;
p < 005), and increase in lavage protein
(p < 0-05), but had no effect on the number
of sneezes recorded or on the quantity of
rhinorrhoea. Prior administration of heated
humidified air at 42°C reduces nasal blockage
and vascular leakage after nasal allergen
challenge, but has no effect on sneezing or
rhinorrhoea. These findings are in keeping
with proposed mechanisms involving reduc-
tions in newly formed mediator release from
inflammatory cells.

5-nitro-2-(3-phenylpropylamino) ben-
zoic acid (NPPB): a chloride channel
"blocker" which alters channel gating

EWFW ALTON, AJ WILLIAMS, DM GEDDES Ion
Transport Laboratory and Department of
Cardiac Medicine, National Heart and Lung
Institute, London We have previously
identified an airway epithelial chloride
channel which is regulated by calcium and
voltage, but not by protein kinase A (J Physiol
1991;443:137). We have now studied the
effects of NPPB, a putative chloride channel
blocker, on the kinetics of this channel
incorporated into planar bilayers. According
to both 50% and 20% threshold analysis,
NPPB (10-100 pM) caused a dose related
shift in the voltage activation of this channel,
with more negative holding potentials
required to produce a given "channel open"
probability (Po). Lifetime analysis showed
that channel kinetics in the absence ofNPPB
are best described by two open and three
closed states. Low concentrations of NPPB
(10 uM) produced changes in channel open
times equivalent to an approximately 30 mV
shift in the applied clamp voltage, in keeping
with the above Po data. Higher NPPB
concentrations (50 pM) produced a unique
single open state compatible with its observed
induction of channel "flickering." Despite
NPPB being negatively charged at physio-
logical pH, no evidence was found for it
acting as a voltage dependent blocker. ATP
(1-100 pM) produced very similar effects
when added to this channel and both mole-
cules were effective only when added to the
presumed cytosolic surface of the channel.
We conclude that large negatively charged
molecules can alter the gating of this channel,
probably by binding to a regulatory site
outside of the channel's voltage drop rather
than by acting as a channel blocker. Physio-
logical regulation of this channel by ATP may
therefore occur by such a mechanism.

Inhibition of amiloride sensitive trans-
port by 5-hydroxytryptamine in sheep
and human airway epithelia

A GRAHAM, EWFW ALTON, DM GEDDES Ion
Transport Laboratory, National Heart and
Lung Institute, London Sodium absorption
is a major factor influencing the hydration of
airway surface liquid. 5-hydroxytryptamine
(5HT) has been suggested to play a part in the
physiological regulation of this sodium
transport. We have therefore investigated its
action on the short circuit current of sheep
trachea and human bronchus mounted in
Ussing chambers. In sheep trachea mucosal
addition of 5HT in concentrations of 0-5-
25 mM resulted in an immediate dose related
fall in short circuit current (Isc) ofup to 28%
(SE 9%) at 25 mM (n = 6). Conductance
(G) also fell in a dose related manner by up to
7% (SEM 3%) at 25 mM (n = 6). The effect
of 5 mM 5HT (19% fall in Isc, SE 3%,
n = 14) was completely abolished by pre-
treatment of tissues with 100 MM amiloride
(n = 6). The 5HT3 receptor antagonist
ordansetron (0-5 mM) produced a more
gradual fall in Isc of 26%, SE 5%, n = 5)
over 25 minutes. Pretreatment of tissues with
ordansetron (0-5 mM) did not reduce the
5HT mediated fall in Isc with 5HT
concentrations of 0-5 mM (n = 2) and 5 mM
(n = 3). In human bronchus 5HT again
produced a dose related fall in Isc of up to
65% at 25 mM (n = 2). The effect of 5 mM
5HT (37% fall in Isc, n = 2) was abolished
by pretreating with 100 MM amiloride. We
conclude that 5HT has an immediate inhibi-
tory effect on amiloride-sensitive sodium
transport in sheep tracheal and human
bronchial epithelium. The time course
suggests a direct effect on sodium channels.
The 5HT3 receptor is unlikely to be
involved. Compounds related to 5HT may
have a potential therapeutic role in disorders
of airway ion transport.

Second messenger regulation of the
isolated chloride current in a sodium
absorbing epithelium

DM STEEL, A GRAHAM, EWFW ALTON,
DM GEDDES Ion Transport Laboratory,
National Heart and Lung Institute, London
Previous studies have shown that the regula-
tion of Cl- channels is defective in cystic
fibrosis airway epithelium. In order to study
the regulation of Cl- transport by the three
principal second messenger pathways, sheep
tracheal epithelia were mounted in Ussing
chambers of aperture 128 cm2 under short
circuit conditions. The basal Cl- current was
isolated by the mucosal addition ofphloridzin
(200 MM), substitution of mucosal Na' with
choline and serosal addition of acetazolamide
(100 MM) to inhibit Na+-glucose exchange,
Na' absorption and HCO, secretion respec-
tively. The above protocol resulted in a
residual current of mean 18 6 (SE 1-8)
,uA/cm2 (n = 40), 33-4% of the original
whole current. Addition of a combination of
forskolin (1 MM) and zardaverine (10 MM, a
phosphodiesterase inhibitor), to stimulate the
protein kinase (PK). A pathway produced a
ninefold increase in intracellular cyclic AMP
levels and an increase in short circuit current
(Isc) of 11 7 (3-9) jiM/cm2 (n = 7). In
contrast, stimulation of the PK C pathway
with phorbol dibutyrate (PDB) (10 nM)
produced an initial small increase in Isc of 1:0
(0 4) pA/cm2 (n = 6), followed by a dose
related fall of maximum of 5-5 (2-6) /iA/cm2.

The sterioisomer 4 a PDB, in equivalent
concentrations, had no effect on bioelectric
parameters. Stimulation of the Ca2+
dependent pathway with the Ca2" ionophore
A23187 reduced Isc by 3-9 (1-3) MA/cm2
(n = 6) after a small initial increase of 1-6
(0 2) pA/cm2. We conclude that activation of
the PK A dependent pathway stimulates the
isolated Cl- current, whereas the Ca2" linked
pathways appear, to be predominantly
inhibitory.

The effect of pulmonary infection on
airway transepithelial potential dif-
ference (TEPD) in ventilated patients

DG SINCLAIR, MA WOODHEAD, EWFW ALTON, DM
GEDDES Royal Brompton and National Heart
Hospital, London Changes in TEPD have
been found in association with pulmonary
infection. To determine whether changes in
airway TEPD precede or accompany acute
lung infections we studied 21 patients
routinely ventilated after surgery necessitat-
ing cardiopulmonary bypass. Patients were
ventilated for one to 19 days (median 1). Daily
measurements of TEPD were taken at four
sites in the bronchial tree by a standard
method (Alton et al. Eur Respir J 1991;4:5-9).
Pulmonary infection was diagnosed from new
and persistent chest radiographic infiltrates
and culture of organisms in tracheobronchial
aspirates. Five episodes of bacterial infection
were documented in three patients. We com-
pare mean TEPD taken on infected (n = 15)
and non-infected (n = 24) patient days in the
table below. Within patients there was no
change in TEPD before, during or after
infection. These results suggest that pulmon-
ary infection is not associated with changes in
airway TEPD in ventilated patients.

Mean (SE) TEPD (mV)

Patient days: Non-infected Infected

Nasal -20 (1 0) -20 (1 1)
Lower trachea -11 (0 5) -11 (0 9)
Lobar/segmental
bronchus - 7 (0 5) - 8 (0-7)

Wedge - 4 (0 6) - 3 (0-8)

Active chloride transport in the sheep
tracheal epithelium is regulated by
prostaglandins

AM WOOD, G CREMONA, TW HIGENBOTTAM
Department of Respiratory Physiology,
Papworth Hospital, Cambridge We have
investigated the role of endogenous prosta-
glandins (PG) in the regulation of Cl trans-
port across the sheep tracheal epithelium,
as well as the effect of a range of known
secretagogues. Epithelial sheets were
mounted in modified Ussing chambers
(n = 17). Short circuit current (Isc)
was measured throughout the experiment,
potential difference (PD) also being
monitored intermittently. Mean (SE) basal
Isc (jiA.cm 2) and PD (mV) were 35-4 (1-8)
and 5 4 (0 4) respectively. Mucosal addition
of amiloride (10 4 M) caused a fall in Isc
and PD of 52-8% and 51 8% respectively.
Further addition of isoprenaline (n = 5) had
no significant effect on Isc or PD (9-9% and

233P

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.47.3.209P

 on 1 M
arch 1992. D

ow
nloaded from

 

http://thorax.bmj.com/


Proceedings

3 8% rise respectively). Indomethacin
reduced Isc in amiloride treated tissues
(n = 12) from 16-1 (0 8) to 11-6 (0-9)
MA.cm- . The drugs shown in the table below
were added to tissues pretreated with amilo-
ride and indomethacin. Only PGE2 signifi-
cantly altered Isc (*p < 0-01, paired t test).
We conclude that in the sheep trachea, as in
the cow (Eur J Physiol 1984;402:42),
endogenous PG synthesis has an important
role in regulation of active Cl- transport.

Mean (SE) Isc pA.cm2

Drug n Pre drug Post drug

PGE2(10-5M) 4 10-2(1-8) 13-6(2 1)*
PGI2 (5 pg) 4 11-7 (2-1) 13-4 (1-9)
A23187 (10-4 M) 4 9-7 (1 3) 12 4 (2 2)
ATP (10-4 M) 5 12-9 (3 4) 13 3 (3-8)
Medetomidine

(200 gg) 4 11-8 (1-6) 9 7 (2-6)

Sodium metabisulphite induced
bronchoconstriction is attenuated by a

carbonic anhydrase inhibitor

BJO'CONNOR, CT YEO, YM CHEN-WORSDELL,
PJ BARNES, KF CHUNG National Heart and
Lung Institute, Royal Brompton Hospital,
London Airway responsiveness (AR) to
sodium metabisulphite (MBS) and other
indirect stimuli are reduced by inhaled
frusemide. In contrast bumetanide, a struc-
turally and functionally similar loop diuretic,
fails to protect against AR to exercise,
adenosine and MBS. Thus the protective
effect of frusemide may involve pathways
unrelated to its major renal action. Inhibition
of carbonic anhydrase distinguishes the
diuretic effect offrusemide from bumetanide,
an action which may underlie its airway effect.
To investigate this we examined the effect of
the non loop diuretic, acetazolamide, a potent
and specific carbonic anhydrase inhibitor, on
AR to MBS. Ten subjects with mild, stable
asthma, previously shown to be responsive to
frusemide, were entered into a randomised,
double blind, placebo controlled study. Each
attended on two occasions to inhale 500 mg
acetazolamide or placebo immediately prior
to MBS challenge. Doubling increments of
MBS (06-80 mg/ml) were nebulised from a

dosimeter until FEVy fell by 20% from
baseline; log PC,0 was calculated by linear
interpolation. Airway responses toMBS were

significantly inhibited by acetazolamide,
which produced a 0-8 doubling dilution
protection against MBS induced broncho-
constriction compared with placebo (study
A); this protection was considerably less than
the 1 9 doubling dilution effect of frusemide
seen in a previous study (study B)-see table
below. Thus the protective effect offrusemide
on AR to MBS may be mediated, in part,
through pathways shared with acetazolamide
which involve inhibition of carbonic
anhydrase.

Study A Study B

Placebo 0-75 (0-09) Placebo 0-79 (0-08)
Acetazo-

lamide 0-98 (0-06)*Frusemide 1-37 (0l 1)**

Data are mean (SE) log PC,0 (mg/ml);
*p < 002, **p < 0001.

Cough responses to chloride deficient
challenge are not inhibited by
acetazolamide

RA STONE, YM WORSDELL, PJ BARNES, KF CHUNG
National Heart and Lung Institute, London
We have established that the loop diuretic
frusemide has sustained activity against
chloride deficient cough challenge. While it
is likely that frusemide has a neural effect, the
underlying mechanism is unclear. As
frusemide is known to inhibit carbonic
anhydrase activity, we have investigated
effects of acetazolamide, a potent inhibitor of
carbonic anhydrase, against cough challenge
with a chloride deficient solution, 1-26%
sodium bicarbonate. In a randomised, double
blind, crossover study of 10 normal subjects,
baseline cough challenge was given two hours
prior to either acetazolamide (500 mg) or
saline placebo. Cough challenge was then
repeated after 30 min and 2, 4 and 6 h.
Changes in the cough response from baseline
at each point were compared between
acetazolamide and saline placebo limbs by
Wilcoxon ranks. Median data are represented
in the table below, which shows that
acetazolamide had no effect on the cough
response compared with saline placebo.
These data suggest that mechanisms
dependent on carbonic anhydrase are not
important to the transduction of chloride
deficient cough responses. Moreover, inhibi-
tion of carbonic anhydrase is unlikely to
account for the activity of frusemide against
chloride deficient cough challenge.

B/L 30 120 240 360 min

Acetazolamide 11 6 7 9-5 9-5
Saline placebo 8 5 10 7-5 5-5

Serotoninergic mechanisms influence
control of the cough reflex in the
guineapig

RA STONE, RW FULLER, KF CHUNG, PJ BARNES

National Heart and Lung Institute, London
As serotoninergic (5-HT) systems have been
shown to influence antitussive effects of
opiates we investigated the activity of 8-OH
DPAT, a specific 5-HT,a agonist, and
methysergide (M), an antagonist at 5-HT,,
and 5-HT2 receptors, on cough responses and
respiratory rate (RR) in conscious, unres-

trained guineapigs. Animals (n = 6 per dose)
were challenged in a Perspex box with 0-5 M
citric acid 20 minutes after subcutaneous
treatment with 8-OH DPAT (0 004-1 mg/
kg) or saline. Terbutaline (0 05 mg/kg, ip)
was given three minutes before exposure. RR
was noted at the start of challenge. M (0-05-
5 mg/kg) alone was then studied in the same

way, followed by 8-OH DPAT (0-004-1 mg/
kg) in the presence of M (5 mg/kg). 8-OH
DPAT caused a dose dependent increase in
RR, inhibited cough at low doses (p < 0 05),
but potentiated cough at higher doses
(p < 0-05).M alone had no effect on cough or

RR. In the presence of M, effects of 8-OH
DPAT on both RR and cough were inhibited
(table in 3rd column). Data shown are mean

% change in RR and cough compared with
control responses. Data for low and high dose
8-OH DPAT alone are compared with those
of 8-OH DPAT in the presence of M. We
conclude that 5-HT mechanisms are active in
the control of both RR and cough responses
in the guineapig.

Dose 8-OH DPAT (mg/ml)

000400080016025 05 1

RR
8-
OH DPAT
M + 8-
OH DPAT
Cough
8-

2 6 27 82 122 111

- 3 2 3* 41* 62* 55*

OHDPAT 2 -53 -52 123 110 106
M + 8-
OH DPAT145* 30* 96* 7**-17** 5*

Evaluation of a computerised poly-
somnography system

H BIERNACKI, NJ DOUGLAS Respiratory
Medicine Unit, City Hospital, Edinburgh
Manual scoring of polysomnograms is slow
and expensive in terms of time and paper. An
accurate and rapid computer system to
analyse polysomnograms is thus highly
desirable. We have evaluated the CASS
system (CNS Inc) comparing the sleep and
respiratory analyses obtained in 43 patients
referred for polysomnography (apnoea +
hypopnoea frequency, mean 15, range 0-55/
h). We have also compared the time taken by
the technician to score the records by manual
and computer techniques on 15 data sets,
using the simplified sleep staging system we
employ in clinical sleep studies. There was no
difference (p > 0-13) between computer and
manual scores for sleep onset latency (SOL),
REM latency, sleep period time (SPT) or
total sleep time (TST). The results obtained
by manual and computer analysis were highly
significantly correlated (p < 0-001) for SOL
(r = 0-97), SPT (r = 0-81) and TST
(r = 0-91) and less strongly correlated
(p < 0-01) for REM latency (r = 0 44), for
which the mean difference was 9 (SE 11) min.
There were strongly significant correlations
(r > 0-9,p < 0001)betweenthetwoscoring
methods for apnoea frequency and hypop-
noea frequency, although the hypopnoea
frequency was statistically significantlyhigher
when scored by the CASS system (mean
difference 1-2 SE 0-5/h). The total time spent
analysing each study was not significantly
different with the CASS system (86 (SE 8)
min) or manual scoring (83 (SEM 8) min).
Thus the CASS system can adequately
measure the frequency of respiratory abnor-
malities during sleep and determine sleep
durations but is less accurate in determining
REM sleep latency. However, analysis of
sleep records using the CASS system is no
quicker than abbreviated manual analysis.
Nevertheless, the system has a significant
advantage in terms ofthe volume required for
data storage.

This study was supported by the Scottish Home
and Health Department

Home sleep studies with Mesam 4:
feasibility, accuracy and diagnostic
value

MH STEVEN, D CRAMER, AK SIMONDS Royal
Brompton National Heart and Lung Hospital,
London Ambulatory sleep monitoring offers
the prospect of cost effective home based
screening for sleep disordered breathing
(SDB) and the evaluation of therapeutic
intervention with CPAP/assisted ventilation
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oxygen therapy. The Mesam 4 portable
digital recording device (Madaus Medizin-
Elektronic) monitors Sao,, ECG, tracheal
sounds and body position, with an 18 hour
data storage facility. To assess the role of the
Mesam 4 system and its place in relation to
screening oximetry and polysomnography,
45 ambulatory studies have been carried out.
Fourteen of these patients underwent a
Mesam study at home followed by in-hospital
polysomnography with a simultaneous
Mesam study. One subject was monitored
on CPAP and two while receiving nasal
ventilation. The ambulatory data, Sao,/
transcutaneous CO2 traces and polysom-
nographic output were coded independently
and reviewed "blind" by an experienced
polysomnographer. Mesam studies were
classified as (a) within normal limits or
(b) significant SDB. In the 14 patients who
underwent a home study followed by
polysomnography a provisional diagnostic
label applied after the home study was
compared with the final diagnosis reached
after polysomnography. Forty of 45 (89%) of
Mesam studies were complete and analys-
able, five studies failed (three inadequate
oximetry trace, two processing error). Oxi-
metry traces from the Mesam and Ohmeda
Biox III oximeter were comparable for simul-
taneous studies, with mean difference of
baseline Sao, 0% (95% CI -1-5 to 1-5) and
mean difference ofminimum Sao, 3-5% (95%
CI -0-6 to 7-7). In 13/14 patients there was
concordance between the diagnostic label
applied on the basis of the Mesam study and
following polysomnography. One subject (on
CPAP) with an apnoea/hypopnoea index of
22 recorded on polysomnography was classed
as within normal levels on the Mesam study
as the episodes resulted in minimal desatura-
tion. Characteristic Mesam traces suggestive
of obstructive sleep apnoea and hypoventila-
tion associated with chronic pulmonary
disease were identified.

Effects of nasal CPAP on nocturnal
profiles of metabolic hormones in
subjects with obstructive sleep apnoea
(OSA)

JES WHITE, BG COOPER, L ASHWORTH,
KGMM ALBERTI, GJ GIBSON Sir William Leech
Centre for Lung Research, Freeman Hospital,
and Department of Medicine, University of
Newcastle upon Tyne Secretion of growth
hormone during sleep is suppressed in
subjects with OSA (Clark RW et al.
Neurology 1979;29:885) but there are no
detailed reports in OSA on the pattern of
nocturnal secretion of the other important
metabolic hormones, insulin glucagon and
cortisol. We have investigated whether the
associated disruption of sleep architecture
and hypoxaemia affect these hormones which
control carbohydrate and lipid metabolism.
We measured the nocturnal profiles of serum
insulin and C-peptide, plasma growth
hormone, cortisol and glucagon in 6 obese
non-diabetic male subjects with OSA (mean
(SD) body mass index 37-1 (5-9)) on two
consecutive nights following an acclimatisa-
tion night. Subjects had a standard meal four
hours before the start of each study. On the
first study night subjects had severe OSA
(mean (SD) apnoea hypopnoea index (AHI)
62 (15 6); proportion of sleep time with
Sao2 < 90%, 36-4 (21-2)%, and on the
second night they were treated effectively
with nasal CPAP (AHI 5-2 (3-2) time
Sao2 < 90%, 5 8 (11-3)%). As expected, the

duration of slow wave sleep increased on the
CPAP night (mean 32-6 (3 6) compared with
15-2 (10-6)% of sleep time). Hormone secre-
tion was quantified in terms of the area under
the curve relating change in concentration
from presleep value to time. There were no
significant differences between the profiles on
the two nights of insulin, C-peptide, cortisol
or glucagon. Levels of insulin and C-peptide
were raised, in keeping with the severe
obesity of the subjects. We confirmed
previous findings of a marked reduction in
growth hormone secretion in OSA and a
significant increase during the CPAP night
(p < 0 05).

Lipid and carbohydrate metabolism in
subjects with obstructive sleep apnoea
(OSA) and the effects ofCPAP

BG COOPER, JES WHITE, L ASHWORTH, KGMM
ALBERTI, GJ GIBSON Department ofMedicine,
University of Newcastle upon Tyne, and Sir
William Leech Centre for Lung Research,
Freeman Hospital, Newcastle upon Tyne
Hormonal abnormalities, including impaired
nocturnal growth hormone secretion, may
have important metabolic effects on lipid and
carbohydrate metabolism in individuals with
OSA. We measured profiles of intermediary
metabolites of carbohydrate (glucose,
pyruvate, lactate, alanine) and lipid metabo-
lism (glycerol, non-esterified fatty acids
(NEFA), ,B hydroxybutyrate (BOH)) in six
obese non-diabetic males (mean (SD); BMI
37-1 (5-9)) with OSA on two consecutive
nights after an acclimatisation night. Subjects
had a standard meal four hours before each
study. On the first study night the subjects
had severe OSA (mean (SD) apnoea hypo-
pnoea index (AHI) 62-0 (15-6); time with
Sao2 < 90% 36-4 (21)%) and on the second
night they were treated effectively with nasal
CPAP [AHI 5-2 (3-2); time Sao2 <90% 5-8
(113)). Indirect calorimetry was used to
measure substrate utilisation and energy
expenditure immediately before and after the
six hour studies. The nocturnal profile ofeach
metabolite was quantified in terms of the area
under the curve (AUC), relating change in
concentration from presleep value to time.
There were no significant differences in
profiles of glucose, pyruvate, lactate, alanine
or glycerol between the two nights. Mean
values were within normal post prandial
ranges. However, AUC for NEFA and BOH
were significantly greater (p < 0-05) on the
CPAP night. Calorimetry showed no overall
difference in the change in respiratory
exchange ratio during the night; measure-
ments made during periods of OSA showed
a trend towards greater utilisation of
carbohydrate. Energy expenditure was
similar with and without CPAP. The lower
NEFA concentration on the non-treatment
night may result from impaired growth
hormone secretion in OSA. The results
suggest that lipid utilisation is decreased in
OSA but this is rapidly reversed by nasal
CPAP.

Atrial natriuretic peptide (ANP)
release in the sleep apnoea hypopnoea
syndrome

TW MACKAY, MF FITZPATRICK, S FREESTONE,
M LEE, NJ DOUGLAS Respiratory Medicine and
Clinical Pharmacology Units, Department of
Medicine (RIE), University of Edinburgh
Patients with the sleep apnoea/hypopnoea

syndrome (SAHS) have increased salt and
water excretion at night (Warley et al Clin Sci
1988;74:183). This results in nocturia, which
may occur hourly through the night. This
increased salt and water excretion is
associated with increased plasma ANP levels
(Krieger et al Clin Sci 1989;78:407), which
return to normal following the application of
continuous positive airways pressure (CPAP)
therapy (Krieger et al. Clin Sci 1990;80:443).
The cause of this rise in ANP is unknown but
may be due to either intrathoracic pressure
swings, haemodynamic consequences ofsleep
disruption or transient pulmonary hyper-
tension related to hypoxemia. To investigate
the latter we studied nine patients with SAHS
in a sleep laboratory on two consecutive
nights. They were randomised to breathe air
on one night and supplemental oxygen on the
other night, receiving both by a face mask.
Venous blood samples were drawn hourly in
the recumbant position via an indwelling
catheter. These samples were analysed for
plasma ANP. The nine subjects were all male,
had a mean age of 52 (SE 5) years and had a
sleep apnoea/hypopnoea index of median-
40-9 (22-5-72 7) per hour. Oxygen therapy
raised both the peak nocturnal oxygen
saturation (oxygen median 96 (95-97); air 94
(90-97): p < 0-05) and lowest nocturnal
oxygen saturation (81 (13-95); 55 (0-87):
p < 0-02). Therewas no significant difference
in the mean ANP level during the night on
oxygen compared with the night on air (90
SEM 9; 83 SEM 8 pg/ml; p = 0-5). We
conclude that the elevation ofANP in SAHS
is not related to hypoxemia.

Double blind, placebo controlled study
of the acute effects of fluoxetine on sleep
and breathing in asymptomatic patients
with obesity

MW ELLIOTT, AK SIMONDS, D CRAMER, S WARD,
JA WEDZICHA, P KOPELMAN Royal Brompton
National Heart and Lung Hospitals and the
Royal London Hospital, London We
compared fluoxetine (60 mg daily for three
days) with placebo in a double blind
randomised crossover study in 11 asymp-
tomatic obese subjects (lOM, IF, mean (SD)
age 40 (9-1) years, body mass index 44 (5-8)
kg/m'). Full polysomnography was per-
formed at the end of each treatment phase,
which were separated by four weeks. Each
study was preceded by an acclimatisation
night and sleep was staged manually. A 10
second or longer cessation, or a greater than
50% reduction, oforonasal airflow defined an
apnoea or hypopnoea respectively. There
were no significant adverse events reported
and nine pairs of studies were suitable for
analysis. Subjects had normal FEV,/FVC (82
(1 1)%) and awake Sao2 (97(1)%). Weight did
not change significantly between the two
studies. Total sleep time did not change
between the two treatment phases (+ 1-2
(91-5)) min); however, REM sleep was mark-
edly reduced by fluoxetine (- 30-8 (18-6) min,
p = 0-001). During the placebo limb of the
study 6/1 1 patients had an apnoea/hypopnoea
index (events per hour) > 15 but this was
unchanged by fluoxetine. There was no sig-
nificant difference in mean overnight oxygen
saturation (Sao,%) between fluoxetine
(91-3(2)%) and placebo (89-6 (2)%), but
fluoxetine significantly increased the minimal
recorded nocturnal % Sao2 (placebo 74-4
(4-1), fluoxetine 81-6 (6-2), p < 0-05). It
is concluded that fluoxetine effectively
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suppressed REM sleep and longer term
studies of its effect in patients with obstructive
sleep apnoea are indicated.

Obligate nasal breathing in adults

KA WARD, DP NICHOLLS, B MARTIN,
CF STANFORD Royal Victoria Hospital,
Belfast Obligate nasal breathing is well
recognised in the newborn although in many
ways it may be preferential rather than obli-
gate. We have demonstrated the phenomenon
as causing problems in adults using metered
dose inhalers or during spirometry. We have
studied its incidence in 200 patients and
medical staffasked to continue to breathe after
their nostrils were gently pinched. Ninety-
two point eight per cent maintained regular
oral breathing, 7-2% had difficulty mouth
breathing or showed signs of distress. The
latter group reported a sensation of smother-
ing and increasing panic. The incidence of
obligate nasal breathing was significantly
increased with age (p = 0-007). These results
demonstrate that obligate nasal breathing
exists in adults and may be distressing. It has
implications for therapy and assessment of
patients with respiratory disease.

Comparison of patients' performance
on the shuttle walking test and the six
minute walking test

SJ SINGH, AE HARDMAN, MDL MORGAN
Department ofRespiratory Medicine, Glenfield
General Hospital, Leicester, and Department
of Physical Education and Sports Science,
Loughborough University, Leicester The
shuttle walking test is a reproducible and
simple exercise test of disability in patients
with chronic airways obstruction (Scott SM
et al. Thorax 1990;45:781P). We have com-

pared the performance of patients on the
shuttle walking test with performance on the
six minute walking test (6MWT). Fifteen
patients were recruited (age 45-71 years, 10
male, FEV, 0 50-2-85 litres). Instructions
and encouragement were standardised for the
6MWT. The shuttle test was conducted
according to the standard protocol. The
patients performed three 6MWTs and two
shuttle walks. The mean distances recorded
for the 6MWTs were 486, 519 and 531 m.
The mean difference and 95% confidence
intervals were, for 1 v 2-32 m ( -48 to
-16 m), v 3-44 m (-69 to -20 m) and for
1 v 2-12 m (-31 to -6 m). The mean
distances recorded for the two shuttle walks
were 461 and 477 m; the mean difference and
95% CI was -15 m (- 32 to 1 m). The third
6MWT and second shuttle walk were used
for comparison of distance walked, with a
Spearman rank order correlation rho = 0-76.
The mean difference in distance walked was
54-3 m (range -129-130 m (SD 70 m)).
Some patients underachieve on the 6MWT
compared with the externally paced shuttle
walking test. The heart rate recordings reveal
a higher maximal heart rate for 9/15 patients
(mean difference 9 beats/min higher (95% CI
to 18 beats/min). The mean increase from
resting heart rate values for the 6MWT was

41 beats/min (range 8-86 bts/min (SD 22))
and for the shuttle walk the mean increase was
55 beats/min (29-91 beats/min (SD 21));
these two values are significantly different
(p = 0-05). This demonstrates a graded

cardiovascular response in the shuttle test
which is not observed in the 6MWT.

This work was supported by Trent Regional
Research Scheme

Height and age adjustment oflung func-
tion in children

S CHINN, RJ RONA Division of Community
Health, United Medical and Dental Schools of
Guy's and St Thomas's Hospitals, London
Relations of lung function to air pollution,
either outdoor or indoor, and to passive
smoking in particular, are weak in children
compared with effects of height and age.
Appropriate adjustment for these is therefore
essential, but numerous different models have
been used in the published literature. Forced
vital capacity (FVC) and forced expiratory
volume in one second (FEV,) are normally
distributed for a given height and age of child,
with standard deviation proportional to
mean. Some authors have analysed lung func-
tion without transformation, invalid because
of the second property, while the majority
have analysed log (lung function) and ignored
the resulting skewness of the distributions.
Data from 909 boys and 772 girls from a
quasi-representative sample of white English
children aged 65-11 years are used to
demonstrate how the method of Bland et al
(Applied Statistics 1990;39:229) enables the
two properties to be taken into account. For
example, log, (FEV,) in boys was predicted
by the regression equation -11-137 + 2-365
loge (height in cm) + 0-071 lo& (age in years).
Antilog (actual log&/(FEV,) - predicted log,
(FEV,)) was normally distributed (mean
1-008 SD 0-113). In comparison, Scottish
boys had a significantly higher mean (1 038)
and all inner city groups significantly lower
mean values, the lowest (0 865) being in Afro-
Caribbean boys. These means can be inter-
preted as the ratio of FEV, for the group to
the white representative sample, adjusted for
height and age. Results are given for FVC and
mid expiratory flow for both sexes.

Pulmonary sequelae ofchlorine gassing

MK HARRIS, JF KHAN, P SHERWOOD BURGE
Occupational Lung Disease Unit, East
Birmingham Hospital, Birmingham
Chlorine gas can affect the whole of the
respiratory tract. Most available reports sug-
gest that a single heavy chlorine gassing
episode does not result in chronic respiratory
symptoms. Other authors have reported con-
tinuing airways obstruction up to 12 months
post inhalation, and in some individuals an
isolated reduction in residual volume (Swartz
DA et al. Am Rev Respir Dis 1989;139:A393).
We identified from February 1985 onwards 23
patients with significant chlorine gassing.
Twelve patients (10 male) had full lung
function tests performed a mean of24 months
post gassing (range 6-24 months). Their
mean age was 41 years (range 25-68); eight
were declared smokers, two ex-smokers, and

two never smokers. The main symptoms
experienced at the time of the gassing were
eye irritation (5), rhinitis (1), sore throat (5),
cough (10), chest tightness/wheeze (11),
dyspnoea (9), and vomiting (2). Lung func-
tion results (% predicted value) are given in
the table below. At follow up 3/12 had an
isolated reduction in RV and a further four
patients (all under 40 years of age) a reduced
Kco with airways obstruction. These results
are compatible with a delayed parenchymal
effect of chlorine gassing, as suggested by
Swartz et al.

Can multivariate analysis reduce the
number of intermediate V:Q scans?

D KINSELLA, P GODDARD, T COOPER, M HARTOG,
A MITCHELMORE, D PROTHERO Bristol Royal
Infirmary and Southmead Hospital, Bris-
tol In a prospective study of 314 patients
with suspected pulmonary thromboem-
bolism, discriminant analysis was used to
determine the variables which relate to an
indeterminate lung scan outcome. Eighty
clinical, biochemical and radiological vari-
ables were analysed. Spirometry was per-
formed in 95% of patients. Discriminant
analysis was performed with the Statistical
Package for the Social Sciences software
(Barer DH, Mitchell JR QJ Med
1989;261:27). Each variable in the final statis-
tical model contributes independently to the
V:O2 outcome. The analysis can discriminate
between normal and positive V:(0 scans in
96% of cases using the following variables:
plasma cross linked fibrin degradation
products (XDP), using a cut off point of
500 mg/ml (Bridey F, et al. Lancet
1989;i:791); neutrophil count and past
medical history of deep venous thrombosis.
The analysis can predict an indeterminate
V:O scan outcome in 82% of eases with
congestive cardiac failure, % FEV, and XDP
level being the most important variables.

Use of the Flutter VRPI device in post-
thoracotomy patients

K CHATHAM, C MARSHALL, IA CAMPBELL, RJ
PRESCOTT Llandough Hospital, Cardiff, and
Medical Statistics Unit, University of Edin-
burgh The Flutter VRP1 is a cheap, simple,
hand held device resembling a short stemmed
pipe designed to aid sputum clearance and
improve airways patency by providing
oscillating pressure waves with a variable
resistance to expiration. We have evaluated
the Flutter VRP1 in adults requiring chest
physiotherapy after thoracotomy. Twenty
patients (mean age 56 years, range 21-68)
gave informed consent and were studied. On
the four successive days immediately follow-
ing surgery they each received, in random
order: physiotherapy (P), Flutter only (F),
Flutter and physiotherapy (FP) or sham
Flutter and physiotherapy (SFP). Sham
Flutter consisted of the device with the
oscillating ball removed from its "bowl."

Patient 1 2 3 4 5 6 7 8 9 10 11 12

FEVy 119 76 80 71 121 71 68 66 102 90 106 79
FVC 118 88 78 104 122 95 89 102 102 99 97 83
TLC 98 98 112 104 104 127 104 111 88 123 88 83
RV 60 154 206 165 75 247 159 150 68 208 96 96
Kco 86 93 73 67 91 70 74 65 92 108 75 87
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Twenty four hour sputum volume, midday
vital capacity and visual analogue scores of
chest comfort, breathing and ease of expec-
toration were recorded each day. The results
were as follows (means were compared by
analysis of variance): sputum volume (ml): P
14-0, F 10-3, FP 14 4, SFP 15 4 (SEDM 3 9,
F = 0 65, p = 0 59); vital capacity (1): P
1-51, F 1 39, FP 1 52, SFP 1 49 (SEDM 0-08,
F = 1 33, p = 0 07); visual analogue scores

(mm): (a) chest comfort P 5 93, F 5-48, FP
5 95, SFP 620 (SEDM 0-42, F = 1-02,
p = 0 39), (b) breathing, P 7-00, F 5 90, FP
5 98, SFP 6-55 (SEDM 005, F = 2-14,
p = 0 11), (c) ease of expectoration P 5-35,
F 4 43, FP 4-76, SFP 5 20 (SEDM 0 70,
F = 0 73, p = 0 54). After thoracotomy
there would appear to be no gain in adding
Flutter VRP1 to physiotherapy or in sub-
stituting it for physiotherapy. To answer
whether substitution is disadvantageous
would require a larger study with more power
to detect differences.

Evaluation ofthe Flutter VRP1 device in
young adults with cystic fibrosis

E LYONS, K CHATHAM, IA CAMPBELL,
RJ PRESCOTT Llandough Hospital, Cardiff,
and Medical Statistics Unit, University of
Edinburgh The Flutter VRP1 is a simple,
cheap, hand held device, resembling a short
stemmed pipe, designed to aid sputum
clearance and improve airways patency by
providing oscillating pressure waves with
variable resistance to expiration. We have
tested it in 12 adult (five male) outpatients
with cystic fibrosis, mean age 21 years (range
16-28), who gave informed consent. On four
successive days the patients used, in random
order, the strategies of physiotherapy (P),
Flutter device only (F), Flutter and physioth-
erapy (FP) or sham Flutter and physioth-
erapy (SFP). Sham Flutter consisted of the
device with the oscillating ball removed from
its "bowl." The patients were asked to do the
treat*nents thrice daily, recording peak
expiratory flow rate (peak flow) before and at
the end of each treatment. Twenty four hour
sputum volume and visual analogue scores

(VAS) of (a) how they felt their chest was, (b)
their breathing and (c) ease of expectoration
were recorded each day (the higher the bet-
ter). Means were compared by analysis of
variance. Other results were: Base line peak
flow (P) 352-7, (F) 342 1, (FP) 341 5, (SFP)
352-5 (SEDM 6-8, F = 1-7, p = 0-19);
increase in peak flow (P) 12 6, (F) 16 3, (FP)
21-1, (SFP) 17 6 (SEDM 5-4 F = 0-8,
p = 0-48); sputum volume (P) 23-2, (F) 16-6,
(FP) 24-3, (SFP) 23-9 (SED = 2-6, F = 4 1,
p = 0 015); chest score (P) 44-5, (F) 48 6,
(FP) 47 4, (SFP) 43-2 (SEDM = 3-9,
F = 0-8,p = 0-51); breathing score (P) 50 9,
(F) 53-6, (FP) 49 7, SFP 46-1 (SEDM 3 9,
F = 1-3, p = 0 30); ease of expectoration (P)
33 4, (F) 300, (FP) 32-6, (SFP) 30 7
(SEDM = 3 7, F = 0-3, p = 0 80). The
only variable to show a statistically significant
difference was the sputum volume, where less
sputum was produced on the "Flutter only"
day. Thus the Flutter cannot be substituted
for physiotherapy and adds little, if anything,
to physiotherapy in this group of patients.

Asthma policy in schools in Great
Britain

AH KENDRICK, EC SMITH Respiratory Depart-
ment, Bristol Royal Infirmary, Bristol We

have previously investigated the policy
towards asthmatic children in the County of
Avon and concluded that there was a need for
written guidelines to headteachers and the
need for training of teachers (Smith EC,
Kendrick AH. Thorax 1991;46:759P). To
determine whether other education auth-
orities were similar to Avon with respect to
the asthmatic child, a letter was sent to all
directors of education in England, Scotland,
Wales and the Channel Islands (n = 132),
requesting (1) a copy of their guidelines, (2)
whether training was given to teachers, (3)
who provided the training, and (4) whether it
would be possible to survey their schools
regarding their attitude towards asthmatic
children. The results are given in the form
(Yes: No: Not Stated). Forty six (35%)
authorities replied. Few authorities provided
guidelines to teachers (9: 36: 1), although six
(22%) of those who provided no written
guidelines did send headteachers a copy of
Asthma in Schools, produced by the National
Asthma Campaign. Training was given in
some authorities (11: 30: 5), either as part of
an in service course for all teachers or by the
local medical officer or nurse to teachers when
the need arose. Most authorities were willing
to allow a survey of their schools (26: 6: 14).
We conclude that (1) the majority of educa-
tion authorities do not provide any guidelines
or training to teachers regarding the asth-
matic child and (2) the provision of simple
guidelines, which ideally accepted are nation-
ally, would help teachers to deal with this
common and unnecessarily difficult problem.

Comparison of the use of peak flow
meters before and after 1 October 1990
in new patients referred from general
practice with obstructive airways dis-
ease

MQF HATTON, MB ALLEN, SV VATHENEN, NJ
COOKE Department of Respiratory Medicine,
General Infirmary, Leeds Peak expiratory
flow measurements (PEFM) are important in
asthma management. For the nine months
before and the 11 months after peak flow
meters became available on prescription we

studied referrals to respiratory outpatients
with a diagnosis of asthma or chronic airways
limitation. Information about PEFM was

obtained, prospectively, from the referral
letter and a patient questionnaire. Seventy five
new patients with obstructive airways disease
were studied before the beginning ofOctober
1990 and 65 after. The results are shown in
the table below as percentages with the sig-
nificance of any changes examined by the x2

test. Sporadic single PEFM appears to be on
the increase in patients referred with a GP
diagnosis of asthma. The use ofPEFM home
monitoring remains disappointing in these
referred patients, in whom problems with
management of obstructive airways disease
was the main reason for referral.

Pressurised metered dose inhaler
technique: how good are general prac-

titioners?

ED SEATON, MA PINKNEY, DPJ TURNER,

j coADY Ipswich Hospital, Ipswich
Although pressurised metered dose inhalers
(MDIs) are the most widely used devices for
delivering inhaled medication, many patients
have difficulty operating them, so that in-
struction by a trained person is essential to

ensure correct technique. We have examined
the prescribing practices of 44 general prac-

titioners working within a 10 mile radius of
our hospital. The subjects responded to a

questionnaire and their technique was recor-

ded electronically in the surgeries by a

placebo MDI containing a transducer to

detect time of firing and connected to a

pneumotachograph to record inspiratory flow
and volume. MDIs were prescribed frequen-
tly or very frequently by 95% ofrespondents.
All respondents gave some instruction but
32% did not check technique at the time of
prescribing, though 68% of respondents
estimated that over halfoftheir patients could
use an MDI adequately. Of those who gave

instruction, 57% failed to mention that the
inhaler should be shaken before use, 72% that
inspiration should be slow and 20% that
breath should be held after inhaling the drug.
When the general practitioners' own tech-
niques were recorded electronically, only 2%
(one subject) operated the MDI satisfactorily
at the first attempt using well established
criteria (Newman and Clarke. Aerosols in
Medicine. Elsevier, 1986). When a second
attempt was made after reading a card con-

taining six simple instructions, breath hold-
ing time increased (p < 0-001) and peak
inspiratory flow rate fell (p < 0-05), although
it remained too high in 86%. On this second
attempt 4% of the group performed satisfac-
torily, 89% improving but still failing to meet
the criteria and 7% showed no improvement.
It is concluded that most general practition-
ers themselves require instruction in inhaler
technique.

Audit of inhaler technique in patients
and hospital staff

SM COOPER, NP MACKAY, S STUART, RDH MONIE

Chest Clinic, Southern General Hospital,
Glasgow A four month audit was under-
taken to assess the efficacy of inhaler use in a

general medical unit of nine consultant
physicians, two being respiratory physicians.
Patients being discharged on metered dose
inhalers (MDI) had their inhaler techniques
checked prior to discharge. Twenty seven

asthmatics and 35 chronic bronchitis (CB)
were assessed. Asthmatics used their inhalers
better than CB: 24 asthmatics were con-

sidered perfect while a third of CB were too
poor to obtain significant benefit from an

MDI. Patients were asked if their inhaler
technique was checked during admission; 27
(44%) had not. The respiratory physicians

Before 1 Oct 1990 From I Oct 1990 p

GP diagnosis of asthma 56 63 NS
Single PEFM in 3 months:

All patients 63 75 NS
Asthmatic patients 71 90 <0-05

Home PEFM recording 19 30 NS
PEFM during steroid trials 11 19 NS
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checked the technique in 87% compared with
non-respiratory physicians in only 27%. CB
who had their technique checked were better
at using an MDI. No patients under a non-
respiratory physician were assessed for an
alternative delivery system. Medical and nur-
sing staff on the medical unit also had their
inhaler technique assessed. Twenty four per
cent of nurses and 16% of doctors could not
use anMDI effectively and overhalfof all staff
could not use a Turbohaler. Some nursing
staffwho taught inhaler technique failed to use
an MDI correctly. Medical staff underes-
timated the cost of inhaled therapy and did
not appreciate the cost difference between
generic and proprietary prescribing. Dis-
charge prescriptions for inhaled anti-inflam-
matory medication and bronchodilators were
considered to be correct in 88% of cases.
Recommendations have been made and in
future, selected nurses will be responsible for
assessing inhaler technique and suggesting
the best delivery system for an individual
patient.

At what step do general practitioners
refer patients with asthma and other
chronic diseases?

CK CONNOLLY, EW BARNES, SM ALCOCK,
S HARDING Memorial Hospital, Darlington
The BTS guidelines suggest that asthmatics
should be referred if unsatisfactory on high
dose inhaled steroids, though an earlier step
was considered in the debate. General prac-
titioners in the author's referral area were
asked by postal questionnaire at what stage
they would refer. To distract from the prin-
ciple intention similar questions were asked
of four other conditions: diabetes, angina,
hypertension and epilepsy, the opportunity
being taken to compare referral policies. The
extremes suggested were "always" and
"highly selected cases only." The other
steps were: asthma-bronchodilator, DSG/
nedocromil, low dose inhaled, high dose
inhaled steroid, oral steroids; diabetes-diet,
single oral, combination oral therapy, insulin;
other conditions-one, two or three drugs.
One hundred and twenty one replies (119
fully evaluable) were received from 154
(79%) GPs. Two always refer asthmatics,
three refer if unsatisfactory on bron-
chodilators and two at the DSG step. Thirty
two (27%) refer while patients are still on low
dose, 63 (53%) on the high dose inhaled
steroid step, 16 (13%) refer on the oral step,
and one in highly selected cases. The
therapeutic steps up to low dose inhaled
steroids were combined and values 1-5 as-
signed to the combined levels. The mean
referral level for asthma was 2-81. Town GPs
referred earlier (2-56) than country GPs
(3 04) (p < 0 0002). The diet and one drug
steps for diabetes were combined to give a five
point scale. The referral level was similar to
asthma (2 77) but lower than epilepsy (2 20)
and much higher than angina (3 6) and hyper-
tension (4-18) (p = 0 0000). Of30 asthmatics
actually referred during the study, 19 were on
low dose inhaled steroids. This is the propor-
tion expected from the answers above and the
distribution of prescriptions of a local prac-
tice, but if the higher national ratio of high to
low dose inhaled steroids is used GPs are
referring earlier than they claim (p = 0 001).
The results suggest that one third of GPs
refer and two thirds of patients are referred
earlier than in the guidelines.

Targetting asthma care in general
practice

KP JONES, IH CHARLTON, M MIDDLETON, Wj
PREECE, AP HILL Primary Medical Care
Group, Faculty of Medicine, University of
Southampton, Aldermoor Health Centre,
Southampton A postal survey has been con-
ducted of the 853 asthmatics of all ages
recorded on the computer of our urban prac-
tice of 8400 patients. The questionnaire
comprised the three morbidity questions in
our previously validated morbidity index
(Thorax 1991;46:318P), two questions about
current asthma status and one about treat-
ments taken. Six hundred and twenty one
replies (73%) were received from two mail-
ings. Twenty eight patients had moved away,
leaving 593 for further analysis. Two hun-
dred and thirty four were "low morbidity,"
149 "medium morbidity" and 210 "high
morbidity." The majority (53%) of those
perceiving themselves as currently asthmatic
were in the high morbidity group, but 7%
who said they were no longer asthmatic and
8% ofthose who did not believe they had ever
been asthmatic were also in this group. High
morbidity was found in 10% of those on no
current treatment, 38% of those on bron-
chodilators alone and 54% ofthose on inhaled
steroids. The morbidity index clearly iden-
tifies a subgroup of asthmatic patients in
general practice who need extra education
and management.

A nurse run asthma clinic: assessment
of patient selftreatment for asthma

SA HAYWARD, M JORDAN, G GOLDEN, M LEVY
Kenton, Middlesex A randomised, con-
trolled one year study on patient self
management was carried out in a general
practice asthma clinic. We randomised 43
asthmatic patients (6-75 years) into control
(group C, n = 19) and active (group A,
n = 23) groups matched for age and sex. The
nurse (MJ) set up an asthma clinic (after
training) and saw group A patients monthly.
Assessment of self management was done
monthly by a brief interview questionnaire: A
in clinic (263 interviews), and C by telephone
(201 interviews, SH and ML). Results were
analysed with the Mann-Whitney test,
SPSSPC. Before attending the clinic, group
C was slightly less severe (fewer symptoms,
p < 0 05), and successfully self treated
episodes of asthma more frequently (13/15)
than group A (8/22) (p < 0-001). After
attending the clinic group A successfully self
treated asthma episodes on more occasions
(that is, did not need to attend the GP/
hospital), (Group C = 45/99; group A = 89/
138, p < 0-005). There was no significant
difference in reported symptoms, days off,
or consultations between the groups.
(Interquartile ranges for groups C and A were
1-3, 0-3; 0-0,0-0; 0-0,0-1 respectively). It is
concluded that these data provide very strong
evidence that self treatment behaviour can be
modified by education in an asthma clinic.
This may reduce the incidence of acute
asthma, the need for emergency consultations
and avoidable asthma deaths.

We thank Drs Bonnie Sibbald, Sean Hilton,
and Ron Neville for design advice, and Allen
and Hanbury'sfor sponsorship.

Integrated care for asthma: the view
from general practice

NA DRUMMOND. RAE VAN DAMME, JAR FRIEND,
JS LEGGE, JG DOUGLAS Health Services
Research Unit, University of Aberdeen;
Department of Administrative and Policy
Sciences, University of Nijmegen; and
Thoracic Medicine Unit, City Hospital,
Aberdeen We are conducting a study
(GRASSIC: The Grampian Asthma Study
of Integrated Care) to compare "integrated
care" of asthma patients with conventional
three monthly outpatient clinic attendances.
In the "integrated care" scheme patients are
sent computer-generated letters/question-
naires every three months inviting them to
arrange an appointment for review of their
asthma by their general practitioner. Clinical
data from these visits is returned to the local
chest consultants who update the patient's
computerised record, and can recall patients
to the clinic as necessary. Each patient returns
to their specialist at least once a year. This
report concentrates on GPs' operation of
integrated care for asthma and their
perceptions of it. Semi-structured interviews
were conducted with a random sample of 38
ofthe 208 GPs with patients taking part in the
scheme. GPs perceived integrated care for
asthma to have the following advantages: the
continuity and quality of care was improved;
the scheme was popular with patients who
had less travelling and waiting time, and
better adherence to therapy; the passage of
information between GP and specialist was
enhanced. Regular GP reviews were favoured
for being clearly structured by the content
and form of the standard letters. The impact
on the GPs' work load was minimal.
Perceived disadvantages included the amount
ofpaperwork associated with the scheme, and
the possibility that some reviews might be
unnecessary. Integrated care for asthma is an
acceptable option for patient management
among Grampian GPs.

Comparison ofthe Bricanyl Turbohaler
with the pressurised meter dose inhaler
(MDI) in adult asthmatics

MF BONE, MM KUBIK Russells Hall Hospital,
Dudley, West Midlands The most com-
monly used inhalation device for the
administration of bronchodilator drugs is the
MDI. Many patients have real problems with
coordination and the freons and lubricants
found in the MDI may irritate hyperactive
airways. We therefore evaluated a new breath
activated dry powder Turbohaler which
delivers 0-5 mg of pure terbutaline sulphate
with no additives and compared it with equal
potential doses of terbutaline MDI in 258
stable asthmatics over an eight week period in
an open double blind double dummy parallel
group study. One third of the patients were
randomly allocated to MDI usage at 0 5 mg
terbutaline sulphate four times daily. Assess-
ments with peak flow measurements, asthma
symptom scores and relief medications were
made with diary cards. There were no
significant differences between the two groups
in terms of mean increases of peak flow and
asthma scores. Relief medication in the
Turbohaler group was less (p < 0 05)
especially at night with an increase in morn-
ing peak expiratory flow. Clear differences
showed improved patient preference for the
Turbohaler (50% v 10%). These data show
that the Turbohaler is as effective as theMDI
and better tolerated.

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.47.3.209P

 on 1 M
arch 1992. D

ow
nloaded from

 

http://thorax.bmj.com/


Proceedings

Respirable fraction and clinical
response in relation to orifice size of
aerosol inhalers

AE EVANS, S WARD, K PROWSE Department of
Respiratory Medicine, City General Hospital,
Stoke-on- Trent The aim ofthis study was to
assess bronchodilator effects of equal doses of
salbutamol given to asthmatic patients from
adaptors with different orifice sizes and to
assess the effect of orifice size on aerosol
particle size. A single blind four way
crossover study was carried out in a group of
21 stable asthmatics to compare the effects of
200 pg salbutamol delivered from inhalers
with four different orifice sizes (0 23, 0 4, 0 5,
and 0 59 mm). Assessments were made on
four clinic visits at the same time of day. After
baseline measurements following placebo
inhaler, 200 pg of salbutamol was given via
the study inhaler with measurements ofFVC,
FEV,, and PEF at regular intervals up to
120 minutes. The inhaler used was chosen
according to a predetermined randomisation
code. The adaptors and vials were then tested
with an Andersen Sampler to assess particle
size distribution, giving measurements of
respirable fraction and the microgram dose
delivered. The study was completed on 19
patients. There were no statistically
significant differences between the orifice size
in terms of the maximum change or time to
maximum change of FEV, and FVC. A
significantly greater maximum change inPEF
was found with the smaller orifice size
(0-23 mm) compared with the larger orifice
size (0 59 mm) (p = 0 05) but is unlikely to
be clinically significant. The smaller orifice
size gave a greater respirable fraction than the
others (p = 001) andresulted in significantly
more drug being deposited than the larger
orifice size (p = 0-01). It is concludedthatthe
adaptor orifice size of aerosol inhalers does
not influence significantly clinical response,
although the smaller orifice size produced a
statistically larger increase in PEF. The
Andersen Sampler is frequently used to
assess drug formulations and inhaler delivery
but offers a guide to clinical response and does
not predict it accurately.

Determinants of inspiratory flow rate
(IFR) through Diskhalers

T RAINER, M SAUNDERS, R RICHARDS
Department of Thoracic Medicine, Llandough
Hospital, S Glamorgan The IFR is the most
important factor in determining the efficacy
ofpowder inhalers (Richards et al. Eur Respir
J 1988;1:896). Prediction of IFR using
standard spirometric techniques is poor
(Engel et al. Eur Respir J 1990;3:1037). We
have studied the relationships between a
number of pulmonary function tests (PFTs)
and the IFR achieved through the Diskhaler
(Serevent 4-place) and assessed the effect of
different patient instructions. Forty three
patients with obstructive airways disease had
full PFTs performed. They were then asked
to inhale through a diskhaler (4-place) in
random order, (1) as fast and as hard as
possible (IFR-fast) and (2) steadily and
deeply (IFR-steady). The IFR was measured
by a modified Airmed inspiratory flow meter
and the best of three readings used for
analysis. The mean flow rate for IFR-fast
was 83-5 (SE 28) 1/m, which is significantly
greater than IFR-steady (25-5 (22) 1/m)
(p < 0 0001). Thirty four percent of patients
generated an inspiratory flow of > 30 1/m in

response to instruction 2 (IFR-steady); this
proportion increased to 95% of patients told
to breath in as fast and as hard as possible.
The IFR-fast was significantly correlated
with most of the PFTs but maximum
inspiratory pressure (MIP) was the closest
predictor (r = 0 91). We conclude that
instructions to patients and the patients'
strength as measured by MIP are the most
important determinants of IFR through a
Diskhaler. We suggest that the patients'
MIP or IFR (measured through a modified
inspiratory flow meter) should be used to
assess the suitability of powder inhaler
therapy.

Peak inspiratory flow rates in acute
asthma: are they adequate for efficient
use ofa Turbohaler?

PH BROWN, AP GREENING, GK CROMPTON
Respiratory Medicine Unit, Western General
Hospital, Edinburgh Peak expiratory flow
(PEF) rates are used routinely to assess the
severity of asthma but inspiratory flow rates
have received little attention. Effective use of

University College and St Vincent's Hospital,
Dublin, Ireland Patient education is an
important part of asthma management. We
prospectively compared two asthma educa-
tion programmes: (a) instruction by a doctor
in inhaler technique and supply of literature;
(b) comprehensive education by an asthma
nurse, including verbal and video instruction
about asthma and correct usage and side
effects of treatment. Sixty patients were
randomised into groupsA and B; two patients
in group A and 12 in group B failed to
complete the study. Basic spirometry, symp-
tom severity (with a 10 cm visual analogue
scale) and inhaler technique (scale 1-7) were
measured before entry and after four weeks.
At the start and end of the study patients also
completed a 21 part lifestyle questionnaire
(ALQ) and a 36 part multiple choice ques-
tionnaire (MCQ) designed to assess patients'
understanding of asthma. The results are
shown in the table below. We conclude that a
formal asthma education programme is of
significant benefit to the management of
asthmatic patients, which is particularly
reflected in improved inhaler technique and
understanding of the condition.

Measurement Group A Group B A vB

PEF-pre 361 (22) 394 (32) NS
PEF-post 387 (21)* 428 (29)* NS
Symptoms-pre 5-4(0 5) 5-4(0-6) NS
Symptoms-post 6-1 (0-4) 6-7 (0 5) NS
ALQ-pre 5-7 (0-2) 5-4(0 3) NS
ALQ-post 5-8 (0-2) 5-2 (0-2) NS
Inhaler technique-pre 5-0(0-3) 5-4(0-3) NS
Inhaler technique-post 5-5 (0-2) 6-5 (0-3)* p < 0-003
MCQ-pre 7-1 (2-1) 7-5 (2-4) NS
MCQ-post 10-7 (2-4) 21 9 (1-8)** p < 0-003

(Mean (SEM); pre v post changes: *p < 0-01, **p

breath actuated inhalers requires the ability
to generate an adequate peak inspiratory flow
(PIF); with the Turbohaler (T) a PIF of at
least 30 I/min through the device is required
for efficient use. A Vitalograph Compact
spirometer was used to measure PIF with and
without a T in 99 patients (mean age 41 8 y,
range 11-88 y; 63F) presenting with acute
exacerbations ofasthma. Where possible they
were studied prior to administration of
nebulised bronchodilators. The best of two
measurements was selected for analysis.
Mean (SD) FEV, was 1-2 (0-7) 1, FVC 2-1
(1 0) 1 and PEF 199 (92 I/min. Mean PIF
without T was 152 (77) 1/min, indicating
substantial inspiratory airways obstruction.
Mean PIF through T (PIF-T) was 60 (20)
1/min (range 26-103 1/min). There were sig-
nificant (p < 0 01) correlations between PEF
and PIF (r = 0-68) and between PEF and
PIF-T (r = 0-35); this latter relationship was
too weak to allow prediction of PIF-T from
PEF. However, only two patients failed to
generate a PIF-T of >301/min. It is
concluded that acute asthma is associated
with reduction in peak inspiratory flow rates
comparable to the reduction in PEF. Despite
this and the resistance to airflow through the
Turbohaler, 98% of patients with acute
asthma were able to generate a PIF which
permits efficient use of the Turbohaler.

Audit of patient education in asthma
management

C QUIGLEY, D DONAGHY, E MULLOY,
W MCNICHOLAS Asthma Education Centre
and Department of Respiratory Medicine,

Acute asthma: can admission rates be
reduced?

S KUMAR, P LAWFORD Department of
Respiratory Medicine, Walsgrave Hospital,
Coventry Results from an American study
(Mayo P et al. Asthma. Ann Intern Med
1990;112:864) suggest, with intensive patient
education, admission rates can be reduced.
Preadmission management of 75 known
asthmatic patients following loss of asthma
oontrol was surveyed within a six month
period. Patients were seen within 48 hours of
admission. Forty seven were under the care of
the Respiratory Physicians (34 reviewed
regularly in clinic) 28 were under general
physicians (two under regular review). The
mean age was 45 9 years (46 female and 29
male). Thirty three (44%) had commenced or
increased steroid therapy. Fifty eight (77%)
were on inhaled prophylactic treatment, but
only nine (12%) had increased the dosage.
Forty nine (63%) had contacted their GP; of
these, 21 were advised to start or increase oral
steroids. Sixteen (21%) were inappropriately
commenced on antibiotics. Bronchodilator
dosage and frequency was increased by 58
(77%) patients. Twenty seven (36%) had
previously been advised when to increase/
start steroids in worsening asthma; 15 had
changed treatment as previously instructed,
six made no change and in 6 the asthma
deteriorated rapidly necessitating urgent
admission, although three of these had taken
steroids just prior to admission. It was
interesting to see that 64% (30/47) in the
respiratory group and only 11% (3/28) in the
non-respiratory group had actually made any
change to steroid therapy; 89% in the res-
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piratory group were on inhaled prophylactic
treatment as compared to 57% in the non

respiratory group. The results show that few
asthmatic patients are followed up regularly
by general physicians. Further education of
both patients and their doctors is required
and every opportunity (inpatient and out-

patient) should be taken to achieve this
goal. This should hopefully produce better
asthma control and possibly reduce hospital
admissions.

Nebulised bronchodilator therapy in
hospital: cost effectiveness of education

M ALLEN, M HATTON, E MELLOR, N COOKE

Department of Respiratory Medicine, General
Infirmary, Leeds Nebulised bronchodilator
therapy is expensive. We have examined
changes in nebulised bronchodilator use and
subsequent financial savings after an educa-
tion exercise in a 708 bed teaching hospital.
Ward pharmacists collected details of nebul-
ised bronchodilator prescriptions throughout
the hospital before and after an educational
exercise which consisted of a lecture to junior
staffand a signed letter to all doctors outlining
the indications for ipratropium bromide (IB)
and the correct method of prescribing.
Medical staff were unaware of the audit.
Excluding patients on home nebulisers, 102
forms were completed in the initial five week
period and 84 in the nine weeks after the
exercise. Results in the table below are shown
as percentages of the totals with the
significance of any changes examined by x2
and Mann-Whitney tests. The educational
exercise improved prescribing habits, halving
the number of patients prescribed a combina-
tion of adrenergic dry and ipratropium
bromide and potentially saving C3000 per
annum.

sugars (glucose, galactose, mannose) nor

fucose inhibited the interaction. Further-
more, the tetrapeptide arg-gly-asp-ser
(RGDS) at 1 mM inhibited the interaction to

51 1 (12)% of control, indicating that a

surface molecule of the integrin superfamily
of dimers was involved. The control peptide
arg-gly-glu-ser (RGES) at 1 mM had no

effect. Monoclonal antibody (mAb) to the
vitronectin receptor (mAb 23C6, gift of M
Horton and N Hogg, ICRF) at 1:25 dilution
of ascites inhibited the interaction to 56-9
(1-45)% of control. Control mAb to the
GPIIbIIIa complex, the other member of the
cytoadhesion or ,B3 family of intergrins, had
no effect. Therefore recognition by monocyte
derived macrophages ofapoptotic eosinophils
appears to involve similar mechanisms to

recognition ofapoptotic neutrophils, which is
also specifically inhibited by amino sugars

(J Clin Invest 1989;84:1518-27) and
involves the vitronectin receptor (Nature
1990;343: 170).

Investigation of acute respiratory
illness in HIV positive patients using
indium labelled polyclonal immuno-
globulin scans

R MILLER, J BUSCOMBE, A GRANT, W OYEN,
D LUI, R CLAESSENS, J VAN DER MEER,
F CORSTENS, P ELL Department of Medicine
and Institute of Nuclear Medicine, UCMSM
Middlesex Hospital, and Departments of
Nuclear Medicine and Medicine, University
Hospital, Nijmegan, The Netherlands
Gallium scanning used to investigate HIV
positive patients with respiratory symptoms,
although sensitive, has poor specificity.
Imaging takes up to 72 hours and radiation
dose to the patient is high. As an alternative to

Before After
education education p

% patients on /2 and IB combination 76 38 0 001
% IB started after poor response to #, 6 11 NS
Median days' 3,2use 7 5 0-002
Median days' IB use 7 4-5 0-05

Vitronectin receptor mediates macro-

phage phagocytosis of apoptotic eosino-
phils

M STERN, J SAVILL, C HASLETT Department
of Medicine (Respiratory Division) RPMS,
Hammersmith Hospital, London, and Depart-
ment of Respiratory Medicine, City Hospital,
Edinburgh We have previously reported
that human eosinophils aged in culture for
72-96 hours undergo time related program-
med cell death (apoptosis), which leads to

recognition and ingestion of these senescent
but intact cells by monocyte-derived macro-

phages (Thorax 1991;46:282P). This cellular
interaction may represent an important
process whereby eosinophil mediated tissue
injury is normally limited. In this study we

have investigated the cell surface recognition
mechanism by which phagocytosis of aged
eosinophils occurs. A range of monosac-

charides were included at 25 mM (buffered to

pH 7 4) in the interaction medium in a

standardised assay of apoptotic cell
phagocytosis by monocyte derived macro-

phages (J Clin Invest 1989;83:865).
Glucosamine, galactosamine and manno-

samine inhibited monocyte derived macro-

phages recognition ofaged eosinophils to 51 2
(3 06)%, 48-7 (0 78)% and 46-4 (0 54)%
(mean (SE)) of control. Neither the parent

gallium scanning we used indium- I 1 1
labelled human polyclonal immunoglobulin
(In-HIG) to investigate HIV positive
patients presenting with cough, dyspnoea
and/or fever. Thirteen patients received 37
MBq In-HIG given four; images of the
thorax were obtained at 4, 24 and 48 hours.
In-HIG scans were categorised as being
negative or showing focal (FA)
or diffuse intrapulmonary accumulation
(DIPA). In-HIG scans were correlated with
the chest radiograph, bronchoscopy findings
and results from lavage fluid. Results are

shown in the table below. In HIG, like
gallium, distinguishes infection from
pulmonary Kaposi's sarcoma, but has a

shorter imaging protocol and lower dose of
radiation. In-HIG scanning may provide a

useful adjunct to the investigation of HIV
positive patients with respiratory symptoms.

Multinucleated cells in bronchoalveolar
lavage from AIDS patients

A KAWANA, DH BRAY, B SQUIRE, MA JOHNSON,
LW POULTER Departments of Clinical
Immunology and Thoracic Medicine, Royal
Free Hospital School of Medicine, London
The objectives of this study were to
determine the incidence, origin, and
phenotype ofmultinucleated cells (MNCs) in
bronchoalveolar lavage (BAL) fluid obtained
from AIDS patients. BAL was performed on
30 AIDS patients presenting with an acute
respiratory episode, on 14 non-HIV patients
with inflammatory lung disease and on nine
normal volunteers. Cytocentrifuge prepared
BAL cells were stained with monoclonal
antibodies (MoAbs)RFD1 (specific in normal
lymphoid tissue for interdigitating cells),
RFD7 (mature phagocytic macrophages),
CD68 (pan macrophages), RFDR1 (HLA-
DR), Ki-67 (proliferating cells) and CD4
(T cell subset) by immunocytochemical
techniques. The percentage of MNCs in
BAL fluid obtained from AIDS patients was
significantly higher than the level in normal
volunteers (AIDS 3 8 (1 4)%, normal 0 2
(0 7)%; p = 0 001). The percentage of
MNCs in BAL fluid from chronic
inflammatory lung disease patients was also
increased (3 7 (1 1)%; p = 0-006). In AIDS
patients there was no correlation between %
MNCs and other infections. The percentage
of Ki-67 positive cells in BAL of AIDS
patients was significantly lower than the
values obtained from normal volunteers
(AIDS 0 1 (0 2)%, normal 0-8 (0 6)%;
p = 0 03). The phenotype of MNCs in
AIDS BAL fluid was determined by double
staining with MoAbs RFD1 and RFD7. Four
types ofMNCs were observed (Dl + D7 -,

Dl + D7+, DI - D7+ and DI D7-)
and more than 90% of MNCs reacted with
CD68 MoAb. In AIDS patients a dispropor-
tionately larger number of MNCs expressed
CD4 in relation to total BAL cells (p = 0 04).
It is concluded that cell fusion causes

numbers of MNCs to occur in AIDS BAL.

How "normal" is a normal healthy
subject?

C POWER, P BYRNE, A CONDEZ, S JARRETT,
S SREENAN, B HURSON, C BURKE, L POULTER
Department of Respiratory Medicine, James
Connolly Memorial Hospital, Dublin, and
Department of Immunology, Royal Free
Hospital School of Medicine, London
Twenty nine healthy subjects undergoing
general anaesthesia, for knee arthroscopy,
gave informed consent for a perioperative
fibreoptic endobronchial biopsy. Details con-

cerning "previous history"-wheeze, child-
hood asthma, sinusitis, cigarette smoking-
were documented. Atopic status, baseline
spirometry and bronchial challenge (his-
tamine) were recorded. Nine non atopic, non-
smoking subjects with no "previous history"
were identified as one group while the 20 other

Chest radiography In-HIG Diagnosis n

Normal DIPA PCP 2
FA Pseudomonas aeruginosa 1

INT Negative Pulmonary Kaposi's sarcoma 2
DIPA PCP 6

INT & ALV DIPA & FA PCP and Staphylococcus aureus 1
PCP I

INT-interstitial shadowing; ALV-alveolar consolidation.
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subjects who were positive for at least one risk
factor formed the "others" group (age
matched). Though lung function was similar
in the two groups, median bronchial
hyperreactivity (BHR) to histamine was sig-
nificantly increased in the "others" (n = 20)
group: 6-8 mgv 16 mg,p < 0 05.Therewere
significant differences in the cellular profile of
the bronchial mucosa noted between the two
groups. There were increases in the epithelial
T lymphocyte population (1 3 v 3 3 cells/unit
area) and in RFD7 + macrophage population
in the lamina propria 0-05 v 0-24 cells unit
area, in the "others" group. However, the
HLA DR expression was reduced in this
"others" group in the epithelium 0 2 v 8-5
relative absorption/unit area, p < 0-05. The
effects on bronchial cellularity of previous
insults was investigated by dissecting out the
contribution of individual risk factors by
looking at the "others" group under three
headings; those who are non-atopic (n = 12),
non-smokers (n = 10), and with no previous
history (n = 5). It is concluded that a
"previous history" contributes mostly to
increased BHR and RFD7 expression while
smoking increases the quantity of T cells in
the epithelium. In a group of normal subjects
a variety of clinical characteristics can alter
the physiological and immune profile of the
airway, which has important implications for
the study of basic mechanisms in asthma.

Bronchus associated lymphoid tissue:
does it exist in humans?

I RICHMOND, T ASHCROFT, GE PRITCHARD, AD
GASCOIGNE, PA CORRIS, EH WALTERS Depart-
ment of Histopathology and Sir William Leech
Centre for Lung Research, Freeman Hospital,
and Chest Unit Newcastle General Hospital,
Newcastle upon Tyne There is conflict in the
literature as to whether bronchus associated
lymphoid tissue (BALT) is an integral part of
the normal human immune system. Further-
more, its role in the immunopathology of
pulmonary disease remains speculative. Air-
ways from freshly received pneumonectomy
specimens (n = 7) were sampled in an
attempt to determine the presence of BALT
in them. All the specimens came from
patients undergoing surgery for smoking
associated bronchial carcinoma. Full thick-
ness bronchial wall sections were taken from
various sites throughout the bronchial tree
(mean number 9, range 5-12). These
included main bronchi, secondary carinae,
lobar bronchi, tertiary carinae, segmental
bronchi and small bronchioles. The lobe
within which tumour was sited was not
sampled. Four standard 5 pm sections from
each site were examined. In two of the seven
cases BALT was detected. In one case it was
restricted to the upper lober bronchi while in
the other it was found in both upper and
lower lobar bronchi, as well as in the tertiary
carinae. In all sites the BALT was extremely
focal. The BALT was characterised by:
(1) Aggregates ofmature lymphocytes (more
than 50 cells) situated close to the
muscularis mucosae and often adjacent to
groups of bronchial glands, (2) Poorly
formed germinal centres in a minority of
the aggregates, (3) Parafollicular high
endothelial venules, (4) Occasional plasma
cells at the luminal margin of the BALT
and plasma cells in the adjacent glands,
(5) Absence of a recognisable lympho-
epithelium (as compared to some mammalian
species). Immunocytochemistry revealed an

L26 positive core ofB cells surrounded by an
irregular rim of UCHL-1 positive T cells.
Within the poorly formed germinal centres
occasional CD35 positive dendritic reticulum
cells were seen. Further work is ongoing to
study whether BALT is found in healthy
non-smokers.

Repeatability of cell counts in
bronchoalveolar lavage (BAL) fluid in
asthmatic subjects

PV GARDINER, C WARD, A ALLISON,
R HARKAWAT, DJ HENDRICK, EH WALTERS
Chest Unit, Newcastle General Hospital and
University of Newcastle Upon Tyne It is
commonly assumed that the evolution of a
highly standardised BAL protocol has
produced a quantitative tool that can be used
to detect changes in airway inflammation (Eur
Respir J 1991;4:776). We have evaluated the
repeatability of BAL cell counts and cellular
profiles in 10 nonsmoking asthmatic subjects
(age 21-61, four female) whose asthma was
clinically stable over the one month between
BAL procedures. Three subjects who were
atopic were studied out of season. A
3 x 60 ml BAL was carried out in the middle
lobe, and total cell counts obtained using a
Neubaur haemocytometer. Cell preparations
for differential cell counts were obtained
on unprocessed BAL fluid by both cyto-
centrifuge and glass coverslip methods and
stained with "Diff-Quick". Two observers
counted 500 cells on two slides prepared by
each method. The mean total cell count was
205 x 10'/ml but varied widely with a
coefficient ofrepeatability (CR) of50, indicat-
ing that presentation of data as absolute
counts may be inappropriate. Considerable
variability also exists, however, in cell
differential percentage counts. Thus the CR
for lymphocyte percentage by cytospin
method was 27, compared with 18 by the
coverslip method. The median lymphocyte
percentage count was higher (27) by the
coverslip method compared to 20 by cyto-
spin. The coverslip technique is therefore the
preferable method, but to obtain a power of
90% to recognise a change of 10 in the
percentage lymphocyte count would require
20 subjects in the study. It is clear that large
sample sizes and/or major changes in cell
profile are required to overcome this
variability.

Urinary leukotriene E4 (LTE4) excretion
in exercise induced asthma (EIA)

IK TAYLOR, R WELLINGS, GW TAYLOR,
RW FULLER Department of Clinical
Pharmacology, Royal Postgraduate Medical
School, London Exercise is a common
stimulus of bronchoconstriction in asthmatic
subjects. The react mechanisms of EIA are
controversial, although recent evidence
suggests that the cysteinyl-leukotrienes
(LTC4, LTD4 and LTE4) may be important.
To assess the role ofthese mediators in EIA in
vivo, nine subjects with stable atopic asthma
(8M, age 20-35 years) were studied on two
occasions. On visit 1, subjects performed six
minutes of treadmill exercise (12% gradient,
6 kph); the mean maximal fall in FEV, was
38 0% (SE 5 3%). On visit 2 maximal
bronchoconstriction observed following
exercise was matched with incremental dou-
bling dose concentrations of aerosolised
methacholine (MC). Urine was collected in

two 90 minute fractions, 0-90 and 90-180,
following challenges and analysed by HPLC-
RIA for LTE4, the stable bioconversion
product of LTC4 and LTD4. There were no
significant differences (mean (SE)) in urinary
LTE4 excretion following exercise when
compared with MC challenge for the periods
0-90 min (16 9 (5 4) v 20 4 (4-2) ng/mmol
urinary creatinine), 90-180 min (24-9 (8 2) v
20-1 (5-5) or 0-180 min (21-5 (6-5) v 18 8
(4 1)). This suggests that, in contrast to
allergen and platelet activating factor (PAF)
induced bronchoconstriction, there is little
evidence of enhanced cysteinyl-leukotriene
generation in EIA as assessed by urinary
LTE4 excretion. If these products do have a
role in the mechanism of EIA, their genera-
tion in the airway is of insufficient magnitude
to perturb urinary LTE4 excretion.

Evaluation of a bradykinin antagonist
(HOE 140) against bradykinin and
platelet activating factor induced air-
way responses in the guinea pig

T SAKAMOTO, W ELWOOD, PJ BARNES,
KF CHUNG Department of Thoracic Medicine,
National Heart and Lung Institute, Royal
Brompton Hospital, London Bradykinin
(BK) may participate in the inflammatory
process of asthma and kininogenase activity
has been detected in bronchoalveolar lavage
fluid from asthmatic patients. To study more
closely the role of BK, antagonists of the BK
receptor such as HOE 140 have been
developed. We examined the effect of HOE
140 against BK induced bronchoconstriction
and airway microvascular leakage in
anaesthetised guinea pigs. Both intravenous
(15 nmol/kg) (p < 0-01) and inhaled BK
(1 mM, 45 breaths) (p < 0 05) caused a
significant increase in RL and leakage ofEvans
Blue dye at all airway levels. HOE 140
(100 nmol/kg, N) significantly inhibited these
airway responses to BK, except for dye
extravasation in trachea induced by inhaled
BK. HOE 140 had no effect against the PAF
induced increase in RL and airway micro-
vascular leakage. These observations are
consistent with HOE 140 being a receptor
antagonist of bradykinin B2 receptors. PAF
induces its effects via a mechanism indepen-
dent of B, receptor activation. This
antagonist can be used to determine the role
of BK in various experimental models of
bronchial hyperresponsiveness and also in
asthma.

Effects of exogenous eicosapentaenoic
acid on in vitro eosinophil generation of
leukotriene C

FCK THIEN, MH HALLSWORTH, K CHUNG-A-ON,
CM SMITH, C SOH, TH LEE Department of
Allergy and Allied Respiratory Disorders,
UMDS, Guy's Hospital, London Fish oil is
abundant in eicosapentaenoic acid (EPA),
which modulates inflammation by a direct
effect on inflammatory cells in addition to
generating alternative mediators by being a
substrate in the 5-lipoxygenase pathway. We
have investigated the effects of exogenous
EPA on leukotriene C (LTC) generation by
eosinophils in vitro. Eosinophils from atopic
subjects were incubated with exogenous EPA
or arachidonic acid (AA) and stimulated with
10 piM calcium ionophore (A23187) for 15
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minutes. Mean generation of LTC in the
absence of fatty acid was 9-2 (SE 0 7) ng/106
eosinophils (EOS). At 5 and 10 pg/ml ofEPA,
LTC generation increased to 13-2 (1-2) ng
and 16-2 + 2 5 ng/106 EOS respectively. The
same doses ofAA increased LTC generation
to 14 8 + 1-8 ng and 12-4 (0-8) ng/106 EOS
respectively. At 40 pg/ml ofEPA and AA, the
generation ofLTC returned towards control
levels. In contrast, leukotriene B generation
from neutrophils from the same subjects,
stimulated with 10 pM A23187 was 469-4
(64) ng/107 neutrophils in the absence of fatty
acid and was suppressed by EPA in dose
dependent fashion beginning at 5 pg/ml, to
333-9 (51) ng/107 neutrophils at 40 Mg/ml
EPA. There was no suppression with AA.
HPLC analysis of the LTC generated by
eosinophils in the presence of EPA showed
LTC5 production beginning 5 Mg/ml and
becoming the predominant product at higher
doses of EPA. Thus EPA does not suppress
LTC generation from eosinophils, but
stimulates it at lower doses, and is a substrate
for LTC5 generation.

Eicosanoid production by leucocytes in
airways disease

FP HOGAN, MP O'SULLIVAN, JS PRICHARD
Department of Clinical Medicine, TCD
Medical School, St James's Hospital, Dublin
Eicosanoids, particularly PGE2 and LTB4,
can act as mediators in many immune func-
tions, inflammatory processes and diseases
including asthma and chronic obstructive
airways disease (COAD). Two cell types
involved in airway inflammation-monocytes
and neutrophils-are potent producers of
PGE2 and LTB4 respectively. We examined
the ability of these cells, isolated from normal
individuals, atopic asthmatic subjects and
patients with COAD (who were neither
atopic nor in an acute exacerbation) to
synthesise PGE2 and LTB4. Peripheral blood
mononuclear cells and neutrophils were
isolated from whole blood by dextran
sedimentation and lymphoprep density
gradient. Monocyte count was determined by
naphthyl acetate esterase staining and
viability by ethidium bromide/acridine
orange. PGE2 and LTB4 were assayed by
radioimmunoassay (RIA) and verified by thin
layer chromatography/autoradiography and
high pressure liquid chromatography
(HPLC) respectively. Ionophore stimulated
neutrophil LTB4 production was elevated in
both asthmatic subjects (38-4 (SE 6-8),
n = 10) (p < 0-05) and patients with COAD
(32-5 (SE 2 5), n = 20) (p < 0 05) when
compared with the control group 23-4 (2-0),
n = 29). This is consistent with the
inflammatory nature of the two diseases.
PGE, production by normal monocytes
stimulated with opsonised zymosan was 25-8
(3 3) ng/106, n = 45. Production was reduced
in asthmatics (9-6 (19) ng/106, n = 10;
p < 0-05 but was normal in COAD (24-6
(5 1) ng/106, n = 18). Since PGE2 is a power-
ful immune modulator this reduced produc-
tion may be an expression of the failure of
asthmatic subjects to regulate responses to
normally encountered antigens. This result
may relate to previous observations that
blood mononuclear cells from asthmatics
have reduced numbers ofPGE, receptors and
a reduced proportion of suppressor T
lymphocytes (Rocklin et al, 1985; Sustiel and
Rocklin, 1989).

Effects of lipoxin A4 (LXA4) on airway
responses in asthmatic subjects

PE CHRISTIE, BW SPUR, TH LEE Department
of Allergy and Allied Respiratory
Disorders, UMDS, Guy's Hospital, London
Arachidonic acid may be metabolised by 5-,
12- and 15-lipoxygenase pathways. Interac-
tions between the 5- and 15-lipoxygenases
generate a new series of biologically active
metabolites, termed lipoxins (LX). LXA4
exhibits weak contractile activity and exerts
its action via an interaction with a LTD4
receptor (Br J Pharmacol 1988;95:562).
Dahlen et al (Adv Exp Med Biol,
1988;229:107) have reported that LXA4 shifts
log dose-response curve of LTC4 on guinea
pig lung strip to the right. We have recently
shown that LXA4 is a naturally occurring
molecule in lung diseases (Am Rev Respir Dis
1990;141:1453). This study was performed
to determine whether LNA4 inhalation in
asthmatic subjects has an effect on airways
response. Eight subjects (six asthmatic, two
normal) attended for bronchial inhalation
challenge with LXA4. In three of these
subjects (two asthmatics, one normal) blood
pressure, pulse and symptoms before and
after challenge were recorded. Subsequently
five patients with mild asthma (5M, 22-34
years) reattended for bronchial inhalation
challenge with either leukotriene C4 (LTC4)
or the combination of LTC4 and 0-1 mM
LXA4. Following inhalation of each dose of
agonist sGaw and V25 were measured. Airway
responsiveness was determined by the
cumulative dose of agonist required to induce
a 35% fall in sGaw (PD,5). There was no effect
of LXA4 inhalation on sGaw, V1,5, blood
pressure, pulse or symptoms. There was a
significant shift of the sGaw log dose-
response curve to the right following inhala-
tion challenge with LTC4 combined with
0-1 mM LXA4 as compared with that after
inhalation challenge with LTC4 alone
(p = 0 008). There was no significant
difference in the dose dependent decrease in
V25 when inhalation challenges with LTC4
and the combination of LTC4 and 0-1 mM
LXA4 were compared. LXA4 may modulate
LTC4-induced large airway obstruction and
may be an endogenous sulphidopeptide
leukotriene receptor antagonist.

Bronchodilator effectiveness of inhaled
MKS 492 assessed in normal human
subjects

RW FOSTER, AS JUBBER Smooth Muscle
Research Group, Department of Physiological
Sciences, University of Manchester MKS
492 is a substituted 8-aminopurine, much
more potent than theophylline in relaxing
isolated human bronchi, inhibiting type III
cyclic nucleotide phosphodiesterase and
inhibiting the development of airway
hyperreactivity due to infusion of allergen,
platelet activating factor, ± isoprenaline or
endotoxin in guineapigs (Morley. New drugs
for asthma, XIth IUPHAR Congress
Satellite, Davos, 1990:51). We have assessed
the bronchodilator activity of MKS 492
inhaled from capsules with an Inhalator
Ingelheim in 12 normal male subjects (age
19-52; 72-2 (SD 2-7) kg) against a back-
ground of maintained bronchoconstriction
induced by inhaled nebulised methacholine
(MeCh) (Foster et al. Br J Clin Pharmacol
1991;31:445). Each subject's MeCh dosage
regimen was individualised, from the infor-

mation in 3 ln dose-effect curves plus offset
time-effect curves, the aim being for a main-
tained 62 5% reduction in baseline specific
airway conductance (sGaw, s.cmH2O-'). An
initial open study used 5 mg in four subjects
to estimate tolerability, effectiveness and
time course-there was a small transient
bronchodilatation (p = 0 006). The trial
used a double blind, cumulative dose,
crossover, placebo controlled design. Two
experiments, identical save for random
allocation of MKS 492 (doses 1, 3 and 12 mg
at 30 min separation) or placebo, were
performed on each subject, at least two
weeks apart. The pooled baseline log,0
sGaw = -0 612 (SD 0019); the two mean
baseline values did not differ (p 0-6). The
loading dose of MeCh (2-5 mg (geometric
mean)) reduced sGaw to 61% of baseline and
in the placebo control experiment the
maintenance dose rate of 0-029 (0-002) of the
loading dose/min produced 64% reduction in
baseline sGaw with an offset slope of 0-00041
(0 00006/min). There was no difference
(p 0-2) between mean log sGaw in the two
limbs of the trial after the first maintenance
dose of MeCh. Against this background
inhalation of 12 mg (30 min after 3 mg)
produced bronchodilatation of about 0-102
(0.025) ( t29% reversal of bronchoconstric-
tion). The slope of the MKS 492 ln dose-
effective curve 0-041 and that of its offset
time effect curve I -0 005. The ti of the
formulation of drug at its site of action was
6 minutes.

We thank Sandoz Pharma for the supply
of MKS 492 and financial support and
Drs T B Stretton and C Hardy, Manchester
Royal Infirmary, for the use of the facilities in
the pulmonary function laboratory.

Relationship of the slope of the log
dose-response curve to sensitivity to
methacholine and starting airway
calibre in normal human subjects

AS JUBBER, RW FOSTER Smooth Muscle
Research Group, Department of Physiological
Sciences, University of Manchester,
M13 9PT. The log dose-response curves
(LDRC) to methacholine (MeCh) were con-
structed by representing the log,0 of the
specific airway conductance (sGaw) on the y
axis and the ln inhaled dose on the x axis
and analysed in 28 normal volunteers (aged
19-53, 73 (2) kg weight, 178 (2) cm height) to
determine the relationship between the slope
of the LDRC (range -0-068 to -0-284;
-0-143 (0 009), mean (SE) and the concen-
tration provoking 35% reduction from
baseline (PC35) sGaw (range 0-31 to 7-89 mg;
1-93 (0 74, 3-12) geometric mean (SE)), the
inhaled dose causing 62-5% reduction from
baseline (PD 62 5) sGaw (range 0-31 to
381 mg; 3-63 (2-35, 4-91), and the baseline
sGaw (range 0-106 to 0340 (s.cmH2O) 1;
0-200 (0-010). Subjects initially inhaled 3-2 pg
of nebulised MeCh over two minutes. Fur-
ther doses, with a cumulative dose multiple of
3-16, were inhaled over two minutes at 15
minute intervals to a maximum of 10 mg or
until the target effect of 60-65% reduction
of the baseline sGaw was achieved. The
threshold dose determined from the first
experiment was used as the starting dose for
two subsequent, similar experiments. The
visibly linear part of each LDRC was iden-
tified, the mean slope and position were taken
as those of the best fitting (least squares)
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straight line through the (at least) nine pairs
of data coordinates (Foster et al. Br J Clin
Pharmacol 1991;31:445). There was a weak
negative correlation between the slope of the
LDRC and PC,, sGaw (r = 0-42, p < 0-05)
and a stronger negative correlation between
the slope of the LDRC and PD 62-5 sGaw
(r = 0-65, p < 0-01). The weakness of these
correlations, especially with PC35 sGaw,
suggests that the measurements may not be
used interchangeably and that each may
represent a different aspect of bronchial
response to bronchoconstrictor agents. We
therefore agree that additional information
can be obtained from the slope of the LDRC
(reactivity) as opposed to MeCh sensitivity
(Orehek et al. Am Rev Respir Dis 1977;
115:937). We also demonstrated that the
slope of the LDRC did not correlate with the
baseline sGaw (r = 0-32, p > 0-05). This
result is at variance with those of Chung et al.
(Am Rev Respir Dis 1982;126:849), who
showed that the slope was positively related
to the initial sGaw.

Arachidonic acid metabolism by human
bronchial epithelial cells

M O'SULLIVAN, F HOGAN, D LUKE, JS PRICHARD
Department of Clinical Medicine, TCD
Medical School, St James's Hospital, Dublin
The production of arachidonic acid
metabolites (eicosanoids) by the bronchial
epithelium may play an important role in
normal lung defence mechanisms. Previous
studies have focused on eicosanoid meta-
bolism by either chopped bronchial mucosa
or cultured cells because of the difficulty
involved in the collection of enough fresh
tissue to provide sufficient numbers of cells.
However, the use oftritiated arachidonic acid
(3H AA) enabled us to investigate the profile
ofsmall numbers offreshly isolated bronchial
epithelial cells. Macroscopically normal
bronchial tissue (n = 5) was obtained from
patients undergoing lobectomy or pneumo-
nectomy for lung cancer. Isolated cells were
prepared by enzymatic dissociation in 0-3%
collagenase (type IV, Sigma) for two hours at
37°C. Cell yield (1-4 (SE 0-4)) x 106 cells/g
tissue) and viability (80 (6)%) were assessed
by ethidium bromide/acridine orange stain-
ing and fluorescent microscopy. Cells (0-5 x
106/ml) were incubated with 2 microcuries of
3H AA for 30 minutes at 37°C in the
presence or absence of 2 pM calcium iono-
phore A23187. Labelled eicosanoids released
by the cells were separated by reverse phase
high pressure liquid chromatography and
radioactivity quantitated by I scintillation
counting. Peaks were identified by coelution
with authentic standards and by the use of
cyclooxygenase and lipoxygenase inhibitors.
The major 3H AA metabolite was 15-
hydroxyeicosatetraenoic acid (15-HETE).
The remainder of the radioactivity was
mainly contained in a peak which has been
tentatively identified as 14,15-epoxy-
eicosatrienoic acid (14,15-EET). In contrast,
cultured bronchial epithelial cells have been
shown to produce 15-HETE and PGE,. The
difference may be due to changes in enzyme
activity during cell culture. The physiological
relevance of 15-HETE is not yet understood,
however; nMolar quantities stimulate mucus
release by cultured human lung and high
levels of 15-HETE have been detected in
the bronchial lavage fluid of asthmatics
challenged with antigen.

Role of the non-adrenergic, non-
cholinergic nervous system (NANC) in
the overnight variation of airway
calibre in asthma

TW MACKAY, MF FITZPATRICK, NJ DOUGLAS
Respiratory Medicine Unit, City Hospital,
Edinburgh Increased vagal tone contributes
to, but does not fully explain, the overnight
airway narrowing in asthmatics which leads
to nocturnal cough and wheeze. We have
therefore examined the overnight variation in
the function of the only other neural pathway
innervating bronchial smooth muscle in
man, the non-adrenergic, non-cholinergic
(NANC) system. NANC function was tested
by comparing the change in oscillatory resis-
tance (Ros) resulting from capsaicin (2 nmol)
inhalation at 0400 and 1600 hours following
IV atropine (0 03 mg/kg) and IV propranolol
(0-25 mg/kg) in 11 subjects with mild asthma
(mean FEV, 90 (SE 3)% predicted at 0400
hours) and also after IV atropine (0-03 mg/kg)
alone in 11 subjects with nocturnal asthma
(> 2 awakenings/week; PEF fall more than
15% overnight; FEVy 73 (6)% predicted at
0400 hours) in whom beta blockade was
contraindicated. As expected baseline Ros
was significantly higher in the nocturnal
asthmatics compared with the less severe
group at 0400 hours (5-5 (0-8); 3 7 (0 5) cm
H2O/I/s: p = 0 05). The percentage fall in
Ros following IV atropine at 0400 hours was
also significantly greater in the nocturnal
asthmatics (32 (4); 19 (4)%: p = 0-04). Both
groups showed transient bronchoconstriction
following capsaicin (<1 min). Those with
mild asthma showed bronchodilatation last-
ing between 1-3 minutes at 0400 and 1600
hours, with greater bronchodilatation at 1600
hrs (1 (1)%) than at 0400 hours (-7 (2)%:
p = 0 001). These results are similar to those
we reported in normal subjects (Mackay et al.
Thorax BTS abstract). The nocturnal
asthmatics showed no bronchodilatation at
either time point following capsaicin and no
circadian variation in response to capsaicin.
These results indicate that there is evidence
of diurnal variation in NANC tone in mildly
asthmatic subjects with less bronchodilata-
tion being demonstrated at 0400 hours. The
lack of circadian variation in response to
capsaicin in the nocturnal asthmatics could be
due to impaired NANC function in such
patients or, less likely, to the fact that they did
not receive beta blockade.

Effect of nedocromil sodium on
leucocyte migration in normal and
asthmatic leucocytes

F HOGAN, M O'SULLIVAN, JS PRICHARD
Department of Clinical Medicine, TCD
Medical School, St James's Hospital,
Dublin A function of inflammation in
airways disease may be to bring large
numbers of phagyocytes to the affected area.
Nedocromil sodium is a drug developed for
the prophylactic treatment of asthma and
airway inflammation. We examined its in vitro
effect on serum induced chemotaxis ofnormal
and asthmatic leucocytes. Mixed leucocytes
obtained by dextran sedimentation were
diluted to 2 x 106 cells/ml and incubated in
the absence and presence of nedocromil
sodium (concentration range 10 '2 M
-10 2M) for 15 minutes at 37 C.
Centrifuged cells were reconstituted in
Hanks' balanced salt solution and chemotaxis
measured in a modified Boyden chamber.

Random migration and serum induced
chemotaxis were not significantly different in
asthmatics and normal individuals (random
migration-normals 23-0 (SE 1 -1) pm, n = 6;
asthmatics 29-0 (2 3) pm, n = 8;
chemotaxis-normals 44-6 (4 2) pm, n = 6;
asthmatics 60 4 (8-7) pm, n = 8). However,
nedocromil inhibited leucocyte chemotaxis in
a dose dependent manner in both normal and
asthmatic subjects with the drug being more
effective at inhibiting chemotaxis in asthmatic
subjects (IC50 = 1 nM) than controls
(IC50 = 1 pM). The mechanisms regulating
leucocyte traffic from blood vessels to lung
interstitium and alveolar spaces probably
have both pathophysiological and therapeutic
implications. The efficacy of nedocromil
sodium might be due in part to its ability to
retard migration of asthmatic leucocytes at
concentrations which would not affect cells
from non-asthmatic subjects.

Initial experience ofartificial surfactant
therapy in adult acute lung injury

PD MACNAUGHTON, CJ MORGAN, BF KEOGH,
DM DENISON, TW EVANS Adult Intensive Care
Unit, Royal Brompton National Heart and
Lung Hospital, London Pulmonary surfac-
tant dysfunction may be responsible for the
abnormalities of gas exchange that occur in
the adult respiratory distress syndrome
(ARDS). ALEC (Britannia Pharmaceuticals,
Redhill), a synthetic mixture of two of the
main surfactant phospholipids (phospha-
tidylcholine and phosphatidylglycerol) has
been successful in treating the neonatal
respiratory distress syndrome (BMJ 1987;
294:991). We therefore carried out a pilot
study to assess the efficacy and safety of
ALEC in six adult patients with acute lung
injury undergoing mechanical ventilation
(two with ARDS, four following cardio-
pulmonary bypass). After baseline
measurements of arterial blood gas tensions
and static compliance, 3-2 g ofALEC (about
40 mg/kg) was administered via the endo-
tracheal tube either bronchoscopically or
directly. Changes in the arterial: alveolar
oxygen tension ratio are shown in the table. In
five ofthe patients there was an improvement
in oxygenation, which returned to baseline at
4 hours, although this did not achieve
significance for the group (p = 008 at 2 hours
compared with baseline). Static compliance
tended to fall. Artificial surfactant can be
given safety to patients with acute lung injury
and appears to result in a transient
improvement in oxygenation.

PDM isMRC trainingfellow in intensive care.
We thank Dr C Morley for his helpful advice.

Patient No 1 2 3 4 5 6

Baseline 031 040 043 015 053 007
+1 hour 0-54 0 51 0-32 0-48 0-74 0-11
+2 hour 055 041 048 015 068 008
+4 hour 0 50 0-39 0-47 017 0 49 0-07

A novel, rapid technique for isolating
peripheral blood neutrophils in the rat:
in vitro function and in vivo migration
in the lungs

GM BROWN, W MACNEE Institute of
Occupational Medicine and Unit of Res-
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piratory Medicine, City Hospital, Edinburgh
Measuring sequestration ofneutrophils in the
lungs involves isolation of neutrophils from
peripheral blood, which may activate the
cells. We therefore developed a method of
isolating neutrophils in the rat reducing their
extracorporeal time to two hours, while
increasing purity and yield. We obtained
leucocyte rich plasma from rat peripheral
blood by exchange transfusion with a plasma
expander (Hetastarch) and isolated the
neutrophils by differential centrifugation with
Percoll (specific gravity 1 1120). This yielded
36-3 (7 3) x 106 neutrophils/rat (mean (SE))
which were >99% viable and 94 (1 1)%
pure. In vitro activity of the peripheral blood
neutrophils was less than that ofinflammatory
bronchoalveolar neutrophils (IN), obtained
following intratracheal instillation of
Corynebacterium parvum, whether pre-
(IN-PRE) or post-(IN-POST) centrifuga-
tion with hetastarch and percoll; all data
below are in the sequence peripheral blood
neutrophils; IN-PRE; IN-POST.
Chemotaxis to zymosan activated serum was
0(0); 11 2(2-1); 6-8(0 7) migrated cells per
high power field. Detachment of "Cr epith-
elial cells was 3733 (1689); 10542 (4303);
12975 (3949) cpm cells detached. Neutrophil
triggered superoxide release was 0 499 (0-17);
1 072 (0-35); 0-7 (0-19) nmoles/2-5 x 106
neutrophils/h. Tumour necrosis factor secre-
tion in a single experiment was 160; 800; 760
units of tumour necrosis factor. Sequestra-
tion of "Cr labelled peripheral blood neutro-
phils in the lungs measured as the neutro-
phils:red blood cell ratio in lung divided by
that in peripheral blood was 14-9 (1 1) in
control lungs and 31 1 (3-0) in inflamed
lungs. "Cr peripheral blood neutrophils
accumulated in the airspaces ofinflamed lungs
but not in normal lungs (control lungs 440
(240); inflamed lungs 2597 (723) cell
associated CPM in bronchoalveolar lavage
fluid. We conclude that this technique yields
large numbers of neutrophils which are func-
tionally quiescent in vitro and have normal
function in vivo as assessed by their ability to
accumulate at an inflammatory site.

Funded by the Norman Salvesen Emphysema
Research Trust

Studies of airspace epithelial per-
meability in acute lung inflammation
using a rat model

XIAO YANG LI, MME BRIDGEMAN, K DONALDSON,
W MACNEE Unit of Respiratory Medicine and
Institute of Occupational Medicine, City
Hospital, Edinburgh Increased epithelial
permeability is a feature oflung inflammation
and injury. We have developed an in vivo rat
model to study epithelial permeability to
"'iodine labelled bovine serum albumin ('25I
BSA), instilled intratracheally in the rat. In
control animals epithelial permeability,
measured as the percentage of instilled "'I
BSA appearing in blood, was 0 63 (0-25) %
(mean (SD), n = 26). Following intratra-
cheal installation of Corynebacterium parvum
(CP), to induce an acute alveolitis, a peak
neutrophil (PMN) count in bronchoalveolar
lavage (BAL) fluid of 34-4 x 106 PMN
(n = 3) occurred 16 hours after CP installa-
tion, compared with 01 x 106 PMN in con-
trol BAL fluid. By contrast the peak increase
in epithelial permeability following CP (1 1
(0-43)%, n = 13, p < 0-001) occurred at 8
hours. The increase in epithelial permeability

recovered within 24 hours. To investigate the
mechanism of the increased epithelial per-
meability induced by CP, buthionine
sulfoximine (BSO), a specific inhibitor of the
antioxidant glutathione (GSH), was used to
reduce total lung GSH in the rat by 50%.
This did not alter CP induced epithelial
permeability (p > 0 05). BAL fluid from rats
treated with CP demonstrated a markedly
increased antiprotease activity, compared
with BAL from control rats, as measured by
the % reduction in elastase induced fibronec-
tin degradation (control 30 (15)%; CP 57
(7)%; p < 0-05). These preliminary results
imply that CP induced alveolar inflammation
is characterised by increased epithelial per-
meability, which is not temporally associated
with the peak neutrophil influx into BAL.
Indirect evidence from this study also sug-
gests that the mechanism of this CP induced
increased epithelial permeability is not sim-
ply oxidant or protease mediated.

Supported by the Norman Salvesen
Emphysema Research Trust

Lung injury and cardiopulmonary
bypass: a pilot study of infused pentoxi-
fyiline in a model ofARDS

J BUTLER, R BAIGRIE, D PARKER, DJ SHALE, G
ROCKER John Radcliffe Hospital, Oxford, and
Respiratory Medicine Unit, City Hospital,
Nottingham The potential of a postinduc-
tion pentoxifylline infusion (PTX) to modify
systemic inflammatory responses and lung
injury following cardiopulmonary bypass
(CPB) was assessed in a study of 20 patients
undergoing elective coronary artery surgery.
By contrast with previous studies with longer
bypass times, intravascular pulmonary
neutrophil and lymphocyte sequestration did
not occur, either in 10 control patients
(bypass time 46 (SD) (9) min) or in 10 PTX
treated patients (bypass time 51 (12) min).
PTX failed to abrogate both the three fold
rise in plasma elastase-a, antiprotease com-
plex and the significant plasma interleukin-6
response (see table below). No interleukin-I
response was detected. The lack of intra-
pulmonary leucocyte sequestration and the
absence ofany correlation between the inflam-
matory mediators assayed and the post-
operative respiratory index (RI) suggest that
factors other than neutrophil related acute
lung injury contributed to impairment of gas
exchange following short term CPB. Since
the postinduction RI correlated with the
postoperative RI (area under the response
curve, p < 0-05 in both groups) a post-
induction RI may be useful to determine
which patients are at risk of more severe
postoperative pulmonary dysfunction.

Porcine cardiopulmonary bypass: a
model of acute lung injury with
increased pulmonary endothelial per-
meability

NE MOAT, PD MACNAUGHTON, TW EVANS
Adult Intensive Care Unit and Department of
Cardiothoracic Surgery, Royal Brompton
National Heart and Lung Hospital, London
Pulmonary dysfunction occurs following car-
diopulmonary bypass (CPB) and remains a

significant cause of morbidity and mortality.
In order to investigate the mechanisms
involved and evaluate therapeutic interven-
tions we established a model ofCPB in young
pigs (6-8 weeks: 18-20 kg). A standard
protocol was effected with right atrial to aortic
bypass (flow = 80 ml/kg/min) at 36'C for two
hours. The pulmonary artery was snared and
the right ventricle vented. The animals were
weaned from bypass, and maintained under
anaesthesia for four hours prior to sacrifice.
Serial measurements of arterial:alveolar
oxygen tension ratio, static compliance (ml/
cm H2O) and pulmonary vascular resistance
(PVR, dyn/s/cm') were made. Pulmonary
endothelial permeability (protein accumula-
tion index, PAI) was assessed by a double
radionuclide technique. The controls had the
same protocol but no period of CPB. The
results shown in the table below were
obtained four hours after CPB (mean (SE);
n = 4 in each group). Following CPB in
young pigs lung injury can be demonstrated
with an increase in pulmonary endothelial
permeability. This may be a useful model in
which to evaluate therapeutic interventions.

NM is SmithKline Beecham research fellow,
PDM is an MRC trainingfellow

Com-
a/A ratio pliance PVR PAI

Control 0-55 (0-02) 20 6 (0-7) 492 (114) 0-2 (0-6)
CPB 0 31 (0 1) 128 (0-5)933 (229) 31 (0 3)

Impaired neutrophil rheology: an early
event in acute lung injury?

C SELBY, E DROST, E CAMERON, I MacGREGOR,
J McCOLM, R BARCLAY, W MacNEE Units of
Respiratory Medicine and Thoracic Surgery,
City Hospital, with Scottish National Blood
Transfusion Laboratories, Edinburgh All cir-
culating neutrophils (PMN) pass through the
pulmonary vascular bed where a proportion
are delayed temporarily. Such sequestration
in human lungs is partially determined by cell
deformability, measured in vitro as the pres-
sure gradient (Pg) or plateau pressure after six
minutes (P6) filtration of PMN through a
micropore membrane. Changes in pulmonary
sequestration also reflect changes in cell
deformability (Selby et al. Am Rev Respir Dis

Elastase (ng/ml), IL-6 (pg/ml),
median (range) median (range)

Preoperative
Group I 520(140-1210) 0 (0-36)
Group II 390(220-530) 0 (0-37)

Peak
Group I 1450(300-3640) 100(30-320)
Group II 1080 (440-2890) 73 (44-2200)

Area under curve
Group I 41430 (20550-93650) 3325 (853-7968)
Group II 43103 (31015-75115) 3095 (1053-25541)
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1991;143:1359). Following oesphagogastrec-
tomy (O/G) there is PMN activation and
increased capillary-alveolar leak (Rocker et

al. Br J Surg 1988;75:883). We studied 10
patients undergoing O/G as a model of lung
injury and a stimulus to an acute phase
inflammatory response (APR). PMN defor-
mability was compared immediately and 24h
after O/G with simultaneous serum

immunoreactive C-reactive protein (CRP)
and bioactive interleukin-6 (IL-6) as acute
phase reactants, and plasma immunoreactive
neutrophil elastase (NE). There was an

increase in CRP (median difference + 112
(interquartile range 81-139) mg/l;
p = 0 008) and IL-6 (+160 (136-220) ng/l;
p = 0 008). NE also rose post O/G (+ 44 (37-
59) pg/l; p = 0 007), indicating in vivo PMN
activation. Cell filtration (P6 + 142 (0-67-
2-37) cmH2O, Pg +2 1 (0 32-2-89) cmH20/
min; p = 0 008) was impaired indicating less
deformable PMN after O/G. This decrease in
deformability correlated significantly with the
extent of chest radiographic shadowing
(r = 0-68, p = 0-015) and the fall in
Fio2:Pao2 (r = -0 77, p = 0-005) at 24
hours, but not with changes in CRP, NE, or

IL-6 (-0-2-03, p > 0 2). Thus following
O/G impaired PMN deformability occurs

concomitantly with both an APR and in vivo
PMN activation. Such changes in cell defor-
mability could results in increased sequestra-
tion of activated PMN in the pulmonary
microcirculation, contributing to lung injury.

Supported by Norman Salvesen Emphysema
Research Trust

Neutrophil elastase levels and oxygen
requirement after multiple trauma

S DONNELLY, C ROBERTSON, A ZAMANI,
I McGREGOR, M GORDON, D STEEDMAN,
A POLLOCK, C HASLETT Respiratory Medicine
Unit, City Hospital, Edinburgh; and Accident
and Emergency, Anaesthesia and Blood Trans-
fusion Departments, Edinburgh The adult
respiratory distress syndrome (ARDS)
develops from conditions such as sepsis,
multiple trauma and pancreatitis, often after a
"latent period" of 24-48 hours, during which
inflammatory cells (particularly neutrophils)
are thought to sequester abnormally within
pulmonary microvessels, where they release
injurious products such as elastase. We have
begun a major collaborative study of early
inflammatory events in well defined groups of
patients at risk ofARDS, and now report the
elastase findings in the first 20 patients with the
severest category of multiple trauma (predic-
ted mortality rate of 50% based on injury
severity score-ISS). Blood was obtained at
presentation (10 min-2 h) and on days 1, 2,
and 7 after injury for measurement by an RIA
highly specific for total neutrophil elastase
(normal range 20 (6-4) ng/ml, mean (1 SD)),
and a simple patient "02 requirement score"
was based on concentration and duration of
oxygen administration over the seven days
following admission. Nineteen out of 20
patients had initial elastase levels greater than
2 SD above the normal range, 15 had levels
greater than 50 ng/ml, and 10 had levels
greater than 100 ng/ml, one patient achieving
417 ng/ml. One patient (160 ng/ml initial
elastase level) developed ARDS but there was
no significant relationship overall between
elastase level at presentation or on days 1, 2 or

7 after injury, (when the majority of samples
revealed elevated elastase levels), ISS and the

oxygen score, pulmonary complications or

requirements for ventilation. These early
data suggest that, although neutrophil
secretory events occur remarkably early and
persist for several days after multiple injury,
there is no direct relationship with the
development ofARDS or lung complications
requiring oxygen delivery.

This work was supported by Chest, Heart, and
Stroke (Scotland); and SD is a British Lung
Foundation clinicalfellow.

Endotoxin, antiendotoxin core

antibodies, and oxygen requirement
after multiple trauma

S DONNELLY, A ZAMANI, GR BARCLAY,
A POLLOCK, D STEEDMAN, C ROBERTSON,
C HASLETT Respiratory Medicine Unit, City
Hospital, Edinburgh; and Accident and Emer-
gency, Anaesthesia and Blood Transfusion
Departments, Edinburgh The adult res-

piratory distress syndrome (ARDS) develops
from conditions such as sepsis, multiple
trauma and pancreatitis, often after a "latent
period" of 24-48 hours, during which it is
thought that inflammatory mediators gen-

erated by the predisposing condition simulate
inflammatory cells to sequester abnormally in
pulmonary microvessels, where they release
toxic agents. Endotoxic lipopolysaccharide
(LPS) is an important mediator in sepsis and
in conditions involving shock, when LPS
may be released from the gut by a process of
translocation, and changes in levels of anti
LPS antibodies may reflect transient bouts of
endotoxemia. In 30 severely traumatised
patients with injury severity scores (ISS)
ranging from 9 to 41 blood was taken at
presentation (within two hours and most used
one hour after injury) and on days 1, 2, and 7
thereafter for measurement of endotoxin (pg
ml according to an LPS specific chromogenic
assay) and for IgG and IgM anti-LPS core

antibodies, and a simple patient "02
requirement score" was based on the concen-
tration and duration of 02 therapy after
admission. Eleven of 30 patients had LPS
detectable on admission (range 0 1-4027 pg/
ml), three of 22 on day 1; two of 22 on day 2
and 0 of 12 on day 7. One patient who had no

LPS detectable in any samples developed full
blown ARDS. There was no significant
relationship between LPS levels, IgM (range
20-363% of laboratory standard) or IgG (20-
264% of laboratory standard) antibodies and
the ISS, oxygen score or requirements for
ventilation. These early data suggest that
although LPS is detectable after multiple
trauma there is no direct relationship with
pulmonary complications requiring 02
therapy in this particular subgroup ofARDS
risk patients.

This work was supported by Chest, Heart, and
Stroke (Scotland); and SD is a British Lung
Foundation clinicalfellow.

Effect of nitrogen dioxide (NO2) on syn-

thesis of tumour necrosis factor a

(TNAa) by human bronchial epithelial
cells in vitro

JL DEVALIA, RJ SAPSFORD, AM CAMPBELL,
D QUINT, RJ DAVIES Department of Res-
piratory Medicine, St Bartholomew's Hospital,
London; Clinique des Maladies Respiratoires,
Hopital de l'Aiguelongue, Montpellier,
France; and Glaxo Group Research Ltd,
Greenford, Middlesex Although several
studies have shown that NO2, a major air
pollutant, can cause damage and inflammation
of the airway epithelium, the mechanisms
underlying the NO2 induced damage are not

well understood. We have cultured human
bronchial epithelial cells (HBE) and tested
the hypothesis that exposure of these cells to

NO2 may lead to the generation of specific
cytokines which influence the activity of
inflammatory cells. Two to three week old
cultures of HBE were evaluated for their
ability to express the mRNA for IL-1IB, IL-8
and TNFa by the polymerase chain reaction
(PCR). Several HBE cultures were then
assessed, by ELISA, for the release ofTNFa
over a period of 24 hours, following exposure

to concentrations of NO2 ranging from 0 to

2-0 ppm, for 15 minutes. Cultures inves-
tigated by PCR demonstrated that the HBE
expressed the mRNA for IL-1,B, IL-8 and
TNFa. Exposure of the cells to 0 4 and
0-8 ppm NO2 caused a marked release of
TNFa in a time dependent fashion, and led to
release of 0 64 (SE 0 2) and 0 49 (0 07) pg

TNFa/ ug cellular protein, respectively, after
24 hours' incubation. In contrast, cells not
exposed to NO2 did not synthesise any

immunoreactive TNFa at any time during
incubation. These studies suggest that acute
exposure of human bronchial epithelial cells
to NO2 may lead to expression of the cyto-
kines which influence inflammatory cell
activity and therefore have an important role
in the aetiology of airway disease.

Development of an in vitro model of
epithelial cell permeability: effect of
cigarette smoke condensate

XIAO YANG LI, K DONALDSON, W MacNEE Unit

of Respiratory Medicine and Institute of
Occupational Medicine, City Hospital, Edin-
burgh One of the earliest effects of cigarette
smoking is an increase in airway epithelial
permeability. In order to study the mechan-
isms of this phenomenon we developed an in
vitro model of epithelial permeability to

'25iodine bovine seru albumin ('25I BSA) with
A549 human type II epithelial cells cultured
as a monolayer on culture inserts. Epithelial
permeability was measured as the % of the
added '25I BSA which penetrated the epi-
thelial monolayer. Triggering epithelial cells
with phorbol myristate acetate (10 pg/ml)
caused an increase in epithelial permeability
in vitro (2-5 (0-4)%, (mean (SD)) compared
with control values (1 6 (0 01)%, p < 0-05).

Concentration

Control 10'%, 20% 50'%

0-46 (0-16) VSC 0-44 (0 10) 0 50 (0-16) 1 12 (0-27)***
(mean (SD)) WSC 0 40 (012) 1-1 (0-52)* 1-48 (0 19)***

*p < 0-05; ***p < 0-001 compared with control.
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Both whole (WSC) and vapour phase (VSC)
cigarette smoke condensate produced a sig-
nificant increase in epithelial cell permeability
to '25I BSA, an effect which was dose depen-
dent (table on p245P). At comparable con-
centrations, however, the effect ofWSC was
greater than that of VSC (p < 0-05).
Cigarette smoke condensate produces a
reduction in the intracellular antioxidant
glutathione. Preliminary results with buth-
ionine sufloximine to reduced intracellular
GSH also resulted in enhanced epithelial
permeability. This study demonstrates
increased epithelial permeability induced by
smoke or inflammation.

Supported by the Norman Salvesen
Emphysema Research Trust

Comparison ofthe effects ofoxidants on
liposomes and on alveolar epithelial
cells

MME BRIDGEMAN, HH RAE, M MARSDEN,
W MacNEE Departments of Biochemistry,
University of Edinburgh Medical School, and
Respiratory Medicine, City Hospital, Edin-
burgh Cigarette smoke contains 1016 oxidant
molecules per puff, which may damage lung
epithelial cells by inducing lipid peroxidation
in cell membranes. We compared the effects of
the exposure to vapour phase cigarette smoke
and the oxidant ascorbate in high concentra-
tions, in the presence of iron sulphate, on the
generation of lipid peroxidation from
liposomes and A549 human alveolar epi-
thelial cells. The lipid peroxidation product
malonaldehyde (MDA) was measured with
the thiobarbituric acid assay. Reduced
glutathione (GSH) concentrations were
determined with HPLC. Cigarette smoke
exposure (five puffs) did not induce lipid
peroxidation in either liposomes or epithelial
cells (p > 0-05). Smoke decreased
intracellular GSH concentrations from 15 5
(SE 1) to 1-5 (0-8) nmol/106 cells (n = 8,
p < 0 01) in epithelial cells. Ascorbate
(2 5 mM) and iron sulphate (3 pM) induced
lipid peroxidation (p < 0 01) in liposomes
(n = 6) but not in epithelial cells with no
change in GSH concentrations (n = 7,
p > 0 05). Cigarette smoke exposure, after
initial exposure to ascorbate and iron sul-
phate, did not affect lipid peroxidation in
either liposomes or epithelial cells
(p > 0 05), but GSH concentrations fell
(p < 001, n = 7). However, initial exposure
to cigarette smoke, followed by ascorbate and
iron sulphate, decreased lipid peroxidation
from 2-9 (0 6) to 1-1 (0 2) nmol/mg lipid in
liposomes, but increased lipid peroxidation
from 005 (001) to 009 (001) nmol MDA/
106 cells (p < 002) in epithelial cells, in
association with decreased GSH concentra-
tions (p < 0-01, n = 6). This difference in
effectmay be due to the interaction ofcigarette
smoke with the liposomes, which consist only
of lipid, whereas cigarette smoke may, by
reducing intracellular GSH, prime epithelial
cells for damage by other oxidants.

Supported by the Wellcome Trust

Effect of high dose N-acetylcysteine on
glutathione and cysteine levels in bron-
choalveolar lavage and lung tissue

D MORRISON, MME BRIDGEMAN, M MARSDEN,
W MacNEE Departments of Respiratory
Medicine, City Hospital, and Biochemistry,

University of Edinburgh Medical School,
Edinburgh The thiol drug N-acetylcysteine
(NAC) has the potential to enhance the
glutathione (GSH) antioxidant system by
providing cysteine (CYS) for GSH metabol-
ism. NAC (600 mg/day/5 days) produces
only small changes in GSH in plasma and
bronchoalveolar lavage (BAL) fluid
(Bridgeman et al. Thorax 1991;46:39). The
aim of this study was to measure the levels of
GSH and CYS in plasma, BAL fluid and lung
tissue in patients undergoing diagnostic
bronchoscopy or lung resection following
treatment with a higher dose of NAC 1800
mg/day for five days. GSH and CYS were
measured by HPLC. Compared with NAC
600 mg/day, GSH and CYS in plasma were
not significantly different following the higher
dosage regimen (p > 005) (table 1). In
patients undergoing lung resection, although
plasma GSH and CYS lung tissue concentra-
tions tended to be higher in the patients
receiving NAC (1800 mg/day/5 days), the
differences were not significant. However,
lung tissue GSH concentrations were sig-
nificantly higher than control values (table 2).
Although NAC increases GSH in plasma,
BAL fluid and lung tissue, the changes are
small, reflecting the low bioavailability of the
drug. The clinical relevance of these changes
ofGSH after NAC remain uncertain.

similar degree of inhibition (27% (71);
n = 4) was seen if cells were allowed to
adhere to substrate prior to addition of the
inhibitor. Both 1 pm recombinant secretory
proteinase inhibitor (rSLPI), (12 kD) and
1 um recombinant a, proteinase inhibitor (ra,
PI, 44 kDa) reduced fibronectin digestion by
84% (3 08); n = 4) and 85% (6 35) (n = 4)
respectively if preincubated with cells prior
to the addition of substrate. However, if cells
were first allowed to adhere to fibronectin
(n = 4) 1 pm ofthe rSLPI was more effective
than a similar amount of ra, PI (77% inhibi-
tion (3 98) v 55% (5-36); p < 0 01). Further-
more, in separate experiments (n = 5) 1 pm
of the ra, PI was more effective against fibro-
nectin digestion by adherent cells than 1 pm
of the native a, proteinase inhibitor (MW 54
kDa) 45% (2-6) compared with 30% (5 5);
p < 0 05). The results show that all
inhibitors can reduce fibronectin digestion by
neutrophils. However, with regard to the
protein inhibitors, once the cells have
adhered to the substrate the lower the
molecular weight of the inhibitor the greater
its efficacy in reducing connective tissue
digestion. Thus, provided that the agents can
be delivered to the site oflung damage caused
by NE, smaller inhibitors are likely to be
more effective than larger ones at protecting
the lung.

Table I

600 (n = 9) 1800 (n = 6)

NAC (mg/day) CYS GSH CYS GSH

Mean (SE):
Plasma (yM) 8-1(10) 3-5 (0 8) 8-4 (1-1) 3-6 (0 7)
BAL fluid (pM) 0-3 (0-1) 5 9 (0 7) 0-5 (0-4) 2-9 (0 6)

Table 2

Control (n = 11) 1800 mg/day {n = 7)

CYS GSH CYS GSH

Mean (SE):
Plasma (yM) 9-0 (0 70) 5-2 (1-1) 11-2 (3-3) 6-0 (1-9)
Lung tissue (nmol/g lung) 191 (8-5) 119 7 (27.5)* 40 8 (16-8) 248-6 (40 6)*

*p < 0-02.

Effects of elastase inhibitors on
extracellular proteolysis by neutrophils

C LLEWELLYN-JONES, RA STOCKLEY Lung
Immunobiochemical Research Laboratory,
General Hospital, Birmingham Neutrophil
elastase has been implicated widely as one of
the major mediators of destructive lung dis-
ease. In view of this suggestion several poten-
tial approaches to the control of this enzyme
have been proposed including chemical,
recombinant and native protein elastase
inhibitors. However, in order to be effective in
vivo such agents must be able to control
elastase activity in the microenvironment
between cell and lung substrates. We have
investigated the ability of several potential
therapeutic agents to prevent connective tis-
sue destruction by neutrophils before and
after adherence to the substrate. All
inhibitors studied showed dose dependent
inhibition of fibronectin digestion by normal
neutrophils. The synthetic inhibitor ICI
200355 (MW 685 daltons) inhibited fibronec-
tin digestion by 33% (SE 2 94); n = 4) at
1 pm active inhibitor if pre-incubated with
the cells prior to adherence to substrate. A

Improved recovery after propofol seda-
tion for outpatient bronchoscopy

JSS POLLOCK, M CRAWFORD, K ANDERSON,
D MacINTYRE, DRH VERNON Departments of
Anaesthesia and Respiratory Medicine, Vic-
toria Infirmary, Glasgow Propofol is an
intravenous induction agent reported to have
a short duration of activity allowing rapid
recovery after bolus or infusion-features
desirable for outpatient procedures. We com-
pared propofol with midazolam in a double
blind study ofsedation in fibreoptic bronchos-
copy. Forty two outpatients were randomly
allocated to receive either drug. Results of
baseline tests of memory (EK Warrington),
motor function, transcutaneous oxygen
saturation, pulse and blood pressure were
similar in the two drug groups. The dose of
propofol (delivered by Psion microcomputer
controlled infusion) varied (median 155 mg,
range 71-420 mg) and midazolam likewise
(median 6 mg, range 3-18 mg). During bron-
choscopy oxygen saturation was similarly
affected in each group; conditions for bron-
choscopy were rated equally by the operator,
and afterwards patients' comments were also
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similar. Time to recover, as judged by spon-
taneous eye opening and simple measures of
memory and motor function was significantly
shorter in the propofol group (mean 5-25 min
(3 05) v 13-6 (9 4, p < 0-001). Baseline
oxygen saturation was regained within 60
minutes in all patients but responses in more
complex tests of motor function and cogni-
tion at this stage were impaired only in the
midazolam group. This evidence suggests
that propofol has significant advantages over
midazolam as sedation four outpatient bron-
choscopy.

Right vocal cord palsy at bronchoscopy

M AMJAD, AW MATTHEWS, E NEVILLE St
Mary's and Queen Alexandra Hospitals,
Portsmouth Left recurrent laryngeal nerve
palsy is a common complication of carcinoma
of the bronchus, whereas right recurrent
laryngeal nerve palsy is relatively rare.
Fibreoptic bronchoscopy commenced in
Portsmouth in 1976 and, since then, 6197
bronchoscopies have been performed. In 28
(0 49%) patients a right vocal cord palsy was
observed, while 149 (2 4%) had a left vocal
cord palsy. Of the 28 patients with right cord
palsy, 20 (71%) were male and the ages
ranged from 21 to 86 (mean 74). Four of these
patients had bilateral cord palsy, two with
dual pathology of lung cancer and either
pharyngeal or laryngeal malignancy, one had
mediastinal secondary carcinoma from the
bowel and one the Shy Drager syndrome. Of
the 24 patients with right vocal cord palsy
alone, 11 had right mediastinal abnormalities
on chest radiography. In six of these primary
lung cancer was visible at bronchoscopy and,
of the five with no visible endobronchial
lesion, three had a primary lung cancer and
two had secondary lung malignancy. Two
patients had left sided radiographic abnor-
malities; both had mediastinal secondaries,
one from the lung and the other from a breast
primary. Of the 11 whose radiograph was
judged to be normal, three had visible
primaries at bronchoscopy (two tracheal and
one in the right lower lobe), one later
developed a lung primary, three had benign
laryngeal pathology and two had laryngeal
malignancies. In two other patients no cause
for the right vocal cord palsy was found. In
conclusion, of the 28 patients with right vocal
cord palsy, only six patients did not have a
cancer and one of these died of recurrent
chest infections in association with the Shy
Drager syndrome.

Predictors ofsurvival ofpatients await-
ing heart-lung transplantation in cystic
fibrosis and assessment ofpostoperative
survival

LD SHARPLES, T HATHAWAY, C DENNIS, N CAINE,
TW HIGENBOTTAM, J WALLWORK Transplant
Unit, Papworth Hospital, Cambridge At this
institution we have used heart-lung trans-
plantation (HLT) as a treatment for end stage
respiratory failure in cystic fibrosis (CF)
patients since October 1985. Up to 30 April
1991 74 patients had been accepted for HLT
and donor organs had become available for
34, making them the largest single group of
HLT recipients at this institution. We have
studied all 74 CF patients accepted for HLT
to identify those indices of health status
measured at assessment which best predict
survival on the waiting list, and so identify

those patients who should be given priority
for HLT, and to assess the programme in
terms of improved survival. For the 34
patients for whom organs became available
one year actuarial survival was 78% (95%
confidence interval 64% to 92%). This is
identical to our experience for non-CF
recipients of HLT. Regression, exercise
tolerance, lung function, blood gases and
body mass variables were considered as
predictors of survival to HLT (with Cox
regression analysis). Low forced expiratory
volume in one second as a percentage of
predicted (%FEV,) (relative risk
(RR) = 0 96, p = 0 07) and high Pco2
(RR = 148, p = 0-0001) have proved the
most consistent predictors of poor survival.
There was evidence that low weight for
height (RR = 0-96, p = 0-02) was a risk
factor for death on the waiting list. When we
adjusted for these indices ofhealth status, and
treated transplant as a time dependent vari-
able, transplant to non-transplant risk of
death was 0-67, an encouraging though non-
significant reduction in risk. In conclusion,
CF patients form a large proportion of the
recipients of HLT and can expect an
improved chance of survival after transplant.
FEV, and Pco2 are good predictors of survival

patients (48%) underwent SLTx and three
died within the first 30 postoperative days.
Survivors had higher levels of pulmonary
hypertension than non-survivors (RV sys-
tolic 53 (10) v 37 (5), p = 0 009, PA mean 35
(7) v 23 (5) mm Hg, p = 0 025), higher
cardiac indices (3-0 (0-7) v 2-2 (1 2) 1/min/m2)
and lower resistances (TPR 6-6 (2 3) v 8-8
(6 5), PAR 4-5 (1-6) v 4-8 (3 3) units). PA
mean pressures correlated with resistances in
survivors, r = 0-8335, p = 0-02, but not in
non-survivors; however, RV function was
similar in the two groups. Survival potential
following SLTx was better predicted from
pressures than resistances. In the table below
Sens = sensitivity, Spec = specificity,
pv+ = positive predictive value, pv- =
negative predictive value, pa = predictive
accuracy. There is a wide range ofhaemodyn-
amic indices in the population being assessed
for potential SLTx, in keeping with
individual responses of the pulmonary cir-
culation to non-suppurative lung disease.
That pressures correlate with resistances in
survivors of SLTx is presumably due to
better cardiac function in these patients.
Survival following SLTx was improved in
patients with RV > 40 mm Hg and PA mean
> 27 mm Hg preoperatively.

Test Sens Spec pv+ pv- pa

RV systolic >40mm Hg 100 67 88 100 90%
PAmean >27 mmHg 100 67 88 100 90%
CI > 301/min/m2 43 100 100 43 60%
PAR < 4 5 units 57 67 80 40 60%
PAR index <8 units x m2 57 33 67 25 50%

on the waiting list, and there is increasing
evidence that nutritional status has some
prognostic value. These indices of health
status are the best guides for deciding priority
for early surgery.

Pulmonary pressures and resistances in
non-suppurative lung disease and their
influence on survival following single
lung transplantation

JC DOIG, CJ HILTON, JH DARK, RS BEXTON, PA
CORRIS Regional Cardiothoracic Centre,
Freeman Hospital, Newcastle upon Tyne
Right heart catheterisation is used to assess
patients for potential single lung transplanta-
tion (SLTx) to observe right ventricular (RV)
performance and quantify right sided
haemodynamics. This study measured the
pulmonary haemodynamic characteristics of
21 patients (mean age 48 years) with advanced
non-suppurative lung disease and estimated
the predictive accuracy of these data for
determination of postoperative survival in
those patients undergoing SLTx. Pulmonary
hypertension was present in 20 patients
(95%)-mild in 12 (60%), moderate in four
(20%), severe in four (20%). Mean values for
all data showed a wide range (mean (SD)); RV
systolic 44 (13) PA mean 30 (9), PA wedge 12
(5) mm Hg total pulmonary resistance (TPR)
6-3 (3 0), arteriolar resistance (PAR) 3 7 (2 1)
units; TPR index 11-4 (5 2) PAR index 6-9
(4-0) units x m2; cardiac index (CI) 2-8 (0-7)
1/min/m2. RV function was normal in six
patients (29%), moderately impaired in seven
(33%), severely impaired in five (24%), and
not measured in three (14%). Length of
history and severity of hypoxaemia did not
predict level of pulmonary hypertension, re-
sistance or RV dysfunction. Ten of these

Medium term results of heart and lung
transplantation

B MADDEN, M HODSON, R RADLEY-SMITH,
A KHAGHANI, M YACOUB Harefield Hospital,
Harefield, Middlesex, and National Heart and
Lung Institute, London From December
1983 to May 1991 303 patients underwent
heart-lung transplantation (HLT) at our
unit. The main recipient age was 25 years
(range 10 weeks-57 years). Seventy seven
percent (233 patients) were adults and 23%
(70) were children. The indication for HLT
was pulmonary vascular disease in 57% and
parenchymal lung disease in 43%. In the
former group Eisenmenger's syndrome
accounted for 54% of patients and primary
pulmonary hypertension 29%, and cystic
fibrosis accounted for 60% of patients trans-
planted for parenchymal lung disease. The
mean donor age was 17 years (range 6 days-44
years) with a mean ischaemia time of 177
minutes (range 28-390 min). One hundred
and three patients donated their hearts as part
of the "domino" procedure. Our routine
immunosuppression consists of cyclosporin
A and azathioprine with rabbit antithymocyte
globulin given on alternate days for the first 10
postoperative days. Episodes of acute rejec-
tion are treated with IV methylprednisolone.
There were 91 deaths (30%) in the early (< 1
month) postoperative period. The actuarial
survival for the group as a whole at 1 and 2
years was 61% and 51% respectively. There
were 43 (14%) late deaths occurring between
1 month and 7-5 years post-HLT and bron-
chiolitis obliterans (OB) acounted for 27 of
these. The cumulative probability of
developing OB 1, 2, 3, and 4 years after HLT
was 13%, 32%, 40% and 40% respectively.
Retransplantation for OB was performed in
30 patients, HLT in 24, and single lung
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transplantation in six. Seven patients are alive
following redo HLT (range offollow up 5-55
months, mean 30 months) and 17 patients
died (range 1 day to 17 months, mean 2
months). Five patients are alive and well after
single lung transplantation (range 2 weeks-13
months, mean 6 months). The medium term
results following HLT are encouraging but
OB remains a serious problem. It is hoped
that modifications introduced in the operative
and postoperative management will improve
the results further.

Heart-lung transplantation for end
stage respiratory disease in cystic
fibrosis

C DENNIS, J SCOTT, D ARAVOT, N CAINE,
L SHARPLES, TW HIGENBOTTAM, J WALLWORK
Transplant Unit, Papworth Hospital,
Cambridge From June 1985 to March 1991
89 patients with cystic fibrosis (CF) were
assessed for heart-lung transplantation
(HLT) at our Institute. Seventy one patients
assessed have been accepted for HLT and 34
have been transplanted. One patient has
received a combined heart-lung-liver
transplant. The sex distribution of the trans-
planted patients was equal and the mean age
23-7 years (SD 5 03). Twenty six patients
died on the waiting list for transplantation.
Twenty five of the transplanted group are
alive one to 65 months after surgery. Nine
patients have died: four from recurrent rejec-
tion and superadded infection, one each from
aspiration pneumonia, tracheal dehiscence,
candidal septicaemia, adult respiratory
distress syndrome and cerebrovascular
accident. At three months post transplanta-
tion mean % predicted forced expiratory
volume in one second (FEVI) was 88%.
Episodes of rejection occurred at 3 62 (0-38)
per 100 patient days and infection at 2 03
(0 24) per 100 patient days during the first
three months. The infection rate was not
increased when compared with patients
undergoingHLTwho did not suffer from CF.
Actuarial survival at one year of 79% and
66% at two years in the CF patients under-
going HLT compares favourably with 78%
and 63% respectively for the entire HLT
population. HLT is an appropriate treatment
for the terminal respiratory complications of
CF.

Prevalence of a, antitrypsin deficiency
(a,AT) in patients with emphysema
referred for lung transplantation at
Freeman Hospital

AD GASCOIGNE, PA CORRIS Sir William Leech
Centre for Lung Research, Freeman Hospital,
Newcastle upon Tyne Disabling end stage
emphysema in patients less than 60 years has
become a recognised indication for considera-
tion of single lung transplantation. To date 48
such patients with a median age of 43 years
(range 32-59 years) have been accepted for
inpatient assessment at Freeman Hospital.
All patients had severe airflow obstruction
with a median FEV, of 0-4 litres (range 0 25
1-1-1 1). As part of their assessment all
patients had estimation of both a,AT serum
levels and phenotype. Twenty one patients
were found to have ,AT of phenotype PiZZ,
11 PiMZ, 2 PiMS, 1 PiSS and 12 PiMM.
Mean (SD) serum levels of those patients
with RAT phenotype PiZZ, PiMZ and
PiMM were 0-29 (0 12), 0 81 (0 39) and 1-7

(0 48) g/l respectively (normal range 1 1-2 1
g/l). All were ex-smokers apart from two
lifelong non smokers who were homozygous
for a,AT deficiency. It is interesting to note
that only 21 of these highly selected patients
(44%) were homozygous for a,AT deficiency
(PiZZ). The majority of the remaining
patients were normal or heterozygotes with
preserved levels of a,AT, suggesting that
there may be other important deficiencies in
host defence leading to the development of
premature emphysema in such patients.

Ventilation-perfusion relationships
after single lung transplantation for
emphysema

AD GASCOIGNE, S BOURKE, T HAWKINS, JH DARK,
PA CORRIS Cardiopulmonary Transplant
Unit and Sir William Leech Centre for Lung
Research, Freeman Hospital, Newcastle upon
Tyne In the early days ofhuman single lung
transplantation (SLT), emphysema was
regarded as a contraindication because of the
fear ofprogressive hyperinflation ofthe native
lung and subsequent development of marked
ventilation (V) perfusion (2) disturbance.
The evolution of better preservation tech-
niques, however, led to the successful establi-
shment of SLT for this group of patients. We
have previously studied V/( relationships in
patients following SLT for pulmonary
fibrosis and now report results in six patients
with emphysema. Quantitative radionuclide
V/(2 scanning was carried out around one
week and one month following transplanta-
tion with xenon-133 and technetium-99m
respectively. The results in the table below
show mean (SD) proportions of V and (2 to
the transplanted lung for the group. In con-
trast to results obtained following SLT for
fibrosing alveolitis when there was a delay in
preferential ventilation to the transplanted
lung there was both immediate and sustained
preferential V and 2 in patients with
emphysema. We conclude that V/2 relation-
ships are well matched following SLT for
emphysema.

Weeks: 1 4-6

IV% 79-8 (14.5) 86 8 (3-9)
(2% 83-8 (11 5) 87 5 (8-6)

Value ofdonor lung lavage in identifica-
tion ofpostoperative infection following
lung transplantation

Iw COLQUHOUN, AD GASCOIGNE, PA CORRIS,
FK GOULD, R FREEMAN, JH DARK Cardio-
pulmonary Transplant Unit, Freeman
Hospital, Newcastle upon Tyne It is our

current practice to perform bronchial lavage
of donor lungs immediately prior to trans-
plantation. Selection criteria that need to be
met prior to a lung being deemed suitable for
donation include normal chest radiograph,
PAO2 > 15 kPa on Fio2 04, minimal tracheal
aspirate and normal appearance at retrieval.
Donor bronchial lavage was performed with a

wedged catheter immediately prior to
implantation. In 30 consecutive pulmonary
transplants (heart-lung n = 14, single lung
n = 13, double lung n = 3) surviving a

minimum of30 days, 19 revealed the presence
of organisms. Thirty two organisms were

identified in the 19 positive donor lavages,
comprising eight (25%) Gram positive cocci,

13 (40 6%) Gram negative species, nine
(28 2%) yeast and fungi and two (6 2%)
viruses. All recipients received antibiotic pro-
phylaxis with flucloxacillinand metronidazole
and appropriate antibiotics were added as
determined by results of the bronchial lavage
or any positive preoperative recipient
cultures. All patients received standard
immunosuppression comprising azathio-
prine, cyclosporin and prednisolone in addi-
tion to antilymphocyte globulin induction.
There were six deaths in the study group
(20%) (four lavage positive, two lavage
negative), of which three were due to an
infective cause with a similar species of
organism to that present in the donor lavage.
Eighteen infective episodes were identified on
both clinical grounds and positive micro-
biological culture (17 lavage positive, one
lavage negative), of which 13 were due to
organisms ofthe same species identified in the
lavage fluid (p < 0-01). It is concluded that,
despite stringent criteria for donor selection,
pathogens were isolated in 63%. A positive
donor lung bronchial lavage culture usefully
predicts postoperative infection and permits a
rational choice of antibiotics.

Steroid therapy and airway
complications foliowing pulmonary
transplantation

Iw COLQUHOUN, AD GASCOIGNE, J AU,
PA CORRIS, CJ HILTON, JH DARK Cardio-
pulmonary Transplant Unit, Freeman
Hospital, Newcastle upon Tyne A series of53
pulmonary transplants (23 heart-lung, 24
single lung, six double lung) in 52 patients
surviving more than 14 days was reviewed
with reference to airway complications and
steroid therapy. There were 58 anastomoses
at risk in two groups as defined by anastomotic
location: 34 anastomoses in 28 patients in a
bronchial group (BG) and 24 anastomoses in
24 patients in a tracheal group (TG). All
organs were harvested with a similar tech-
nique, with modified Euro-Collins solution
and patients managed postoperatively with
identical antibiotic and immunosuppressive
regimens. A total of nine airway complica-
tions developed, comprising four stenoses
(two BG, two TG) and five airway dehiscence
(one BG, four TG), resulting in two airway
related deaths (two out of 53) in the series.
Eleven patients (20 7%) (six BG, five TG)
received oral prednisolone preoperatively at
doses ranging from 2 to 30 mg each day;
however, none were overtly Cushingoid or
showed evidence of severe skin thinning at
the time of transplantation. There were two
complications in the preoperative steroid
treated group, comprising one stenosis and
one dehiscence (both in the TG group).
Postoperatively patients were treated with
either a late steroid regime commencing more
than 14 days after transplantation (n = 24)
or an early regimen, when steroids were
commenced on the second postoperative day
(n = 29). No significant difference was
identified in the incidence ofairway complica-
tions between the two regimens (late 4/24,
early 4/29). It is concluded that there is no
evidence that preoperative steroid therapy
increases the risk of airway complications
and it is not an absolute contraindication to
pulmonary transplantation. Satisfactory air-
way healing occurs in the presence of early
postoperative steroids.
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Value of plasma soluble IL2-r monitor-
ing in lung transplantation

AD GASCOIGNE, BK SHENTON, MD WHITE,
IW COLQUHOUN, JH DARK, PA CORRIS
Cardiopulmonary Transplant Unit and Sir
William Leech Centre for Lung Research,
Freeman Hospital, Newcastle upon Tyne
There has been recent interest in the
measurement of lymphokine production
from the immune system of transplant
recipients to help refine the diagnosis of
allograft rejection. In this study we have
investigated relationships between the levels
of plasma soluble interleukin-2 receptor
(IL2-r) and the presence of rejection or

infection. For the first 15 days following
transplantation daily plasma IL2-r levels
were sampled from 20 consecutive lung trans-
plant recipients and then retrospectively
assayed by an ELISA method. The presence
of rejection or infection was determined by
transbronchial lung biopsy and broncho-
alveolar lavage. Two patients showed grade 3
rejection and received pulsed methyl-
prednisolone. In both of these patients the
plasma IL2-r level rose to 10 000 units/ml
with daily rises of more than 3000 units/ml.
Thirteen patients with grade 1 or 2 rejection
showed maximal rises in plasma IL2-r of no
greater than 700 units/ml per day and peak
levels never exceeded 6000 units/ml. Seven of
these 13 patients required augmented
immunosuppression on clinical criteria. Rises
in plasma IL2-r always preceded the clinical
suspicion of rejection by several days. In
patients with fungal, bacterial or viral infec-
tion plasma IL2-r levels rose by 300-1200
units/ml per day and peak levels never

exceeded 6000 units/ml. We conclude that
daily measurement of plasma soluble IL2-r
levels may be a sensitive indicator of
moderate to severe rejection (grade 3) in the
early postoperative period. However, it does
not differentiate between mild rejection and
infection.

Salbutamol does not influence the
incidence of chest infection after upper
abdominal surgery in high risk patients

JP DILWORTH, ARH WARLEY, C DAWES,
RJ WHITE Department ofMedicine, Frenchay
Hospital, Bristol Abdominal surgery is
followed by chest infection in approximately
20% of patients. Chronic bronchitis airflow
obstruction and heavy cigarette smoking are

the principal risk factors and the incidence in
these patients is more than doubled
(Garibaldi et al. Am J Med 1981;70:677). We
hypothesised that intensive treatment with
high dose (3, agonists would reduce the
incidence of infection in these patients by
bronchodilatation and increased mucociliary
clearance. A double blind placebo controlled
trial is reported, comparing nebulised sal-
butamol (5 mg) with normal saline (5 ml) at
six hourly intervals in the perioperative
period. All patients undergoing elective
major abdominal surgery were assessed and
those with chronic bronchitis, airflow
obstruction or a history of heavy cigarette
smoking were included. Forty three patients
were studied: 21 received salbutamol and 22
normal saline. Eighteen patients (42%)
developed an infection. There was no sig-
nificant difference between the two groups.
Eight patients (38%) of the salbutamol
treated and ten (45%) of the saline treated
patients developed a chest infection. Analysis

of the patients subgroups (chronic bronchitis,
airflow obstruction and heavy smokers) did
not show a significant effect of salbutamol in
any of these groups. Nebulised salbutamol in
isolation has not been shown to reduce the
risk of chest infection after upper abdominal
surgery. Other protective measures need to
be considered in these high risk patients.

Evaluation of physiotherapy given
before elective abdominal surgery for
patients who have no history of res-
piratory disease

DE TYDEMAN Physiotherapy Department,
West Norwich Hospital, Norwich One
hundred and seventy patients, judged to
have normal pulmonary function, who were
admitted for elective abdominal surgery were
studied. Patients were allocated at the outset
of the study to one oftwo groups using a table
of random block design to ensure similar
numbers of each operative procedure in each
group. Group A was composed of 84 patients
who received both preoperative and post-
operative physiotherapy. Group B contained
86 patients who received only postoperative
physiotherapy. The entry characteristics of
the two groups were similar. The incidences
of respiratory complications after surgery
were 17 9% and 17 4% for groups A and B
respectively. No statistically significant
differences were noted between groups in the
severity of respiratory complications, the
degree of radiographic consolidation or in the
presence of clinical signs and purulent
sputum postoperatively. Physiotherapy input
after surgery was small, the median number
of treatments for groups A and B being two
and three respectively. Only four patients
received more than routine postoperative
therapy. Patients stayed in hospital for
similar amounts oftime; the median length of
acute hospitalisation was the same for each
group (seven days). Further comparisons,
using the same dependent variables, were
made of the two groups within three incision
categories and the operation category of
abdominal aortic aneurysm repair (which had
the highest incidence of postoperative
respiratory morbidity-66-7%). Again no
statistically significant differences were noted
between the groups. Subjectively most
patients reported benefit from preoperative
instruction but this was not borne out by
objective evidence. It is concluded that the
efficacy of preoperative physiotherapy
remains unproved for patients with normal
lung function who are to undergo elective
abdominal surgery.

Expression of proliferating cell nuclear
antigen in dysplasia of the tracheo-
bronchial epithelium

N PENDLETON, GR DIXON, HE BURNETT, MW
MYSKOW, JA GREEN Mersey Regional Centre
for Radiotherapy and Oncology, Clatterbridge
Hospital, Bebington, Merseyside, and Depart-
ment of Pathology, Broadgreen Hospital,
Liverpool Dysplasia of the tracheobronchial
epithelium is considered a preneoplastic
lesion and may progress to bronchial carcin-
oma. Many different properties of bronchial
dysplasia have been studied including its
sensitivity to carcinogens and retinoids, light
microscopic and ultrastructural morphology,
oncogene expression and DNA content, cell
differentiation associated features such as

alteration cytoskeleton and cell membrane
glycoproteins and growth factor receptor
expression. Proliferating cell nuclear antigen
(PCNA) is expressed in the nuclei of cells in
the cell cycle. Using the immunocyto-
chemical localisation ofPCNA as a method of
measuring proliferation we have noted
marked differences in the expression of this
antigen in normal and neoplastic cells from
the bronchial tree. Fifty one cases of
bronchial dysplasia have been collected over
the period 1981-9 by the department of
histopathology at Broadgreen Hospital and
these were studied with a monoclonal
antibody raised against PCNA (DAKO
PC10) and compared with 16 cases of normal
bronchial epithelium from a main bronchus.
All cases have been reviewed and classified as
mild, moderate and severe. Out of the 51
cases, three showed mild dysplasia, 11
moderate dysplasia, 38 severe dysplasia, 10 of
which included carcinoma in situ. In each
case a minimum of 100 nuclei per section
were counted and the results expressed as
percentage of positive nuclei. The results
were as follows: normal bronchus median 5 5
range 0-19; mild dysplasia median 12 range
5-14; moderate dysplasia median 37 range
0-92; severe dysplasia median 33 5 range
0-96. A two tailed Mann-Whitney test was
performed comparing the results from
normal bronchus with those of each group of
dysplasia, which showed no difference in the
percentage of positive cells in mild dysplasia
(p > 01) but significant increase in the
PCNA expression in moderate dysplasia
(p = 0-01) and severe dysplasia (p < 0-001).
From these results we conclude that in
moderate and severe dysplasia there is a
marked increase in the number of cells with
proliferating cell nuclear antigen and
presumably cycling cells. This may indicate
that in moderate and severe dysplasia the
normal mechanisms of growth control have
been lost.

Expression of different cytoskeletal
peptides in resected non-small cell lung
cancer

N PENDLETON, MW MYSKOW, JA GREEN
Department of Pathology, Broadgreen
Hospital, Liverpool, and Mersey Regional
Centre for Radiotherapy and Oncology,
Clatterbridge Hospital, Bebington, Merseyside
An intermediate filament framework is
present as the cytoskeleton of all human cells.
In epithelia paired cytokeratin peptides from
intermediate filaments-19 cytokeratin pep-
tides-have been described. Previous studies
have highlighted their important role in cell
differentiation and proliferation in a variety of
epithelia. The cytokeratins expressed can be
broadly grouped into those found in simple
epithelia (7,8 and 18), those found in stratified
epithelia (1, 2, 3, 4, 5, 9, 10, 11, 12, 13,
14, 15 and 17) and that found in both (19).
Cytokeratins 6 and 16 are found as a pair in
areas of rapid epithelial cell turnover. We
have performed studies using immunocyto-
chemistry with monoclonal antibodies to
those specific cytokeratins or cytokeratin pairs
italicised above to identify their expression in
23 resected non-small cell lung carcinomas.
Of these 23 carcinomas, 12 were adeno-
carcinomas and 11 were squamous cell
carcinomas. All of the carcinomas irrespec-
tive of cell type expressed cytokeratin 19 and
at least one simple epithelial cytokeratin.
Adenocarcinomas expressed only the simple
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epithelial cytokeratins and in 4/12 cases
cytokeratin 6. Squamous cell carcinomas
expressed a variety of stratified epithelial
cytokeratins in nine out of 11 cases (cyto-
keratin 14 in eight cases, cytokeratin 13 in five
cases and cytokeratin 4 in one case) and
cytokeratin 6 in all 11 cases. None of the 23
carcinomas expressed cytokeratins 1 or 10.
From this study we have shown that
lung cancers showing different patterns of
differentiation show differential cytokeratin
expression. Although both adenocarcinomas
and squamous cell carcinomas express a
simple epithelial cytokeratin profile,
squamous cell carcinomas also express cyto-
keratins associated with stratified epithelial
differentiation in the majority of cases. It is of
interest that cytokeratin 6 is expressed in all
squamous cell and a proportion of adenocar-
cinomas. The significance ofthis is uncertain,
however; it may be ofprognostic significance,
and is being further investigated.

Chemiluminescence responses of
alveolar macrophages obtained from
each lung in patients with lung cancer

HSR HOSKER, MF MUERS, RL PAGE Department
ofRespiratory Medicine, Killingbeck Hospital,
Leeds A chemiluminescence (CL) assay was
used to measure the function of alveolar
macrophages (AM) from each lung in six
patients with locally advanced unilateral lung
cancer (two squamous, one large cell, one
SCLC, one adenocarcinoma, one lymphoma)
and in five smoking matched control subjects
who were found to have no significant lung
pathology. AMs were obtained at fibreoptic
bronchoscopy by using a 60 ml lavage of a
segment as close as possible to the visible
tumour. A similar lavage of the correspond-
ing segment from the opposite lung was also
obtained. Cells were washed, counted, and
resuspended in tissue culture medium prior
to CL. Lucigenin was used as the CL probe
and a suspension of latex beads was used as
the stimulus; 5 x 105 cells were used for each
assay, and assays were performed in
duplicate. Results were expressed as counts
per minute (cpm). Patients with lung cancer
had significantly lower mean CL responses
compared to controls (2954 cpm v 6150 cpm:
p < 0-05) but there was no significant
difference in AM function between the
tumour bearing (mean 3573 cpm) and non-
tumour bearing (mean 2337 cpm) lungs in the
lung cancer group. The variability in results
from each lung was similar to that of the
control group. These results suggest that
there is a generalised depression of AM
function in patients with locally advanced
lung cancer, and that this abnormality is not
confined to the tumour bearing lung.

Insertion ofselfexpandable metal stents
under direct vision via a fibreoptic
bronchoscope: preliminary experience

GE WILSON, MJ WALSHAW, CC EVANS,
CRK HIND Cardiothoracic Centre, Liverpool
Large airway collapse due to endobronchial
compression can produce distressing breath-
lessness, especially in those patients with
advanced bronchial carcinoma. Expandable
metal stents have been used successfully to
relieve the airway obstruction in such
patients, but the procedure has traditionally
been carried out via rigid bronchoscopy
under fluoroscopic control. This has limited

its use to centres where rigid bronchoscopy is
available and to those patients who are well
enough to withstand general anaesthesia. We
report a series of eight patients (four male;
mean age 55 years, range 31-70) with large
airway obstruction who underwent
endobronchial stenting by direct vision using
the fibreoptic bronchoscope under local
anaesthesia. Six had primary squamous
bronchial tumours, one metastatic adenocar-
cinoma and one a benign stricture. The stents
were placed as follows: right main bronchus;
two patients (one stent each), one patient
(three stents); left main bronchus: two
patients (one stent each); trachea: one patient
(one stent), one patient (two stents); a further
patient had two tracheal and one left main
bronchial stents. One patient developed an
ipsilateral 5% pneumothorax, which was
treated conservatively. A further patient had
six perioperative respiratory arrests with
successful resuscitation. Four patients are
still alive (mean four months post stenting,
range 1-7), and four have died (mean survival
122 days, range 1-477). We conclude that it is
feasible to place endobronchial stents under
local anaesthesia using the fibreoptic
bronchoscope, and that this technique is a
useful palliative procedure in patients with
advanced bronchial carcinoma.

Communicating the diagnosis of lung
cancer

L SELL, B DEVLIN, S BOURKE, N MUNRO,
PA CORRIS, GJ GIBSON Freeman Hospital,
Newcastle upon Tyne Telling patients that
they have lung cancer is a very difficult clinical
skill. Advice on how to impart this diagnosis
is often anecdotal and based on perceived
personal experience since formal studies are
difficult. In order to assess the patient's per-
ception of the information given, 41 patients
underwent a semistructured interview with a
social worker within one week ofhaving been
told of a diagnosis of lung cancer. The
department has a policy oftruthful disclosure
of information to patients and questions are
answered as required. There were 28 male
and 13 female patients, ofmean age 63 (range
38-82) years; 12 were over 70 years old. All
but two had left school at the age of 14 years
and had had no other formal education. They
were mainly of social class 4/5. No patient
was suitable for surgery; radiotherapy was
planned for 15, chemotherapy for 15 and
symptom relief only for 11 patients. Thirty
eight patients felt that truthful disclosure of
diagnosis was correct. Two were uncertain,
and one would have preferred not to have
been told. In describing their diagnosis 22
used the term "cancer,", 15 tumour," 15
"growth" and four "malignant." Two were
unaware of the diagnosis: one had had
difficulty comprehending the data given and
one was exhibiting denial. Thirty patients felt
the data given were adequate; none felt that
they had been told too much but 11 felt they
had not received enough data; seven of these
specifically indicated a lack of data on prog-
nosis. All patients had smoked; 17 felt a sense
of guilt or regret about this, 23 felt no such
emotion and one was uncertain. Despite
being told bad news 26 felt more reassured
after talking to the doctor. Many had not
focused on anticipated symptoms but 10
feared dyspnoea, nine pain and five haemo-
ptysis. In our practice we are communicating
with a mainly elderly male working class
population. In general, patients required a

high level of information about their diag-
nosis and many felt a sense of reassurance by
the discussion of such details.

The effect of endobronchial radio-
therapy on tumour morphology and
lung function

JM GOLDMAN, AS BULMAN, CAF JOSLIN,
MF MUERS Regional Respiratory and Radio-
therapy Centres, Killingbeck and Cookridge
Hospitals, Leeds Endobronchial radio-
therapy using a remote afterloading device
(HDR Microselectron) is an established
treatment for major airway occlusion by
inoperable bronchial carcinoma, but there
have been few studies in which objective
measurements of benefit have been made. We
assessed 17 patients before and six weeks after
brachytherapy (15 Gy at 1 cm in a single
fraction) with symptom scores, chest radio-
graph, CT scan of thorax, bronchoscopy, five
minute walks, ventilation-perfusion lung
scan, pulmonary function tests and flow-
volume loops. Sixteen patients completed the
study (mean age 69 (range 55-80) years); 14
were male and 14 had squamous cell, two
large cell and one small cell carcinoma.
Symptoms assessed as better/same/worse)
were dyspnoea 15/1/0, cough 7/8/1 and
haemoptysis 6/0/0. Collapse of a lobe or lung
was present in 12 patients and significant re-
expansion was detected in eight. All patients
had major airway occlusion, six had complete
clearing of the airway and nine partial clear-
ing (six with >50% improvement). Mean
FEV, improved from 1-45 (SD = 0 46)1 to
1-63 (0-69)1 (p < 0 03), and FVC from 2 16
(0-69)1 to 2-40 (0-55)1 (p < 0 02). Five
minute walking distance increased from 317
(66) m to 335 (63) m (p < 0-01). Ventilation
of the abnormal lung improved significantly
after treatment from 17 8 (14-9)% to 28-4
(13-5)% (p < 0-02); perfusion was un-
changed. The flow-volume loops were used to
calculate the FEF50%/FIF50% ratio as a
measure of intrathoracic airway obstruction.
There was a significant increment after
brachytherapy from a ratio of 0-65 (0 42) to
0-97 (0-64) (p < 0-01). We conclude that
endobronchial radiotherapy led to sympto-
matic benefit accompanied by bronchoscopic
and radiological improvement in most cases.
There was a significant improvement in
spirometry and exercise tolerance with
evidence of increased pulmonary ventilation
and decreased intrathoracic airway obstruc-
tion.

Endoscopic Nd YAG laser treatment
(ELT) for obstructive tracheal lesions

P RENWICK, D SHARPE, K MOGHISSI Humber-
side Cardiothoracic Surgical Centre, Hull
This presentation is the result of a prospec-
tive study in 51 patients with obstructive
tracheal lesions receiving ELT during a
period of five years. On the basis of their
pathology patients were grouped into group
A (n = 10) with primary malignant tumour;
group B (n = 24) with secondary malignant
tumour; group C (n = 3) with benign
tumour and group D (n = 14) with inflam-
matory stenosis. The predominant symptoms
in all were severe dyspnoea and stridor. The
protocol of study included personal data,
symptoms, histological diagnosis, pre and
post treatment PEF and FVC degree of
obstruction found at tracheoscopy and
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radiological changes. All patients with malig-
nant tumour were unresectable, or had had
previous deep x ray treatment; seven patients
with inflammatory stenosis had undergone
previous resection and reconstruction of
postintubation tracheal lesions. ELT was
carried out under general anaesthesia with a
rigid (Moghissi-Jessop) bronchoscope and by
multiple pulses of 40-50 watts x 4-5
seconds. The majority of patients had more
than one treatment (mean 4 2). The results of
treatment were assessed symptomatically,
endoscopically, by pulmonary function and
radiologically. There was no treatment
related mortality. All patients improved
subjectively and objectively by pulmonary
function represented by PEF and FVC and
bronchoscopic findings. Of the malignant
Groups A & B 3 patients are alive 12, 18 and
60 months, they have bronchoscopy at six
monthly intervals and if required receive
additional ELT. Of the 14 patients with
inflammatory stenosis three died by unrelated
causes, four having been cured, six are receiv-
ing treatment every six to nine months and
one has a Montgomery tube because of tra-
cheomalacia. It is concluded that ELT is an
effective methodoftreatment for endotracheal
lesions, palliation is achieved in malignant
cases and cure is attainable in chronic sten-
osis. Selection and continued surveillance of
patients is essential.

Could lung cancer management be
affected by age related treatment
policies?

K FIFE, A DAVISON, D ERAUT Department of
Cardiothoracic Medicine, Southend Hospital,
Westcliff-on-Sea, Essex There is vigorous
debate as to whether geriatric care should be
age or needs related. Thirty six percent of
districts operate an age related admissions
policy (Brocklehurst et al. Health Trends
1989;21:48). The Southend lung cancer
register was analysed to obtain the age dis-
tribution and cell type of newly diagnosed
patients for 18 months starting January 1990.
Great effort was made to ensure that the
register was as complete as possible.
Southend Health District has very well
defined boundaries and a population of
320 000. The district does not employ an age
related policy. Three hundred and thirty
cases were diagnosed, giving an incidence of
69 per 100 000. Sixty eight percent were
male. The age breakdown was: 5% under 50
years, 10% 51-60, 31% 61-70, 36% 71-80,
17% 81-90 and 1% over 90. Two hundred
and thirty seven patients (72%) were under
the care of the district's two chest physicians,
13% geriatricians, 9% other physicians or
oncologists and 5% were notified at death by
general practitioners. Two hundred and forty
five (74%) had confirmed histology: 37%
squamous cell, 26% adenocarcinoma and,
25% small cell, 4% large cell and 8%
undifferentiated carcinoma. Age related
policies commonly use 75 as a cut off. One
hundred and forty one (43%) of our patients
were 75 or over. Of these, 90 (64%) had a
confirmed cell type (37 squamous, 20 adeno
and 21 small cell carcinoma). There is a risk
that strict age related treatment policies could
deny substantial numbers of elderly lung
cancer patients the skills of chest physicians.

Comparison of induced sputum
cytology with bronchial biopsy in the
diagnosis of lung cancer

CIA JACK, JDH SHEARD, A FROMHOLTZ, WE

KENYON, CC EVANS, CRK HIND Cardiothoracic
Centre, Liverpool Sputum cytology has
been used in the diagnosis oflung cancer with
varying results. The sensitivity of a single
adequate sputum sample was reported as
41% (Thorax 1971;26:623). With repeated
samples this sensitivity is significantly
increased (85% with four or more). However,
sputum cytology has also been reported as
positive for malignant cells in up to 10 3% of
patients without lung cancer (Acta Cytol
1980;24:304). Induced sputum samples using
hypertonic saline nebulisers are now widely
used in the diagnosis of Pneumocystis carinii
pneumonia, but no data are available on its
possible role in cytological diagnosis of lung
cancer. We therefore decided to compare the
sensitivity and specificity of a single induced
sputum sample with the histological diag-
nosis obtained from bronchial biopsy and/or
cytological diagnosis from bronchial wash-
ings at the time of fibreoptic bronchoscopy.
Thirty patients were studied, 22 male and
eight female. All patients were undergoing
fibreoptic bronchoscopy to exclude cancer.
Prior to bronchoscopy an induced sputum
sample was obtained. During fibreoptic bron-
choscopy suspicious lesions were biopsied
and if no lesion was identified bronchial
washings were taken from the area under
suspicion. We found that a single induced
sputum sample had a sensitivity of65% and a
specificity of 100% when compared with
histological diagnosis obtained at fibreoptic
bronchoscopy. Analysis using the chi-
squared test gave a value of 11-47, equivalent
to P < 0-001. These findings show that
fibreoptic bronchoscopy with biopsy and/or
bronchial washings remains more sensitive
than induced sputum cytology. However, our
results suggest that the use of induced
sputum cytology increases the diagnostic
yield of a single sputum sample by more than
50%. This may be useful in the management
of patients where bronchoscopy is potentially
hazardous.

Endoscopic photodynamic therapy
(PDT) for malignant endobronchial
obstruction

K MOGHISSI, DAC SHARPE, A CHERVENIAKOV
Humberside Cardiothoracic Surgical Centre,
Hull A group of 17 patients (14 male, three
female), mean age 64-7 years (range 52-76
years), underwent PDT to obstructive malig-
nant lesions of the endobronchial tree. In all
cases the lesion was unresectable, 8 patients
underwent thoracotomy prior to PDT treat-
ment. Five patients received treatment with
radiotherapy prior to being entered into the
study, one patient received therapy with the
neodymium YAG laser. The photosensitive
drugs used were polyhaematoporphyrin
(n = 7) and Photofrin II (n = 10). The
drugs were administered intravenously at a
dose of 2 mg/kg bodyweight and treatment
given 48 hours later at a dose of 200 J/cm of
tumour. In all patients the degree of obstruc-
tion was improved, mean improvement
65 5% (range 20-90%). This was reflected by
improvement in measured respiratory func-
tion, forced vital capacity (FVC) mean
improvement 0-38 1 (18%) and forced
expiratory volume in one second (FEV,)
mean improvement 0-3 1 (23%); 16 patients
(94%) were symptomatically improved by
treatment. The mean survival was 5 2 months
(range 2 2-13 months). We conclude that
PDT is a useful modality of treatment in the
palliation of unresectable malignancy of the

endobronchial tree, improving patient well-
being and significantly improving measured
respiratory function.

Use of nebulised azlocillin to prevent
the emergence of resistant pseudo-
monas in long term treatment with
ciprofloxacillin

MF BONE Russells Hall Hospital, Dudley,
West Midlands The advent of ciprofloxa-
cillin has led to an oral treatment for
pseudomonas infection in severe infected
lung diseases such as cystic fibrosis and bron-
chiectasis. However, reports of organisms
resistant to ciproxin have been described. We
describe here two cases, one a man with cystic
fibrosis aged 21 and a persistent pseudomonas
infection treated with long term ciproxin 500
mg bd since August 1988 who developed
resistant organisms after eight months'
therapy. He then had 12 months' treatment
with nebulised azlocillin 1 g daily, which has
led to conversion of the organism isolated to
full sensitivity. The other case is a 54 year old
woman with severe bronchiectasis who has
likewise received long term ciproxin
treatment with development of resistant
pseudomonas species. These were also
abolished by the use of regular nebulised
azlocillin 1 g daily for the last 18 months. In
both cases antibiotic therapy has led to an
improvement in clinical status and has been
well tolerated. Thus nebulised azlocillin offers
hope for the future in preventing the
emergence of resistant pseudomonas infec-
tion in severe chronic lung infections and its
long term usage is well tolerated without
significant sequelae.

Opportunistic mycobacteria infection
in bronchiectasis (Bx)

S ABDALLAH, M CHADWICK, A WELLS, S DESAI,
P COLE, R WILSON Wandsworth Chest Clinic,
Bolingbroke Hospital; Host Defence Unit,
Emmanuel Kaye Building, National Heart and
Lung Institute, Royal Brompton National
Heart and Lung Hospital, London
Opportunistic mycobacteria are ubiquitous
in the environment and usually cause
opportunistic infections in patients with pre-
existing lung damage or immunological
defect. Forty eight patients (24 males)
presenting over a 15 year period with sputum
culture positive for opportunistic mycobac-
teria were included in a retrospective survey.
Four caucasians had cystic fibrosis (CF; mean
age 23). Forty three of the remaining 44
patients were also caucasian (mean age 57),
which contrasts with the usual ethnic dis-
tribution of pulmonary tuberculosis in our
clinical practice. Thirty seven patients had
prior chest disease, and 17 of them had
prior Bx (CT scan confirmation in 13). The
aetiology was post-tuberculous seven, CF
four, allergic bronchopulmonary aspergillo-
sis three and idiopathic three. M avium-
intracellulare was most commonly isolated in
Bx (nine of 17) andM xenopi in non-Bx (10 of
31). Worsening cough and increased sputum
production alone were the main presenting
features in Bx, but in non-Bx symptoms also
included haemoptysis, weight loss, night
sweats, malaise, fever and exertional
dyspnoea. Forty one patients received
antimycobacterial chemotherapy. The clin-
ical outcome of treated Bx patients contrasted
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sharply with that of non-Bx. Only four of 15
treated Bx improved and eight patients
deteriorated both clinically and radiologically
despite treatment. Opportunistic mycobac-
teria eradication was only achieved in the four
who improved clinically, twenty four of 26
treated non-Bx improved, and opportunistic
mycobacteria eradication was achieved in 19.
In a separate survey no opportunistic
mycobacteria were isolated from the sputum

of 100 patients with Bx confirmed byCT scan.

We conclude that although opportunistic
mycobacteria are rarely isolated in Bx, Bx
may predispose to opportunistic mycobac-
teria pulmonary infection, and when this
occurs antimycobacterial chemotherapy is
often ineffective and the Bx may frequently
progress.

Serum IgG antibodies to Pseudomonas
cepacia (PsC) in adults with cystic
fibrosis (CF)

BROWN PH, NELSON JW, DOHERTY C, GREENING

AP, GOVAN JRW Respiratory Medicine Unit,
Western General Hospital, Edinburgh, and
Department of Medical Microbiology, Univer-
sity of Edinburgh. Chronic lung infection
with PsC may be an important cause of
morbidity and mortality in patients with CF.
Serological responses to infection with this
organism have not been described previously.
An enzyme linked immunoassay was

developed to measure IgG antibodies to PC.
Microtitre wells were coated with common

core rough lipopolysaccharide (LPS) extrac-
ted from PC broth culture, incubated with
goat anti-human IgG conjugated to urease

and colour developed with urea substrate.
Samples of sera were initially diluted 1 in 100
and further doubling dilutions used in the
assay. In nine CF patients (5F, mean age
21 6 y) persistently sputum positive for PsC
(mean 9-5 months), IgG titres were signifi-
cantly higher (median 1/12800, range 3200-
51200) than in nine age and sex matched CF
controls (median 1600, range 400-3200;
p <0 01, Wilcoxon signed rank test; seven

infected with P aeruginosa) and in 12 healthy
blood donors (median 400, range 200-800).
Analysis of stored sera from three CF patients
showed that first isolation of PsC was

preceded or accompanied by a 2-4 fold rise in
anti-PaC IgC titres. Clinical exacerbations of
bronchiectasis were accompanied by 4 fold
rises in titres in two patients who were

studied. It is concluded that measuring serum
antibodies to P cepacia in patients with CF
may be useful in detecting early lung infec-
tion with this organism and in assesssing its
role in exacerbations of bronchiectasis.

Cystic fibrosis: antibiotic prescribing
practices in the United Kingdom and
Ireland

RFH TAYLOR, ME HODSON Royal Brompton
National Heart Hospital, London The aim
of this study was to survey the antimicrobial
prescribing practices of physicians involved
in the care of cystic fibrosis (CF) patients. A
need for controlled prospective treatment
studies may be revealed by delineating areas

of divergent practice. Twenty six physicians
completed a written questionnaire. For first
line IV therapy of acute exacerbations
associated with P aeruginosa, 20 physicians
(76 9%) prescribed a combination of a

penicillin derivative with an aminoglycoside,
in contrast to five (19 2%) who regularly use

IV monotherapy and one who prescribes a

combination of IV ceftazidine and an

aminoglycoside. When IV therapy is con-

sidered inappropriate, oral ciprofloxacin is
sometimes used by all clinicians and oral
broad spectrum agents are used additionally
by 13, chloramphenicol being prescribed
most frequently. Excluding allergy, the most
important factor influencing choice of agents
by 19 (73 1%) physicians is the most recent
sputum susceptibility result. For main-
tenance therapy, 21 physicians prescribed
oral antistaphylococcal agents following
isolation of S aureus; eight do so only in the
face of deteriorating lung function, nine after
repeated isolation and four after the first
positive culture. The remaining five clinicians
give antistaphylococcal agents to all patients
after the diagnosis of CF is made. All
physicians are using nebulised anti-
pseudomonal agents, the indications for
which vary between units, for maintenance of
function in patients with persistence P
aeruginosa. In conclusion, there was general
concordance in the management of acute
pulmonary exacerbations associated with P
aeruginosa, whereas the use of agents to
maintain lung function is more varied.

Differences in adherence of
Branhamella catarrhalis organisms in
the presence and absence of respiratory
tract infection

V HEGARTY, T SCOTT, C KEANE, JB WALSH,
D COAKLEY Mercer's Institute for Research
on Aging and Department of Clinical
Microbiology, St James's Hospital, Dublin
Branhamella catarrhalis respiratory tract
infection has a particular predilection for the
elderly (Hager H, et al. Rev Infect Dis
1987;9:1140). It is considered that infection is
preceded by oropharyngeal colonisation.
Colonisation and consequent infection have
been associated with the adherence character-
istics of microorganisms, highly adherent
bacteria being more likely to colonise
epithelial surfaces. (Johanson WG et al. J
Infec Dis 1979;139:667). The aim of this
study was to compare the adherence charac-
teristics ofBranhamella catarrhalis organisms
(BCO) isolated from the sputum of patients
with clinical evidence of respiratory tract
infection (group 1 n = 36) with those ofBCO
isolated from throat swabs of asymptomatic
elderly in the community (group 2 n = 12).
The adhesin test used was haemagglutination
ofhuman group 0 red blood cells (Duguid JP
et al. J Med Microbiol 1979;12:213). A x2 test
found the two groups to be significantly
independent (X2 = 17 09, p < 0-001), group
1 having greater haemagglutination ability.
In conclusion, the BCO from patients with
clinical evidence of respiratory tract infection
are shown to be more adherent than the BCO
from the oropharynx ofasymptomatic elderly
in the community. This suggests that the
adherence capacity ofBCO may have a role in
the initiation of respiratory tract infection.

Pyocyanin from Pseudomonas aeru-

ginosa perturbs respiratory epithelium
by intracellular redox cycling

K KANTHAKUMAR, G TAYLOR, S SMITH,
P JEFFERY, P COLE, R WILSON Host Defence
Unit and Department of Pathology, National
Heart and Lung Institute, and Department of
Clinical Pharmacology, Royal Postgraduate
Medical School, London Pyocyanin is a

redox pigment produced by Pseudomonas
aeruginosa and is present in sputum of
colonised patients. Pyocyanin perturbs
human respiratory epithelium in vitro
causing an initial slowing of ciliary beat
frequency (CBF) followed eventually by cell
death. It also slows tracheal mucociliary
transport in the guinea pig in vivo, and
interacts with neutrophils to enhance
oxidative metabolism. We have used human
nasal epithelium obtained by direct brushing
of the inferior turbinate and also cultured
monolayers of ciliated epithelium to inves-
tigate the mechanism of pyocyanin induced
toxicity (n = 6 for each experiment).
Inhibitors of neutrophil derived oxidants,
including catalase (500 U/ml), superoxide
dismutase (2000 U/ml) and N-acetylcysteine
(100 pg/ml) did not reduce the effect of
pyocyanin on CBF or cytotoxicity, suggest-
ing that these oxidants do not play a part in
the toxicity of the pigment. Pyocyanin slowed
the CBF of epithelial cell monolayers
cultured for seven days to exclude an effect
mediated by neutrophils. High concentra-
tions of catalase (5000 U/ml) did have some
protective effect on CBF (29%, p < 0001)
but not on the cytotoxicity of pyocyanin.
Indomethacin (3 mM) and EGTA (1 mM)
were not protective. 3-Aminobenzamide
(0 5 mM), an inhibitor of poly ADP ribosyla-
tion, inhibited pyocyanin induced CBF slow-
ing by 26% (<0-001) but had no effect on
cytotoxicity. In contrast, desferrioxamine
(20 mM) largely protected against the
cytotoxicity ofpyocyanin but had no effect on
CBF slowing. We conclude that the effects of
pyocyanin on CBF slowing and cytotoxicity
may involve different mechanisms, and some
of the effects of pyocyanin on respiratory
epithelium may be mediated through intra-
cellular substrate cycling and the generation
of hydroxyl radicals.

Adherence of fimbriate (F+) and non-
fimbriate (F-) strains of non-typable
Haemophilus influenzae (NTHi) to
purifiedhumantracheobronchialmucin
(HTBM) and mucin glycopeptides

W BARSUM, R WILSON, RC READ, HC TODD,
A RUTMAN, P ROUSSEL, PJ COLE Host Defence
Unit, Department of Thoracic Medicine,
National Heart and Lung Institute, London,
and INSERM, Lille, France Adherence to
mucus is the first interaction of inhaled
bacteria with the respiratory mucosa. Mucin
is the major constituent of respiratory mucus,
it consists of a polypeptide core with
branched oligosaccharide chains. Using a
microtitre plate assay, we have previously
shown that fimbriae of NTHi enhance
adherence to sputum sol phase. We have now
examined the adherence of the same stains to
purified preparations of high moleular mass
HTBM and glycopeptide fractions obtained
after proteolysis. Microtitre wells were
coated with mucin or glycopeptides (each
concentration 100 Mg/ml) by overnight
incubation. F + /F - pair of NTHi were
cultured to mid log phase, washed, then
added to the microtitre wells and incubated at
37'C for 30 minutes. After three washes
remaining adherent bacteria were desorbed
by agitation with Tween and quantitated.
Specific adherence index (SAI) was calculated
as (x x y)xz ', where x = number of
bacteria desorbed from coated (test) wells,
y = number of bacteria desorbed from
uncoated (control) wells (that is, adherent to
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the plastic, z = number from initial
inoculum. Adherence of F + to both HTBM
and glycopeptides respectively exceeded F-
(SAI F+: 0-55 (SE 0 319) x 10 2, 0-44
(0 247) x 10 2; SAI F-: -0 53 (0-177) x
10 2, _0-14 (0245) x 10 2; p = 0012 and
0-04, Wilcoxon rank test, n = 8). We
conclude that (1) F+ strains have increased
adherence to purified HTBM and its
constitutent glycopeptides; (2) glucose or
galactose (01, 1 and 5%) did not inhibit
NTHi adherence to sol phase so the
adherence receptor has not been character-
ised; (3) F+ strains were more adherent to
sputum sol phase than to HTBM and glyco-
peptides (p = 0 02, p = 0-048, Wilcoxon
rank test, n = 12, n = 8), whereas adherence
of F -to all three was similar.

Epithelial yi T cells in lung infections

PJM OPENSHAW, FM RECORD Department of
Medicine, St Mary's Hospital, London It has
been proposed that cells bearing the novel y6
T cell receptor (TCR), rather than the con-
ventional a,TCR, are a major component of
first line defence against infections at epi-
thelial sites. Previous studies show that mice
infected with respiratory syncytial (RS) virus
develop pulmonary epithelial lymphocytosis
demonstrable by bronchoalveolar lavage
(BAL), and that these are almost exclusively
a#fTCR + (Eur J Immunol 1991;21:803). To
extend these studies, mice were infected
intranasally with bacille Calmette-Guerin
(BCG), RS virus or influenza A virus and
subjected to BAL at various times. Cells were
stained for CD3 (145-2C1 1), ybTCR
(UC713D5) or c4ITCR (H57-597) and then
for CD4 (GK1S5PE) and CD8 (53-6-7Bio).
Three colour flow cytometry on cells from
virus infected mice showed CD3+4+af+yb-,
CD3+8+ a,B yb- and few CD3 4-8 -a,+ (left
bars). Mice infected with BCG showed a
response dominated by CD4-8- ybTCR+
cells (right bars). A typical result from d7 is
shown in the figure below. We conclude that
the nature ofthe stimulus determines the yb T
cell response, not the site.
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Blood CD4 and CD8 lymphocyte
numbers in community acquired
pneumonia

K MOUSSA, E SPIERS, JH WINTER King's Cross
and Ninewells Hospital, Dundee A low blood
lymphocyte count has been associated with
increased mortality in pneumonia. We have
measured blood CD4 and CD8 lymphocyte
numbers in 33 patients on admission to
hospital with community acquired
pneumonia. In the majority of patients CD4
and CD8 counts on admission were below our

normal ranges of 0-61-4 x 10'/l and 0-4-0-8
x 109/l, with mean values of 0 35 and 0-32
respectively; in the majority of patients in
whom repeat measurements were performed
six weeks after admission, counts had re-

turned or were approaching normal levels.

Patients were grouped into (1) those with
pneumococcal bacteraemia, (2) those with
two out of three of the following features on
admission previously associated with high
mortality: respiratory rate > 30/minute, dia-
stolic BP < 60 mm Hg, serum urea
> 7 mmol/l, (3) those without the features of
group 2, (4) those patients who died (table
below). Six patients died, in three of whom
the lowest CD4 counts registered in this
study were seen; two ofthe other patients had
levels similar to group 3 and the other normal
levels. Our findings indicate that numbers of
circulating CD4 and CD8 lymphocytes are
reduced in acute community acquired
pneumonia and suggest that there is an
inverse correlation between their number and
the severity of disease in some patients.

Mean CD4 Mean CD8 No of
( x 10911) ( x 109/l) patients

Group 1 0 20 0-14 7
Group 2 0-25 0 26 14
Group 3 043 0 37 19

Relationship between wheeze, airflow
and lung volume during methacholine
induced bronchoconstriction in asth-
matic subjects

DPS SPENCE, DR GRAHAM, G JAMIESON, PMA

CALVERLEY, JE EARIS Aintree Chest Centre,
Fazakerley Hospital, Liverpool Wheeze is a

frequently sought sign of airflow obstruction,
yet little quantitative data are available about
its relationship to lung volume and airflow
obstruction. We have analysed breath sounds
in 8 stable wheeze-free asthmatics (FEV,
(SE) 66 (22)% pred) during an extended
methacholine challenge continued until
audible wheeze occurred or significant symp-
toms developed. FEV,, Raw and FRC were

measured at each methacholine concentration
in a body plethysmograph, symptoms by a

modified Borg scale and breath sounds by a

microphone over the left upper chest for off
line analysis. Breath sound power spectra
were derived using a fast Fourier transform
technique, and were displayed with flow and
volume on an IBM compatible PC. During
the challenge FEVy fell by 51 (14)%, Raw
increased by 119 (50)% and FRC by 34
(15)% from baseline. Audible wheeze
developed abruptly late in the challenge, and
was present during tidal breathing in five cases
and confined to inspiration in one. Tidal
expiratory wheeze began at 769 (97) Hz, the
frequency falling to 575 (108) Hz by end
expiration. Wheezing frequency was

reproducible within subjects (CV starting
frequency 4-25%, ending frequency 12%).
Inspiratory wheezes occurred around peak
inspiratory tidal flows whereas expiratory
wheezes developed after flow had peaked
(58% peak tidal flow). Expiratory wheeze
began 0 8 (0-38-081) and ended 0 18 (0-
0 4) 1 above FRC whilst inspiratory wheezes
started at 0-21-061 and ended 0 86-11 1
above FRC. Subjects perceived chest tight-
ness before wheezing began mean fall in FEV,
at the onset of symptoms being 17 (19)%,
compared with 53 (7)% for wheezing. These
data demonstrate that wheeze frequency is
very reproducible but in asthmatics severe

bronchoconstriction can occur before
wheezes develop. Perception of chest tight-
ness is a more sensitive pointer to worsening
lung function. This has important implica-
tions for clinical assessment.

Effect of ipratropium bromide on pos-
ture induced changes of expiratory flow
indices in asthmatic and normal
subjects

S MICHAELIDES, D ZORPIDOU, J MOULIANAKIS,
P DEMERTZIS, E KOSMAS Department of
Thoracic Medicine, A Fleming General Hosp-
ital, Athens The aim of the study was to
estimate changes in expiratory flow indices in
asthmatic and normal subjects, occurring due
to transition from the sitting (ST) to the
supine position (SP) and evaluate the effects of
ipratropium bromide (IB) on these changes.
Fifty six patients with mild stable asthma and
40 controls were studied by forced expiratory
spirogram and flow-volume curve, both in ST
and SP, before and 30 minutes after inhala-
tion of 40 pg of IB. Differences between ST
and SP in forced expiratory volume in one
second (AFEV,), mean mid expiratory flow
rate (AFEF25,75), flow rates at 50% and 75% of
vital capacity (AFEFSO and AFEF7, respec-
tively) and the derived value offlow resistance
(ARaw) were estimated and analysed by t test
for paired observations. In asthmatics pos-
ture induced changes before and after IB
inhalation were respectively as follows:
AFEV, 0-25 (SD 0 12) and 0 30 (0-16) 1 (non-
significant), AFEF257, 0-58 (0 20) and 0-17
(0-11)1/s (reduction by 71%, p < 005),
AFEF50 094 (0 28) and 0-21 (0-18)1/s (reduc-
tion by 78%, p < 0-05), AFEF7, 0-52 (0 19)
and 0-13 (0 09) I/s (reduction by 75%,
p < 001) and ARaw = 047 (027) and 010
(0 08) cmH2O/l/s (reduction by 79%,
p < 0 01). In normals postural changes were
of smaller magnitude and their values before
were not statistically different from those after
IB inhalation. It is concluded that when
patients with asthma resume the supine posi-
tion, and in contrast to normals, they (a) are
prone to more marked decline in flow rates
that conventionally reflect small airways func-
tion and (b) can have this particular effect
sufficiently prevented by IB inhalation, while
normals cannot.

Outcome of wheeze in childhood:
educational attainment and
employment 25 years later

SJ ROSS on behalf of the Aberdeen wHEAsE study
group Departments of Thoracic Medicine and
Sociology, University of Aberdeen In a 1964
MRC Sociology Unit random community
survey of 2511 primary school children in
Aberdeen, 121 were identified as having
asthma and 167 had "wheeze in the presence
of upper respiratory tract infections"
(Dawson et al. Lancet 1969;i:827). In 1989 a
study was undertaken to locate these
individuals and a comparison group of 167
randomly selected from the original sample
who had no respiratory symptoms as chil-
dren. Of these 455 subjects, over 80% have
been traced, and those contactable locally
have been interviewed and have performed
pulmonary function tests: 78 "asthmatic,"
111 "wheezy" and 98 comparison subjects.
Pulmonary function testing showed that the
"asthmatic" group (n = 78) had airways obs-
truction and greater peak flow variation than
the "wheezy" group (n = 111), which did
not differ from the comparison group
(n = 98). Of the "asthmatic" group, 23.4%
thought that their respiratory problems had
been deterimental to their education, com-
pared to 4-7% of the "wheezy" group and
none of the comparisons (7r test, p < 0 001).
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Despite this, educational attainment did not
differ between the groups. Of the "asth-
matics," 79% were in full time employment
at the time of the interview, which did not
differ significantly from the "wheezy" group
(73%) or comparison group (77%). Res-
piratory problems associated with
employment had been experienced by 244%
of the "asthmatics," 0-9% of the "wheezy"
subjects, and 1% of the comparisons (X' test,
p < 0 001). In spite of these problems, there
were no significant differences between the
groups in the number of jobs they had had
("asthmatic" mean number of jobs 4 (SD 2),
"wheezy" 5 (SD 2), comparison 5 (SD 2)).
The employing industries were similar for the
three groups, as was their current social class
distribution. Although childhood asthmatics
are more likely to have symptoms as adults,
and to have had respiratory problems
associated with their job, their employment
history is unlikely to have been adversely
affected, compared with those who were
wheezy in the presence of an infection or to
the comparison group.

Supported by the National Asthma Campaign
and Allen and Hanburys.

Methotrexate in steroid dependent
asthma: long term results

RJ SHINER, T SHULIMZON, I KATZ, P SILKOFF,
S BENZARAY Tel Hashomer Hospital, Israel
Twenty one steroid dependent asthmatics
were treated with methotrexate (MTX)
15 mg/week over a mean period of 14 3
months (SD 4) (range 7-21). All patients had
been treated with a minimum of 7-5 mg,
mean (SD) 16 7 (9 5), of prednisone (or
equivalent)/day for at least a year in addition
to inhaled steroids mean (SD) 1157 (329) pg
beclomethasone/budesonide per day and
bronchodilators. Patients were seen at four
weekly intervals, when the daily prednisone
dose was reduced by 2 5 mg depending on
satisfactory diary card criteria and
spirometry. All other treatment remained
unchanged. Complete weaning from all
regular systemic steroid therapy was achieved
in 13/21, a 50% or more reduction in steroid
dose in 4/21 and a less than 50% reduction in
systemic steroid dose in 4/21. Symptom
assessment, frequency of night waking and
peak flow measurements did not significantly
change. Abnormal liver function test results
were noted in 6/21, which resolved despite
continuation of therapy in five but in one
patient persisting symptoms suggestive of
hepatotoxicity as well as a more than five fold
rise in serum transaminases were noted.
Cessation of MTX resulted in a speedy
resolution. Gastrointestinal side effects were
reported by six but resolved in five with
intramuscular MTX therapy. There were no
haematological or pulmonary complications.
Methotrexate appears to be both safe and
efficacious as a systemic steroid sparing agent
in the majority of steroid dependent asth-
matics when administered over a longer
period of time.

Randomised double blind cross over
trial of immunoglobulin replacement
therapy in patients with severe asthma

MZ SHAHEEN, R BARKER, M DRAYSON, RA

THOMPSON, JG AYRES Chest Research
Institute and Department of Immunology, East

Birmingham Hospital, Birmingham Patients
with brittle asthma or with recurrent infective
exacerbation of their asthma show a sig-
nificantly reduced level of IgG subclasses
compared to asthmatic controls (Ayres et al.
Thorax 1989;44:892P), which may predis-
pose such patients to recurrent infective
exacerbations. There is evidence that Ig
replacement therapy has immunomodulatory
effect in asthma (Mazer et al. J Allergy Clin
Immunol 1991;87:976). Nine patients with
brittle asthma and 3 patients with recurrent
infective exacerbations, all with IgGSC
deficiency (10 female, two male, aged 22-67,
mean 49 2) were randomised to receive IV
infusions of Endobulin (human IgG concen-

trate), dose 200 mg/kg for three months or
placebo (human albumin 0 4 ml/kg) at three
weekly intervals in a crossover design. The
aim ofthe study was to determine the effect of
immunoglobulin therapy on control of
asthma. Records of symptom scores for day
and night, four hourly peak flow, antibiotic
and oral steroid use (for exacerbation) were

kept on diary cards. Blood samples were taken
for Igs analysis before each treatment. To
allow for a washout phase the first four weeks
of each treatment period were excluded from
analysis. Paired t tests were applied to com-

pare weekly group means of each parameter
of both treatment periods. There was no

significant difference in the number of steroid
courses during two treatment periods (active
19, placebo 25, p = 0 20), although the trend
was in favour of active treatment (antibiotic
courses 11 in active and eight in placebo
group, p = 0-5). Mean lowest PEF was sig-
nificantly better towards the end of the active
treatment (p < 0-05 for weeks 5, 6, 7). Day
and night symptom score showed a trend in
favour of active treatment becoming sig-
nificant (p < 0 05) at week 7. We conclude
that IV immunoglobulin replacement
therapy for a period of three months may
provide overall significant improvement in the
control of severe asthma, but a longer trial is
indicated.

Endobulin was kindly supplied by Immuno Ltd

mecruitmentumcuitiesinacumnicaitriai
for a new asthma drug

SA CATTELL, WJ SADLER, JG AYRES Clinical
Trials Unit, Chest Research Institute, East
Birmingham Hospital, Birmingham We
were asked to contribute 10 patients to a
multicentre trial of a new oral prophylactic
therapy for asthma, over an 18 day study
period. We had great difficulty recruiting
eligible patients from hospital clinics because
of the inclusion/exclusion criteria. Inclusion
criteria were: Male or surgically sterilised/
post menopausal females aged 18 to 65 years,
FEV, 40-80% of predicted, taking inhaled
steroids of 200-1000 pg per day, fi2 agonist
use as required, non or ex-smokers for five
years. Exclusion criteria were: chronic bron-
chitis, chest infection treated with antibiotics/
use of oral steroids within one month of visit
1, current use of sodium cromoglycate, theo-
phylline or atropine like compounds. At visit
2, one week later, two out of the following
four diary card criteria were required on five
out of seven placebo baseline days (same two
criteria each day): > 5 puffs of f2 agonist daily,
summated asthma severity rating of two out
of six points per day, > 20% variation in peak
flow rate (PFR) am v pm and a mean PEF of
< 70% predicted. We therefore approached

four general practice (GP) groups with com-
puterised disease indexes and a total of 31 058
patients, 1816 registered as having asthma.
The GP envelopes of these patients were
reviewed and 1730 were found to be unsuit-
able for the study. Letters sent to the 86
eligible patients yielded agreements from 27
patients. At the first visit 15 more patients
failed to meet entry criteria. The remaining
12 patients were entered but nine failed the
eligibility criteria at visit 2. The remaining
three patients completed the study. Protocols
such as these are difficult to fulfil as more
patients in the community become effectively
treated with inhaled steroids. Age limits will
need to be relaxed as might exclusion of ex or
current smokers. Acceptance of "adequate
contraception" needs further discussion in
view of regulatory bodies' requirements. Our
findings have considerable implications for
the pharmaceutical industry.

Effect of an oral potassium channel
activator, BRL38227, in asthmatics:
comparison with oral salbutamol

JC KIDNEY, YM WORDSELL, EA LAVENDER,
KF CHUNG, PJ BARNES Department of
Thoracic Medicine, National Heart and Lung
Institute, London and Smith Kline Beecham,
UK The K+ channel activator cromakalim
and itS L isomer BRL 38227 (B) cause relaxa-
tion ofhuman airway smooth muscle in vitro
(Black JL, et al. Am Rev Respir Dis, in press).
Cromokalim has been shown to attenuate
nocturnal wheezing in asthma (Williams AJ,
et al. Lancet 1990;336:334). We assessed the
effect of B on airway calibre and airways
responsiveness in three separate double blind
placebo controlled studies. In the first study B
was assessed in eight asthmatic subjects at
doses of 0-125, 0-25 and 0 5 mg. FEV, and
PC20 histamine were assessed before dosing
and after five hours in eight asthmatic
subjects. In the second study nine asthmatic
subjects were assessed at the same time points
with doses of 0-125 and 0-5 mg, but PC20 was
established with methacholine. In a third
study B was assessed in eight asthmatics at a
dose of 0-5 mg. FEV, and PC20 to histamine
were measured before dosing and at two and
five hours post dosing. As a positive control
study we gave 8 mg of oral salbutamol (Ven-
tolin) to eight asthmatics (who had taken part
in the B studies) in a double blind, placebo
controlled crossover study. B had no sig-
nificant effect on FEV, or PC,0. Oral sal-
butamol gave significant protection to his-
tamine PC20 (4 45 doubling dilutions,
p < 0 05) and caused a small increase in
FEV, (0-111), but this was not significant.
Higher doses ofB are needed to have an effect
on airway calibre or alter airways responsive-
ness. However, this would not be tolerated
owing to the high frequency of headache
(76%) experienced at the top dose of B.

Paradoxical bronchoconstriction
associated with salmeterol metered
dose inhaler

JR WILKINSON, A ROBERTS, P BRADDING,
ST HOLGATE, PH HOWARTH Medicine I,
Southampton General Hospital, Southampton
Salmeterol is a long-acting f, agonist used in
patients with reversible airways obstruction.
Since its introduction there have been reports
of inhaler related cough and breathlessness as
with other inhalers. The mechanism of these
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responses remains obscure. We studied acute
responses to salmeterol in six subjects com-
plaining ofcough or wheeze following inhala-
tion of salmeterol. None had noticed symp-
toms following other MDIs. No subject was
using salmeterol when studied. All abstained
from inhaled a, agonists for six hours prior to
challenge. Five/six subjects were maintained
on regular beclomethasone. On two of three
days subjects received either salmeterol (S) or
salmeterol placebo (P) two puffs in a double
blind fashion. On day 3 they received 50 pg of
salmeterol via diskhaler (D). Following S
there was a rapid, short lived fall in FEV,
(11 0 (SD 3-2)% at 3 min; p = 0 009), which
resolved within five minutes. After P there
was a similar rapid fall (18-7 (7-1)% at 3 min;
p = 0-006), which had not completely
resolved after 15 min (10-8 (2 8)%;
p = 0 006). There was no corresponding
decrease in FEV, following D. These findings
suggest that a proportion of asthmatic
subjects experience acute bronchoconstric-
tion following salmeterol MDI, which is
caused by other constituents of the MDI
formulation and may be avoided by using
diskhalers. Patients should thus be coun-
selled about this when salmeterol MDI
therapy is initiated.

PAF induced bronchoconstriction and
leucopenia are not inhibited by sal-
meterol

J SPRING, SRD JOHNSTON, Pw IND Department
of Medicine, Royal Postgraduate Medical
School, London Platelet activating factor
(PAF) is a potent mediator of inflammation.
PAF inhalation causes acute bronchocon-
striction and a transient fall in white blood
cell count in man. Salmeterol (SM) inhibits
PAF induced inflammation in guinea pigs. We
investigated the effect ofSM on PAF induced
effects in eight normal subjects who inhaled
SM (50 pg) bd or matched placebo for one
week prior to PAF challenge. Blood samples
were taken from a forearm catheter for total
white cell (WBC) and neutrophil (N) counts
before and for 30 min following PAF (48 Mg)
administration via a Mefar dosimeter. Mean
baseline sGaw was significantly higher
(p < 005) after SM (1-84 (SE 0-17) s-'k-
Pa-') compared with placebo (1-53 (0-12)),
but mean baseline WBC andN counts did not
differ. After placebo mean sGaw,WBC andN
counts were reduced to 82 (4-8)%, 60 (7 2)%
and 39 (10)% baseline respectively five min-
utes after PAF. After SM mean reductions
five minutes after PAF were 82 (3-4)%, 59
(6 0)% and 40 (8 9)% baseline respectively.
Thirty minutes after PAF N count reboun-
ded to 143 (26)% baseline after placebo and to
127 (15)% after SM. Salmeterol did not
inhibit acute bronchoconstriction, reduction
in WBC or N, transient flushing or rebound
neutrophilia after PAF. These results conflict
with the inhibitory effect of SM on lung
inflammation in guinea pigs but are consistent
with the lack of effect of salbutamol in man.
Thus the anti-inflammatory effects ofSM are
unlikely to be mediated via PAF.

Chronic dosing with inhaled salmeterol
in exercise induced asthma (EIA)

L RAMAGE, C INGRAM, IA CREE, DP DHILLON
Department of Respiratory Medicine, King's
Cross Hospital, Dundee Salmeterol (SMT)
has been shown to protect against EIA in

single dose studies. Twelve patients with EIA
took part in a randomised, double blind,
crossover study to compare the duration of
action of inhaled SMT 50 pg bd with placebo
following four weeks' chronic dosing. A stan-
dardised exercise test was performed at 6 h
and 12 hpost dosing onthe first and last day of
each treatment period. Results confirm
protection against EIA after the first dose of
SMT and there is also a reduction in the
bronchoconstrictor response to exercise after
chronic dosing with this drug but this is not
statistically significant. Reasons for the
apparent lack ofprotection offered by chronic
dosing with inhaled SMT may include
methodological problems: all patients had
relatively mild asthma and it may be argued
that they did not require regular SMT
therapy; there was considerable variability in
the exercise induced bronchoconstrictor re-
sponse; the administration of the last dose of
SMT was unsupervised. The possibility of
tachyphylaxis with respect to EIA must be
raised but further investigation is required to
clarify this issue.

Median % fall in FEV,

Prestudy visit 39 0 (range 27-8-65 9)
Placebo SMT p

First dose
6 h 373 8-5 0-02
12h 271 15-7 0045

Last dose
6 h 30 3 19-3 0-298
12 h 24-0 12 2 0-523

Platelet activating factor (PAF) and
non-specificbronchialhyperresponsive-
ness

M ILYAS, C McSHARRY, KR PATEL Departments
of Respiratory Medicine and Immunology,
Western Infirmary, Glasgow PAF is a
biologically active lipid mediator of inflam-
mation. When given by inhalation it causes
bronchoconstriction, airway epithelial
damage and increases vascular permeability.
PAF also activates eosinophils to release the
major basic protein and eosinophil cationic
protein (ECP). Inhaled PAF has been repor-
ted to increase airway responsiveness to
methacholine in normal subjects over several
weeks. Wehave examined the effect ofinhaled
PAF (96 pg) on bronchial responsiveness to
methacholine at day 1, day 3 and day 7 after
PAF challenge, in six non-atopic (mean age
29-7 y) and seven atopic (mean age 29-3 y)
healthy volunteers. After PAF inhalation,
plasma ECP levels (pg/l) were measured over
three hour period using Pharmacia radio-
immunoassay. PAF challenge and the metha-
choline responsiveness was repeated on two
occasions allowing at least four weeks be-
tween cycles. Airway responses were assessed
by measuring specific airways conductance
(sGaw) in a constant volume body plethys-
mograph. The maximum mean (SE)% falls in
sGaw in the first, second and third PAF
challenge in non-atopic subjects were 47-3
(8 7), 49 5 (9 3) and 47-2 (8 2) respectively
and in atopic subjects 41-7 (6-2), 48-0 (6-1)
and 49-3 (6 3) respectively. The changes in
sGaw were comparable in three cycles in the
two groups. The geometric mean PC sGaw,5
was 9-2 mg/ml in non-atopic subjects and
1-16 mg/ml in atopic subjects before PAF
inhalation. However, PAF did not alter the
mean PC sGaw3, in both groups. An

occasional subject did show a more than two
fold decrease in PC sGaw,, but this was not
reproducible in other cycles. Furthermore
ECP levels were within normal range and
comparable in both groups. PAF inhalation
had no effect on the ECP levels. Our results
suggest thatPAF is a potent bronchoconstric-
tor but does not induce airways hyperrespon-
siveness in non-atopic and atopic subjects.
Unlike allergen inhalation, it does not activate
airway eosinophils in atopic subjects as asses-
sed by plasma ECP levels.

Comparison of a simple benchtop assay
(Acculevel) for plasma theophylline
estimation with HPLC

MF BONE, MM KUBIK Dudley Chest and
Asthma Centre, Burton Road Hospital,
Dudley, West Midlands The therapeutic
efficacy of theophylline in the treatment of
asthma is directly related to the drug plasma
level. These levels can vary considerably
depending on the patients' individual
metabolic clearance and toxicity can readily
occur. Measurement with HPLC assays is
time consuming and not readily available out
of hours at most district general hospitals. As
part of a large multicentre study we evaluated
the results of a simple bench top assay
(Acculevel) using a colorimetric method per-
formed by inexpert nursing staff at 20 chest
centres in the UK. Blood samples taken at the
same time were sent to one central laboratory
for HPLC assay in a total of 54 patients.
Theophylline levels varied between 0-00 and
20 63 mg per litre. The two methods were
generally well correlated with a coefficient
correlation of 0-72. There was a tendency for
the bench top assay to over-estimate low
concentrations and under-estimate high con-
centrations of theophylline, but the differen-
ces were small and unlikely to be clinically
significant. The advantage of this bench top
assay was the immediate result which may be
of value in monitoring those patients with
asthma requiring theophylline therapy.

Bronchodilator reversibility to low and
high doses of terbutaline and
ipratropium in COPD

DM NEWNHAM, RA CLARK, DP DHILLON, JH
WINTER, CM JACKSON, BJ LIPWORTH Depart-
ment of Respiratory Medicine, King's Cross
Hospital, Dundee A random cross-section of
30 inpatients with COPD was evaluated on
two successive days. On day 1 patients
received the following sequence: low dose
terbutaline 500 pg (LDT), high dose ter-
butaline 5000 pg (HDT), low dose
ipratropium 40 pg (LDI), high dose
ipratropium 200 pg (HDI), delivered
through a pear-shaped spacer. On day 2 the
order was reversed (LSI, HDI, LDT, HDT).
Effort dependent (FEV,) and effort indepen-
dent (RVC) parameters were measured 30
min after each successive treatment, with
RVC being the primary end point. A change
in FEV, of 160 ml and in RVC of 330 ml
between successive treatments was used to
evaluate the maximal bronchodilator re-
sponse for individuals on each day, so as to
exclude short term biological variability with
95% confidence (Tweeddale et al. Thorax
1987;42:487). Values are means and 95% CI.
There were no differences between baselines
on days 1 and 2 for either FEVy 0-94 (0-91-
0-97) 1 v 0-93 (0-91-0-95) 1) or RVC (2 07
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(203-2 11) 1 v 2 09 (2 05-2 13) 1. Responses
for ARVC on day 1 were: LDT 0-33 (0-27-
039)1, HDT 046 (040-052)1, LDI 053
(047-0 59) 1, HDI 0 52 (046-0 58) 1, and
day 2 were: LDI 0 26 (0-17-035) 1, HDI 0-34
(0 25-0 43) 1, LDT 0-56 (0 47-0 65) 1, HDT
0-55 (0-46-0-64) 1. Mean responses for
AFEV, showed similar trends. For RVC,
23% were non-responders on day 1 and 13%
on day 2. For FEVy, non-responders were
20% and 13% respectively. Individual
maximal responders were as follows for RVC
on day 1: LDT 26%, HDT 35%, LDI 30%,
HDI 9%; and on day 2: LDI 27%, HDI
12%, LDT 54%, HDT 7%. In summary: (1)
Overall responders were equally detected by
either FEV, or RVC; (2) after removal of
vagal tone HDT conferred no additional
benefit over LDT; (3) HDI was no more
effective than LDI for most patients; (4) this
implies that the combination of LDI and
LDT will identify a large proportion of
maximal responders in COPD.

Incidence ofside effects in brittle asthma
patients taking infused terbutaline with
and without oral terbutaline

AP SYKES, JG AYRES Chest Research Institute,
East Birmingham Hospital, Birmingham
Brittle asthma patients on continuous sub-
cutaneous infusions of terbutaline (CSIT)
report fewer side effects than with either oral/
nebulised ft2 agonists. Physicians conversely
are worried about a high incidence of side
effects with CSIT. The aim of this study was
to assess the side effects of CSIT and inves-
tigate whether oral terbutaline increased
these effects. Six female brittle asthma
patients, mean (SD) age of 46 (11) years,
already established on CSIT were studied
over three, two day study periods: CSIT
alone; CSIT + oral placebo (tds) and CSIT
+ oral terbutaline 5 mg (tds). The study was
randomised and double blind. Investigations
were made over 8 hours during the periods
corresponding to the 5th oral dose. Skeletal
muscle tremor, PEFR, blood pressure, pulse
rate and visual analogue scale (VAS) scores
for muscle tremor and cramp were measured
hourly. Plasma glucose and serum potassium
were measured before and two hours after
oral dosing and plasma terbutaline concentra-
tions before and two, four, and eight hours
after oral dosing. The results were analysed
using a repeat measures analysis of variance.
Plasma terbutaline concentrations increased
from 78 nM to 85 nM with oral terbutaline
and fell from 85 nM to 78 nM with oral
placebo over the first four hours. There was no
significant difference in skeletal muscle tremor
between the three periods, mean tremor rang-
ing from 13-24 mm in 10 seconds. Glucose
fell 0-1-0 3 mmol/l in all three treatment
periods (NS), and serum potassium levels
remained unchanged (mean (SD) 4-2 (0 05)
mmol/l). There was no significant change in
any of the other parameters with treatment.
In summary, only mild side effects are seen
with CSIT despite high plasma terbutaline
concentrations, and in particular serum
potassium levels are normal. There was no
further increase in symptoms when oral ter-
butaline was introduced. This may suggest
that with high terbutaline concentrations,
tolerance to side effects of infused terbutaline
may occur.

This work was supported by a National Asthma
Campaign grant; We are grateful to Professor J
MacDermot for his advice

The bronchodilator and cardiovascular
response to high dose infused atrial
natriuretic peptide

RM ANGUS, MJA McCALLUM, G HULKS, NC
THOMSON Department of Respiratory
Medicine Western Infirmary, Glasgow Atrial
natriuretic peptide (ANP) has vasodilator,
natriuretic and diuretic properties. We have
previously demonstrated that the intravenous
infusion of ANP (up to 10 pmol/kg/min)
produces a significant bronchodilator re-
sponse in asthmatic patients (Hulks et al.
BMJ 1989;299:1081). We have now studied
the effects ofhigher concentrations of infused
ANP on respiratory (FEV,) and cardiovas-
cular (pulse and blood pressure) function in 8
asthmatic patients (mean (SD) age 45-6 (8-2)
years, FEV, 56-4 (15-4)% predicted). A ran-
domised double blind crossover study design
was employed. On one study day ANP was
infused for 20 minute periods at 5 pmols/kg/
min and at 25 pmols/kg/min; a placebo
(saline) inhalation was then administered. On
the other day the placebo infusion was fol-
lowed by inhalation of 5 mg salbutamol.
Spirometery was measured by a dry wedge
spirometer (Vitalograph). Pulse and blood
pressure (BP) were measured by semi-
automatic sphygomanometer (Critikon:
Dinamap). Results are expressed as mean
(SEM). The bronchodilator response to
infused ANP was similar to that of nebulised
salbutamol. There was no significant fall in BP
at the 25 pmol/kg/min infusion rate. In two of
three patients given 35 pmol/kg/min a tran-
sient fall in BP (systolic fall of > 15 mm Hg)
was noted. No additional bronchodilation
was found in these three patients. We con-
clude therefore that ANP is a potent bron-
chodilator in asthmatic patients when given
by infusion and that haemodynamic effects
preclude the use of infused concentrations
higher than 25 pmol/kg/min.

This study is supported by the British Lung
Foundation

Initially 0-9% NaCl was infused intra-
venously, starting at 5 ml/h and doubling
every 6 min to 160 ml/h. Three or four
measurements ofsGaw were made during the
second 3 min of each period. Then adrenaline
(0 5 jg ml-') was infused according to the
same protocol, starting at 5 ml/h, doubling
until sGaw had increased by > 35% or until
an infusion rate of 300 ml/h was reached.
Infusion of 0 9% NaCl had no consistent
effect on sGaw. With adrenaline in one normal
subject the provocative dose for a 35%
increase in sGaw (PD35) was 42 4 ng/kg/min
but the others failed to respond at the
maximum rate of 23-49 ng/kg/min. All the
atopic and asthmatic subjects responded
(PD35 = 6 39 + 5 9 and 5-72 + 2-43 ng/kg/
min in atopic and asthmatic subjects respec-
tively). At no infusion rate was there any
significant change in pulse rate or blood
pressure. In conclusion, with this protocol
asthmatic and atopic subjects are at least four
times more sensitive to the bronchodilator
effect of circulating adrenaline than normal
subjects. The low infusion rates are likely to
elevate plasma adrenaline within the
physiological range. This suggests that rest-
ing bronchial tone in asthmatic and atopic
subjects is inhibited by physiologic levels of
circulating adrenaline.

Effect ofa low sodium diet on asthma in
general practice

P BURNEY, J BARTHOLOMEW, A PETRUCKEVITCH,
J BARTON, D WHEELER, P BOOTON, D MORRELL
Division of Community Health, UMDS
(Guy's and St Thomas's Hospitals, London
Our objective was to assess the effect of a low
sodium diet on patients with asthma from
general practice. As part of a 2 x 2 factorial
trial of diet and education, patients were
randomised to a low sodium or to a high fibre
diet and followed up over three months. The
subjects were 201 patients aged 7-54 years

AFEVI (1) A Pulse (beats/min)
Infusion rate
(pmol/kg/min) Placebo ANP Placebo ANP

5 0-09 (0 05) 0 25 (0 05)* 1 62 (3-00) -0 38 (0 87)
25 0 09 (0 05) 0-53 (009)** -0-5 (3-26) 6 12 (2-89)*
Post inhalation 0 61 (0 30) 0 50 (0-28)

(20 minutes) (Salbutamol) (Saline)

*p < 0-01.**p < 0*001.

Bronchial responsiveness to intraven-
ous adrenaline in normal, atopic, and
asthmatic man

PD SNASHALL, TH KOH, C TAN Department of
Medicine, National University of Singapore,
and Department of Medicine, Charing Cross
and Westminster Medical School, London In
their response to f adrenergic blockade, asth-
matics behave as if they were under tonic
sympathetic bronchodilator and bron-
choprotector tone that is absent from normal
subjects. However, previous studies have
shown no elevation of plasma adrenaline in
asthma and no increase in sensitivity to beta
adrenergic stimulation. We have reexamined
this by measuring the bronchodilator res-
ponse to infused adrenaline in normal, atopic
and asthmatic subjects (n = 5, 4, 8 respec-
tively). Specific airway conductance (sGaw)
was measured in a body plethysmograph.

who had a diagnosis of asthma or had been
treated for asthma, who had had bronchial
symptoms in the previous 12 months, and
who agreed to participate. Daily variation in
peak expiratory flow rate (amplitude % mean)
measured over a period of one week at one,
two and three months following randomisa-
tion compared with the same measurement
prior to intervention. When the analysis was
confined to 103 patients who completed all 4
peak diaries satisfactorily, the variation in
peak flow fell 15 6% (95% confidence limits:
-2 2% to -2722%) in those on the low
sodium diet after adjusting for the
improvement that was also seen in those on
the high fibre diet. When all 201 patients who
completed the baseline study were included,
the estimated improvement changed little to
15.3% (-3 5 to -25 7). In conclusion a low
sodium diet may be useful adjunct to therapy
for asthma in general practice.
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