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Lithium effects on muscarinic receptor stimulated inositol
polypbosphate accumulation in airway smooth muscle (ASM)

ER CHILVERS, PJ BARNES, SR NAHORSKI Departments Of
Pharmacology and Therapeutics, University ofLeicester, and
Thoracic Medicine Department, National Heart and Lung
Institute, London Receptor mediated hydrolysis of phos-
phatidylinostol 4,5-bisphosphate is now regarded as an
important step in the regulation of intracellular calcium and
ASM contraction. Lithium (Li +), a potent inhibitor of
inositol-l-phosphatase, depletes cellular inositol and has been
shown to modulate ASM contraction in vitro (Menkes et al,
Am Rev Respir Dis 1988;33:A1 15). We have therefore
examined the effects ofLi + on musarinic receptor stimulated
inositol polyphosphate (InsPl-InsP4) formation in bovine
trachealis. Muscle slices (300 x 300 pm) were labelled with
[3H]myo-inositol (NEN; 2 5 pCi/50 p1 slices) prior to stimula-
tion with 01 mM carbachol for 30 min in the presence or
absence of Li+. Reactions were terminated with 1M TCA
and Inspl-InsP4 separated by anion exchange chromatogra-
phy. Li + caused a dose dependent increase in [3H] InsPl
accumulation (10-7 (1-3) fold increase (mean (SEM)); EC50
1-7 mM). 5 mM Li + increased [3H] InsP 2, [3H] InsP3 and
[3H] InsP4 levels by 2-1 (01), 1-2 (01) and 0-98 (04) fold
respectively. The inhibition of [3H] InsP2 breakdown by Li +
was less potent than for [3H] InsPl. The effect ofLi + on [3H]
InsP3 accumulation may reflect the marked predominance of
the Ins (1, 3, 4)P3 isomer over Ins (1, 4, 5)P3 seen in this tissue
following carbachol stimulation since the conversion of Ins
(1, 3, 4)P3 to Ins (3, 4)P2 is also Li+ sensitive. This study
indicates that low concentrations of Li + severely perturb
carbachol stimulated inositol polyphosphate metabolism in
ASM. These findings, together with the depletion in phos-
phatidylinositol seen following carbachol stimulation in the
presence of Li + (Chilvers et al, Br J Pharmac: 1988;95:778P),
may form the biochemical basis for the effect of lithium on
ASM contractility.

Tolerance to metabisulphite induced bronchoconstriction and
duration of action of nedocromil sodium

CAROLINE MS DIXON, PHILIP W IND Department ofMedicine,
Royal Postgraduate Medical School, Hammersmith Hospital,
London Nebulised sodium metabisulphite (MBS) liberates
large amounts of sulphur dioxide (So2) and produces short
lived, dose dependent bronchoconstriction in atopic non-
asthmatic and asthmatic subjects, which is blocked by
nedocromil sodium (N). We have investigated the duration of
action of nedocromil 4 mg (N4) assessed by antagonism of

MBS induced bronchoconstriction in subjects studied on five
days in a double blind, randomised, placebo (P) controlled
trial. On day 1 methacholine (MCh) responsiveness was
determined as cumulative provocative dose for a 35% fall in
specific airways conductance (sGaw) (PD35 MCh) measured
by computerised body plethysmography. On days 2 and 3
MBS dose-response curves were constructed, 30 min and 4, 6,
and 8 hours and the following morning at 24 hours, after
inhalation of N4 or matched P delivered by metered dose
inhaler. PD3, MCh was again determined after recovery from
MBS. On days 4 and 5, one week later, the same procedure
was repeated after N4 or P. We report preliminary results in
six atopic subjects, two with asthma. Baseline sGaw did not
differ on the five study days. After P initial geometric mean
PD3, MBS at 30 min was 23 pmol and 34 at 4 hours, after N4,
PD35 MBS at 30 min was 88 pmol and 80 at four hours.
Therefore, as we have previously shown, N4 significantly
inhibited MBS bronchoconstriction and in these subjects
protection lasted at least four hours. However, at 6, 8 and 24
hours, on both treatment days, PD35 MBS was increased
compared with the initial challenge after P, though there was
no change in MCh responsiveness. This suggests that the
bronchoconstrictor effect of MBS, like that of SO2, exhibits
tachyphylaxis and a different experimental design is neces-
sary to accurately define the duration of protection by
nedocromil sodium.

Effect offrusemide on histamine, KCI, and hypersomolar saline
induced contraction of airway smooth muscle

AJ KNOX, P AJAO Respiratory Medicine Unit, City Hospital,
Nottingham Frusemide, an inhibitor of Na-K-Cl co-trans-
port, inhibits the bronchial response to several constrictor
stimuli in asthmatic subjects (Bianco et al, Lancet 1988;i;252).
This effect could be on airway epithelium, inflammatory cells
or airway smooth muscle. To determine whether frusemide
inhibits airway smooth muscle contraction, we performed
experiments in bovine and human airways in vitro. Fresh
bovine tissue was obtained from the abattoir and human
tissue at thoracotomy. Paired preparations were suspended
in organ baths containing Krebs solution at 37eC aerated
with 95% 02, 5% C02. Changes in tension were measured
using Grass FTO3 force displacement transducers. In paired
bovine tracheal strips, we studied the effect of frusemide
(10-5M) on histamine and KCI contractions. A cumulative
dose response study was performed using either histamine or
KCI (concentration range 10-7 to 10-'M). The tissue was
washed, and after one hour frusemide was added to one strip
of each pair. After 15 minutes the histamine or KCI dose-
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response study was repeated. There was no significant
difference between frusemide and control strips in A log EC50
with histamine (p = 0 3) or KCI (p = 0 4). We also studied
the effect of frusemide on the response to hypertonic NaCl in
bovine tracheal strips (without epithelium), and bovine and
human bronchial rings (with epithelium). Frusemide (10-5M)
did not inhibit hypertonic NaCl contractions in these
preparations. We conclude that the effect of frusemide on

airway responses in vivo is not an airway smooth muscle
effect. As we saw no inhibition in preparations with or

without epithelium, it is unlikely to be due to epithelial
relaxant factor release. Either frusemide is inhibiting epith-
elial Na-Cl co-transport, thus protecting the underlying
tissue against changes in luminal osmolarity, or it is affecting
inflammatory cells directly.

The role of G proteins in transduction of inositol tripbosphate
induced intracellular calcium release in human airways smooth
muscle

LC CHOPRA, JPT WARD, IR CAMERON, CHC TWORT Division Of
Medicine, United Medical and Dental School (St Thomas's),
London Although it is well known that inositol 1,4,5-tri-
phosphate (InsP3 releases intracellular Ca2" from the sarco-

plasmic reticulum (SR) of smooth muscle, the mechanism of
action and the role of the specialised guanosine triphosphate
(GTP) requiring proteins (G proteins) is uncertain. G
proteins in the plasmalemma transduce the signal between
the surface agonist-receptor interaction and phospholipase C
mediated generation of InsP3. We have investigated the
possibility that other G proteins transduce the signal to
release stored Ca2" from the SR. Human airways smooth
muscle was enzymatically dispersed from surgically resected
bronchi and was cultured in monolayers. 45Ca efflux was
measured in digitonin permeabilised cultured cells labelled
with 45Ca at 1 pM [Ca2"]. Addition of a non-hydrolysable
analogue of GTP, GTPyS, to permeabilised cells released
intracellular Ca2" in a dose dependent manner, with an ED_,
of 37 5 uM. Maximally effective GTPyS (100 yM) released
0 5 (0 05) nmol Ca2"/mg cell protein (mean (SEM). A similar
response was obtained with an alternative analogue, Gpp-
NHp. Pretreatment with inhibitors of phospholipase C,
neomycin (100 pM) or spermine (2 mM) did not effect GTPyS
induced Ca2" release, illustrating that the observed effect of
GTPyS was on SR and not on any remaining plasmalemmal
G proteins in the permeabilised cells. Following stimulation
with InsP3 (10 YM) to give a maximal Ca2" release, addition
of GTPy (100 yM) gave no further response. However, if
maximally effective GTPyS was added first, 65% of the InsP3
releasable Ca2" remained. These results suggest that there are
two pools of Ca2" within the cell, one which is only released
by InsP3, and a smaller pool with is GTPyS and InsP3
releasable.

This work was supported by the Asthma Research Council.
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Inhaled frusemide reduces cough induced by low ICI7 solutions
but not by capsaicin in normal subjects
GP VENTRESCA, GM NICHOL, A NIX, PJ BARNES, KF CHUNG
Department of Thoracic Medicine, National Heart and Lung
Institute, Brompton Hospital, London Inhaled frusemide
(F) prevents bronchoconstriction induced by nebulised dis-
tilled water, exercise and antigen challenge. We have studied
the effect ofF on cough induced by low [Cl] solutions and by
capsaicin (C). Eight non-smoking normal subjects (age 30 7
(1 5) years, weight 73-6 (4 4) kg, height 177-0 (3 2) cm; mean
(SEM)) were given F and placebo (P, saline) by inhalation
immediately before consecutive one minute inhalations of
four isoosmolar solutions with decreasing [Cl-](I 50, 75, 37-5
and 0 mM) every five minutes. The solutions were made using
sodium bicarbonate. F (10 mg/ml) was diluted with saline to
3-75 mg/ml, which was inhaled for eight minutes. A DeVilbiss
65 ultrasonic nebuliser (output: 1 ml/min; mass median
particle diameter: 6-8 pm) was used to administer both
treatment and challenge solutions. Subjects were admitted to
the study if they had shown a good preliminary dose-
response curve. Six of the subjects were then given F and P in
the same way before inhaling C at three doses (0 3, 1-2 and 4-8
nmol/inhalation, with four inhalations/dose using a Mefar
MB3 dosimeter) followed by saline at one minute intervals.
The number of coughs were counted during each challenge
inhalation. FEV, was measured before treatments and before
and after challenges. The number of coughs (mean (SEM))
after F and P were:

[Cl-] 150 75 37-5 0 Total

F 0 0-2 ± 02 24 10* 84 ± 1.9** 110 ± 29**
P 0 1 6 ± 07 69 i14 13-1 ± 1.6 216 ± 31
C(nmol) 03 1 2 48 0
F 72 ± 20 148 ± 15 215 ± 27 0
P 52 ± 17 132 ±10 208 ± 18 0

*p < 001; **p < 0-005.

No changes in FEV, were observed. We conclude that
inhaled F reduces cough induced by low [ClY solutions but
not by C in normal subjects. We suggest that low [Cl-
solutions, in contrast to C, triggers cough indirectly by
changing local ionic concentrations around epithelial cough
receptors and that F may interfere with this process.

Expression of beta2 adrenergic receptor gene in rat and human
lung

Q HAMID, JCW MAK, MN SHEPPARD, B CORRIN, PJ BARNES
Departments of Thoracic Pathology and Thoracic Medicine,
National Heart and Lung Institute, London Beta adrenergic
agonists influence several aspects of lung function, including
relaxation of airway and vascular smooth muscle, secretion
of mucus, release of mediators from inflammatory cells and
microvascular permeability. These agonists perform their
function through specific receptors (beta, and beta2 adrener-
gic receptors). Beta 2 receptors are the most widely dis-
tributed and their localisation has been reported using
autoradiographic techniques. However, the site of synthesis
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of these receptors has not been established. The aim of this
study was to localise beta2 adrenergic receptor mRNA in
both rat and human lung using in situ hybridisation. Rat and
human beta2 adrenergic receptor cDNAs were inserted into
SP6 vectors, linearised and transcribed in vitro in the
presence of P32-UTP and SP6 polymerase. The resulting
radiolabelled cRNA probes were applied to cryostat sections
of4% paraformaldehyde fixed rat and human lung. In both
species beta2 adrenergic receptor mRNA was localised to
airway and alveolar epithelium, vascular endothelium and
airway and vascular smooth muscle. This is the first demon-
stration of the site of receptor synthesis in the lung and shows
that receptor synthesis and function are colocalised.

Domiciliary oximetry in patients with chronic airflow limita-
tion receiving long term oxygen therapy

N CARROLL, MJ WALSHAW, CC EVANS, CRK HIND University
Department of Medicine, Royal Liverpool Hospital, Liver-
pool The DHSS guidelines for long term oxygen therapy
(LTOT) suggest that the daytime arterial oxygen tension
(Pao2) while using oxygen delivered by a concentrator should
be > 8 kPa. However, this daytime Pao2 does not guarantee
adequate nocturnal oxygenation, as shown by Fletcher et al
(Chest 1987;4:604), who found significant sleep related
oxygen desaturation in 27% of patients with chronic airflow
limitation (CAL) with a daytime Pao2 (breathing air) of > 8
kPa. To study this further in patients with CAL using LTOT
we undertook domiciliary oximetry in 10 patients (five male,
five female; mean age 67 years, range 57-75) with three aims
in mind: firstly, to assess the adequacy of overnight oxygena-
tion; secondly to exclude the presence of significant obstruc-
tive sleep apnoea, which might prevent satisfactory oxygena-
tion; and, finally, to determine the acceptability of
domiciliary oximetry to patients. An Ohmeda Biox 3700
pulse oximeter and a pen recorder were used to collect data in
the patient's home. The oximeter was attached to the patient
at their usual bedtime. All patients had a resting Pao2 of >8
kPa while using oxygen (mean Pao2 11-4 kPa, range 8-1-14-8)
and a resting Sao2 of > 90%. However, four patients spent
long periods overnight (60, 100, 180 and 240 min) with an
Sao2 of <90% (nadir 80%, 81%, 72% and 72% respec-
tively). On the basis of these results, the oxygen flow rate in
the worst patient was increased from 2 to 3 1/min, and repeat
oximetry showed considerable improvement. The oximetry
in another two of the four most desaturated patients
suggested coexisting upper airway obstruction requiring
further investigation. Overall, the technique was simple and
well tolerated by all patients. We suggest that domiciliary
oximetry should be considered as an important additional
investigation in patients with chronic airflow limitation
receiving LTOT even in the presence of adequate daytime
oxygenation.

Evolution ofchanges in carbon monoxide transfer coefficient in
chronic airflow obstruction

H JOYCE, R ROBINSON, NB PRIDE Department of Medicine,
Royal Postgraduate Medical School, Hammersmith Hospital,

Proceedings
London Although carbon monoxide transfer coefficient
(TL/VA) is often reduced in advanced poorly reversible
chronic airflow obstruction, little is known about the evolu-
tion ofchange in TL/VA in relation to the development of an
impaired FEV,. We have examined the relation between
decline in FEV, carbon monoxide transfer (TLCo) and TL/
VA in 15 men who were current smokers or ex-smokers
without definite asthmatic features, recruited at mean age
55 7 y with initial FEV, > 1 31. These men were followed for
a mean of 14-7 y. Measurements of pre- and post-bron-
chodilator FEV, were made two or three times each year and
TLCO and TL/VA were measured annually and corrected for
current haemoglobin values. All measurements used were
made when patients were in their chronic stable state. Over
the follow up period four men died, three as a direct result of
airflow obstruction. All men showed a fall in pre-bron-
chodilator FEV, (mean value at recruitment 1-971, final mean
value 0-91 1) with an annual rate ofdecline ranging from 25 to
136 ml/y (mean 67-3 ml/y). Decline in post-bronchodilator
FEV, was slightly greater (mean 77 0 ml/y; p 0 0042) but was
closely related to decline in pre-bronchodilator FEV, in
individuals. Over the period of follow up each man showed a
fall in TLCO (mean initial value 7-71, final value 3-88 SI units)
but changes in TL/VA were less consistent (mean initial value
1 15, final value 1-01 SI units); of the seven men whose final
TL/VA was < 1-05 SI units, only one had had a TL/VA > 1-05
at recruitment. Of 11 men who had a final FEV, < 1 01, five
still had TL/VA in the normal range. The results indicate that
(1) VA consistently declines as FEV, deteriorates; (2) reduced
TL/VA may develop before severe reduction in FEV,; (3) TL/
VA may remain normal when FEV, is severely reduced, and
so suggest that intrinsic disease of the airways and alveolar
destruction do not necessarily develop in parallel as chronic
airflow obstruction progresses.

Measurement of airway blood flow during bronchoscopy by
laser Doppler flowmetry

DJ GODDEN, EM BAILE, W MITZNER, PD PARE, EM WAGNER
Johns Hopkins University, Baltimore and University ofBritish
Columbia, Vancouver Laser Doppler flowmetry (LDF) is a
non-invasive technique which measures microcirculatory
blood flow by detecting movement of red blood cells. In this
study, airway wall blood flow was measured using LDF
during bronchoscopy in four anaesthetised sheep in which
the common bronchial artery was cannulated and perfused at
varying flow rates using a roller pump. Variations in
bronchial arterial blood flow resulted in variations in LDF
signals in the principal bronchus, and in lobar and segmental
bronchi. Within regions the average response of the LDF
signal to varying bronchial arterial flow was linear. Substan-
tial LDF signals (60% of the values at physiological flow
rates) remained when the bronchial artery flow was set to
zero. The protocol was therefore repeated after the sheep had
been killed by an overdose of anaesthetic, preventing poten-
tial collateral blood supply. LDF signals at zero bronchial
arterial blood flow were then close to zero. LDF signals in the
lower trachea then also varied with bronchial arterial flow,
indicating the presence of anastomoses between bronchial
and tracheal microcirculations. In two live sheep perfusion of
the bronchial artery with a cell free dextran solution, which
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would be expected to produce no LDF signal, resulted in only
an 80% reduction in LDF signals from physiological flow
rates. These data indicate that, in addition to detecting blood
flow from the bronchial artery, LDF applied to the airway
wall during bronchoscopy also detects collateral circulation
and/or background noise, and this must be taken into
account when interpreting the signals. LDF is non-invasive,
and therefore has potential for studying airway wall blood
flow during bronchoscopy in humans.

Hypoxic pulmonary artery vasoconstriction and right ven-
tricular function in healthy adults

RM OLIVER, VF CHALLENOR, JS FLEMING, DG WALLER Clinical
Pharmacology Group and Department of Nuclear Medicine,
Southampton General Hospital, Southampton Alveolar
hyposia is a potent stimulus to pulmonary arterial (PA)
vasoconstriction and hence a rise in PA pressure and right
ventricular (RV) afterload. RV ejection fraction (RVEF) is
sensitive to changes in RV afterload and hypoxic vasocon-
striction is probably an important determinant of reduced
RVEF seen in patients with chronic obstructive pulmonary
disease (COPD) during acute exacerbations. We have studied
the RV response to acute hypoxia in nine healthy male
volunteers (age 21-37 y) and related this to changes in RV
afterload. RVEF was measured using right heart krypton-81
m equilibrim radionuclide ventriculography. Images were
acquired in the 20° right anterior oblique projection and
analysed following anatomical background lung subtraction
using technetium-99m macroaggregated albumin perfusion
scintigraphy. Subjects were studied supine at rest breathing
first a 30% and then a 8-12% oxygen in nitrogen mixture. A
mean capillary oxygen saturation, measured by transcutan-
eous oximetry, of 984% and 76-2% respectively was
achieved. On a separate occasion, continuous wave and
colour flow Doppler echocardiography were used to identify
"physiological" tricuspid valve regurgitation (TVR) to en-
able an estimate of RV end systolic pressure (RVESP) to be
made. Subjects were studied under the same conditions of
high and low Fio2 to achieve levels of capillary oxygen
saturation comparable to those in the first study. Mean (SD)
RVEF was 0 594 (0 074) during high Fio2 and 0 576 (0 065)
during hypoxia (NS). TVR could be reliably quantified in
seven subjects. Mean (SD) RVESP was 24-1 (3 3) mm Hg
during high Fio2 and 41-3 (8 4) mm Hg during hypoxia (p <
0-01). The results ofthis study suggest that the function ofthe
healthy RV is little affected by moderate acute hypoxia. The
reduced RVEF seen in patients with COPD during hypoxic
exacerbations may reflect a response to a larger or more
prolonged increase in RV afterload.

Atrial natriuretic peptide release in response to acute hypoxic
and hypocapnic hyperventilation

PS THOMAS, JS MILLEDGE, AH MORICE Department of Res-
piratory Medicine, Northwick Park Hospital, Harrow and
Clinical Pharmacology Unit, Addenbrooke's Hospital, Cam-
bridge Severe hypoxia causes release of atrial natriuretic

837P
peptide (ANP) from mammalian heart in vitro and in vivo. It
is also thought to be released by right atrial distension which
theoretically could be affected by ventilatory effort. Such
changes in ANP could influence the development of cor
pulmonale in association with hypoxic lung disease. We
therefore determined the effect of hypoxic and hypocapnic
hyperventilation on levels ofANP. Six non-smoking, healthy
men were studied, mean age 33-5 (26-57) years. A rebreath-
ing circuit was used consisting of a dry, rolling sleeve
spirometer, indicating minute ventilation and a soda lime
CO2 absorber. End tidal (ET) CO2 was measured at the
expiratory mouthpiece and inspired 02 content of the gas
mixture at the inspiratory limb of the circuit. Oxygen
saturation was measured by ear pulse oximetry. After 10
minutes' rest, subjects rebreathed 6 litres air for 20 minutes
and baseline values were obtained. Hypoxia was induced by
replacing 4 1 of the air with the same volume of nitrogen to
attain a Sao2 level of75-80% for 20 minutes. After a recovery
period of 10 minutes, hypocapnic hyperventilation was
voluntarily induced and the subject maintained his ET CO2 at
3-3 5 kPa, also for 20 minutes. After a further recovery
period combined hypoxia and hypocapnic hyperventilation
was studied using the same variables. Venous blood for
plasmaANP was collected throughout at 10 minute intervals,
and ANP determined by radioimmunoassay. Acute hypoxia
and hypercapnic hyperventilation both caused a fall in ANP
at 20 minutes from a mean baseline of 8-3 (SD 7 9) pmol/l to
3-8 and 4 2 respectively. Only after 20 minutes of hypocapnic
hyperventilation was the decline significant from control (p
< 0 05, paired t test). The combined stimulus caused an
initial fall in ANP to 4 4 pmol/l at 10 minutes followed by a
return to control levels at 20 minutes (8 72 pmol/l). There was
a significant negative correlation between ventilatory rate
andANP levels during hypocapnia and combined stimulus (p
< 0-05). The hypoxic stimulus to ventilation did not show
such a correlation. Possibly increases in ventilation tend to
cause a fall in ANP while hypoxia counteracts this effect.
Positive end expiratory pressure ventilation has also been
shown to cause a decrease in ANP release; this and hyperven-
tilation may act by decreasing venous return to the right
atrium. Longer term investigation ofthe effects ofventilatory
rate and chronic hypoxia on ANP secretion need to be
performed.

Effect of hypoxia and exercise on platelet aggregate formation
and platelet release products in patients with chronic airflow
obstruction

JA WEDZICHA, D SYNDERCOMBE COURT, KC TAN London
Chest Hospital, London Chronic hypoxia in patients with
airflow obstruction may cause platelet activation. We have
measured platelet release products in these patients together
with platelet aggregate formation using the method of Wu
and Hoak (Lancet 1974;ii:924) at rest and during exercise. We
studied 23 patients with chronic airflow obstruction, 11 with
hypoxia (mean (SD) Pao2 6 5 (0 89) kPa; Paco2 6 63 (0-95)
kPa; FEVy 0 73 (0-33) 1) and 12 patients without hypoxia
(mean Pao2 9-68 (0-77) kPa; Paco2 521 (0 58) kPa; FEV, 0 77
(0-33) 1) together with 10 age matched control subjects
without respiratory disease. Platelet aggregate formation was
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increased in the hypoxic group, as shown by the platelet
aggregate ratio (PAR), which was significantly reduced (p <
0-001) in the hypoxic group (mean PAR 0-88 (0 09)) com-
pared with the non-hypoxic group (mean PAR 0-97 (0 04))
and the control subjects (mean PAR 1-0 (0 6)) and correlated
with the Pao2 (r = +060, p < 0-01). There were no
differences in the levels of the platelet release products
measured-# thromboglobulin, thromboxane B2 and platelet
factor 4 in the three groups of patients. Platelet counts were
similar and there was no difference in the fibrinogen concen-
trations in the study groups. Eight patients with chronic
airflow obstruction performed a submaximal exercise test,
with a fall in the mean Pao2 during exercise from 7 97 (1-8)
kPa to 6-9 (1-3) kPa (p < 0 02). There was no change in the
PAR when measured at intervals up to three hours after
exercise. Platelet aggregate formation was increased in
patients with chronic hypoxia and this platelet activation
could contribute to the development ofpulmonary hyperten-
sion.

Endobronchial radiotherapy in the treatment of advanced non-
small cell carcinoma of the bronchus

M ELLIOTT, M ROBINSON, P BLAKE, DM GEDDES Brompton and
Royal Marsden Hospitals, London Six patients with
recurrent non-small cell carcinoma and symptoms due to
tumour in a major airway were treated with endobronchial
radiotherapy. All had received external beam radiotherapy
previously (one month to seven years) and were unsuitable
for further treatment by this modality. Fibreoptic bronchos-
copy was performed with topical anaesthesia and intraven-
ous sedation. A fine bore plastic catheter was passed down
the biopsy channel and positioned across the obstruction.
The bronchoscope was removed and the position of the
catheter confirmed by reference to a skin surface marker
using radiological screening. The patient was then moved to a
shielded room and an iridium-192 source passed down the
catheter stopping at a number of predetermined positions
timed to give a dose of 15 Gray at a depth of I centimeter
from the catheter. Treatment time ranged from 10 to 20
minutes. The patients were allowed home three hours after
the procedure. Five patients tolerated the procedure well but
one found it distressing. Over eight weeks mean FEV, and
FVC improved by 137% of baseline values. Six minute
walking time improved by 180%. Visual analogue scores of
cough, haemoptysis, breathlessness, mood, and daily func-
tion improved. Five patients showed overall improvement,
usually after one to two weeks. Two patients required two
treatments separated by a fortnight, because of disease in
both main bronchi. In both at repeat bronchoscopy con-
siderable improvement was noted on the treated side. Mean
survival from time of treatment was 11 weeks (range 2-22).
Endobronchial radiotherapy is a promising treatment in
patients with advanced disease who have previously received
external beam radiotherapy. It can be performed under local
anaesthesia as a day case procedure, is well tolerated, and has
a rapid effect. The technique may be worth evaluating as first
line treatment in view of the rapid delivery of radiotherapy in
a single treatment session.

Proceedings
Microscopic residual tumour at the bronchial resection margin
after lung resection: an 11 year series

LCH JOHN, AJ WOOD, PG MAGEE, CT LEWIS, EJM WEAVER
London Hospital, London Between 1975 and 1985 504 lung
resections were performed at the London Hospital, 47%
(238) pneumonectomies, 53% (266) lobectomies. Eighteen
per cent (91) had microscopic tumour at the bronchial
resection margin-65% (59) frank carcinoma, 25% (23)
squamous metaplasia, 9% (8) carcinoma in situ, and 1% (1)
atypical cells. The one, five, and 10 year recurrence free
survivals were: lobectomy (microscopic stump clearance)-
squamous cell 72%, 43%, 15%), adenocarcinoma (72%,
23%, 19%), undifferentiated (large and small cell) (61%,
19%, 0%); pnemonectomy-squamous cell (55%, 27%,
11%), adenocarcinoma (28%, 0%, 0%), undifferentiated
(38%, 11%, 0%). For microscopic frank carcinoma at the
bronchial resection: lobectomy-squamous (72%, 15%, 0%);
pneumonectomy-squamous (52%, 13%, 11%). Neither
adenocarcinoma nor undifferentiated carcinoma had any
recurrence free one year survivors. Our conclusions are: (1)
Outcome with microscopic tumour at the resection margin is
dependent on the tumour type, squamous cell tumours being
associated with a better prognosis. (2) The uniformly poor
prognosis with microscopic non-clearance for other his-
tological types of tumour suggests that improved results in
this group would be achieved only if full clearance is more
"aggressively" striven for at the initial operation. (3) Long
term results for non-clearance in squamous carcinoma may
be affected by different modes of treatment following initial
surgery; in particular, good results have been achieved with
completion pneumonectomy in individual cases.

Serum growth hormone concentrations and finger clubbing in
bronchial carcinoma

MA GOSNEY, JR GOSNEY, CRK HIND, MDW LYE Departments of
Medicine, Geriatric Medicine, and Pathology, University of
Liverpool, Royal Liverpool Hospital, Liverpool The
aetiology of finger clubbing in patients with bronchial
carcinoma remains unknown, and no specific humoral
mediator has yet been linked with this paraneoplastic
phenomenon. Elevated serum human growth hormone
(HGH) levels have, however, been noted in patients with
hypertrophic pulmonary osteoarthropathy (HPOA), and in
some patients with bronchial carcinoma without HPOA
(Lancet 1968;i:783). To investigate whether there is an
association between HGH and finger clubbing, we have
prospectively measured serumHGH levels in 60 patients with
histologically proved bronchial carcinoma using a radioim-
munoassay (normal range in this laboratory < 2 mU/l). We
found that the 21 patients with grade IV finger clubbing had
significantly higher serum HGH levels (mean 5.7 (SEM 1-4),
range 0-424-9 mU/l) than the 39 patients without clubbing
(mean 2-0 (0 4), range 0-3-9-2 mU/l; (p < 0-01). In one
clubbed patient undergoing chemotherapy serum HGH
levels fell to within the normal range, and her finger clubbing
resolved. None of the 60 patients had HPOA, and there was
no correlation between serum HGH levels and patients' age,
tumour cell type or the presence of liver metastases. These
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results suggest an association between serum HGH levels and
finger clubbing in patients with bronchial carcinoma. Further
studies are in progress to determine both the site of HGH
secretion in these patients (for example, pituitary, tumour or
surrounding lung), and the effect of inhibitors of HGH
secretion (for example, somatostatin, bromocriptine) on
serum HGH levels and finger clubbing.

Palliative treatment of lung cancer by high dose rate
intraluminal radiotherapy

BRC O'DRISCOLL, PA BURT, HM NOTLEY, R STOUT, PV BARBER
Wythenshawe and Christie Hospitals, Manchester Palliative
external beam radiotherapy for lung cancer requires a
fractionated course of irradiation, often requiring hospital
admission. This usually causes a temporary acute radiation
oesophagitis. We have used a new technique to deliver high
dose rate intraluminal radiotherapy to 87 patients with
inoperable lung cancer who were referred for palliation of
cough, haemoptysis, or shortness of breath. A large channel
fibreoptic bronchoscope was used to position a 19 mm
flexible hollow applicator alongside the endobronchial
tumour. A micro Selectron-HDR system (Nucletron Trading
Ltd) was used to deliver a 1 1 mm diameter high activity
iridium source to a preselected area of the affected bronchus.
A single exposure of 1500-2000 cGy was prescribed at 10mm
from the source. This treatment involved no discomfort to
the patient apart from the bronchoscopic procedure. No
acute side effects have been encountered apart from one case
where tracheal stridor was worse for 12 hours after treat-
ment. Fifty nine patients have been reassessed at the out-
patient clinic six weeks after treatment. Of 45 patients who
were breathless before treatment, 23 (51%) were improved,
17 (38%) were unchanged, and five (11%) were more
breathless. Of 38 patients with haemoptysis, 30 (79%) were
improved or symptom free at six weeks. Seven (18%) were
unchanged and one was worse. Sixteen of 29 (55%) of
patients who had a troublesome cough reported that it was
improved six weeks after treatment. Of 31 patients who had
collapse of lung tissue, 15 (48%) showed partial or complete
re-expansion of the affected segment, lobe or lung after
treatment. Twenty patients had a repeat bronchoscopy after
treatment; in 18 cases the endobronchial appearances were
improved. We conclude that intraluminal radiotherapy is a
simple, safe and effective palliative treatment for selected
patients with inoperable lung cancer.

Morbidity and mortality associated with endoscopic laser
resection for endobronchial lesions

SGT SMITH, MR HETZEL, PJM GEORGE University College
Hospital, London Between 1982 and 1987 a consecutive
series of 200 patients were treated endoscopically at this
hospital. The 200 patients developed 46 complications and 11
of these patients died; of these 11 deaths, only 2 were
intraoperative. Local anaesthesia was used in 33 patients and
general anaesthesia in 167. There were five deaths under local
anaesthesia and six deaths under general anaesthesia. The
two intraoperative deaths were due to uncontrollable bleed-
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ing and a further two patients suffered major intraoperative
haemorrhage and died in the intensive care unit within 24
hours. There were four hospital deaths attributable to
infection. A tracheo-oesophageal fistula led to the death of
one patient. Myocardial infarction caused one death and one
patient suffered a cerebrovascular accident under anaesth-
esia, from which she did not recover. Intraoperative
haemorrhage occurred in 10 patients, postoperative infection
in a further 10 patients, and five patients suffered from a
fibrinous exudate obstruction. Cardiac complications
occurred in six patients and neurological complications in
five. Small pneumothoraces developed in four patients. A
tracheo-oesophageal fistula developed in two patients.
Steroid induced diabetes mellitus occurred in one patient.
Unexplained pulmonary oedema necessitating a short period
of ventilation occurred in three cases. Complications
occurred in 33-3% of cases under local anaesthesia and in
20-4% ofcases under general anaesthesia. The mortality rate
was 14-2% for local anaesthesia and 3-5% for general
anaesthesia. The complication rates for individual treatments
were 14-2% under local anaesthesia and 9% under general
anaesthesia. Mortality rates for individual treatments were
6% for local and 1-5% for general anaesthesia. For the 30
patients who survived their complications in hospital stay
was significantly prolonged; however, survival was not
significantly reduced. We feel that laser bronchoscopy under
general anaesthesia using a technique combining both the
rigid and the flexible instrument is an acceptably safe
procedure in a high risk group.

Thoracoscopy in the diagnosis of persistent pleural effusion

AW MATrEWS, AJ PEACOCK, R BUCHANAN Department of
Respiratory Medicine, Queen Alexandra Hospital, Ports-
mouth The diagnosis of persistent pleural effusion presents
considerable difficulty. Pleural aspiration, biopsy and
fibreoptic bronchoscopy often fail to provide a pathological
diagnosis. In a retrospective study we found diagnostic
pathological features in only 46 out of 731 pleural fluid
specimens (6 3%), 23 out of 186 pleural biopsy specimens
(12-4%) and 44 out of 227 fibreoptic bronchoscopy
specimens where the indication was pleural effusion alone
(19-4%). Subsequently we have undertaken rigid thoracos-
copy under local anaesthesia in 42 patients in whom the
above investigations were negative. Eight had primary or
secondary carcinoma, 18 had mesothelioma, seven had
negative biopsies and were subsequently found to have
mesothelioma, and eight had negative findings and a sub-
sequent benign course. An accurate diagnosis of malignancy
was therefore made in 35 cases (83%) and a correct diagnosis
of mesothelioma in 18 out of 25 cases (72%). There were no
complications.

What is the optimal duration of hospital stay after an acute
attack of asthma?

ZF UDWADIA, BDW HARRISON West Norwich Hospital, Nor-
wich The optimal duration of hospital stay following
admission for acute severe asthma is difficult to determine.
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An asthmatic is at particularly high risk of sudden death in
the 6-12 weeks following admission and too early hospital
discharge may add to this risk. In this study 30 patients
hospitalised for acute asthma were instructed to record peak
flows thrice daily for eight weeks following discharge.
Patients and their peak flow charts were reviewed at monthly
intervals and dips were divided into "minor" (peak flow
< 75% predicted normal), "major" (< 50%) and "catastro-
phic" (< 30%). Fourteen of the 30 patients had major dips
(including four who had catastrophic dips as well). Four of
these 14 patients were readmitted with acute severe asthma
during the eight week follow up period. In contrast, none of
the 16 patients without major dips required readmission. The
only in hospital factor which correlated with and was
predictive of (p < 0.001) multiple major dips after discharge
was the diurnal variability on the day before discharge,
defined as:

highest peak flow- lowest peak flow x 100
highest peak flow

Thirteen ofthe 14 patients with major dips had pre-discharge
diurnal variation greater than 20%, contrasted with only two
of the 16 without major dips. Despite the pressure on acute
beds asthmatics should not be discharged from hospital until
the diurnal variation in their peak flow is < 20%. Discharg-
ing patients before this target is reached puts them at
increased risk of major dips in peak flow in the days and
weeks following discharge. Further severe attacks of asthma
requiring re-hospitalisation may then follow.

Inhalation and nasal challenge in the diagnosis of aspirin
induced asthma

A PAWLOWICZ, WR WILLIAMS, BH DAVIES Asthma Research
Unit, Sully Hospital, Penarth, South Glamorgan Eight of 39
asthma patients were diagnosed as aspirin sensitive on the
basis of inhalation challenge. Seven aspirin sensitive patients
were subjected to nasal aspirin provocation with lysine-
acetylsalicylic acid. During nasal challenge, all seven patients
experienced a fall in FEV, of at least 15% and two showed a
significant increase (above 400%) in nasal airways resistance
(NAR). No significant changes in FEV, or NAR were
observed in nine normal subjects after aspirin inhalation and
nasal challenge. The results of this study show that aspirin
nasal provocation is a suitable method for detecting aspirin
intolerant rhinitic patients. Moreover, in aspirin sensitive
asthma patients the test is as efficient as inhalation challenge
in producing bronchoconstriction. Nasal provocation has a
number of advantages over inhalation challenge and may be
a more suitable method for the investigation and diagnosis of
aspirin sensitivity in clinical practice.

Long term outcome of ventilated asthmatic children

PC SEDDON, DP HEAF Alder Hey Children's Hospital, Liver-
pool Since 1964 at this hospital 31 children have received
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intermittent positive pressure ventilation (IPPV) for acute
asthma on 48 occasions, and we reviewed their records and
traced the children. Since 1971 the incidence has been stable
at around 2-5 episodes per year. Preschool children
predominated, with a smaller peak in the early teens. The
commonest complications were lobar collapse (29/48
episodes) and subcutaneous emphysema (13/48). Eight
episodes (17%) had a fatal outcome: children who died were
significantly older, and more likely to have been ventilated
before. Respiratory arrest before IPPV and hypoxic
ischaemic encephalopathy were associated with a poor
prognosis. Ofthe 23 children who survived IPPV, 19 were still
alive at follow up, one could not be traced, and three had
subsequently died suddenly of acute asthma. Data will be
presented on the 17 patients with at least 12 months' follow
up. They were assessed (a mean of nine years after IPPV) by
questionnaire, spirometry and histamine challenge. Only six
were still attending a hospital clinical. Sixteen (94%) still had
episodes ofwheezing, and nine (53%) had chronic symptoms,
wheezing at least once a day. Many felt they had improved
but chronic symptoms were just as prevalent in those aged
over 14. Eleven (65%) took inhaled steroids and a further two
(12%) cromoglycate. Three (18%) took beta agonists alone,
but wheezed every day and used their bronchodilator
frequently. Of the 10 patients who underwent pulmonary
function tests, five had airway obstruction (FEV, <80%
predicted) and eight had bronchial hyperreactivity (PC20
histamine <8 mg/ml) at the time of testing. Ventilatory
support continues to be required for a small number of
asthmatic children each year. The survivors remain a high
risk group with significant continuing morbidity and mor-
tality.

Ventilation in severe acute asthma

CG WATHEN, TW MACKAY, AP GREENING, GK CROMPTON
Department ofRespiratory Medicine, Northern General Hosp-
ital, Edinburgh Ventilation is a life saving treatment for
severe acute asthma which has failed to respond to medical
therapy. However, there is disagreement about which
method of ventilation should be employed-controlled (nor-
moxaemic) hypoventilation or high inflation pressure ven-
tilation with rapid blood gas normalisation. We have
analysed the details and outcome of all asthmatic patients
treated in our unit with conventional mechanical ventilated
during the period September 1973 to March 1989, excluding
one atypical patient who has been successfully ventilated on
38 occasions. There were 34 episodes of ventilation in 26
patients. On all occasions a volume cycled ventilator (Cape)
was used with high respiratory frequencies and minute
volumes in order to achieve normal blood gas tensions as
rapidly as possible. High inflation pressures generated by this
technique were ignored. Sedation was with opiates and
benzodiazepines, muscle relaxants being used only for
intubation. Prior to ventilation the median Pao2 (with
oxygen) was 8-9 kPa, Paco2 was 7-5 kPa, and H+2 was 55 nm/
1. The Paco2 was above 6 kPa on 28 occasions and was
reduced to normal in 2-5 h (05-13 h). Duration ofventilation
was 6-408 (median 32-5) h. Peak inflation pressures ranged
from 18 to 80 (median 44) cm H20. There were no deaths,
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pneumothoraces or other serious complications. One patient,
who was dead on arrival, was ventilated while formal tests for
brain death were carried out. Transient hypotension (systolic
BP < 100mm Hg) was observed on 18 occasions, but was not
treated and did not give rise to any sequelae. We conclude
that when asthmatic patients require ventilation blood gas
abnormalities should be restored to normal as rapidly as
possible. This is not dangerous and avoids unnecessarily
prolonged periods of ventilation and paralysis of patients,
both of which may be hazardous.

Reassessment of asthma management in an accident and
emergency department

KE CHIDLEY, R WOOD-BAKER, GI TOWN, RA SLEET, ST HOL-
GATE Department of Medicine I, Southampton General
Hospital, Southampton We reviewed the records of adult
patients with asthma presenting to the accident and emer-
gency department at Southampton General Hospital over a
four month period. Of the 95 attendances, 15 return visits by
10 patients were excluded, leaving 80 for analysis. Mean age
was 31-4 (range 16-73) years and 53% were male. The
majority were self referred, with 78% attending between the
hours of 4 pm and 8 am and 19% merely requesting a
prescription for a bronchodilator aerosol. A detailed history
was rarely recorded but routine asthma therapy was usually
documented (85%); in addition to inhaled beta2-agonists
(81%) or anticholinergics (7%) this included inhaled cor-
ticosteroids (37%), oral corticosteroids (3%) or xanthines
(9%). Pulse rate was recorded prior to treatment in 69% of
cases (mean 102 4 (SD 9 3) beats/min and estimation of
pulsus paradoxus made in 23% ofcases. Peak expiratory flow
(PEF) was recorded on arrival in 81% of cases (mean 248
(90 8) 1/min) and following treatment in 54% (mean 315
(126-5) 1/min). Of those receiving treatment in the accident
and emergency department (75%), all were given beta2
agonists (the majority via a nebuliser), 6% parenteral
xanthines, and 13% corticosteroids (seven parenteral and
three oral). Eighteen (23%) patients were admitted to
hospital from the accident and emergency department. Ofthe
63 patients discharged 13% were given oral corticosteroids.
Two patients required admission within the next 48 hours. By
comparison with a similar study performed six years ago
(Thorax 1985;40:897) there has been an increase in the
number of attendances for asthma per head of population
and a marked increase in the use of PEF recordings to
objectively assess asthma severity. Despite publicity about
the need for corticosteroids in patients with acute asthma
these were rarely prescribed for patients discharged from the
accident and emergency department.

Dreams and nocturnal asthma

C SHAPIRO, J CATTERALL, K CHESHIRE, M HURWITZ Depart-
ment ofPsychiatry, University ofEdinburgh, and Department
ofPhysiology, University of Witwatersrand We have carried
out three studies designed to investigate the effect ofrapid eye
movement (REM) sleep on bronchoconstriction in asth-
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matics. In the course of these studies we have recorded
information concerning dream recollection and dream men-
tation. In the first study eight patients with nocturnal asthma
and eight age and sex matched normal controls were woken
on four occasions on three nights from either REM or non-
REM sleep. For both REM and non-REM sleep awakenings
asthmatics were one third as likely as normal controls to
recall their dreams (p < 0-01). In the second study we wished
to compare early night versus late night sleep effects.
Seventeen asthmatic patients were woken on two occasions
on two nights following adaptation. There were no sig-
nificant differences in dream recall at these two times. In the
third study 10 male and nine female patients with nocturnal
asthma were studied on three nights and awoken on three
occasions on each. From 216 awakenings we obtained 85
dream reports. Women contributed 70% of the dream
reports which investigators rated blind as "vivid." Higher
variability ofbronchomotor tone over the night (as indicated
by the change in peak flow from pre-sleep levels) was
associated with greater dream recall in REM awakenings.
There appeared to be no association between dream recall
and lability of bronchomotor tone in non-REM sleep. Our
results support the hypothesis that REM sleep may trigger
bronchoconstriction in some asthmatics through emotional
arousal in the form of dream activity.

We thank the Asthma Research Council and the Edinburgh
Sleep Research Trust for financial support.

Tuberculosis in England and Wales in 1988

SK MCDONALD, P CULLINAN, DA JOHNSON, SP BYFIELD, VR ABER,
J WATSON, AJ NUNN, JH DARBYSHIRE, KM CITRON Medical
Research Council Cardiothoracic Epidemiology Group,
Department of Clinical Epidemiology, Brompton Hospital,
London Preliminary results of a survey of all notifications
of tuberculosis in England and Wales in the first six months
of 1988 based on 2079 patients (over 95% of the newly
notified previously untreated cases) are reported and com-
pared with previous surveys in 1978-9 (MRC Tuberculosis
and Chest Diseases Unit, Br Med J 1980;281:895) and 1983
(MRC Tuberculosis and Chest Diseases Unit, Br Med J
1985;291:658). Over half (52%) of the cases were from the
white population and 26% were of Indian ethnic origin. The
annual decline in the notification rate was 8% between 1983
and 1988 (12-3 to 8-3/100 000), greater than the 5% between
the two previous surveys (15.4 to 12-3/100 000). The annual
rate of decline in the white population has remained at about
7%. The number of patients of Indian subcontinent (ISC =
Indian, Pakistani and Bangladeshi) ethnic origin has declined
by 26% since 1983; 30% of them has first entered the UK in
the past five years (population data are awaited to calculate
notification rates by year of entry). Patients of ISC ethnic
origin were, on average, much younger, 57% being under the
age of 35 compared with 20% of the white population. As in
the previous surveys, a higher proportion of the white
patients had respiratory disease (83%), of whom 68% had a
positive sputum culture and 47% a positive smear. The
respective proportions in the ISC patients were 63%, 48%
and 30%, an increase in the proportion with positive sputum.
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The proportions with isoniazid resistance were 0 7% in the
white and 4-2% in the ISC patients, similar to the propor-

tions in previous surveys. Information was collected for the
first time in 1988 about employment at the time of falling ill.
A large proportion ofmen ofworking age were reported to be
unemployed-44% of white and 35% of ISC patients.

Pattern of tuberculosis in the Indian subcontinent population:
evidence for an acquired immunodeficiency?

PDO DAVIES South Liverpool Chest Clinic, Liverpool The
pattern of tuberculosis in AIDS patients in two centres in the
USA (San Francisco and Miami) has been compared with
that in patients of Indian subcontinent ethnic origin (ISC)
resident in England and Wales (Am Rev Respir Dis
1987;136:570 and 875; Tubercle 1987;66:19). The overall
similarity ofpattern comparing AIDS tuberculosis with non-
AIDS tuberculosis in the two USA centres on the one hand
and ISC tuberculosis with white tuberculosis in England and
Wales on the other is striking. In San Francisco (287 patients)
extrapulmonary disease was present in 60% of AIDS
patients, but only 28% of non-AIDS patients. The corre-
sponding figures from Miami (71 patients) were 46% and
12%. Extrapulmonary disease was present in 46% of ISC
patients but only 22% of white patients in England and
Wales (2756 patients). Lymph node disease occurred in 31%
of AIDS patients in San Francisco compared with 7% of
non-AIDS patients and in Miami 27% ofAIDS patients, but
none in non-Aids Patients. The corresponding figure for
Indian subcontinent patients in England and Wales was 25%
and for white patients 8%. The proportion of extrapulmon-
ary disease, particularly lymph node disease, in the AIDS ISC
patients is similar. There is certainly no evidence of a high
incidence ofHIV infection in the ISC population of England
and Wales. However, some form of acquired immuno-
deficiency may account for the similarity of pattern. The
observation that vitamin D deficiency is prevalent in the ISC
population and that vitamin D has an important role in the
factors involved in cell mediated immunity may be relevant.
It is likely that AIDS patients in Miami and San Francisco
had acquired tuberculosis infection before HIV infection.
Once cell mediated immunity is compromised by HIV
infection, contained tuberculosis infection may flare up into
overt disease, resulting in the characteristic pattern of
tuberculosis with a high incidence of extrapulmonary sites.
Infection in recently immigrated ISC patients is likely to have
been acquired in their country of origin, where sunshine
prevails and vitamin D levels are high. Immigration to the
UK, where sunlight is relatively scarce, is known to decrease
vitamin D levels. Consequently cell mediated immunity may
be compromised and overt disease develop, with a pattern
similar to that seen in AIDS-HIV patients.

Prognosis in tuberculosis

G BOTHAMLEY, S UTHAYAKUMAR, R RUDD, F FESTENSTEIN, J

IVANYI London Chest Hospital and MRC Tuberculosis and
Related Infections Unit, London Prognostic indicators in
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patients with tuberculosis would be valuable in determining
admission to hospital. Antibody levels to epitopes specific for
tubercle bacilli and their respective whole antigens were
measured in 46 patients with smear positive pulmonary
tuberculosis using the method of Jackett et al (J Clin
Microbiol 1988;26:2313). Four deaths occurred in which
tuberculosis was a significant contributory factor. Antibody
titres to a 14 kDa protein antigen were significantly lower in
those who died (t = 3-26, p = 0-031) and only one had a
positive titre as defined by control values (X2 = 10-6, p
<0.01). Antibody titres to the TB71 epitope of a 38 kDa
antigen were significantly greater in those patients who died
(t = 3 04, p = 0 029). It has been reported that lymphopenia,
relative neutrophil leucocytosis, increasing age, alcoholism,
and lack of radiographic evidence of cavitation were
associated with an unfavourable outcome and a scoring
system was derived using these variables (Barnes et al (J
Infect Dis 1988;158:366). In the present study, only alcohol-
ism (X2 = 8-75, p < 0025) and increasing age (Mann-
Whitney test, p = 0-0017: all patients who died were > 60
years old) were significantly associated with death. Alcohol-
ism was independently associated with lower antibody titres
to the TB78 epitope of a cross reactive 65 kDa stress protein
(Mann-Whitney test: p = 0 009) and increasing age with
higher titres to the same antigen (Spearman's rank correla-
tion: r = 0-289, p < 0 05). A more unfavourable score
correlated with lower levels of IgM antibody to lipoarabin-
omannan (r = 0-430, p < 0-01), a lipopolysaccharide
peculiar to mycobacteria. Not only may levels of antibody to
defined antigens of Mycobacterium tuberculosis prove valua-
ble in prognosis but they may also indicate the state
of balance between protective and pathogenic immune
responses.

Combination chemotherapy with ciprofloxacin for infection
with mycobacterium tuberculosis in a mouse model

MV CHADWICK, G NICHOLSON, H GAYA Brompton Hospital,
London We previously established that the only effective
double drug combination incorporating ciprofloxacin for the
treatment of infection with M tuberculosis is ciprofloxacin
plus rifampicin. This study compared rifampicin, ciproflox-
acin and isoniazid monotherapy with rifampicin plus
ciprofloxacin and rifampicin plus isoniazid. Groups of mice
were infected intravenously with 106 cfu of M tuberculosis
and treated from three weeks post infection by gavage for 6,
9. 12, or 16 weeks with the single drugs or the combinations in
daily doses (mg/kg) of ciprofloxacin 300, isoniazid 25 and
rifampicin 40. These doses were chosen to parallel human
achievable serum levels as closely as possible. Ten mice from
each group (plus controls) were killed 0, 1, 2, and 3 months
after treatment stopped and viable counts ofM tuberculosis
from lungs and spleen were determined. The single drugs
failed to sterilise lungs and spleen only after 16 weeks'
treatment. Rifampicin plus isoniazid sterilised lungs and
spleen only after 16 weeks, having failed at 12 weeks, whereas
rifampicin plus ciprofloxacin succeeded after 12 weeks,
having failed at nine weeks. These results demonstrate that in
vivo rifampicin plus ciprofloxacin is a synergistic combina-
tion which may permit shorter courses ofchemotherapy than
are possible with rifampicin plus isoniazid. Clinical trials in
humans are now indicated.
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Ocular toxicity of ethambutol

A HARCOMBE, W KINNEAR, J BRITrON, J MACFARLANE City
Hospital, Nottingham The place of ethambutol in
antituberculous chemotherapy has recently been the subject
of debate, on account of its ocular toxicity. In our hospital,
the tuberculosis health visitors are informed by the pharmacy
when a new prescription for ethambutol is made. The health
visitors record the patient's visual acuity, put a checklist in
the notes to be completed by the prescriber, and give written
instructions to the patient to discontinue all medication and
seek medical advice in the event ofany visual problems. Over
a two year period 31 patients were started on ethambutol.
Fourteen patients had microbiologically confirmed infection
withM tuberculosis, 10 had atypical mycobacterial infection,
and seven had susected but unproved tuberculosis. None of
the patients were seen by an ophthalmologist before starting
ethambutol. A record that advice had been given to discon-
tinue ethambutol if vision deteriorated was present in the
notes of all patients. The highest dose of ethambutol
prescribed was 20 mg/kg, most of the patients receiving 15
mg/kg. Renal function was normal in the 19 patients in whom
it was measured. Visual acuity was checked at subsequent
outpatient visits in 16 patients. Visual acuity deteriorated in
nine patients, in six within two months of commencing
ethambutol. Three of these patients had noticed a change in
their vision, but only one stopped taking ethambutol before
their next outpatient clinic attendance. One patient noted
blurring of vision, but this was not accompanied by any
change in her acuity. All ofthe patients who developed ocular
complications had normal renal function. Our experience
suggests that ocular problems with ethambutol are relatively
common and may occur early in the course of treatment. In
addition to frequent testing of visual acuity, advice to
discontinue the drug if blurring of vision is experienced
should be reiterated at each outpatient attendance.

Heaf status 12 years after infant BCG immunisation

C TEALE, DB CUNDALL, SB PEARSON Pulmonary Function
Laboratory, Killingbeck Hospital, Leeds BCG is offered
normally to all Leeds Asian infants and other infants in the
area considered to be at risk of tuberculosis infection. We
have examined the effect of this immunisation policy on the
Heaf status of all 12-13 year old schoolchildren tested in the
city in 1988. Asian children (those with families originating
from the Indian subcontinent) were identified by their names.
In all, 6363 children (431 Asians) were eligible for Heaf
testing; 672 (11-3%) of non-Asians and 57 (13-2%) of Asian
children were missed owing to repeated absenteeism and a
further 247 (4%) non-Asian and eight (2%) Asian children
refused or had a medical contraindication to BCG immunisa-
tion, leaving 5379 who were Heaf tested. On the basis of
current Department of Health guidelines, 417 (8%) of non-
Asian and 276 (75%) ofAsian schoolchildren who were Heaf
tested did not require BCG immunisation. The uptake of
infant BCG immunisation in Leeds has been estimated to be
86%. With an annual incidence of tuberculosis in Asian
children in Leeds in 1982-86 of 5 7 per 100 000 (Arch Dis
Child; 1988:964) it is probable that most of the 75% ofAsian
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Heafstatus ofschoolchildren aged 12-13 years (No (%))

Heaf Non-Asian Asian

0-1 (no previous BCG) 4596 (92) 90 (25)
0 with BCG scar 18 (0-5) 23 (6)
1 with BCG scar or immunisation 178 (4) 80 (22)

history
2 203 (4) 145 (40)
3-4 18 (05) 28 (7)

5013 366

children who dd not require immunisation had persisting
immunity from their infant BCG immunisations. These
findings are important at a time when BCG immunisation of
schoolchildren is under review.

Nebulsed salbutamol (s) in chronic obstructive airway disease
(COAD): how safe is it?

CKW LAI, IS LEGGE, JAR FRIEND Aberdeen Royal Infirmary,
Aberdeen The increasing domiciliary use of nebulised bron-
chodilatory therapy by patients with airflow obstruction
raises concern about the safety of such treatment (Lancet
1984;ii:789). We have studied changes in blood gas tensions
(Pao2), pulse rate (P) and plasma potassium levels (K) during
and after the administration of 10 mg S nebulised by
compressed air in 9 patients with severe COAD (FEV, 0 97
(SEM 0-11; Pao2 66-4 (2-8) mm Hg; age 63-1 (2.3) years. After
baseline measurements of Pao2, P and K, 10 mg S was
delivered over a period of nebulisation up to 15 minutes.
From the start of nebulisation (time 0), measurements were
made of(i) Pao2 at 5, 10, 15, 20, 30 and 45 minutes; (ii) P at 5,
10, 15, 20, 30, 45, 60, 75 and 90 minutes and (iii) K at intervals
of 15 minutes up to 90 minutes. No significant fall in Pao2 or
K was observed at any time points. P increased significantly
from the baseline of 77 8 (3 7) beats/min to 86 (5 1) at 30 min
(p < 0.05) and 87-1 (4.4) at 45 minutes before gradually
returning to baseline level. In five subjects the same study
protocol was repeated while they were taking therapeutic
doses of theophylline. Similarly, there was no significant fall
in Pao2 at any time points. However, K fell significantly from
4-0 (0-3) mmol/l at baseline to 3-7 (0 2) at 45, 60 and 75
minutes (p < 0 05), and to 3-6 (0 2) at 90 minutes (p < 0-01).
Although there was a trend for an increase in P, none of the
changes reached statistical significance. No subject
developed any serious cardiac arrhymias in either study
phases. We conclude that in patients with severe COAD
treatment with high dose salbutamol nebulised in air (i) did
not cause hypoxaemia, whether alone or in combination with
oral theophylline; (ii) caused tachycardia of brief duration;
and (iii) caused hypokalaemia with concomitant theophylline
therapy.

Salbutamol in chronic obstructive pulmonary disease (COPD):
home nebuliser or spacer?

N RAJAGOPOLAN M NISAR, J EARIS, P CALVERLEY, M PEARSON
Regional Thoracic Unit, Fazakerley Hospital, Liverpool
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Portable nebulisers are increasingly being used to give high
dose beta agonist therapy to COPD patients. Whether
regular nebuliser treatment is more effective than lower doses
by a spacer device and whether a reversibility test with a

single dose of 5 mg nebulised salbutamol can predict response
is not known. Forty patients with stable COPD (30 M, age 61
y, FEV, 1 12 (0.51 1) received 5 mg nebulised salbutamol QDS
and 200 pg salbutamol via a volumatic QDS for two weeks
each in a randomised crossover study. Responses were

assessed subjectively (visual analogue symptom score (VAS))
and objectively (FEV, and six minute walks (6MW)) before
and after each treatment. Neither treatment resulted in any

significant improvement in the group mean data. Thus mean
(SEM) VAS, FEV, and 6 MW were similar after nebuliser
and volumatic periods (VAS 5 2 (1 8) v 5-5 (1-8), FEV, 1 13
(0 52) v 1 14 (0 51)1, 6MW 349 (112) v 355 (99) m). Fifteen of
the 40 patients had had a significant FEV-response (> 15%
and > 0 2 1) to a single dose of nebulised salbutamol prior to
the study. Their initial FEV, was similar to that of the whole
group (1-04 (0 43)). Only five appeared to respond to the
nebuliser and three to the volumatic but the mean changes in
the 15 were no different to those in the other patients after
nebuliser (AVAS -0 3 (0 3), AFEV, 0 06 (0-21), A6 MW
- 37 (39)) or volumatic. However, 13 patients claimed to feel
better with the nebuliser (AVAS > 1 unit). These 13 had
similar initial VAS, FEV, and 6 MW data to the rest of the
group and showed no improvement in FEV, after the
nebuliser (1 10 (0 58) to 1 17 (0 51) but did walk significantly
further (372 (76) to 411 (71) m; p < 0 05). The five patients
who felt better after volumatic had no similar objective
changes. Overall, high dose nebulised salbutamol appears to
confer no advantage over lower doses via a spacer device and
single dose tests ofreversibility do not predict a better respose
to regular treatment. Whether the association of feeling
better and walking further with an unchanged FEV, indicates
continuing nebulised treatment in some patients remains to
be justified.

Home nebulisers: can optimal therapy be predicted by
laboratory studies?

BRC O'DRISCOLL, RJ TAYLOR, EA KAY, A BERNSTEIN Hope
Hospital, Salford Twenty patients (6 severe asthma, 14
chronic obstructive pulmonary disease) were referred for
consideration of home nebuliser treatment. A double blind
laboratory assessment showed no important difference bet-
ween the responses to salbutamol (5 mg), to ipratropium
bromide (0 5 mg) and to a mixture of these medications for
either group of patients. The patients subsequently self
administered each treatment four times daily for one month.
Fourteen patients elected to continue long term home
nebuliser treatment (3 salbutamol, 4 ipratropium bromide, 7
mixture). However, the prospective double blind assessment
had little predictive value because the subjective and objec-
tive responses to the three active treatments were so similar.
No patient had a clearly superior response (subjective and
objective) to any individual treatment. Objective laboratory
measurements predicted the patient's choice of long term
treatment in only one case and subjective laboratory respon-
ses were ofpredictive value in two cases. There was no overall
correlation between the subjective response to each treatment
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in the laboratory and the subjective response to the same
treatment in the patient's home. Laboratory studies correctly
identified one patient as a "non-responder" to nebulised
treatment but two other "non-responders" in the laboratory
had a satisfactory subjective and objective response to
domiciliary nebulised treatment. The hospital study was also
unreliable in predicting side effects during domiciliary nebul-
iser use. We conclude that prospective laboratory studies are
of little value in selecting treatment regimens for domiciliary
nebuliser use, but for safety reasons, the first dose of each
nebulised treatment should be administered under medical
supervision.

Bronchodilator reversibility in chronic airflow obstruction: can
it be independent of FEV,?

DC WEIR, P SHERWOOD BURGE Department of Thoracic
Medicine, East Birmingham Hospital, Birmingham The
usual method of expressing reversibility in FEV, to bron-
chodilators, as a percentage of prebronchodilator FEV, is
flawed because of the negative correlation usually seen
between this measure and starting FEV,. It has been
suggested that expressing the change as a % of the "possible"
increase-that is, predicted minus initial FEV,-is indepen-
dent of prebronchodilator FEV, (Postma DS et al. Am Rev
Respir Dis 1986;134:276). We have examined various meth-
ods of expressing reversibility to 10 mg salbutamol and 500
pg ipratropium bromide, given by nebuliser, in 121 patients
with adult onset chronic airflow obstruction not due to
asthma (mean (SD) age 62-4 (9 1) years, prebronchodilator
FEV, 1-18 (0 47) litres). Response was assessed on different
days, 20 minutes after the dose of drug, on a dry wedge
spirometer (Vitalograph). Patients were asked to refrain from
inhaled bronchodilators for six hours, and oral bron-
chodilators for 12 hours before the test. Reversibility was
expressed in four ways, (a) as absolute change (AC) in ml; (b)
as % of prebronchodilator FEV, (% in); (c) as % of the
predicted FEV, (% pd); (d) as % of the predicted -

prebronchodilator FEV, (% pr-in). Negative change was
classed as zero. Spearman ranked correlation coefficients
were determined for each measure with absolute FEV, and
FEV, as % predicted value.

Correlation coefficient

10 mg salbutamol 500S g ipratropium

FEV, % predFEV, FEV, % pred FEV,

AC 017 0-03 012 0-08
% in -0 19* -0-25* -0 19* -0 18*
%pd 011 011 007 0-16
%pr-in 0 30* 0.37* 0.30* 0-44*

*p < 0 05.

Reversibility expressed as %pr-in shows a moderate correla-
tion with prebronchodilator FEV, as absolute value or %
predicted. Only absolute change in FEV, and change as %
predicted FEV, are independent of FEV, in this group of
patients.
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Reproducibility of single dose nebulsed beta agonist test of
reversibility in chronic obstuctive pulmonary disease (COPD)

M NISAR, N RAJAGOPALAN, JE EARIS, PMA CALVERLEY, MG
PEARSON Regional Thoracic Unit, Fazakerley Hospital,
Liverpool In an unselected group of COPD patients, rever-
sibility (defined as increase in FEV, of 15% and 200 ml) to
one 5 mg dose of nebulised salbutamol was found in 35%
who were steroid non-responders (Am Rev Respir Dis
1988;137:155). Reversibility testing is now a common part of
clinical practice but how much reliance can be placed on a
single measurement is unclear. We studied 40 patients (mean
(SD) age 61, 30 M, FEV, 1-21) with stable COPD. Spirometry
was recorded before and 15 minutes after nebulised sal-
butamol on four occasions each two weeks apart. FEV, pre-
salbutamol was similar on each study day (11 1; I1l 1; 1-09;
1-13 1). Overall, 49 of 160 tests showed a significant FEV,
response (defined above) to nebulised salbutamol. Results
were consistent in 19 patients (47%); 17 were always negative
(FEV, pre-salbutamol 1-16 (SEM 0-64), post salbutamol 1-23
(0-68 1) and two were always positive (FEV, pre-salbutamol
1-21, post-salbutamol 1-67 1). In four patients only one test
result was positive but on that day pre-salbutamol FEV, was
lower than on the other test days (0-94 v 1-06 1 p < 0 05). By
contrast, four patients had only one negative test result
occurring when pre-salbutamol FEV, was higher than on the
other days (1-18 v 0-94 1, p < 0 05). Thirteen patients were
positive twice. Their mean FEVY rise was 24% or 0-23 1.
Again baseline FEV, was lower before positive than negative
test results (1-01 (0 43) v 1-18 (0-47), p < 0-01). Reversibility
was independent of level of FEV, but if interindividual
variation was controlled by relating pre-salbutamol FEVY to
the mean of the four pre-salbutamol FEV, values then the %
(and absolute) change in FEV, was inversely correlated with
FEV,/mean FEV, (r = 0-51, p < 0-01). The coefficient of
variation of the pre-salbutamol FEV, measurement in this
study was only 13-5% or 150 ml. Thus, although our FEV,
measurements with within accepted levels of reproducibility,
these data show that variability ofthe pre-salbutamol FEV, is
a strong determinant of the outcome of any reversibility
testing. Hence, despite four independent tests with nebulised
salbutamol, a clear pattern of response was seen in less than
50% of these patients.

Long term prospective assessment ofhome nebuliser treatment

MRG O'DRISCOLL, RJ TAYLOR, EA KAY, H WEATHERBY, MCP
CHETrY, A BERNSTEIN Hope Hospital, Salford We have
prospectively evaluated 50 patients (16 asthma, mean FEV,/
FVC 1-3/2-1; 34 COPD, mean FEVY/FVC 0-7/1-8) who were
referred by their GP or chest physician for consideration of
home nebuliser treatment. All were monitored for two weeks
while taking their usual bronchodilator treatment followed
by two weeks while using a "Nebuhaler" spacer to deliver 1
mg ofterbutaline and 80 ug ofipratropium bromide (IB) four
times daily. They then used a Porta Neb compressor and
System 22 nebuliser to self administer nebulised treatment
four times daily. They administered salbutamol nebuliser
solution (5 mg), IB unit dose vials (0 5 mg) or a mixture of
these drugs for one month each. Most patients derived
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subjective and objective benefit from nebulised treatment
(peak flow records will be presented separately). Thirty three
patients (66%) selected domiciliary nebulised treatment for
long term use (10 salbutamol, five IB, 18 mixture). Thirty two
patients experienced side effects (mostly minor) during one or
more treatment periods. Thirteen patients (26%) selected the
Nebuhaler regimen for long term use and four (8%) preferred
their usual metered dose inhaler treatment. Of 33 patients
who undertook long term home nebuliser treatment, four
died during one year of follow up (two lung cancer, one
respiratory failure, one myocardial infarction). Of 29 long
term survivors, only one patient (using mixture) reported
some attenuation of benefit after 12 months of home
nebuliser use. We conclude that carefully supervised out-
patient trials can identify patients who will derive long term
symptomatic benefit from home nebuliser treatment. Such
trials will also identify the large proportion (one third) of
referred patients who will not benefit from this form of
treatment.

Computed tomography of folded lung

PM CARVALHO, DH CARR Department of Diagnostic
Radiology, Brompton Hospital, London The folded lung
syndrome (Blesovsky's Syndrome, pulmonary
pseudotumours, round atelectasis) is an important benign
cause of pulmonary mass lesions and can be mistaken for
bronchial neoplasms. Computed tomography scans on 22
examples of folded lung in nine patients were reviewed. The
most important computed tomography criteria of folded
lung are the presence of vessels and bronchi running in a
smooth curvilinear fashion towards a peripheral mass with
an ill defined central edge associated with pleural thickening.
These features were seen in all 22 examples. These lesions are
frequently multiple (eight out of nine patients). Where these
features are present the diagnosis can be made without
recourse to biopsy or thoracotomy. Folded lung enhances
with intravenous contrast, but this does not provide any extra
useful information. An air bronchogram within or at the
periphery of the lesion and at least two sharp margins to the
lesion were features seen in only 55% and 36% of the lesions
respectively and are not necessary for the diagnosis. Alth-
ough high resolution thin section scans demonstrated both
bronchial wall thickening of some bronchi as they approa-
ched the folded lung and air bronchograms rather better than
did 10 mm sections, they did not provide any additional
diagnostic features as regards the folded lung. We concluded
from this series that folded lung can be confidently and non-
invasively diagnosed by computed tomography, and that
intravenous enhancement and high resolution computed
tomography are unnecessary in its diagnosis.

Symptomatic bullae in normal adult lungs: clinical and his-
tological features

SV BAUDOUIN, PJV HANSON, G SOOSAY, M SHEPPARD, G FON-
TANA, P GOLDSTRAW, JV COLLINS Brompton Hospital, Lon-
don Bullae in apparently normal adult lungs have not been
well defined clinically and histologically. Belcher (1954)
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classified bullae on the basis of wall histology. Clinical
features and histology from 16 patients with resected bullae
(11 male, 5 female; age 20-62) were reviewed. Eleven were

cigarette smokers and five were asthmatic. Indications for
resection were increasing dyspnoea (10), infection (2),
pneumothorax (3) and haemoptysis (1). Previous chest
radiographs were available for five patients showing expan-

sion of bullae over various periods (six months-10 years).
Twelve bullae apparently originated in and most replaced
single lobes (left upper 6, left lower 2, right upper 4); four
others were attached by thin pedicles to the right lower lobe.
Most were compressing normal lung tissue which re-expan-

ded postoperatively. Multiple bullae were found in nine
patients. The following histological features were recorded:
cartilage, glands, blood vessels, muscle, lining epithelium and
inflammation in the wall. Vascularity was common (n = 13)
with markedly thick walled vessels in some cases. Smooth
muscle, said by Belcher to indicate bronchial origin, was

present in six cases. However, bronchial muscle was indistin-
guishable from vascular muscle and could not be used to
determine cyst origin. Nine bullae contained pleura on their
surface; 16 were inflamed. Careful examination showed all
bullae to be at least partially epithelialised, casting doubt on

the existence of truly anepithelial cysts, which Belcher
suggested were congenital. Histologically, these bullae are

simple epithelial lined cysts whose origin cannot be deter-
mined using histology alone.

Bronchsopic and bronchographic findings in 11 patients with
sarcoidosis and severe or progressive airways obstruction

ZF UDWADIA, JR PILLING, PF JENKINS, BDW HARRISON West

Norwich Hospital, Norwich Relatively little attention has
focused on endobronchial involvement in sarcoidosis despite
airways obstruction being the commonest physiological
abnormality. Eleven patients with histologically proved
sarcoidosis with symptoms (wheeze in all 11, stridor in two)
or signs (expiratory rhonchi in all 11, high pitched inspiratory
"squeaks" in five) ofsevere or worsening airways obstruction
were bronchoscoped. In 10 we also performed bronchogra-
phy. Their ages ranged from 33 to 60 years (mean 47-2 years)
and eight were men. At the time of bronchoscopy four
patients had stage II, one stage III and six stage IV
sarcoidosis. All patients had a PEF <70% predicted and
MEF50 and MEF25 <35% predicted. Their FEV,/FVC
ranged from 37% to 65%. Fibreoptic bronchoscopy revealed
single or multiple areas of segmental bronchial stenoses in
nine patients, two of whom had stenotic webs. Bronchogra-
phy in 10 revealed that the site and severity of stenoses was

more widespread than was suspected from the bronchoscopic
findings. In addition, five of these 10 patients had bronchiec-
tasis, which was restricted to the upper lobes in three, lower
lobes in one and both upper and lower lobes in one patient.
The bronchiectasis had not been suspected or diagnosed from
the chest radiograph or the bronchoscopy. There are prac-
tical reasons for performing bronchograms in this group of
patients with sarcoidosis. Steroid treatment (inhaled or oral)
may bring some relief if obstruction is caused by a gran-
ulomatous reaction. Proximal stenoses, once documented,
may be dilated at bronchoscopy by balloon catheters or
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bougies-this was done in three of our patients with severe
localised stenoses. Finally, bronchiectasis, which may other-
wise be difficult to diagnose, may be identified, and treatment
with postural drainage may bring symptomatic improvement
with reduction in cough and in the amount of sputum
expectorated.

Ability of patients with respiratory diseases to use breath
alcohol measuring devices

NMCI JOHNSON, K UPTON, PJ GOMM, CG BROSTER, MD OSSELTON
Whittington Hospital, London, and Central Research and
Support Establishment, Home Office Forensic Science Service,
Aldermaston A subject who is unable to provide an
adequate breath sample for a breath alcohol measuring
device may be charged with refusing to supply a sample unless
the police officer believes that there is a genuine reasonfor that
personfailing to do so. Subjects who are confronted with this
situation may approach their general practitioner or chest
physician for advice on whether they are medically able to
provide adequate breath samples to satisfy the breath testing
devices. There is currently no guidance available for medical
practitioners as to the degree of respiratory deterioration or
lung function which will impair the use of such breath testing
devices. This paper describes experiments with human volun-
teers suffering from respiratory illnesses and their ability to
provide adequate breath samples to satisfy the requirements
of the breath testing devices used in Great Britain. Patients (n
= 51) were selected at random from the chest clinics at the
Whittington Hospital and had their peak flow and
spirometry measured prior to assessment of their ability to
use the roadside screening devices Lion Intoximeter 3000 and
Camic Breath Analyser. The results showed that the ability of
subjects to use the breath testing instruments was volume
dependent. Patients with FEV, < 2-0 litres and FVC < 2-6
litres were almost invariably unable to use the breath testing
instruments. The peak flow rate and FEV,/FVC ratio were
poor predictors of the ability of patients to provide adequate
breath samples for breath testing purposes. Patients with
restrictive and obstructive defects were similarly affected.

Pulmonary function in primary Sj6gren's syndrome: a lon-
gitudinal stdy

CA KELLY, WC DICK, ID GRIFFITHS Departments of
Rheumatology and Chest Medicine, Royal Victoria Infirmary,
Newcastle upon Tyne Although abnormal pulmonary func-
tion is common in primary Sjogren's syndrome (1'SS), no
indication of the rate of progression of these abnormalities
has been previously provided. We measured spirometry and
carbon monoxide transfer factor and documented res-
piratory symptoms in a group of 27 patients (26 female) with
biopsy proven 1°SS within three months of diagnosis and
again after a mean interval of four years. Reversibility of
FEV, to inhaled bronchodilator was ascertained in 16
patients. The group's median age was 53 years (range 34-77
years), and 5 (18%) were active smokers, compared with an
expected incidence of 31%. Median percentage predicted
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FEV, was 95% (range 28 to 125%) at baseline, and follow up.
Median baseline percentage predicted VC was 96% (range
25-121%), and 95% at follow up. The median FEV,/VC
ratio was 79% at baseline and also did not change. An
increase in FEV, of 10% after inhaled salbutamol was seen in
only one subject. Median percentage predicted transfer
factor was 96% (range 28-124%) at baseline, but had fallen
to 76% four years later (p < 0-01). A similar fall in transfer
coefficient was found. A reduction in transfer factor of 20%
or greater over the follow up period occurred in 10
individuals (37%), including two smokers, and was
associated with dyspnoea in nine patients. Dyspnoea was
reported by six patients with a lesser change in transfer
factor. In conclusion, significant impairment of gas transfer
commonly develops early during the course of 1°SS, and is
usually related to the development of dyspnoea. Smoking is
relatively uncommon and does not explain these findings,
which require further investigation.

Review of thoracic actnmycosis

WJM KINNEAR, JT MACFARLANE City Hospital, Nottingham
From the Hospital Activity Analysis statistics of five health
regions, we identified patients coded as having actinomycosis
between 1974 and 1988. Ninety five patients had been
admitted under a general or thoracic physician or surgeon
and we reviewed the notes of 70 of these patients. Forty six
patients had been wrongly coded, 23 of whom had an
aspergilloma; three patients had suspected actinomycosis
without confirmation and four had extrathoracic actin-
omycosis. Of the 17 patients with thoracic actinomycosis, 14
were male and 11 were urban residents. The median age at
presentation was 42 (range 9-66) years. Fourteen patients
had a cough, six reported haemoptysis and nine had lost
weight. Thirteen patients complained of chest pain and four
had skin changes on examination. Pulmonary shadowing
was present on 12 chest chest radiographs, with cavitation in
three, pleural abnormalities in five and hilar lymphaden-
opathy in two cases. Only one patient had radiographic
evidence of bone involvement. Eleven patients had a
leucocytosis. Liver function tests had been performed in 13
patients and were abnormal in six. The provisional diagnosis
was malignancy in eight cases. One of five percutaneous
needle biopsies of pulmonary lesions yielded a diagnosis.
Seven patients required surgical intervention to obtain a
diagnosis. Two patients had a pneumonectomy and one a
lobectomy. All 17 patients recovered with treatment, which
was given for a median of six weeks, range one week to six
months. Extrathoracic complications developed in two
patients, one with a liver abscess and one with spinal cord
compression. Thoracic actinomycosis is rare, but may clin-
ically and radiologically resemble bronchial carcinoma.
Percutaneous needle biopsy, or frozen section at the time of
surgery, may prevent unnecessary resection.

Time trends in the prevalence ofwheezing and asthma diagnosis
in Nottingham primary schoolchildren

RA HILL, JR BRITrON, J WILLIAMS, AE TATTERSFIELD
Respiratory Medicine Unit, City Hospital, Nottingham
Questionnaire surveys of asthma prevalence often rely
heavily on a reported diagnosis of asthma by the patient or
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parent, or by the general practitioner, as a measure ofdisease
frequency. We have investigated time trends in the reporting
ofasthma in Nottingham primary schoolchildren. In 1985 we
measured the prevalence of wheezing, asthma, and asthma
medication use in a questionnaire survey of parents of all
4750 children in a random sample of28 Nottingham primary
schools (Arch Dis Child 1989;64:246). In 1988 we adminis-
tered the same questions to the parents of all 17 432 pupils in
the 102 schools not sampled in 1985. Response rates for
complete questionnaires were similar in the two surveys at
77% and 78% respectively. Between 1985 and 1988 the crude
prevalence of "wheezing ever" fell from 17-7% to 16-4%,
while "wheeze in the past year" increased from 11-5% to
12-8%. The prevalence ofreported asthma rose from 6-0% to
8-9%. Current asthma medication use was similar at 6-1%
and 6-2%. After adjustment for age and sex, independent
odds ratios for the change between 1985 and 1988 were 0-91
for "wheeze ever" (p < 0-1), 1-14 for "wheeze in the past
year" (p < 0 05), 1-54 for current asthma (p < 0-001), and
0 90 for asthma medications (p > 0- 1). Thus the proportion
of parents who reported a diagnosis of asthma in their
children increased by approximately 50% over the three year
period, whereas the prevalence of other indicators of disease
remained relatively stable. The increased prevalence of
parent reported asthma is therefore likely to be due
predominantly to a change in diagnostic labelling by the
general practitioner. This study casts further doubt on the
reliability ofasthma prevalence estimates based on either self
or GP reported disease.

Asthma in 12 year old children: two surveys 15 years apart

ML BURR Medical Research Council Epidemiology Unit,
Cardiff Two surveys of asthma in 12 year old children were
conducted 15 years apart in the same areas of South Wales,
involving 818 in 1973 and 965 in 1988. A simple respiratory
questionnaire was completed by the parents for all children
except one in 1973. Exercise provocation tests were carried
out on 812 children in 1973 and on 960 in 1988, using the
same techniques on the two occasions. The prevalence of a
history ofwheezing had risen substantially, the increase being
wholly attributable to a rise in reported asthma. Similar
increases had occurred in various symptom patterns sugges-
tive of asthma, and in lifetime history of eczema and hay
fever. There was a fourfold increase in children receiving
treatment for asthma. A fall of 25% or more in peak
expiratory flow rate with exercise occurred twice as often in
1988 as in 1973. Comparisons suggest a real increase in
asthma as well as a greater readiness to diagnose it.

1973: % 1988: %
(n = 818) (n = 965)

Asthma in past year 4 9
Asthma ever 6 12
Current asthma treatment 1 4
Wheeze in past year 10 15
Wheeze ever 17 22
Breathless wheeze ever 9 14
Eczema ever 5 16
Hay fever ever 9 15
25% fall in PEF 2 4
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Twelve month study of bronchial reactivity: relation to atopy
and respiratory symptoms

iB CLOUGH, LK JOSEPHS, JD WILLIAMS, ST HOLGATE
Immunopharmacology Group and Department of Medical
Statistics and Computing, University of Southampton A
questionnaire was sent to 3701 children to determine the
prevalence of cough and wheeze within the previous year.
Skin prick tests to Dermatophagoides pteronyssinus, cat fur
and mixed grass pollen were performed on a random
selection of positive responders (n = 398), atopy being
defined as a weal of > 2 mm to at least one allergen. Children
were categorised into four groups according to atopic state
and symptoms. Forty eight children in each group were
studied. Methacholine challenge was performed on each
child every four weeks for a period of 12 months. Hand held
nebulisers were used to deliver doubling doses of metha-
choline between 0 025 and 6-4 gmol until a fall in FEV, of
> 20% occurred. The provocation dose which caused a fall in
FEV, of 20% (PD.) was determined from a log dose-
response curve. Twelve PD20 values were obtained in 185
children, and the median and the minimum values selected
for analysis. The PD20 values differed among the four groups
(Kruskall-Wallis test). Mann-Whitney U analyses were per-
formed to detect differences between specific group pairs.
Levels of statistical significant for the six possible combina-
tions are shown in the table.

p (median) p (minimum)
Nonatopic wheeze v atopic wheeze < 0 0001 0-02
Atopic wheeze v nonatopic cough < 0 0001 < 0 0001
Atopic wheeze v atopic cough < 0 0001 0-007
Nonatopic cough v atopic cough 0-009 0 01
Nonatopic wheeze v nonatopic cough 0-02 0 004
Nonatopic wheeze v atopic cough 0-99 0-70

Thus atopy and wheeze were independently associated with
lower median and minimum PD20 values. This confirms the
positive relationship between bronchial reactivity and both
atopy and wheeze in this group of symptomatic but not
necessarily asthmatic children.

Comparison ofthe prevalence of reversible airways obstructon
in rural and urban Zimbabwean children

DJ KEELEY, P NEILL Chitungwiza Hospital and Godfrey
Huggins School of Medicine, Harare, Zimbabwe In Zim-
babwe childhood asthma appears to be quite common in
towns but rare in rural areas. This study was designed to
compare the prevalence of objectively demonstrated reversi-
ble airways obstruction (RAO) in primary schoolchildren in
three study areas: northern Harare (high socioeconomic class
urban children), southern Harare (low socioeconomic class
urban children) and Wedza Communal Land (rural children
from peasant families). Peak expiratory flow (PEF) was
measured before and after six minutes free running in a total
of 2055 children aged 7-9 years. Evidence of RAO was
deemed to be present in any child whose pre-exercise PEF
was below the 2-5th centile for height and rose by > 15%
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after salbutamol, and in any child whose PEF fell by > 15%
after exercise and rose again after salbutamol. The prevalence
of RAO thus defined was 5 79% in northern Harare (n =
726), 3-12% in southern Harare (n = 642) (X2 5-61, p < 0.02),
and 0-15% in Wedza (n = 687) (X 18-8, p < 0-001). In
northern Harare, the only study area in which caucasian
children were found, the prevalence of RAO in caucasians
was 5-3% (10/188) and in Africans was 5 95% (32/538) (NS).
Thus in a developing country setting a very much higher
prevalence of RAO was found in urban than in rural
children. Among children of higher socioeconomic class in
northern Harare no difference in prevalence between
caucasians and Africans was found. Higher material stan-
dards of living appear to be associated with a higher
prevalence of RAO.

Respiratory morbidity and bronchial hyperresponsiveness: a
prospective study

CJ TRIGG, M TOOLEY, MF D'SOUZA, RJ DAViES Department of
Respiratory Medicine, St Bartholomew's Hospital, London
Bronchial hyperresponsiveness (BHR) is far more prevalent
in the population than asthma and the significance of the
finding per se is uncertain. One hundred and twenty one
patients have been investigated at four month intervals over
one year, including bronchial provocation testing with
methacholine, questionnaires on respiratory symptoms and
smoking, skin testing with six allergens and lung function
testing. Twenty three patients had BHR defined as PDOFEV,
(provocation dose) 11yImol methacholine. No significant
seasonal change in bronchial responsiveness was shown over
all patients with measurable PD20FEV, on all three occasions
((247 umol, n = 45); the mean (SEM) 95% range of
variability was 0-24 (3 82) doubling doses (DD). A significant
fall in FEV, (- 4-27% (2%), p = 0 003, t test) occurred in
those patients with PD20FEV, <247 ymol. Patients with
BHR had significantly more days ofwheezing during the year
(Kruskal-Wallis test, median 26 days, p < 0-01) but only four
of the patients were known asthmatics. BHR was also related
to the presence of early morning symptoms of bronchial
irritability (X2 test, p = 0 007), rhinitis (Fisher's exact test, p
= 004), and upper respiratory tract infections (URTI)
during the winter months (Dec-April) (x2, p = 0.01). The
occurrence of URTI significantly lowered the PD20FEV, in
winter months (multiple linear regression, p < 0-001),
accounting for a mean fall of 1-44 doubling doses in
PD20FEV,. Seventeen patients did not have URTI during the
year and their PD20FEV, rose significantly during the winter
by 1-14 (0.7) DD. In conclusion, patients with BHR have
significantly greater respiratory morbidity than those with-
out and there may be a link with declining lung function as
detailed in the "Dutch hypothesis." Seasonal changes occur
in relation to URTI in winter but those without URTI show
the reverse change in winter, as previously shown by Britton
et al (JAllergy Clin Immunol 1988;82:134).

Pulmonary vascular changes in heart-lung trnsplantation

JP SCOTT, RL SMYTH, BA OTULANA, TW HIGENBOITAM, JA
HUTTER, JP MCGOLDRICK, J WALLWORK Respiratory
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Physiology Department, Papworth Hospital, Cambridge
Pulmonary vascular resistance may be altered as a result of
diffuse fibrotic lung disease. In heart-lung transplant (HLT)
recipients widespread lung fibrosis (LF) may be seen in
transbronchial biopsy specimens following repeated rejec-
tion and infection and is indistinguishable from the changes
of chronic rejection. Chronic rejection has been associated
with a rise in pulmonary vascular resistance (Dawkins et al,
Circulation 1984;97:283). We have studied 18 HLT at
between one and five years after transplantation. Eight had
LF (mean age 38-1 years (ranged 28-53), seven males, one
female). There were 10 patients without fibrosis (WF) (mean
age 37-7 years (range 23-50), four male, six female). Lung
function tests demonstrated higher FEV, in the WF group,
mean 116% predicted (SD 16-6%) than in the LF group
(74% (19-4%)). Flow directed pulmonary artery catheter
with rest (R) and 50 watt supine exercise (Ex) allowed
calculation of cardiac index in 1/min/m2 (CI), pulmonary
vascular resistance in Wood units (PVR) and measurement of
mixed venous oxygen saturation (Svo2%). The table shows
means (SD) with comparison by an unpaired Student's t test.
We conclude that fibrotic changes after successfully treated
rejection and infection do not alter pulmonary vascular
resistance.

C! PVR Svo2
R Ex R Ex R Ex

LF 3-4 5-8 1.0 17 73-5 51
(03) (0-9) (03) (1-1) (10-3) (8.9)

WF 3-1 6-5 0-9 1-4 75-2 46
(0-8) (1-2) (03) (07) (11-5) (11 5)

p NS NS NS NS NS NS

Lung preservation: evaluation of two perfusion solutions in a

dog model of ischaemic lung injury

S OWEN, T HOOPER, M JONES, D THOMSON, L COOK, S WILKES, A

WOODCOCK Cardiothoracic Unit, Wythenshawe Hospital,
Manchester Improved methods of lung preservation are

essential to the wider application of lung transplantation.
Euro-Collins (EC) is currently used as a perfusion fluid, but
Marshall's solution (M) has theoretical advantages because
its high mannitol content may act as a free radical scavenger.

We have used a dog model of ischaemic lung injury with a

flush perfusion technique to compare EC and M. A left
thoracotomy was performed in 10 anaesthetised dogs and the
left lung excluded. The left pulmonary artery was cannulated
and 30 ml/kg of EC or M infused over four minutes. The left
lung was subjected to 60 minutes ofnormothermic ischaemia
(T-60 to T 0) before reperfusion. The contralateral lung was
then excluded. Measurements of sequential blood gases were

made over the following four hours at a fixed Fio2 (0-4). BAL
differentials were obtained from the postcaval lobe of the
right lung at time - 60 and from the reperfused left lung at
+ 240 minutes. The mean Pao2 was significantly higher with
M than with EC at all time points (p < 0-001). At 240
minutes there was a neutrophil influx, considerably less with
M than with EC (mean 24% versus 77%; p < 0-005). The
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results show that (1) this dog model provides a useful
investigative approach to ischaemic injury; (2) BAL neutro-
philia provides a marker of the degree ofischaemic injury; (3)
Marshall's is a superior perfusion fluid in this model.

Mean Pao2 (mm Hg)

Time (min) - 60 + 60 + 120 + 180 + 240

M(n = 5) 159 152 135 116 124
EC= 5) 145 59 54 50 51

Value of transbronchial biopsy specimens in children after
heart-lung transplantation

JP SCOTT, RL SMYTH, B WHITEHEAD, TW HIGENBOTTAM, P

HELMS, M DE LEVAL, J WALLWORK Heart-lung Transplant
Research Unit, Papworth Hospital, Cambridge, and Hospital
for Sick Children (Great Ormond Street), London
Transbronchial biopsies (TBB) are of considerable value in
the grading and differentiation of infection and rejection
following heart-lung transplantation (HLT). The use of
fibreoptic bronchoscopy (FOB) in adults following HLT has
already been described (Transplantation 1988;46:532).
Serious difficulties with this technique are encountered in
children. We report our experience with 63 TBB in these
patients. Eight children, mean age 11-6 years (range 3-15),
received HLT at our two institutes in the period May 1987 to
March 1989. The mean follow up period was 11-2 months.
Rejection was found on 42 occasions and viral pneumonitis
on two. Sedation was with either intravenous benzodiazepine
(n = 22) or general anaesthesia (n = 19). Fifty two biopsies
were performed by FOB, biopsying all three lobes on the
right side, and 11 were performed with the rigid bronchos-
cope, biopsying from the left lower lobe and lingula or the
right lower lobe. One patient had a low platelet count but
normal coagulation and suffered two episodes of major
bleeding. A pneumothorax occurred once. Apnoeic ventila-
tion was necessary in one patient because the endotracheal
tube size was too small to permit ventilation with the
bronchoscope down. We recommend that intubation be
undertaken in children who can tolerate a 7 5 gauge endotra-
cheal tube or greater as this will permit a standard 4 6 mm
paediatric bronchoscope to pass with adequate ventilation.
In children with small airways rigid bronchoscopy is
appropriate. If platelets are depressed or uraemia is severe,
then only two biopsies per lobe should be undertaken with
this technique.

Gas exchange and physiological dead space during exercise
following single lung transplantation for pulmonary fibrosis

CR SWINBURN, TN STONE, JH DARK, PA CORRIS Departments
of Respiratory Medicine and Cardiothoracic Surgery,
Freeman Hospital, Newcastle upon Tyne We have studied
the effect of exercise on gas exchange and physiological dead
space (VD/VT) in four long term survivors of single lung
transplantation (SLT) performed for pulmonary fibrosis.
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The patients were studied between 9 and 17 months post-
operatively. Each performed three minutes of cycle
ergometer exercise at a work rate equivalent to 50% of their
previously determined maximum. Arterial oxygen saturation
(Sao2) and mixed expired CO2 were measured continuously
during exercise. No patient showed any fall in Sao2 and in
three patients, Paco2 fell slightly (average 0 3 kPa) during
exercise. In these patients, VD/VT fell from 45% (3%) at rest
to 35% (8%) during exercise. In the fourth patients, VD/VT
rose by 13% during exercise, with no change in Paco2. It was
noteworthy that this patient had a biopsy proven episode of
rejection within one month prior to study whereas none of
the other three patients had experienced rejection within the
previous three months. These results suggest that, in general,
the previously noted preferential perfusion and ventilation to
the transplanted lung (Eur Respir J 1989;1:288S) is main-
tained during exercise following SLT for pulmonary fibrosis.

Herpes simplex virus infection in relation to cytomegalovirus
infection and immunosuppressive treatment in heart-lung tran-
splant recipients

RL SMYTH, JP SCOTT, TW HIGENBOTTAM TG WREGHITT, S
STEWART, CA CLELLAND JP MCGOLDRICK, J WALLWORK
Heart-Lung Transplant Research Unit, Papworth Hospital,
Cambridge We report our experience of herpes simplex
virus (HSV) infection following heart-lung transplantation
(HLT). In a series of 51 HLT recipients, nine patients
developed herpes simplex virus infection. Seven episodes of
culture proven mucocutaneous HSV infection occurred in
four patients and six episodes of HSV pneumonia were seen
in five patients, one of whom died. Diagnosis was by
histological appearances on transbronchial biopsy together
with culture of lung tissue or bronchoalveolar lavage.
Concomitant cytomegalovirus pneumonia occurred in four
patients. All patients in whom HSV infection occurred were
seropositive for the virus preoperatively. All the episodes of
HSV pneumonia arose within the first two postoperative
months and occurred in four patients during augmented
immunosuppressive treatment. We suggest that all heart-
lung recipients who are HSV antibody positive should receive
prophylactic acyclovir for the first two months after surgery
and at times of augmented immunosuppression. HSV is an
important pathogen in this population. Early diagnosis by
transbronchial biopsy and bronchoalveolar lavage and
prompt treatment with acyclovir together with continued
prophylaxis have contributed to the low mortality in this
group.

Methylprednisolone (MP) and prostacyclin (P) in lung
preservation

S OWEN, T HOOPER, D THOMSON, M JONES, L COOK, S WILKES, A
WOODCOCK Cardiothoracic Unit, Wythenshawe Hospital,
Manchester A cold flush perfusion technique is commonly
employed for lung preservation prior to transplantation. MP
and P are also frequently used, but their relative merits are
unclear. We have used a dog model of ischaemic lung injury

Proceedings
to investigate this further. Following a left thoracotomy the
left lung was excluded and the left pulmonary artery
cannulated. Fifteen dogs were studied and randomly
allocated to three groups: (1) Flush perfusion with Euro-
Collins (EC) solution (30 ml/kg); (2) Intravenous infusion of
MP (30 mg/kg) prior to thoracotomy + EC perfusion; (3)
Intravenous infusion of P (30 ng/kg/min) followed by EC
perfusion + P (20 pg/l). The left lung was then subjected to 60
minutes of normothermic ischaemia (T-60 to T 0) before
reperfusion and exclusion of the contralateral lung. Sequen-
tial measurements of blood gases were made over the
following four hours at a fixed Fio2 (0 4). Bronchoalveolar
lavage differentials were obtained from the postcaval lobe of
the right lung at T-60 and from the reperfused left lung at T
+ 240 minutes. Mean Pao2 was significantly higher after MP
(p < 0-01) or P (p < 0 005) than with EC perfusion alone.
Mean Bronchoalveolar lavage neutrophil influx was lower
after P (50%) (p < 0-05) and MP (57%) than with EC (77%).
We conclude that: (1) Both P and MP reduce the severity of
ischaemic lung injury in this model; (2) Bronchoalveolar
lavage neutrophil influx is a potentially useful marker of
ischaemic lung injury.

Mean Pao2 (mm Hg)

Time (min) - 60 + 60 + 120 + 180 + 240

I(n= 5) 145 59 54 50 51
II(n= 5) 141 113 110 108 104
III(n = 5) 152 145 125 124 104

Dose-response study of salmeterol, a long acting beta2 agonist

CW BEERMAN, JP KEMP, FM CUSS University of Washington
and University College of San Diego, Seattle, USA Four
doses of salmeterol (12 5, 25, 50, 100 jg) were compared with
salbutamol (200 jg) and placebo in 24 asthmatic subjects
studied in two centres in a randomised, double blind,
balanced Latin square design. Following a 12 hour stabilisa-
tion period, a single dose of study medication was adminis-
tered by metered dose inhaler every seven days for six weeks
and pulmonary, cardiovascular (including Holter monitor-
ing) and biochemical parameters were monitored for 24
hours. Salmeterol 25, 50, and 100 pg were significantly better
than placebo (p < 0 003) and had a significantly longer
duration of action than salbutamol (25 pg 4-8 h longer, p =

0-0025; 50 pg 6-8 h, p = 0 001; and 100 pg 8-11 h longer).
There was a similar onset of bronchodilation for salbutamol
and salmeterol 25, 50, and 100 pg. Salmeterol (12-5,25,50 jg)
has no effect on respiratory rate, blood pressure, pulse rate,
cardiac arrhythmias or biochemical parameters. Compared
with placebo, only 100 pg caused a greater incidence of
pharmacologically related adverse effects-namely,
increased pulse rate (6-9 beats/min, slight changes in lactate,
glucose and potassium, and complaints of tremor (5/24) and
palpitations (4/24). These data show that salmeterol by
inhalation is a potent bronchodilator with at least a 12 hour
duration of action. Although it has greater efficacy its safety
proffle is similar to that of salbutamol.
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Effects of terfenadine and ipratropium bromide alone and in
combination on exercise induced asthma

JP FINNERTY, ST HOLGATE Immunopharmacology Group,
Southampton General Hospital, Southampton Exercise
induced asthma (EIA) is believed to be due in part to
histamine release. Vagal reflexes have also been implicated in
EIA. We investigated the interaction between these two
mechanisms using ipratropium bromide (Ib), a muscarinic
receptor antagonist, and terfenadine (T), a H-receptor
antagonist. Ten stable asthmatics with EIA undertook four
identical exercise tasks, each of 6 min on a treadmill at
intervals of 3-5 days. For each subject the exercise task had
previously been shown to induce > 25% fall in FEV. Three
hours prior to exercise challenge subjects took T 180 mg or
matched placebo, and 30 min prior to challenge subjects took
Ib 0 5 mg nebulised or saline placebo; thus on the four visits
subjects received T alone, lb alone, T + Ib, or placebo alone.
Response to exercise was recorded as the maximum % fall in
FEV, over 30 min post-exercise from the pre-exercise value.
The mean (SEM) max % fall in FEVY after placebo alone was
33-6% (3 8%). Following T alone this was reduced to 27-2%
(3 6%) (p = 0 03). After lb alone the max % fall was 218%
(3 9%) (p = 0-01). After T + lb, the max % fall was 15-1%
(4-1%) (p < 001), and this inhibition was found to be
statistically greater than that with T alone (p < 0-05). The
protection effects oflb and T were additive, and there was no
correlation between the protection afforded by T and that by
Ib. Nine subjects then underwent histamine challenges 30
min after either nebulised Ib 0 5 mg or nebulised saline
control. The geometric mean PC20 after placebo (±
geometric SEM) was 0 44 (0 19-101) mg/ml. Following lb
the geometric mean was 0 85 (0 45-1-62) mg/ml (NS). Thus
on the basis of the protective effects of T and Ib both
histamine release and vagal reflexes did contribute to EIA in
our subjects. There was no relation between the two factors.
Inhaled histamine dd not have a significant effect via vagal
pathways.

Effect of inhaled steroid reduction on airway responsiveness
and clinical asthma severity: a double blind, randomised
controlled trial

EF JUNIPER, PA KLINE, MA VANZEELEGHEM, FE HAR-
GREAVE Department of Medicine, McMaster University,
Hamilton, Ontario, Canada We have shown recently, in a
controlled trial, that the prolonged use of regular inhaled
steroids can produce large improvements in airway respon-
siveness (> fourfold), accompanied by improvements in
clinical asthma severity. The present study was designed to
evaluate whether these improvements are maintained when
the steroid is reduced. At the end of the original study 28
asthmatics, who had been in the active arm, were randomised
to either continue on maximum steroid treatment or to have
the dose reduced. Airway responsiveness to methacholine,
bronchodilator requirements and symptoms were assessed
after 1 5 and 3 months. No subjects withdrew owing to poor
symptom control. During the three months there was no
evidence of change in mean PC, in subjects who had their
steroids reduced (initial: 2-03 mg/ml; final: 191 mg/ml) and
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this was not different from those maintained on a high dose
(initial: 3-02 mg/ml; final: 3-12 mg/ml) (p = 0 39). Similarly,
there was no evidence of any change in FEV, or bron-
chodilator requirements. However, after three months of
reduced steroid use, symptoms (predominantly sputum
production) were beginning to redevelop (p = 0-056). The
results suggest that, when inhaled steroids are reduced
following prolonged treatment, airway responsiveness can be
maintained for several months and that a deterioration in
symptoms may precede any increases in responsiveness.

Effect ofinhaled frusemide on metabisulphite an methacholine
induced bronchoco ion and nasal potentials in asthmatic
subjects

GM NICHOL, EWFW ALTON, A NIX, DM GEDDES, KF CHUNG, PJ
BARNES Department of Thoracic Medicine, National Heart
and Lung Institute and Brompton Hospital, London We
studied the effect of frusemide (F) on indirect bronchocon-
striction by inhaled metabisulphite (MBS), direct constric-
tion by methacholine (MC), and nasal potential difference in
seven mildly asthmatic subjects. Each inhaled F, 30 mg, or
saline placebo (P) in a randomised, double blind fashion
immediately before challenge with MBS ((0-3-160 mg/ml in
increasing doubling concentrations) and on another day in
six of the subjects, MC (0-125-32 mg/ml) aerosols from a
nebuliser attached to a dosimeter. PC2JMBS and PC20MC,
the concentration of each agent needed to lower FEV, by
20%, were calculated by linear interpolation of the log dose-
response curves. F had no effect on resting lung function, but
caused a significant threefold reduction in sensitivity to MBS
(PC2JMBS, GM + GSEM 15 1 (1-6) mg/ml after P and 40 7
(1-7) mg/ml after F; p < 0 001) with a protective index of64-8
(10-7%). F caused no change in sensitivity to MC (PC2JMC,
GM + GSEM 2-37 (1-61) mg/ml after P and 2-19 (1.75) mg/
ml after F; NS). In a third study all seven subjects inhaled F,
30 mg, or P through the nose in a randomised, double blind
fashion immediately prior to nasal inhalation of a PC20 dose
ofMBS. Nasal potentials (mV, mean (SEM of4 per subject)
measured before and after F or P and again after MBS
showed no significant change:

Baseline PorF MBS
Placebo day 222 (3-22) 23 1(3 0) 22-7 (2-9)
Frusemide day 23 4 (3-8) 23 8 (3-9) 23-8 (3-9)

We conclude that inhaled F inhibits MBS induced bron-
choconstriction, but does not directly reduce smooth muscle
contractility. Neither does F affect epithelial ion transport, or
reduce epithelial permeability, at least the MC. The mechan-
ism whereby F protects against bronchoconstriction by MBS
deserves further investigation.

Effect ofcerizine on ismine and LTD induced bronchocon-
scon in subjects with mild atopic asthma

SK GHOSH, I MCILROY, KR PATEL Department ofRespiratory
Medicine, Western Infirmary, Glasgow Cetirizine is a
specific and potent H, receptor antagonist with antiallergic

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.44.10.834P

 on 1 O
ctober 1989. D

ow
nloaded from

 

http://thorax.bmj.com/


852P

activity. It seems to modify allergen induced bronchocon-
striction in asthmatic patients. We have examined the effect
ofcetirizine after a single dose (15 mg) and a week's treatment
(15 mg bd) on leukotriene (LTD4) and histamine (H) induced
bronchoconstriction in a placebo controlled double blind
cross over study in 10 patients (mean (SEM) age 36-9 (2 9) y,

mean FEV, 3-34 (0 24) 1) with atopic asthma. LTD4 and H
were inhaled in doubling concentrations from a dosimeter.
The results were expressed as concentration (PCn) producing
20% fall in FEV1 and statistical significance analysed using
Wilcoxon's test. The mean pretreatment baseline FEV,
values were comparable with placebo and cetirizine. The
geometric mean PC,,, LTD4 was 2-26 nmol and 2-37 nmol
after a single dose and a week's treatment with placebo
respectively compared with 4 09 nmol (p < 0 05) and 3-20
nmol after single and a week's treatment with cetirizine. The
geometric mean PC20 H was 1-6 umol and 1 67 ymol after a
single dose and a week's treatment with placebo respectively
compared with 18-08 umol (p = 0 006) and 53-17 ymol (p =
0 006) after cetirizine. The decrease in PC20 H with cetirizine
after the first and the last dose was significant (p < 0-01).
These results suggest cetirizine is a potent H1 antagonist and
also has a minor anti Ltd4 effect after the first dose. Our
results also suggest development of subsensitivity to
cetirizine in the airways as seen in the skin with some

antihistamines. The clinical relevance of these observations
need further investigation. No significant side effects were

reported by the patients studied.

Randomised, double blind, placebo controlled, crossover

(RDBPCC) study of a potassium channel activator (KCA) in
morning dipping

S OWEN, S CHURCH, P STONE, B BOSCH, S WEBSTER, E LAVENDER,
A WILLIAMS, A WOODCOCK Manchester Royal Infirmary,
Beecham Pharmaceuticals, and Cardiothoracic Unit, Wythen-
shawe Hospital, Manchester KCAs are drugs which relax
smooth muscle cells. They open potassium (K+) channels in
the plasma membrane, which allows net movement ofK+ out
of the cell; the membrane hyperpolarises and the cell relaxes.
The prototype KCA, cromakalim (C), inhibits histamine
induced bronchoconstriction in volunteers (Br J Clin Phar-
macol 1988;2:1 14P). We have assessed the inhibitory effect of
C in morning dipping. Twelve patients with asthma (mean
FEV, 3 0 litres, range 1l1-5 0 1) were studied over a three
week period in an RDBPCC protocol. In each week, for five
consecutive nights, patients received oral doses of drug or

placebo at 2330 hours. On the fifth night their FEV, was

measured in hospital at 2300 h and again at 0600 h the next
morning. The % fall in FEV, was significantly reduced after
dosing with 0 5 mgC (table). Two ofthe patients did not have
morning dipping, one required treatment for wheezing on the
placebo night, and one was treated on all three study nights.
Subgroup analysis of the eight patients who satisfied the
protocol inclusion/exclusion criteria showed a significant
reduction in the fall in FEVY after C (table). In this study
morning dipping was attenuated after five doses of a KCA.
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5th nightfall in FEV, (SEM) at 06.00 h

Intention to treat Subgroup analysis
analysis (n = 12) (n = 8)

Treatment %fall Fall (1) %fall Fall (1)

Placebo 20-0 (5-7) 0-67 (0-17) 28-7 (5-1) 0-88 (0-16)
C 025mg 17-4 (3.2) 055 (013) 19.0* (4.2) 055* (016)
C 0 5 mg 10-1* (6-5) 0-39 (0.20) 14-9t (6 5) 0 46t (0 23)

Difference from placebo: *p < 0-05. tP< 0 005 (ANOVA and t test).

Measures of sleep disturbance in asthma: failure to correlate
with indices of disease severity

JR STRADLING, N RINGSTED Osler Chest Unit, Churchill
Hospital, Oxford Deteriorating asthma is usually
associated with increasing diurnal variation of peak
expiratory flow rate and reports ofsleep disturbance. Percep-
tion ofasthma varies between individuals and we wondered if
objective measures of sleep disturbance would correlate with
patients' reports of nocturnal asthma, or with other objective
measures ofasthma severity and lability. Forty six asthmatics
(19 women, age range 17-64 years, 89% atopic) were
recruited via local GPs, visited at home, and asked about
their asthma and reversibility in response to salbuamol was
measured. An asthma diary card (day and night, symptoms
and beta2 stimulant inhaler use) and mini Wright peak flow
meter were left for use over a two week period. Towards the
end of the two weeks a wrist actigraph was worn overnight,
which logged the presence or absence of movement in 36
second epochs. This device has been shown to accurately
reflect sleep and arousals and the data (between "lights out"
and "lights on") were expressed as % time spent moving and
arousals per hour. Methacholine reactivity was measured in
35 patients. Diurnal variation in PEF ranged from 0 to 35%
(mean 8%), and PD20 from 0 07 to 17 8 pg (geometric mean
0 7 pg) and FEVy from 17 to 119% predicted (mean 73%).
Percent time spent moving at night ranged from 6 to 40%
(mean 13%) and arousals per hour from 3-1 to 6- 5 (mean 4-5).
Diurnal variation correlated with FEV, (-0-6, p < 0-0001)
and reversibility (0 45, p = 0 002) but very poorly with
overnight symptoms, overnight beta2 stimulant inhaler use
and the indices of sleep disturbance (all p > 0 2). Overnight
symptoms and beta2 stimulant inhaler use did not correlate
with the indices of sleep disturbance either (all p > 0 4).
Possible explanations are (1) interindividual variation in
sleep disturbance, which may have "swamped" any correla-
tion with asthma severity; (2) the asthma severity overall may
have been too little to provoke awakenings, or (3) some
patients may be "tolerant" of their nocturnal wheeze and
sleep through it whereas others cannot.

Trcutaneous carbon dioxide monitoring during sleep in
patients with chronic airflow limitation

N CARROLL, RA PARKER, MA BRANTHWAITE Brompton Hosp-
ital, London Continuous monitoring of oxygen saturation
during polysomnography in patients with chronic airflow
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limitation is a well established technique but few centres
monitor carbon dioxide as well. Carbon dioxide retention
during episodes of hypoventilation or with the use of oxygen
therapy may therefore pass unnoticed. Intermittent arterial
sampling in patients with chronic airflow limitation has
demonstrated little increase in PaCO2 overnight (Catterall et
al, Am Rev Respir Dis 1983;128:24-9). We studied 21 patients
(17M, 4F) with chronic bronchitis and emphysema aged 33 to
76 years. All had severe but stable airflow limitation (mean
FEV, 640 ml; range 300-1200 ml). Daytime arterial blood gas
analysis demonstrated a mean Pao2 of 7-3 kPa (range 5 7-
11 -3) with a Paco2 of 6-6 kPa (range 4.8-9 2). Polysomnogra-
phy was performed in all patients. Each was studied on two
consecutive nights with data recorded on the second night
only. Transcutaneous carbon dioxide levels (TcPco2) were
measured continuously using a Hewlett Packard cap-
nometer. Mean total sleep time was 300 min (range 142406
min) with a mean REM time of 48 min (range 6-87 min).
Oxygen desaturation during REM related hypoventilation
was seen in 19 patients. The mean maximum increase in
TcPco2 overnight was 9 9 mm Hg (1-3 kPa) (range 4-22 mm
Hg) with the peak invariably occurring during REM sleep. In
15 patients between 10 and 300 min overnight were spend
with a TcPco2 more than 6 mm Hg above waking values.
These results differ from those of Goldstein et al (N Engi J
Med 1984;310:425-9), who found a mean maximum increase
of only 4 mm Hg in similar patients, in whom, however, the
mean total REM time was less than 20 min. We have found
that monitoring TcPco2 overnight may detect significant and
prolonged carbon dioxide retention in patients with chronic
airflow limitation. This suggests that some patients might
benefit more from the use of assisted ventilation overnight
than from long term oxygen therapy.

Relationship of obstructive sleep apnoea to neck circum-
ference, obesity, soft palate length, and retroglossal space

RJO DAVIES, JR STRADLING Osler Chest Unit, Churchill
Hospital, Oxford This unit has previously shown that in
normal man neck circumference correlates with nocturnal
hypoxaemic dipping due to obstructive sleep apnoea (Thorax
1989;44:353P). In this current study 66 patients, referred and
investigated for possible sleep apnoea (OSA), were assessed
to establish the relative diagnostic predictive value of several
simple indices: neck circumference (measured at the level of
the cricothyroid membrane and corrected for height), obesity
(weight/height2), and measurements from a non-
cephalometric lateral pharyngeal soft tissue radiograph. Soft
palate length (end of the hard palate to the tip of the uvula),
the position ofthe hyoid bone (distance from the mandibular
plane to the hyoid), and the retroglossal space at its
narrowest point were measured directly from the radiograph.
The severity of OSA was expressed as the average rate of
hypoxaemic dipping, (the number of >4% dips in Sao2 per
hour of study). All studies were performed using the Ohmeda
3700 oximeter with confirmation ofOSA by eight hour video
recording and polysomnography. Percent predicted neck
circumference (r = 0-65), obesity (r = 0-5), hyoid position (r
= 0-4), and soft palate length (r = 0-3) correlated significan-
tly with Sao2 dip rate; retroglossal space did not. However, in
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a multiple linear regression analysis, with Sao2 dip rate as the
dependent variable, only percent predicted neck circum-
ference and retroglossal space were independent predictors
(r2 = 0-42 and 0-07, together p < 0-0001); none of the other
variables added significantly to the model (total r2 = 0 52).
Therefore variability in these two indices explains about half
the variability in dip rate. Surprisingly, hyoid position and
soft palate length are not independent predictors but appear
to be themselves dependent on neck size.

Nocturnal hypoxaemia due to adenotonsillar hypertrophy in
homozygous sickle cell disease (SCD)

P HABIBI, V LARCHER, J EVANS Department of Haematology
and Child Health, Queen Elizabeth Hospital for Children,
London Recurrent episodes of hypoxaemia due to obstruc-
tive sleep apnoea (OSA) can result from adenotonsillar
hypertrophy, a feature which is noted in sickle cell disease
(SCD). Because oxygen desaturation may produce sickling
and increased morbidity in SCD, we studied nine out of 75
children with homozygous SCD attending our clinic who had
a history suggestive of OSA. All nine had numerous hospital
admissions with sickle crises, a proloned history of snoring,
and restless sleep. Sleep studies were carried out using
respiratory inductive plethysmography and pulse oximetry.
Four children had nocturnal hypoxaemia (mean Sao2
< 90%) with numerous episodes of obstructive apnoea
causing dips in oxygen saturation below 60%. Nocturnal
enuresis was present in two who also had daytime som-
nolence and learning and behavioural problems. In all four,
adenotonsillectomy resulted in an immediate abolition of
OSA and a normal oxygen saturation. In two daytime
symptoms improved and the enuresis stopped. Although the
prevalence of OSA in the population with SCD is unknown,
it is our impression that it is underdiagnosed. Our data
suggest that OSA in patents with homozygous SCD is an
important cause of repeated sickle crises.

Value ofovernight ear oximetry as a simpified diagnostic study
for sleep apnoea syndrome

PO OLUBOYO, W FREEMAN, RM CAYTON Department of Res-
piratory Physiology, East Birmingham Hospital, Birmingham
The wide recognition of sleep apnoea syndrome (SAS) as a
serious medical condition is a recent phenomenon. Its
diagnosis is mainly confined to specialist sleep centres with
facilities for polysomnography. There is a role for cheaper
but reliable diagnostic studies. Continuous overnight
measurement of arterial oxygen saturation (Sao2) using an
ear oximeter is the most useful bedside technique, and has
recently been demonstrated to detect apnoea and hypopnoea
and differentiate rapid eye movement (REM) and non-REM
sleep with a high degree of accuracy (Farney RT et al, Chest
1986;89:533). We systematically evaluated tracings from 70
consecutive referrals aged 41-80 years (18 females) recorded
by a Hewlett Packard 47201A ear oximeter (paper speed, 20
cm/h) over a 30 month period. Apnoeic and hypopnoeic
events, evident by cyclical transient desaturation of >4%

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.44.10.834P

 on 1 O
ctober 1989. D

ow
nloaded from

 

http://thorax.bmj.com/


854P

followed by rapid rise of at least 3% (representing arousal),
were measured throughout the overnight study using the
criteria of Farney et al. SAS was diagnosed with > 5 dips
(> 4%) in SaoJ/h (Gould GA et al, Thorax 1987;42:722). The
tracings were classified as SAS (mild, moderate and severe),
"atypical" SAS, SAS + chronic hypoxic lung disease
(CHLD), CHLD, normal (N) and unclear (Un). "Atypical"
SAS was identified by cyclical and regular desaturations with
characteristic saw tooth pattern but <4% dips. The results
are shown in the table. All those classified as SAS with or
without CHLD fulfilled the criteria of Gould et al; the one
"atypical" SAS would have been missed using these criteria
alone. Only six were considered unclear and in need of
detailed study. We conclude that using the evaluation
described, overnight ear oximetry will reliably diagnose
clinically significant cases ofSAS and significantly reduce the
need for polysomnography.

SAS "Atypical" SAS + CHLD CHLDN Un

No 17 1 5 14 27 6
Age range 45-65 56 48-70 48-80 41-72 48-76
Female 5 - 1 4 6 2

Hypopnoeic episodes during sleep can be scored accurately and
may replace the need for oronasal flow meaurements

KF WHYTE, MF FITZPATRICK, MB ALLEN, AA JEFFREY, J MOLLOY,
NJ DOUGLAS Rayne Laboratory, Department ofRespiratory
Medicine, University ofEdinburgh Hypopnoea, defined as a

50% reduction in thoracoabdominal movement for at least
10 seconds, are as clinically important as apnoeas in produc-
ing clinical sequelae (Gould et al, Am Rev Respir Dis
1988;137:895). Use of other hypopnoea definitions led to
poor interobserver agreement on the frequency and, par-
ticularly, on the duration of hypopnoeas (Bliwise et al, J
Neurosci Methods 1984;12:49). Hypopnoea scoring
reproducibility was investigated using the above definition
and we also examined if a flow signal, to detect apnoea, is
necessary or whether all episodes of apnoea were detected as

hypopnoeic episodes. Fifteen all night sleep traces, in which
flow was recorded by oronasal thermocouples and
thoracoabdominal movement by induction stethogram, were

independently scored by two trained polysomnographers.
Each observer scored each record twice, once without the
flow signal, and once scoring 10 second apnoeic episodes (A)
from the flow trace and hypopnoea (H) only when no apnoea
coexisted. A wide range of episodes of apnoea (mean 86,
range 0-435 per night) and of hypopnoea (264, 79-517 per
night) were seen in these patients. Agreement was good
between the observers for the number of episodes of hypo-
pneas (r = 0 99) with a mean % difference (highest-lowest/
lowest x 100) of 6-9%. Similarly, the agreement on apnoea
was good (r = 0 99, mean % difference 9%). Agreement on

the total duration of hypopnoea (r = 0-99, mean %
difference 8 9%) and apnoea (r = 0 99, mean % difference
12-7) was also good. The mean % difference between the
number of respiratory events comparing A + H with
hypopnoea scored without reference to flow was 0-5%. When
no reference was made to the flow signal, the maximal
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underrecognition of events was 11 per night. This study
shows that hypopnoea can be reproducibly scored and
suggests that there may be no value in detecting apnoea in
addition to hypopnoea.

Relation of sleepiness to sleep disruption rather than to the
severity of breathing disturbance in sleep apnoea and hypo-
pnoea

KF WHYTE, MB ALLEN, MF FITZPATRICK, J MOLLOY, KE
CHESHIRE, CM SHAPIRO, NJ DOUGLAS Rayne Laboratory,
Department ofRespiratory Medicine, University ofEdinburgh
Sleepiness is the dominant, and possibly most dangerous,
symptom of the sleep apnoea-hypopnoea syndrome (SAHS)
(George et al, Lancet 1987;ii:447). In 100 consecutive SAHS
patients (87 M, age range 18-70 y, wt 93-305% ideal body
wt), each having > 15 episodes of apnoea (A) + hypopnoea
(H) per hour slept plus symptoms (range 15-170 A + H/h
slept). We examined the relation between the patient's
objective awareness of sleepiness, sleep onset latency (SOL)
on the night of their diagnostic sleep study, the number of
arousals ( > 1-5 second increase in electromyograph and EEG
alpha or theta rhythm) and the severity of breathing distur-
bance (A + H frequency). In 25 patients we also measured
sleepiness objectively by the multiple sleep latency test (MSL)
(Carskadon, Sleep 1986;9:519). Subjective sleepiness was not
related to frequency of arousals, severity of breathing
disturbance (A + H frequency) or SOL in the diagnostic
study night. MSL (n = 25) did not correlate with A + H
frequency (p > 0 7) but did correlate with both arousal
frequency (r = 0-46, p < 0 05) and REM sleep duration (r =
0 54, p < 0-01). We conclude that neither the subjective nor
the objective measurements of sleepiness by the patient
related to the severity of SAHS. However, objective assess-
ment of sleepiness is related to the extent of the sleep
disruption produced by the breathing disturbances.

Accuracy of the Medilog sleep stager in overnight polysom-
nography

MARTIN ALLEN, KEITH PROWSE City General Hospital, Stoke
on Trent Conventional polysomnography uses electroence-
phalography (EEG), electromyography (EMG) and eye
movements (EOG) to stage sleep. In most sleep laboratories
these signals are recorded on paper for subsequent scoring, a
procedure which is laborious and time consuming. The
Oxford Medilog system records one channel of EEG +
EMG with two channels of eye movements on cassette tape
for later screen display and/or staging by an expert computer
system. In an attempt to assess the usefulness of the Medilog
system in a clinical sleep laboratory we have compared the
results of the computerised sleep stager (CS) with those
obtained by the "gold" standard of visual sleep staging (VS).
Six patients were studied for a total of seven nights. One
patient had sleep apnoea; five suffered from chronic bron-
chitis and emphysema (mean age 66-8 y, mean (SD) FEVI%
predicted 32-6% (12-2%). Each underwent a full sleep study
(airflow, respiratory movements, Sao2 + ECG) with simul-
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taneous recordings of EEG, EMG + EOG on tape and,
using four additional EEG electrodes, on paper. Both were
analysed independently and the two methods compared. The
CS system significantly (p < 0 05) overscored time in bed
(TIB) (mean of 397 v 376 min) and sleep period time (SPT)
(370 v 345 min). This was due to increases in stage 1 sleep
(94-8 v 16-1), with reductions in stage 2 sleep (142 v 208) with
CS. Time spent in slow wave sleep (SWS) + rapid eye
movement (REM) sleep were similar. The computerised sleep
system overscored TIB + SPT in all patients; however,
scores for SWS + REM were accurate. Despite these
shortcomings, the computerised system was easy to use and
capable of rapidly staging sleep, potentially reducing the
work load of a sleep laboratory.

Domiciliary assessment of overnight oxygenation in Duchenne
muscular dystrophy (DMD)

N CARROLL, PEM SMITH, RHT EDWARDS, PMA
CALVERLEY Muscle Research Centre and Department of
Medicine, University of Liverpool Patients with Duchenne
muscular dystrophy have respiratory muscle weakness and
may develop oxygen desaturation in rapid eye movement
sleep (Smith et al, Am Rev Respir Dis 1988;137:884).
Polysomnography has been used to study these boys but
requires hospital admission, which is inconvenient to a
disabled patient and his family and may result in nosocomial
infection. Domiciliary oximetry can overcome these difficul-
ties and potentially provides data about a more represen-
tative night's sleep. We studied 10 boys with Duchenne
dystrophy, median age 18-5 years (range 14-24 years) chosen
at random from patients with DMD attending a neuromus-
cular clinic. None had symptoms of nocturnal hypoventila-
tion. All patients had reduced lung volumes with a median
FVC of 1 1 litres (range 0 35-2 5) and reduced respiratory
muscle strength (median Plmax - 40 cm H20, median PEmax
+45cm H20). An Ohmeda Biox 3700 pulse oximeter and pen
recorder were used to monitor the patients at home and
recording began at the patient's usual bedtime. Total mon-
itoring time varied between 420 and 720 minutes. Oxygen
saturation (Sao2) fell from a median awake value of 96%
(range 90-97%) to a median nadir of 86% (range 53-97%).
The median time spent with an Sao2 more than 4% below the
awake value was 17 minutes (range 0-620 min). No relation
was seen between posture and oxygen saturation. Six patients
were restudied three months after the initial assessment and
the oximetric trace then obtained was very similar (Median
minimum Sao2 78% first study; 81% second study). Four
patients were also studied after acclimatisation in a sleep
laboratory and the oximetry results obtained were similar in
pattern and severity to the domiciliary results. We found that
domiciliary oximetry is a well tolerated technique which
provides reproducible results. Oximetry may allow an assess-
ment of the prevalence of nocturnal desaturation in DMD to
be made and any relationship with daytime respiratory
function to be determined.

Nocturnal erythropoietin levels in sleep apnoea

JM GOLDMAN, RM IRELAND, M BERTHON-JONES, RR GRUNSTEIN,
CE SULLIVAN Sleep Disorders Unit, Royal Prince Alfred
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Hospital and Department ofHaematology, St Vincents Hosp-
ital, Sydney, Australia It is not known why some patients
with chronic hypoxic lung disease develop polycythaemia
and others do not. One suggested mechanism is that noctur-
nal hypoxaemia stimulates erythropoietin secretion but a
clear correlation between oxyhaemoglobin saturation (Sao2)
and serum erythropoietin (sEPO) levels has not been demon-
strated (Wedzicha et al, Clin Sci 1985;69:413-22). In order to
define this association we studied a group of eight patients
with obstructive sleep apnea (OSA) who had marked falls in
Sao2 at night, and measured sEPO levels and hourly intervals
during sleep using a radioimmunoassay (Egrie et al. J
Immunol Methods 1987;99:235). The mean data (range) for
the group were: age (years) 52-5 (42-70), haemoglobin (g/dl)
14-6 (12-9-16-6), packed cell volume 0-44 (0 39-0 49),
creatinine (mmol) 90 (68-140), Pao2 (kPa) 10-3 (6-9-14-0),
FEVy (% predicted) 89-6 (58-94), lowest Sao2 during sleep
(%) 49.9 (33-78), highest sEPO (mU/ml) 16-0 (6-7-27 6). The
normal laboratory range for sEPO was 6-30 mU/ml and all
nocturnal measurements fell within these limits. There was
no discernible relation between sEPO level and Sao2 during
sleep. sEPO levels measured between 10 00 and 12-00 hours
in five subjects were within the normal range and did not
correlate with degree of nocturnal hypoxaemia. In con-
clusion, the falls in Sao2 that occurs during sleep in OSA are
not a direct stimulus to erythropoietin secretion. We suggest
that nocturnal hypoxaemia alone does not explain the
polycythaemia that occurs in chronic airflow limitation.

Wrist actigraph assessment of sleep in paffents with sleep
apnoea syndrome

J MOLLOY, NJ DOUGLAS Rayne Laboratory, Department of
Respiratory Medicine, City Hospital, Edinburgh Assess-
ment of sleep duration and quality is useful in the diagnosis of
the sleep apnoea syndrome (SAS). Recording of electroence-
phalograms (EEG), electromyograms (EMG), and electro-
oculograms (EOG), required for conventional sleep staging,
is both expensive and time consuming. Activity monitors
have been proposed as a method of assessing sleep duration
and frequency of arousal. These have mainly been validated
in normal subjects (Mullaney et al, Sleep 1980;3:83; Stradling
et al, Sleep Research 1987;586), whereas their major clinical
use would be in patients with SAS. We have therefore
evaluated wrist actigraphy in 13 patients with SAS (44 (SEM
8), Ap + Hyp/h slept), comparing sleep quality as assessed
by EEG, EMG and EOG with that obtained from wrist
actigraphy. Arousals were defined as 1 5 second or more
episodes of return of alpha or theta rhythm associated with
increased EMG tone. Actigraph criteria were for sleep onset
the start of a period of at least five minutes where the
maximum activity did not exceed the standard deviation of
the whole study, and for arousal any epoch with activity
greater than the mean + 2SD. Epoch length was 10 seconds.
Actigraphy significantly underestimated sleep onset latency
(EEG 27 (8) min, actigraphy 4 (2); p <0.02)), with no
correlation between the two (r = - 0-21). Total sleep time
was overestimated (EEG 309 (19) min, actigraphy 387 (8); p
< 0-01), with no correlation (r = 0 30). Actigraphy sig-
nificantly underestimated the number of arousals per study
(EEG 81 (11), actigraphy 38 (5); p < 0-01) with no

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.44.10.834P

 on 1 O
ctober 1989. D

ow
nloaded from

 

http://thorax.bmj.com/


856P

correlation between actigraphy and neurophysiological
arousals (r = 0 52). These results suggest that wrist actigra-
phy will not prove very helpful in assessment of sleep quality
in patients with the sleep apnoea syndrome.

Respiratory infection in an intensive therapy unit

IM CROPLEY, RA ELSTON, AD BLAINEY Whipps Cross Hospital,
London A quarter to a third of patients admitted to an
intensive therapy unit (ITU) acquire infection, of which 1/3-
2/3 is respiratory. Infection rates may be reduced by a
prophylactic antibiotic regimen. The incidence of respiratory
infection was assessed in patients intubated for > 4 days on a
general ITU in a district general hospital over a seven month
period. Respiratory infection was deemed present if > 3/5 of
the following criteria were met: (1) new pulmonary infiltrate
on chest radiograph, (2) purulent sputum, (3) 2 temperature
spikes > 38'5°C or temperature > 38 5°C for 6 hours, (4)
increase in Fio2 of 0-15 to maintain oxygen saturation, (5)
leucocyte count > 12 x 109/1 or <4 x I09/l. Respiratory
infection developing up to 48 hours after admission to ITU
was regarded as primary and after 48 hours as secondary and
assumed to have been ITU acquired. Forty three patients
(13-6% of all ITU admissions), all of whom required
intubation within 12 hours of admission to the ITU were
studied. The median duration ofintubation was 9 days, range
4-56 days. Blood cultures and sputum samples were taken
routinely, and further specimens taken when clinically
indicated. No patient received regular H2 antagonists or
antibiotic prophylaxis. Twenty one (48 8%) had primary
respiratory infections. Tracheal aspirates grew Streptococcus
pneumoniae (2, both blood culture positive), Pseudomonas
aeruginosa (2), Escherichia coli (2, 1 blood culture positive),
Branhamella catarrhalis (1), Enterobacter cloacae (1). Twenty
three (53 5%) had secondary respiratory infections. Tracheal
aspirates grew Ps aeruginosa (8, 1 blood culture positive),
Haemophilus influenzae (2), Staphylococcus aureus (1), B
catarrhalis (1), Proteus mirabilis (1), E cloacae (1) and S
pneumoniae (1). Six (14-0%) had both primary and secondary
respiratory infection. Only five (11-6%) had neither. This
study confirms that patients intubated >4 days are at high
risk of developing a secondary respiratory infection in the
ITU. Antibiotic prophylaxis may prove of value in this
group.

Pulmonary tissue concentrations after the oral administration
of azithromycin in lung resections

AC DE SOUZA, CJ COUCH, J JONES, WE MORGAN, DL MORRIS
Department ofSurgery and Thoracic Surgery, University and
City Hospitals, Nottingham, and Pfizer UK Azithromycin is
a macrolide antibiotic in the new azalide class. It is more
stable than erythromycin and better absorbed in the gastroin-
testinal tract. Its half life is three to five times longer and it has
marked tissue uptake. It is active against most Gram positive
and negative organisms. This study investigated the levels of
azithromycin in lung tissue after a single oral dose. Subjects
(n = 14) were men admitted for lung resection, mean age of
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62 years. All had routine investigation results within 10% of
normal range. They were given a single oral dose (500 mg) of
azithromycin and at the set time oflung resection a sample of
blood was taken for determination of plasma levels. Three
time intervals were examined, 24, 72 and 96 hours post drug.
Drug levels in plasma and tissue were assayed by HPLC. In
only one plasma sample was the drug detected (at 24 hours
0-134 g/g) but the drug was found in all the lung tissue
samples at much higher concentrations: 24 h (n = 4)
mean 2-8 (SD 1.8), 72 h (n = 5) 2-6 (1 18), 96 h (n = 5) 3 9
(2-15) pg/g. The MIC of azithromycin for Haemophilus
influenzae is 1-2 ig/g and for most streptococci 0 5 Mg/g. No
side effects of the drug were recorded. These results support
present evidence that azithromycin is readily absorbed by
lung tissue, leaving a low serum level while maintaining this
high tissue concentration up to 96 hours after single oral
dose. Azithromycin is therefore potentially useful for both
surgical prophylaxis and medical treatment of lung infec-
tions. Studies of clinical efficacy are now required.

Risk factors for postoperative chest infection after upper
abdominal surgery

JP DILWORTH, RJ WHITE Frenchay Hospital, Bristol The
current incidence and the relative importance of risk factors
for chest infection after upper abdominal operation with
general anaesthesia have been determined and a model for
the prediction of the high risk patient devised. One hundred
and twenty seven patients undergoing elective upper
abdominal surgery were studied prospectively. Chest infec-
tion was diagnosed by a scoring system incorporating cough,
purulent sputum, chest signs, body temperature, radiogra-
phic change and blood white cell count. In the final 50
patients the anaesthetic, antibiotic, analgesic and physio-
therapy regimens were standardised. Individual risk factors
were analysed by x2 with Yates's correction. There were 49
male and 78 female patients (age range 18-87 years). Twenty
six (20 5%) patients developed a chest infection; 11 resolved
spontaneously, 15 required additional physiotherapy and
nine additional medication. Mean length of postoperative
stay was 10-73 days in those patients with infection and 7 84
days in those without (p < 0 05). Chronic bronchitis (p <
0-00001), airflow obstruction (p < 0-00001) and smoking
habit (p < 0 0005) were highly associated with development
of postoperative chest infection. Site of operation (p <
0-005), type incision (p < 0-05) and the presence of neoplasia
(p = 0 058) were also related to postoperative pulmonary
complications. Male sex, though apparently related, lost
significance when other factors were controlled for. There
was no relation between age, use of nasogastric tubes, length
of preoperative stay, duration of operation, preoperative
serum albumin, weight or body mass index and the develop-
ment of infection. Factors associated with postoperative
chest infection were weighted according to their degree of
significance to produce a model for prediction ofthe high risk
patient. This model was 96-3% sensitive and 75 8% specific.
This study demonstrates a continuing high incidence of
postoperative chest infection and clarifies those factors of
importance. We are able to define a high risk group who may
benefit from more intensive prophylaxis.
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Comparison of the effect of ampicillin and erythromycin on the
haemophili of sputum and saliva in patients with lower
respiratory tract infections

JE FOWERAKER, NJ COOK, P HAWKEY, RW LACEY Department
of Microbiology and Medicine, Leeds General Infirmary,
Leeds There is little detailed work on the effect of
antibiotics on the bacterial population ofretained respiratory
secretions. It is assumed that sensitive organisms are cleared
and replaced by a resistant flora. We compared the use of
ampicillin and erythromycin (500 mg qds) in adults with
lower respiratory tract infection. Sputum and saliva were
collected on day 0 and day 7 oftreatment. Total viable counts
of haemophili were made on selective agar. For each patient
20 representative colonies were taken per sample and tested
for X and V requirement, biotype and minimal inhibitory
concentration (MIC) of ampicillin and erythromycin.
Haemophilus influenzae was isolated from sputum from 9 of
10 patients. This persisted in five patients after erythromycin
and a sixth individual acquired the organism on this treat-
ment. These H influenzae biotypes had double the original
MIC to erythromycin. In contrast, H influenzae was lost from
sputum from four of five patients on ampicillin but replaced
with sensitive strains of H parainfluenzae. Numbers of
haemophili in sputum in general exceed those in saliva,
indicating that this was true colonisation not contamination
by oral flora. Haemophili in saliva remained sensitive to
ampicillin throughout the time of treatment. We suggest that
acute inflammatory changes at the bronchial mucosa lead to
increased availability of ampicillin and loss of sensitive
strains. During healing the levels of antibiotic drop and
recolonisation with the oral flora takes place.

Is community acquired pneumonia an indication for convales-
cent bronchoscopy?

SP GIBSON, DC WEIR, PS BURGE Department of Respiratory
Medicine, East Birmingham Hospital, Birmingham Com-
munity acquired pneumonia may be secondary to a bronchial
abnormality. In a previous retrospective study an incidence
of 5 3% of underlying bronchial carcinoma was found in
patients admitted with pneumonia (MacDowell DE et al,
Southern Med J 1980;73:761). Radiological clearing of
pneumonic shadowing may take over three months (Mac-
farland JT et al, Thorax 1984;39:28). If bronchoscopy is
delayed for this length of time it may affect the treatment
options available. We have assessed the role of fibreoptic
bronchoscopy in detecting underlying abnormalities in 64
sequential adult patients with community acquired
pneumonia. Exclusion criteria were age > 80 years,
immunosuppression, pneumonia secondary to aspiration or
cerebrovascular accident, pulmonary emboli or infarction
and obvious underlying carcinoma detected clinically or
radiolographically on presentation. All except nine patients
underwent bronchoscopy in the convalescent period (some
declined, one had presenile dementia, and one was undergo-
ing artificial insemination by donor). The four (625%)
bronchial carcinomas were biopsied and confirmed by his-
tology. A fifth patient had a tracheal stenosis due to fibrous
tissue. All patients with an underlying bronchial abnormality
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were aged > 50 and were current smokers or ex-smokers. In
the patients aged > 50 3/4 (74%) with bronchial carcinoma
had weight loss of >3 kg in the preceding three months
compared with 2/34 (6%) without underlying bronchial
carcinoma (p < 0-01). There was no significant difference in
duration of symptoms prior to admission, presence or
absence of haemoptysis, smoking hstory, haemoglobin,
white cell count and urea on admission. Fibreoptic bronchos-
copy is not indicated in all patients with community acquired
pneumonia but should be considered in those current
smokers or ex-smokers aged > 50 years, particularly ifweight
loss is present.

Bacterial colonisation of oxygen concentrator humdifier
attachments

N PENDLETON, JS CHEESBOUGH, MJ WALSHAW, CRK HIND
Departments ofMedicine and Microbiology, Royal Liverpool
Hospital, Liverpool Microbiological contamination of ven-
tilator humidifiers is a well documented cause of nosocomial
pneumonia (J Hosp Inf 198 1;2:301-5). Patients on
domiciliary long term oxygen treatment (LTOT) delivered by
oxygen concentrators with humidifier attachments may be
exposed to a similar risk. A case of fatal Pseudomonas
pneumonia in such a patient stimulated us to investigate this
further. Of the 48 patients in the Liverpool district with
oxygen concentrators for LTOT, 7 were currently using a
humidifier attachment continuously and one intermittently.
In every case the humidifier was filled with tap water from the
cold tap which was changed daily in all cases. Six patients
cleaned the humidifier bottle with detergent, one with bleach
and one with boiled tap water. We found that quantitative
culture of the humidifier water yielded significant growth,
defined as greater than 100 colony forming units (cfu)/ml, in
all seven cases in which it was in continuous use but not where
use was intermittent. The bacteria isolated were:
Pseudomonas sp (non-aeruginosa), 3 cases; Streptococcus
viridans, 2 cases; Klebsiella aerogenes, one case; Staphylococ-
cus epidermidis, one case; and a Gram negative rod one case.
Multiple pathogens were cultured in one case (Pseudomonas
sp and Streptococcus viridans). The maximum bacterial count
was 5-7 x 103 cfu/ml. Nasal and pharyngeal cultures yielded
organisms distinguishable from the humidifier water in every
case. These results suggest, firstly, that the oxygen concen-
trator manufacturers' recommendations concerning
humidifier care, which the majority of patients followed, do
not ensure potential pathogen free water and, secondly, that
the level of contamination is not usually sufficient to cause
upper airway colonisation. Where colonisation resistance is
reduced by intercurrent infection or antibiotic therapy, a
potential pathogen growing in the humidifier water could
cause pulmonary infection.

Aspergillus sensitivity, pseudomonas colonisation and outcome
in cystic fibrosis

AH HAMILTON, F CARSWELL Respiratory Research Group,
Institute of Child Health, Bristol Children's Hospital, Bristol
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The progress of 47 cystic fibrosis (CF) patients who under-
went skinprick testing with Aspergillus fwnigatus, grass

pollen, and Dermatophagoides pteronyssinus in 1977 (M
Silverman et al, Arch Dis Child 1978;53:873-7) has been
reviewed in the light of the age at first colonisation with P
aeruginosa and duration of subsequent survival, using the
Kaplan-Meier product limit technique for censored survival
data. The results of this analysis suggest that a positive skin
test is related to delayed acquisition ofP aeruginosa colonisa-
tion (p < 0.05), but a poorer survival once colonisation has
occurred (p < 0 05). Skin tests with A fumigatus, grass
pollen, and D pteronyssinus have been repeated on 18 of the
25 survivors. The prevalence of Aspergillus skin test sen-
sitivity (28%), which was age related in 1977, has not
increased further in this cohort, but sensitivity to grass pollen
has increased from 29% to 61% and that to D pteronyssinus
from 11% to 72%. This suggests that sensitisation to each of
these allergens is cumulative with longer exposure, but that to
Afwnigatus occurs earlier. The prevalence of skin sensitivity
to all allergens in the surviving group is greater than in (1977)
adult controls; this is not a result of selective survival of
atopic patients, as these individuals had no more positive skin
test responses than average in 1977. The observation that
sensitivity to A fwnigatus is especially frequent in childhood
CF populations therefore may be a result of these differences
in the accumulation of sensitivity. There appears to be a
general increase in atopic sensitisation to aeroallergens.

AHH is a Cystic Fibrosis Research Trust clinical fellow.

Improving the diagnostic accuracy of the sweat test

AH HAMILTON, F CARSWELL Respiratory Research Group,
Institute of Child Health, Bristol Children's Hospital, Bristol
Nine hundred and seventy four diagnostic sweat tests were

performed on 702 patients age 0-14 years in this cystic
fibrosis centre between July 1982 and January 1989; each had
sodium (Na) and most had chloride (Cl) recorded. Bayes'
probability theory has been used to assess how the
probability ofa given child having cystic fibrosis p changes in
the light of various test values. The prevalence of cystic
fibrosis in this age group and the proportion ofthe catchment
population tested allow an estimate of the prior probability
of cystic fibrosis in a child attending for sweat testing (in our
population 0 047). When all tests are considered, a sweat Na
> 60 mmol/l revises p to 0 34; if a Cl:Na ratio > is also
present, p rises to 0-786. Exclusion of those tests with sweat
weight < 100 mg does not alter p. The considerable diagnos-
tic value of the Cl:Na ratio has been further examined by
sensitivity analysis. P has been calculated over a range of
sweat sodium values, and has been shown to be sensitive to
the value of the Cl:Na ratio over the range 70-110 mmol/l. A
similar analysis shows p to be insensitive to the sweat weight,
thus casting doubt on the convention ofexcluding those tests
with low sweat weight. Use of the sodium and chloride
concentrations in all sweat samples may increase the diagnos-
tic value of the sweat test.

Proceedings
Response to antibiotic therapy in bronchiectasis measured by

indium-ill labelled granulocyte scaning
NC MUNRO, M PETERS, B HENDERSON, DC CURRIE, JP LAVENDER,
PJ cOLE Host Defence Unit, National Heart and Lung
Institute, Brompton Hospital, and Department of Nuclear
Medicine, Hammersmith Hospital, London Lung damage in
chronic bronchial sepsis (CBS) may be due to bacterial or

host derived (notably neutrophil) products. Indium-l
labelled granulocytes have been shown to accumulate in the
lungs of patients with bronchiectasis (Lancet 1987;i: 1335).
Ultimately we wish to show whether .'.In scanning reflects
the activity ofpotentially damaging inflammation in CBS. As
a first step we have measured the clinical and scanning
response to antibiotic treatment designed to reduce inflam-
matory host response to bacterial infection. Ten patients with
radiologically confirmed bronchiectasis and daily purulent
sputum production (median sputum volume (range): 37-5 (5-
170) ml) were studied prospectively with ...In labelled
granulocyte lung scans before and after antibiotic therapy (2
oral, 8 intravenous). Scans were performed using a IGE 400T
gamma camera 2-4 hours and 20 hours after .'.In labelled
granulocyte injection. The scans were read blind and in
random order by two nuclear physicians scoring each scan as

negative, mild, moderate or severe granulocyte accumula-
tion. In eight patients the initial scan was abnormal (table). In
two patients both the pretreatment and the post-treatment
scans were normal. These initial results show that ..'In
scanning detects antibiotic induced reduction in inflamma-
tion stimulated by infection.

Response to antibiotics

Sputum purulence Sputum volume
Result of Initial
second scan sputum P P MP M Inc Unch Dec

Complete 3 0 0 3 0 1 2
resolution n = 3
Improvedn = 2 2 0 2 0 0 0 2
Unchanged= 3 3 2 1 0 0 2 1

P-Purulent; MP-mucopurulent; M-mucoid; Inc-increased;
Unch-unchanged; Dec-decreased.

A blood spot assay for IgG antibodies to Pseudomonas
aeruginusa in cystic fibrosis

DJ SHALE, V THANASAKERAAN, MS WISEMAN, RJ RAYNER,
EJ HILLER Respiratory Medicine Unit and Department of
Paediatrics, University ofNottingham, City Hospital, Nottin-
gham The formation ofantibodies to Pseudomonas aerugin-
osa may be the earliest indicator of pulmonary infection in
cystic fibrosis. In children, where sputum is not obtainable,
antibody detection has the potential for diagnosis of P
aeruginosa infection, early treatment and protection against
lung injury. Serial blood samples in children are unacceptable
to patient and parent. To overcome this an ELISA for IgG
based on 20 pl blood spots was developed with soluble P
aeruginosa antigens (serotype 01-017; Professor N Hoiby).
Guthrie card blood spots were obtained from healthy
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Proceedings
controls and cystic fibrosis patients with and without P
aeruginosa infection; 6 mm discs were punched out and
incubated in 300 il of phosphate buffered saline (pH 7 6) for
one hour at 37'C to elute antibody. Paired serum and blood
spot samples were significantly related (r = 0-98; p < 0-001; n
= 108; mean difference 2-7 ELISA units, 95% CL 1-6-3-7).
This assay permits serial determination of anti-PA IgG in all
age groups and provides a means of assessing the value of
such measurements in the detection and management ofearly
P aeruginosa infection in cystic fibrosis.

Median
(ELISA units) range n

Controls 5-7 (14-18-9) 31
Internittent 23-7 (3 7-56 5) 11*
Chronic P aeruginosa 81-8 (323-104-2) 47*

p < 0-01 Mann-Whitney U test.

Circulating neutrophil products in cystic fibrosis

DJ SHALE, RJ RAYNER, MS WISEMAN, SM CORDON,
EJ HILLER Respiratory Medicine Unit and Department of
Paediatrics, University ofNottingham, City Hospital, Nottin-
gham The effect of pulmonary infection and treatment on
the plasma neutrophil elastase-p, antitrypsin complex (NE-
ATC) and lactoferrin (LF) was determined in a prospective
open study of 25 patients with cystic fibrosis (median age 17
(range 13-45 years); median Shwachman score 65 (37-95)).
Chronic P aeruginosa infection was present in 21 patients and
S aureus in 3. NE-ATC and LF between exacerbations was

significantly greater than in healthy controls (NE-ATC
median 0-43 pg/ml (range 0-2-1 15) v 0-2 (0 08-0 62); p <
0-002: LF 2-13 nmol/l (0-7-5-15) v 1-25 (0-67-5 34); p =

00005). In 15 patients 35 exacerbations were observed.
Intravenous antibiotics (20 courses) or oral ciprofloxacin (15)
were given for 14 days. The table shows results (medians and
ranges) before and-after treatment. Lung function (p < 0-05)
and clinical scores (p < 0 005) improved in both groups, with
no significant differences between them. NE-ATC and Lf
were useful markers of the inflammatory state and the
response to treatment in cystic fibrosis.

Intravenous Oral

pre post pre post

NE-ATC (pl/ml) 0-6 0-37 0 57 0-45
0-253-89 0-161-23 0 27-8 04 0-251-38

p = 0-001 p = 0-02
2-47 1-84 2 56 2-10

LF (nmol/l) 1-585-47 1-094-24 1-374-99 1-10-4-82
p = 0-02 p > 0-05

When should children with cystic fibrosis be referred for heart
lung transplantation?

B WHITEHEAD, P HELMS, M GOODWIN, I MARTIN, E SERRANO, B

LASK, R SMYTH, T HIGENBOTTAM, J WALLWORK, M DE LEVAL

859P
Hospitalfor Sick Children (Great Ormond Street), London, &
Heart-Lung Research Unit, Papworth Hospital, Cambridge
Cystic fibrosis children remain the largest group referred to
us for heart-lung transplantation (HLT). Since March 1988,
18 have been assessed (age range 7-14 years). Eleven were
accepted on to the active list, three of whom have been
successfully transplanted, while three have died within seven
months of acceptance. Five were placed on to a provisional
list and two were not accepted. Selection was decided by
experienced cystic fibrosis clinicians using the criteria: (1) life
expectancy less than two years, and (2) severely impaired
quality of life. Objective parameters were used to analyse
selection outcome. Shwachman-Kulczycki scoring was most
sensitive. All children on the active list scored 40 or below
(mean 32) while those provisionally accepted scored a mean
of 48. Lung function, assessed by percentage of predicted
forced expiratory volume in one second (FEV,%) and a 12
minute standardised walk, demonstrated mean values of
26 5% and 457 metres respectively for the active group, and
38-6% and 716 metres for the provisional. Other parameters
(mean values: active versus provisional) were less discrimin-
atory and included weight percentiles (<3rd centile v 5th
centile); resting heart rate (115/minute v 100/min); Chrispin-
Norman chest radiograph score (26 v 20) and oxygen
saturation (80% v 89%). Each child also underwent full
psychological assessment and 30% demonstrated individual
or family psychological morbidity. Forty cystic fibrosis
children (age 1-14 years) die each year in the UK (Office of
Population Censuses and Surveys, 1987). As 30-35 of these
are eligible for HLT, accurate clinical surveillance is essential
to enable optimal timing of referral.

Evaluation of exercise as an adjunct to chest physiotherapy in
the treatment of cystic fibrosis

D BILTON, M DODD, AK WEBB Adult Cystic Fibrosis Unit,
Monsall Hospital, Manchester The place of exercise in the
daily management of cystic fibrosis remains undefined. This
study was designed to assess the effect on sputum expectora-
tion of exercise combined with physiotherapy, and exercise
alone compared with conventional physiotherapy (consisting
of the forced expiratory technique and postural drainage
(FET + PD)). Patients were studied on four consecutive days
in the last week of their inpatient stay, when stable. Each
patient received two identical sessions daily of each of the
four treatments A, B, C, or D in a randomly allocated
manner. Treatments were as follows: A: FET + PD for 20
minutes; B: exercise (Ex) consisting of 20 minutes' cycling at
60% of Vo2max; C: Ex 10 minutes (cycling at 60% of
Vo2max) followed by 10 minutes FET + PD; D: 10 minutes'
FET + PD followed by 10 minutes' exercise (cycling at 60%
of Vo2max). Sputum expectorated during the treatment
session and the ensuing 30 minutes was weighed separately
from the rest of the 24 hours. Eleven cystic fibrosis patients
(10 M, 1 F), mean age 22-2 y (range 16-34), with FEV, 18-
98% predicted completed the study. The total 24 hour
sputum weight for FET + PD was significantly greater than
for exercise alone (p < 0 02) but there was no significant
difference in total sputum weight between FET + PD, Ex +
FET + PD, and FET + PD + Ex: Fet + PD and both
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combinations of Ex and FET + PD all produced significan-
tly more sputum in the treatment times than exercise alone (p
< 0 005), with no significant difference between these three
treatments. In three patients producing < 20 g sputum daily
Ex + FET + PD produced significantly more sputum in 24
hours than FET + PD alone. This study suggests that
exercise may be a useful adjunct to physiotherapy and could
be used to shorten the time spent on FET + PD. In certain
patients exercise followed by FET + PD may be more
effective than FET + PD alone.

Changes in spirometry during serial admissions for infective
pulmonary exacerbations in cystic fibrosis

GE PACKE, ME HODSON Department ofCystic Fibrosis, Brom-
pton Hospital, London The purpose of this study was to
examine the magnitude of the changes in spirometry which
occur in cystic fibrosis patients during consecutive admis-
sions for treatment ofpulmonary infective exacerbations. We
studied 45 patients (24 males, 21 females) with cystic fibrosis
who had required five or more such admissions. FEV, and
FVC were recorded on admission to hospital, and at the time
of discharge. To assess the overall change in lung function
over the period of observation, a simple linear regression
model was fitted to the discharge values for FEV, and FVC
for each patient, and the mean slope value for all 45 patients
was obtained. The value of the absolute change in FEV, and
FVC during each admission and the change in FEV, as a
percentage of the value on admission were also calculated; a
simple linear regression model was similarly fitted to these
data for each patient and the mean slope value calculated.
The mean (SD) age of patients at the beginning of the period
of observation was 20 5 (3 8) years. The mean period of
observation was 5 4 (2 2) years. Sixteen patients died. The
overall mean change over the period of observation was
-112 (188) ml/year for FEV, (p < 0 001) and - 94 (189) ml
for FVC (p < 0-001). Over a notional year there was a decline
in the mean absolute improvement in FEV, per admission of
47.9 (82-4) ml (p < 0-001). The mean decline in percentage
change in FEV, (- 13 (19 9) %/year) was non-significant.
Similarly, the mean change in absolute FVC (- 27-6 (140 9)
ml/year) and percentage change in FVC (- 2-4 (14-0)%/year)
were non-significant. These results suggest that in patients
with cystic fibrosis, there is a progressive decline in the
absolute change in FEV, during consecutive admissions for
infective pulmonary exacerbations, but when measured as a
percentage of the admission value the change in FEV1 is
constant. Changes in FVC with each admission show wide
variability between patients and do not conform to a pattern.

Inspiratory flow rate and cough response to citric acid
inhalations

MJ BARROS, Sl zAMMArTTo, PJ REES Department of Res-
piratory Medicine, United Medical and Dental School, Guy's
Hospital, London The cough response to inhalations of
citric acid is produced mainly by irritation of the upper
airway. Variations in the inspiratory flow rate (IFR) might
lead to changes in deposition ofthe drug, and consequently in

Proceedings
cough threshold. We have studied the effect of three different
IFRs in 11 normal, non-smoking subjects (9 males, 23-39 y)
inhaling increasing concentrations of nebulised citric acid
(2-5-40 mg/l). The three IFR were given in random
sequence, at the same time of day, separated by at least 48
hours. Three inhalations of each concentration, from RV to
TLC, were given one minute apart. A three minute interval
was established between concentrations and the test finished
with a cough was produced at each inhalation (cough
threshold) or the maximum concentration was reached. The
IFR was limited with a fixed resistance and displayed on a
screen so that the subjects could reach a constant IFR of 50,
100 and 1501 min-' with a submaximal inspiratory effort. The
mean (SD) IFRs achieved were 51 4 (5-3)1 min-', 86 2 (16 61
min-', and 134-4 (22-9)1 min-'. Baseline FEV, and FVC were
not different on the three study days. Differences in the cough
threshold and amount ofdrug given before the threshold was
achieved were compared on log transformed data. Higher
IFRs were associated with higher cough thresholds. Between
150 v 50 1 min-' the ratio of thresholds (geometric means with
95% confidence intervals) was 2 0 (1-00-3-98) and the ratio of
amount of drug delivered was 2-22 (1 04-476). The number
ofcoughs per inhalation was higher with 50 than 150 1 min-',
mean difference 0-46 (0 08-0-84). It appears that higher IFRs
were associated with less of a cough stimulus in the citric acid
challenge procedure used in this study, allowing patients to
tolerate more drug.

Alveolar targeting using a simple nebuliser modification

AK SIMONDS, SP NEWMAN, MA JOHNSON, N TALAEE, C LEE,
SW CLARKE Royal Free Hospital, London Enhanced
alveolar delivery of pentamidine is likely to improve efficacy
of treatment of Pneumocystis carinii pneumonia and reduce
airway related side effects. A previous study (Lancet
1989;i:221) has highlighted the importance of an inspiratory
baffle in optimising droplet size profile by showing that the
Respirgard II nebuliser with inspiratory baffle in situ
(Marquest) produces an alveolar deposition fraction of
pentamidine 1 5 times that of the Acorn System 22 nebuliser
(Medic-Aid), with significantly fewer adverse effects. We
have modified the Acorn System 22 device by adding an
inspiratory baffle (one way valve insert, Intersurgical) and
compared this modified device with the Respirgard II in a
single blind crossover study of six patients with AIDS and
stable respiratory function. Patients received 150 mg pen-
tamidine isethionate in 4 ml water labelled with 'Tc human
serum albumin. Each nebuliser was driven by a CR-60
compressor (Medic-Aid). Twenty four hour whole lung
retention (a functional measure of alveolar deposition), total
lung deposition (% of dose) and peripheral:central lung
deposition ratio were 0 49, 0-72% and 2-69 respectively for
the Respirgard II, and 0 54, 117% and 2 60 for the modified
Acorn System 22 (NS). Incidence of adverse effects was low,
and droplet size profiles similar for both devices (mass
median diameter 1-0 pm for Respirgard II, 0 95 gm for
modified Acorn). Modification of the Acorn System 22
nebuliser by the addition of an inspiratory baffle produced
comparable alveolar drug delivery to the Respirgard II
device, thereby confirming this modified system as an
effective, low cost alternative.
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Effect of supplemental oxygen on breathlessness and ventila-
tion in hypoxaemic patients with interstitial lung disease

CR SWINBURN, H MOULD, TN STONE, PA CORRIS, GJ GIBSON
Department of Respiratory Medicine, Freeman Hospital,
Newcastle upon Tyne We have previously shown that in
hypoxaemic patients with COAD supplemental oxygen
reduces breathlessness more than supplemental air and that
this is associated with a reduction in ventilation ((E) (Thorax,
in press). In a similar study, we have administered 28%
oxygen and air in double blind randomised sequence to 10
patients (6 M, mean (SD) age 56 (7) y) with hypoxaemic
interstitial lung disease (ILD) (FEV, 1-5 (0-4)1; VC 1-7 (0-5)1;
TLCO (n = 8) 2 45 (1 01) mmol min-' kPa-'; Pao2 (6-4 (1-3)
kPa and Paco2 4-7 (0-8) kPa). Each gas was given at 41 minm'
via the same Venturi face mask for two 10 minute periods,
each separated by a five minute wash out phase when the
mask was removed. Ventilation (n = 9) was measured using
AP abdominal and thoracic magnetometers. Arterial oxygen
saturation (Sao2) was measured using an oximeter. At the end
of each gas breathing period breathlessness was assessed
using a visual analogue scale (VAS) and the patients were
asked whether the gas had helped their breathing. Oxygen
increased Sao2 from 86 (5)% to 95(3)% (p < 0-01). The
patients reported that air helped their breathing on 6/20 and
oxygen on 13/20 occasions (p < 0-05) and VAS oxygen was
lower than VAS air (30 (16) v 48 (14), p < 0-05). Ventilation
fell sharply while they were breathing oxygen in two patients
but was unchanged in the remaining seven patients (VE air
11-2 (4 7) and VE oxygen 9 3 (3-9) 1 minm' respectively, p >
0 05). We conclude that, as in patients with COAD, sup-
plemental air has a placebo effect but that oxygen is
associated with greater symptomatic benefit than air.
However, in contrast to patients with COAD, the reduction
in breathlessness durng the breathing of oxygen was not
associated with any fall in VE in the majority of patients with
ILD. This raises the possibility that in this group of patients
hypoxia may act as a "dyspnogen."

Inspiratory effort sensation and pulmonary mechanics during
carbon dioxide rebreathing in normal man

JE CLAGUE, J CARTER, MG PEARSON, PMA CALVERLEY Regional
Thoracic Unit, Fazakerley Hospital, Liverpool The sensa-
tion of breathlessness appears to be closely related to the
perception of inspiratory effort ((inspiratory effort sensa-
tion-IES) but which physiological variables reflect this is
uncertain. Bradley et al (Am Rev Respir Dis 1986;134:1119)
reported that when breathing against a range of resistive
loads with a fixed pattern of pressure generation the ratio of
pleural pressure (Ppl) to maximum pleural pressure (Pplmax)
was correlated best with IES. During progressive hypercap-
nia we reported that mouth occlusion pressure (Po. 1) is well
correlated with IES (American Thoracic Society 1989, Am
Rev Respir Dis, in press). The extent to which Po. 1 reflects the
ratio Ppl/Pplmax and the relation of this ratio to IES when
CO2 tension and breathing pattern vary are both unknown.
We studied seven normal subjects during CO2 rebreathing
both with and without an inspiratory resistive load (10 cm
H20/l/s). We measured Po.l, Ppl and transdiaphragmatic

861P

pressure (Pdi) as well as IES (using a modified Borg Scale) at
30 s intervals. Maximal Ppl and Pdi were measured before
each study. The ratio of Ppl and Pdi were measured before
each study. The ratio of Ppl to gastric pressure (Pga) varied
considerably between subjects at rest (- 5 7 to + 2 3) and
increased with increasing ventilation. All pressure
measurements except Pga were related to IES and the
relation improved when normalised for maximum pressures.
For both unloaded and loaded data IES was best correlated
with Ppl/Pplmax (r = 0-74, p < 0-01). Po.l was well
correlated with IES within any subject and was more closely
related to Ppl/Pplmax (r = 0 7, p < 0 02) than Pdi/Pdimax (r
= 0 5, NS). These data confirm that Ppl/Pplmax is a valid
measure of IES during both free and loaded breathing with a
wide range of Ppl/Pga ratios. Po. 1, which can be recorded
non-invasively, appears to reflect Ppl/Pplmax in normal
subjects and may explain its value as a measure of IES.

Respiratory sensation chemosensitivity and muscle fatigue

JE CLAGUE, J CARTER, MG PEARSON, PMA CALVERLEY Regional
Thoracic Unit, Fazakerley Hospital, Liverpool When the
respiratory muscles exceed a critical tension-time index (TT)
fatigue develops and persists for a variable period. Whether
this is sufficient to affect unloaded stimulated breathing is
unknown. Mouth occlusion pressure ( (Po.1), which reflects
respiratory centre output, falls during fatiguing studies but
how long this lasts is not known. Po.l reflects inspiratory
effort sensation (IES) under non-fatiguing conditions but
how fatigue affects this relation is unclear. To clarify these
issues we studied seven normal subjects, measuring pleural,
gastric and transdiaphragmatic pressures with a balloon
catheter system as well as mouth pressures. The ventilatory
response to CO2 (VE/CO2) was measured with a rebreathing
technique, Po. I being recorded at 30 second intervals after
IES scoring with a Borg scale. Fatigue was then induced by
following a fixed pattern of mouth pressure, flow and
frequency being adjusted to produce a minute ventilation
(VE) of 121. IES and Po. 1 were noted at 90 second intervals
and immediately post-fatigue, when the pressure square wave
could not be attained, VE/CO2 recordings were repeated and
again after 15 minutes. UnloadedVE/C02 responses ranged
from 10 to 27-6 l/min/kPa. During respiratory loading all
subjects showed abdominal paradox, the diaphragm TT
being only 0-19 (005). However, the ribcage TT was 03
(0-05)-a level associated with fatigue (Zocchi, Am Rev
Respir Dis 1983;137:68). IES rose as fatigue developed
(initially 5-3 (1.5), final 7-3 (1-6)) but Po. I declined from 34-5
(6 4) initially to 18-1 (9-6) cm H20 finally. Immediately post-
fatigue VE/CO2 declined (by 55%), as did the IES/VE and
IES/Po. 1 relationships (41% and 62%), and similarly Po. I/
CO2 (by 48%), but more variably than VE/C02. By 15
minutes all objective variables had returned to normal. These
data show that even when the diaphragm is not fatigued,
fatigue of the ribcage muscles can diminish VE/C02. Alth-
ough Po.1 declines during fatiguing contractions it is less
affected by fatigue. None the less the close relationship ofIES
with Po.1 is disturbed but returns to normal within 15
minutes.
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New device for the measurement of maximal static respiratory
pressures

N CARROLL, JE CLAGUE, MA HORAN, PMA CALVERLEY
Department ofMedicine and Regional Thoracic Unit, Univer-
sity of Liverpool, and Department of Geriatric Medicine,
University of Manchester Maximal static respiratory pres-
sures are currently measured either by differential pressure
transducer or by Bourdon gauge. The first method requires
the use ofa respiratory laboratory and the second depends on
an observer to assess the pressure sustained for one second. A
portable electronic device is now available which will
measure and display maximal respiratory pressures sustained
for one second. We studied 30 subjects with normal
spirometry (15 M, 15 F) aged 19-40 years (mean 28 5).
Respiratory pressures were measured in each subject using
three pieces of equipment: a Validyne pressure transducer
and chart recorder, two bronze Bourdon type gauges, and the
new electronic device. The order of use was randomised for
each subject. All measurements were made on the same day
and five attempts at both maximal expiratory (PEmax) and
maximal inspiratory (Pimax) pressures were allowed. Each
attempt was separated by at least 30 seconds and each piece
of equipment was separated by at least 30 minutes. The best
three results for each measurement were used to produce a

mean PEmax and Pimax for each subject using each device.
Mean PEmax for all subjects obtained for the Validyne
transducer, Bourdon gauge and electronic gauge were 114,
171 and 108 cm H20 respectively (SD 43, 50 and 31 cm H20).
Mean Pimax for each device was 112, 149 and 93 cm H20
respectively (SD 35, 44 and 26 cm H20). The correlation
between Validyne transducer and Bourdon gauge for PEmax
was 0-80 and between Validyne and electronic device 0 75; for
Pimax the correlation was 0-78 and 0-82 respectively. The
mean coefficient of variation for all methods was < 12%,
with least variation seen with the electronic gauge (< 8 5%).
This new device produces accurate and consistent results and
can overcome the problems associated with existing methods.
Use of this gauge will therefore allow measurement of
respiratory pressures to become more widely available.

The interrupter method for measuring airway resistance

S LANE, PJ CHOWEENCYZK, GM COCHRANE Department of

Thoracic Medicine, Guy's Hospital, London Direct
measurement of airways resistance is important in assessing
airflow obstruction. However, the standard methods cannot
be applied in the critically ill or poorly cooperative patient.
Airway resistance may be determined using the interrupter
method; when airflow is transiently occluded at the mouth,
mouth pressure will equilibrate to alveolar pressure. A value
ofairways resistance (RINT) may therefore be obtained from
the ratio of this interrupted "alveolar pressure" to the flow
rate measured at the mouth immediately before transient
airway closure. RINT has not been widely used because of
problems of data acquisition and interpretation of the
occluded pressure wave form (Jackson et al, JApplied Physiol
1974;36:264-8). Accuracy depends on rapid interruption of
airflow and high fidelity recording ofthe pressure transient at
the mouth. We have used a new design of interrupter value, a

piezoelectric transducer and single chip microcomputer
technology to produce a portable device for measuring
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airway resistance. To evaluate this device we have inves-
tigated 34 subjects (aged 18-79 y, mean age 47 y; M 24, F 13)
with a wide range of FEV, (08-441; mean 2-4 1; % predicted
33-107; mean 77%). RINT during tidal breathing was
compared with airway resistance obtained by total body
plethysmography (Raw). RINT and RAW showed a sig-
nificant correlation (r = 0 87) and a similar and significant
correlation with % predicted FEV,. We conclude that the use
of the interrupter method for assessing airway calibre
deserves further investigation, particular in acute severe
asthma and in the preschool child.

Peak expiratory flow at altitude

PS THOMAS, RM HARDING, JS MILLEDGE Clinical Research
Centre, Northwick Park Hospital, Harrow Peak expiratory
flow (PEF), a useful measure of airways resistance, can be
easily measured in field studies at altitude using Wright's mini
peak flow meter (PF meter). However, because of decreased
air density the meter will under-read and, if airways resis-
tance remans unchanged, true peak flow will increase at
altitude. We determined the change in true peak flow and the
performance of the PF meter at altitude in a chamber study.
Six healthy male volunteers were decompressed to an altitude
of 5455 m (380 mm Hg), 4242 m (447 mm Hg) and 3030 m
(520 mm Hg) successively. Measurements of PEF and flow-
volume loops were made before and after decompression and
at each altitude using both the PF meter and a dry spirometer
linked to a microcomputer. The true PEF (spirometer) rose
with altitude to 120% of the sea level value at 360 mm Hg.
PEF (PF meter) fell with altitude to 94% sea level values by
360 mm Hg-that is, under-reading by 26%. The increase in
true PEF is 5% per 100 mm Hg drop in pressure and the
correction for the PF meter is 6-6% per 100 mm Hg.

We acknowledge the support of the Commandant and staff
of the Institute of Aviation Medicine, Royal Air Force,
Farnborough.

Evaluation of automatic metered dose inhalers

R BARKER, D SEATON, TJ COADY, DG BELL Ipswich Hospital,
Ipswich The pressurised metered dose inhaler (MDI) is the
most widely used device by which inhaled medication is
delivered to the lungs of patients with airways obstruction.
Such devices depend on chlorofluorocarbon (CFC)
propellant gases that are present in fixed concentrations in
each refill canister, and are inhaled as a bolus with the active
medication. Using a simple, inexpensive, reproducible flame
ionisation technique for measuring the concentration of
propellant gas in expirate, we have found that the mean peak
concentration of CFC gas achieved by the end of the first
expiration after prior inhalation from a metered dose inhaler
is highly reproducible in normal subjects (TJ Coady et al,
Lancet 1988;ii:1286). Many patients have considerable
difficulty in coordinating MDIs sufficiently well to achieve
good delivery, so automatic devices have been developed that
are triggered by the subject's own inspiratory effort. These
devices are more expensive than standard MDIs. We have
used the measurement ofmean peak expiratory CFC concen-
tration to evaluate two such automatic delivery systems
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(Aerolin Autohaler and Aerolin Auto placebos (Riker))
when compared with a standard "press and breathe" non-
automatic MDI (Riker placebo). Ten normal, healthy, non-
smoking subjects (five male, five female; mean age 33-6, range
20-58), recruited from medical, technical and nursing staff
were studied. All were trained and competent in MDI
technique. Ten measurements were made in each subject for
each of the three MDIs. Each device delivered 6-25 ml of
propellant gas, which was breathed in slowly using a
standard inspiratory capacity manoeuvre. We found that
there was no significant difference between the mean peak
expiratory concentrations ofCFC ofthe three devices. These
results suggest that in subjects whose metered dose inhaler
technique appears satisfactory delivery from a standard
metered dose inhaler is comparable to that obtained with the
two automatic devices studied.

Preparation of a radiolabelled aerosol for administration by
metered dose inhaler that preserves the aerosol size distribution
of the drug

QA SUMMERS, AR CLARK, A HOLLINGSWORTH, J FLEMING, ST
HOLGATE Medicine I, Southampton General Hospital,
Southampton, and Fisons, Loughborough We describe a
technique (method 1) for radiolabelling nedocromil sodium
(NS), and compare it with one modified from Kohler et al
(Respiration 1988;53:65-73). Aqueous technetium-99m is
partitioned into solvent, transferred into an empty MDI
canister and evaporated to dryness by nitrogen gas. A
canister of NS is cooled and opened and its contents
transferred into the technetium containing canister, and a
valve assembly is crimped on to the open end. After
immersion in water to exclude leakage it is ultrasonically
agitated to disperse label and drug. Two forms of NS were
used, the standard form for commercial use and a coarser,
apex milled form. Aerosol size analysis was done before and
after labelling with a multistage liquid impinger, and the
activity at each stage of the impinger assessed by gamma
camera imaging. The mass median aerodynamic diameter of
the standard NS aerosol was 16-5 pm and the geometric
standard deviation 5 32. Both methods produce an aerosol in
which NS and label are closely associated. Method 2
decreased the percentage of aerosol < 10 pm diameter by
9 03%, while method 1 caused a decrease of 5 83% (n = 6, p
< 0 075, Wilcoxon sign rank test); the percentage of aerosol
< 4 pm diameter was decreased by 6-32% by method 2, and
by 3-12% by method 1 (n = 6, p < 0-032). Method 2 has a
low yield (initial activity - activity in MDI/100) of 28 5%
and a high variability (coefficient of variation 38-5%), while
method 1 has a high yield (60.98%) and less variability (CV
14-26%). Method 1 preserves the size distribution of the
original aerosol, while method 2 alters the size distribution,
producing a coarser aerosol. Aerosol size analysis of
radiolabelled compounds used for the assessment of drug
deposition in the lung should be done before and after the
labelling procedure.

Does the severity of emphysema determine exercise hypox-
aemia in "pink puffers" (PP) with chronic obsuctive p on-
ary disease (COPD)?

KF WHYTE, JE HILL, PM WARREN, DC FLENLEY Rayne

863P

Laboratory, Department ofRespiratory Medicine, City Hosp-
ital, Edinburgh Hypoxaemia has been said to worsen on
exercise in PP (that is, COPD patients with mild hypoxaemia
and low Pco2 when at rest (Jones et al, Clin Sci 1966;31:39)).
This does not result from worsening of VA/( matching
(Dantzker et al, Am Rev Respir Dis 1986;134:1 135). We have
measured ventilation (VE) and gas exchange (Vo2, Vco2)
breath by breath by the MGC 2001 system (Hill et al, Clin Sci
1988;74:3P) along with Pao2 and Paco2 in 10 PP (55-76 y,
FEV, 0-74-2-6 1, Pao2 (air, rest) 14-0-9-2 kPa, Paco2 3.8-5 5
kPa) at rest and during progressive upright bicycle exercise
during breathing ofair and 28% oxygen. At maximal exercise
(40-140 watts: Vco2071-1961/min) Pao2 fell by only 0- 1-4-0
kPa in six of the 10, but rose by 0-4-2-2 kPa in the other four.
Neither the fall in dead space (VD/VT) of 2-22% in eight of
the 10 nor resting carbon monoxide transfer factor: (27-
114% predicted) related to the change in Pao2 on exercise.
The EMI number defining the lowest 5th percentile ofthe CT
density histogram of the lateral lung fields (previously shown
to correlate with distal airspace size (that is, emphysema
severity: Gould et al, Am Rev Respir Dis 1988;137:380) also
did not relate to Pao2 changes on exercise. Although only
four ofthe 10 hyperventilated on exercise (VE/VCO2) over 301/
1, (Warren and Flenley, Ann Rev Physiol 1983;45:415) when
breathing air, all eight who breathed O2 on exercise then had
a fall in V/E/Vco2 on exercise, implying that exercise poten-
tiated hypoxic ventilatory drive in these pink puffers. These
results show that hypoxaemia on exercise does not depend on
the severity of emphysema alone, but may also result from
interrelationships between cardiac output and Vo2 (and
therefore mixed venous Po2) and ventilatory responses to
both exercise and hypoxia. This could explain why O2 on
exercise relieves dyspnoea even in normoxic pink puffers
(Woodcock et al, Lancet 1981;i:907).

Effect of histamine challenge on carbon monoxide transfer
factor (TLCO) and its components: membrae diffusing
capacity (DM) and pulmonary capillary volume (Vc) in normal
subjects

N AL JARAD, KC TAN, L JOHN, C FOUNTAIN, JA WEDZI-
CHA Department ofThoracic Medicine, London Chest Hosp-
ital, London The transfer factor of the lung for carbon
monoxide (TLCO) may be raised in patients with asthma, but
the mechanism is largely unknown. In this study we have
investigated the effects of histamine challenge in normal
subjects on the TLCO, the transfer coefficient (Kco), the
alveolar volume (VA), and also the two components of the
TLco-the membrane diffusing capacity (DM) and the pul-
monary capillary blood volume (Vc). We studied 11
subjects-nine males and two females (age range 15-38
years). We measured the FEVY and the gas transfer and
components in each subject on two occasions: before and
then two minutes after inhalation of histamine 8 mg for two
minutes using a Wright nebuliser. Following histamine
challenge, there was a fall in the FEV, from 3-83 (SD 1-07) to
2-77 (1-2) 1 (p < 0.02) and a significant reduction in the VA
from 5 85 (1-53) to 5-39 (1-65) 1 (p < 0-001). There was also a
small decrease in the TLCO from 11-4 (2.2) to 10-9 (2-13)
mmol/min/kPa and an increase in the Kco from 1-94 (0-33) to
2-07 (0 50) mmol/min/kPa/l, but these changes did not reach
statistical significance. There was no change in the DM or Vc
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after histamine challenge. Following histamine in this study
there was a significant reduction in the FEV, and the VA
without changes in the transfer factor. Histamine challenge,
unlike in asthma, does not affect the gas transfer for carbon
monoxide or its components.

New model for diurnal variation in peak flow rate

CK CONNOLLY, AFM SMITH, J WAKEFIELD Friarage Hospital,
Northallerton, and Department ofMathematics, University of
Nottingham Peak flow shows a small diurnal variation in
normal subjects, probably resulting from several factors
operating at different times. A sine curve might well be a
reasonable approximation to the overall effect. Peak flows
are particularly low in the early morning in asthma, "morn-
ing dipping." This suggests a short term rather than an
overall exaggeration of diurnal pattern. The model is further
complicated by day to day variation, particularly in asth-
matics..Fifty six normal subjects and 376 asthmatics recorded
their peak flow rate four hourly from approximately 0600 to
2200 hours. The records of all the normal subjects and two
samples of 50 asthmatics-a random sample (group A)
excluding the worst 50, who comprised group B-were
analysed (to the nearest five minutes). A quadratic function
was added to a cosinor model to allow for day to day trend.
The mean amplitude was 14% for normal subjects, 27% for
group A and 49% for group B asthmatics. Mean (SEM) R2
was 0 35 (0 19) for normal subjects, 0 47 (0-18) for group A
and 0 56 (1 15) for group B asthmatics. The mean trough was
at 0415 hours for normal subjects, 0450 for group A and 0435
for group B. A further correction allowed a lower value
independent of the cosinor model for the first reading of the
day. Little further benefit was obtained from the separate
analysis ofthe second reading. With this further correction to
the first time point mean R2 improved to 0 55 (0 20) in group
A and 0-67 (0-14) in group B. The cosinor trough moved
towards the time seen in normal subjects to 0415 in group A
and 0355 hours in group B. In these worst asthmatics R2 now
varied from 0-42 to 0 94, being more than 0 50 in 88% of the
group. The new model fits the data better than any previously
described. It is compatible with morning dipping in asthma
being related to an event independent of and occurring after
the trough of the usual variation seen in normal subjects.

Influence of temperature on nebuliser output and measurement
of airway responsiveness

B BRADLEY, SR DURHAM Department ofAllergy and Clinical
Immunology, National Heart and Lung Institute, Brompton
Hospital, London Airway responsiveness to histamine or
methacholine is commonly measured using a Wright nebul-
iser (Cockcroft DW, Clin Allergy 1977;7:235). During
routine calibration we noticed that our nebuliser container
became markedly colder with increasing duration of nebul-
isation. We therefore investigated the influence of tem-
perature on nebuliser output as follows: (1) output was
measured by weighing the nebuliser ( x 5) before and after
increasing periods of nebulisation from 30 seconds to 5
minutes. The temperature change of the nebuliser solution
was also recorded. A fall in the rate of nebuliser output (0-18
to 0 11 ml/min) was observed that correlated (r = 0-99, p <
0001) with a decrease in solution temperature (20°C to

Proceedings

10-5'C); (2) output was similarly measured (x 5), using
solutions at OC, 10°C, 20°C and 30°C (results, mean (SD)
standard deviation, figure A); (3) 10 methacholine inhalation
tests were performed single blind in the same subject over a
five week period using solutions at either 2°C (refrigerator
temperature) or 20°C (room temperature). The results were
expressed as the provocation concentration that caused a
20% decrease in FEV, (PC20) (figure B). In conclusion,
temperature is an important factor determining nebuliser
output and significantly influences the outcome of inhalation
tests.
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Effect of grass pollen exposure on the diumal variation in peak
expiratory flow in pollen sensitive children with asthma

AIW HENDERSON, F CARSWELL Respiratory Research Group,
Institute of Child Health, Bristol Grass pollen sensitive
patients with asthma have been demonstrated to develop
increased non-specific bronchial responsiveness during the
pollen season (Boulet L-P et al, J Allergy Clin Immunol
1983;71:399), which may be expected to result in greater
diurnal variation in PEF. To investigate the direct effect of
airborne grass pollen on PEF variation we studied 12
children with asthma and grass pollen sensitivity (skin prick
test > 3 mm weal) before and during the Bristol grass pollen
season (May-July) 1988. Each subject self measured PEF
four times a day and recorded daily symptoms in an asthma
diary. Pollen counts were measured using a centrally placed
Hirst spore trap. There was a significant diurnal variation in
grass pollen counts with a peak at 2000 hours (ANOVA, p <

0-01). No correlations were demonstrated between daily
pollen counts and diurnal variation of PEF (daily highest
minus lowest/daily mean x 100%), evening PEF or followng
morning PEF. No change in the expected "morning dip"
pattern of PEF variation was observed during the pollen
season despite the well defined evening pollen peak. In this
group of grass pollen sensitive children with asthma no
immediate effect ofatmospheric grass pollen density could be
demonstrated on either the magnitude or pattern of diurnal
PEF variation.

Salbutamol controlled release attenuates airways responsive-
ness to Inhaled methacholine in subjects with mild asthma

Ml HERDMAN, H FERGUSON, K THOMAS, RJ DAVIES Department
ofRespiratory Medicine, St Bartholomew's Hospital, London
The effect on airways responsiveness (AR) to inhaled metha-
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choline of salbutamol controlled release 8 mg bd (SCR) was
compared with that of placebo in a double blind parallel
group study. Forty subjects with mild asthma took part in the
study. All subjects were required to demonstrate a weekly
variability in PC20 FEV, in response to inhaled methacholine
of less than one doubling dilution either side of that recorded
as a baseline. AR was recorded 24 hours prior to treatment
and then six hours, 72 hours and four weeks after commen-
cement of treatment. AR was also recorded 24 hours and 72
hours after cessation. The AR was significantly attenuated in
the group receiving SCR compared with placebo at 72 hours
(p < 0 05) after the start of treatment, the median change in
PCm FEV, being + 1 9. The maximum change in FEV, in the
SCR group was recorded four weeks after the start of
treatment (+ 0-26 litres) and was not significantly different
from that with placebo. Patient compliance was assessed by
plasma salbutamol recordings at each visit. These results
show that SCR can attenuate AR to methacholine and that
this may in part be due to factors other than airway calibre.

Effect of intravenous atrial natriuretic peptide on bron-
chomotor tone in asthmatic patients

G HULKS, A JARDINE, JMC CONNEL, NC THOMSON Department
ofRespiratory Medicine and Medical Research Council Blood
Pressure Unit, Western Infirmary, Glasgow Some of the
systemic effects of atrial natriuretic peptide (ANP) are
mediated via smooth muscle relaxation. ANP has been
shown to cause relaxation of guinea pig trachea in vitro
(O'Donnell et al, Peptides 1985;121:597) and infusion studies
have shown it to increase basal airway conductance and
reverse leukotriene D4 induced bronchoconstriction in the
same model (Englebach et al, Pulm Pharmacol 1988;1:1 19).
We wished to examine the effect of infused ANP in asth-
matics. The subjects were eight asthmatic patients (2F) mean
(SEM) age 39 7 (3-1) years. Mean FEV, was 47-2 (3 5)%
predicted with > 25% reversibility in response to salbutamol.
Either ANP or placebo was administered in a randomised
double blind manner on two study days at least one week
apart. Administration was by continuous intravenous
infusion with doses of ANP corresponding to 0 5, 2 and 10
pmol/kg/min given for 20 minutes each, in incremental
fashion. Baseline FEV, was recorded prior to infusion and at
the end of each 20 minute period thereafter, together with
measurements of plasma ANP, catecholamines, and arterial
blood pressure. There was no significant effect on pulse,
blood pressure or plasma catecholamines at any rate of
infusion (table). These results demonstrate that infused ANP
has potent bronchodilator effects on the asthmatic airway.

A FEV, (litres)
Infusion rate Plasma ANP
(pmol/kg/min) Placebo ANP (pg/ml; N <

50)

0-5 - 0 04 (0-06) - 0 02 (0-02) 35 (5)
2 0 - 0.01 (0 09) 0-14 (0-09) 128 (13)
10.0 - 0-04 (0-05) 0-05 (0-1 1)** 756 (41)

**p < 0o01.
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Effects of nebivolol, atenolol, and propranolol on airway beta
adrenergic responsiveness in normal subjects

AF MOHAMMED, G HULKS, NC THOMSON Department of Res-
piratory Medicine, Western Infirmary, Glasgow Nebivolol is
a new beta adrenoceptor antagonist with greater selectivity
for beta, receptors in vitro than atenolol. At a dose of 5 mg it
has an equivalent antihypertensive effect to atenolol (100 mg)
despite causing less cardiac beta adrenoceptor blockade. We
compared the effects of nebivolol 5 mg (N), atenolol 100 mg
(A), propranolol 40mg (Pr) and placebo (P1), administered in
a double blind, randomised manner, on the bronchodilator
response to inhaled salbutamol in six normal male subjects.
Two hours post drug a cumulative dose-response curve was
obtained by measuring specific airways conductance (sGaw)
after increasing doses of inhaled salbutamol (12-2652 jg)
and the dose resulting in a 35% increase in sGaw (sGaw D35)
was calculated. Four hours post drug heart rate was
measured after five minutes' treadmill exercise and this was
used to assess cardiac beta adrenoceptor blockade.
Geometric mean sGaw D35 was 61 pg (P1), 155 pg (N), 385 pg
(A), and 1916 pg (Pr). sGaw D3, for N and A were not
significantly different and both were markedly lower than
propranolol (p < 001). However, while N was not sig-
nificantly different from P1, A was (p < 0-05). The mean
exercise heart rate was 162, 148, 124, and 129 beats/min for
P1, N, A, and Pr respectively, with a significant difference
between P1 and each of the three drugs (p < 0 01). The
reduction in exercise heart rate was greater for A and Pr than
for N (p < 0-01). These results show that nebivolol is a
selective beta, adrenoceptor antagonist which at the doses
employed causes less cardiac beta, adrenoceptor blockade
than either atenolol or propranolol. Its bronchial beta2
receptor blockade is similar to atenolol and significantly less
than propranolol.

Effect of repeated bronchial challenges with adenosine mono-
phosphate (AMP) on exercise induced bronchoconstriction in
asthma

JP FINNERTY, ST HOLGATE Immunopharmacology Group,
Southampton General Hospital, Southampton Adenosine
monophosphate (AMP) induces bronchoconstriction in
asthmatics, probably as a result of histamine release from
airway mast cells. A similar mechanism has been proposed
for exercise induced asthma (EIA). Both forms of airway
challenge exhibit tachyphylaxis in some asthmatics. We
therefore postulated that repeated AMP challenge in asth-
matics should attenuate the bronchoconstrictor response to
subsequent exercise challenge. Eight subjects with atopic
asthma who had EIA took part in an unblinded randomised
trial. On day A a six minute treadmill exercise test with
respiration of dry air, using a work load previously deter-
mined to induce a > 20% fall in FEV, was performed by
each subject. On day B three AMP challenges were done at
one hour intervals, with serial nebulised doses of AMP
administered during each test until a > 20% fall in FEV, had
been achieved or a cumulative concentration of 800 mg/ml
had been given. Fifteen minutes after the third test (or until
FEV, had risen to > 90% of the value before the third AMP
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challenge) an exercise test was undertaken identical to that
performed on day A. Days A and B were in random order.
The FEV1 was measured 1, 3, 5, 10, 15 and 30 minutes after
completion of exercise, and expressed as a % of the FEV,
measured immediately prior to the exercise test. The max %
fall in FEV, and the AUC of% fall in FEV, over 30 minutes
were analysed. The baseline FEV, pre-exercise was 3 70
(0 21)1 on day A and 3 49 (0-21)1 on day B (NS). On day B
geometric mean PC20 for AMP was 15-3 (7-9-29-5) mg/ml for
the first test and 28 2 (10-7-77 4) mg/ml for the third test
(NS). On day A the mean (SEM) max % fall in FEV, was
28-0% (2 7%) and the mean AUC was 508 5 (61-1) %min.
On day B the mean max % fall was 13 0% (4 3%) (p < 0-01)
and the mean AUC was 134-9 (99 6) %min (p < 0-01). Thus
repeated AMP bronchial challenge in asthmatics attenuates
the bronchoconstrictor response to subsequent exercise
challenge, possibly by mast cell mediator depletion.

Airways responsiveness to histamine and leukotriene E4 in
aspirin induced asthma

JP ARM, SP O'HICKEY, BW SPUR, TH LEE Department ofAllergy
and Allied Respiratory Disorders, United Medical and Dental
School, Guy's Hospital, London Airways responsiveness to
histamine and leukotriene E4 (LTE4) has been studied in five
subjects with aspirin induced asthma (AIA) and compared
with that of 14 subjects without AIA (NAIA). In NAIA the
geometric mean doses ofhistamine and LTE4 causing a 35%
fall in specific airways conductance (PD35) were 0-46 umol
and 3 2 nmol respectively, and LTE4 was 145 times more
potent than histamine in eliciting bronchoconstriction. In
AIA the geometric mean histamine and LTE4 PD35 were 0-31
pmol (NAIA v AIA, NS) and 0-21 nmol (NAIA v AIA, p =
0-003) respectively and LTE4 was 1480 times more potent
than histamine (NAIA v AIA, p = 0002). Following
desensitisation to aspirin the geometric mean histamine and
LTE4 PD35 in AIA were 0 19 imol (NS) and 4-4 nmol (p =
0007) respectively, and there was an average 34 fold
reduction in the relative responsiveness of the airways to
LTE4 compared with histamine (p = 0-001). In five NAIA
subjects ingestion of 600 mg of aspirin daily did not lead to
any significant change in airways responsiveness to histamine
or LTE4. These results demonstrate a selective and marked
increase in airways responsiveness to LTE4 in subjects with
AIA. The efficacy of desensitisation may relate in part to a
selective down regulation of LTE4 receptors within the
airways.

Relative responsiveness of leukotriene (LT) C4, LTD4, and
LTE4 to histamine and methacholine in the airways of
asthmatic and normal subjects: evidence for a unique relative
hyperresponsiveness to LTE4 in asthmatic airways

SP O'HICKEY, JP ARM, R HAWKSWORTH, AE CREA, BW SPUR, TH
LEE Department ofAllergy andAllied Respiratory Disorders,
United Medical and Dental School, Guy's Hospital, London
Airways responsiveness to leukotriene (LT) C4, LTD4, LTE4,
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histamine, and methacholine have been studied in six asth-
matic and six normal subjects. Airways responsiveness to
each bronchoconstrictor agonist was assessed by construct-
ing cumulative dose-response curves and the dose which
produced a 35% decrease in specific airways conductance
(PD35) was obtained by linear interpolation. Airways of
asthmatic subjects were approximately 14, 15, 5, 9 and 194
fold more responsive to histamine, methacholine, LTC4,
LTD4 and LTE4 respectively than those of normal subjects.
Thus there was a unique and substantially augmented level of
hyperresponsiveness to LTE4 in bronchial asthma. There was
a linear correlation between histamine and methacholine
PD35 with the PD33 of each sulfidopeptide leukotriene.
Furthermore, there was a correlation between histamine PD35
with the dose ratio of histamine to LTC4 or LTD4 (PD35
histamine/PD3J/LTC4 or LTD4) and between methacholine
PD33 with the dose ratio of methacholine to LTC4 or LTD4.
This indicates that as the airways responsiveness to the
reference agonists histamine and methacholine increases the
relative potencies ofLTC4 and LTD4 to the reference agonists
decrease. In contrast to LTC4 and LTD4, as histamine and
methacholine responsiveness increases the relative respon-
siveness to LTE4 increases. These results suggest that the
mechanism of the bronchoconstriction induced by LTE4 is
distinct from that produced by LTC4 and LTD4 in asthmatic
subjects.

Urinary eicosanoids in acute asthma and after allergen
challenge to the lung

IK TAYLOR, PS WARD, PB BLACK, GW TAYLOR, RW FULLER, SE
BARROW, CT DOLLERY, NB PRIDE Departments of Clinical
Pharmacology and Medicine, Royal Postgraduate Medical
School, London Lipoxygenas produces of arachidonic acid
have recently been demonstrated to be elevated in the urine of
acute asthmatics and in atopic subjects following bronchial
antigen provocation (Taylor et al, Lancet 1989;i:584). Since
cyclo-oxygenase products have also been implicated as
mediators of bronchial hyperresponsiveness, we have inves-
tigated the urinary metabolites of thromboxane A2 and
prostacyclin. Twenty seven patients with acute asthma (AA)
were studied (10 M, age 14-70, median PFR on admission
120 1/min (< 60-230), two requiring ventilation). Urine was
collected for 24 hours following admission irrespective of
treatment regimens. Nineteen atopic, asymptomatic subjects
(AS) (7 F, age 19-44 years) on no anti-asthma therapy were
recruited for antigen challenge with either Dermatophagoides
pteronyssius or grass pollen. Antigen was administered via a
breath activated dosimeter and urine was collected for four
hours following challenge, during which time falls in FEV,
were between 29% and 72%. In 16 (AC), further urine
collections one week later served as respective controls.
Urinary eicosanoids were analysed by gas chromatography-
mass spectrometry; results (ng/mmol urinary creatinine),
expressed as means (SEM), are shown in the table. Following
antigen challenge there were no significant elevations of any
of these urinary metabolites. In contrast, in acute asthma
significant elevations were seen in both the thromboxane and
prostacyclin metabolites (p < 0-001 in all cases). We do not
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know whether the extrarenal source of the dinor metabolites
is exclusively the lung, and reflects the severity of the asthma
attack.

Dinor 6-Oxo- Dinor 6-oxo-
TXB2 TXB2 PGF,,, PGF,2

AA 31 6(12-5) 79 0(19 6) 33-2 (7.2) 51-8 (1 9)
AS 6-7 (1-5) 454 (12.0) 15 7 (2.9) 22-6 (5-2)
AC 6 1 (1-0) 32-0 (7-1) 10-3 (1-9) 22-5 (6-1)
Normal 7-3 (1 1) 374 (46) 7-6 (1-2) 24-9 (34)
(n = 72)

Effect of Upoxygenase inhibition on late phase bronchocon-
striction and increased bronchial hyperresponsiveness after
allergen challenge

OP TWENTYMAN, JG VARLEY, ST HOLGATE Medicine I, Univer-
sity of Southampton, Southampton Lipoxygenase products
are thought to contribute to the late asthmatic reaction. This
study was performed to determine the effects of lipoxygenase
inhibition with piriprost potassium (U-60, 257B) on allergen
induced late bronchoconstriction and increased bronchial
responsiveness (BHR) to histamine. Six atopic asthmatic
subjects (4M, 2F), median age 28 (range 19-50), were studied.
The provocative concentration of allergen producing a 20%
fall in FEV, (PC,, allergen) was determined for each
individual. A random order placebo controlled study was
performed. Three doses of inhaled piriprost (1 mg) (total
dose 3 mg) or placebo were administered over an 18 hour
period prior to challenge with the PC,, allergen. Changes in
FEV, and bronchial responsiveness to histamine (PC,5 his-
tamine) were recorded at two hour intervals from 1 5 to 11 5
h after allergen challenge. Each allergen challenge was

separated by a period of at least two weeks. One subject was
withdrawn from the study after an adverse bronchoconstric-
tor response to the active drug. Changes in airway calibre and
BHR are shown in the table. The mean (SEM) areas under
the % post saline FEV, time curves for the late bronchocon-
strictor reaction from 3 5-11 5 h were 5 73 (3 8) and 10-06
(3 72) for placebo and piriprost respectively. The mean areas

under the change in bronchial hyperresponsiveness curves
were 1 12 (0 37) and 1 51 (0-31) for placebo and piriprost
respectively The exacerbation of the late asthmatic reaction
by piriprost in this study just failed to reach significance for
change in airway calibre (p < 0-07) and change in BHR (p <

0 18). There is no evidence in this study that the pipoxygenase
inhibitor piriprost protects against the late asthmatic reac-
tion.

20' 1-5h 35h 55h 7-5h 9-5h 11 Sh

FEV, (% fallftom saline baseline) post allergen
Placebo: mean 27 3 2-6 - 3 3 4-2 15-6 21-0 17 3

SEM 6-1 82 4-5 72 84 98 116
Piriprost: mean 42-0 15-9 8 4 16 5 27-3 23-9 23-9

SEM 3-4 28 30 68 111 88 9.5
Geometric mean increase in BHR (doubling doses of histamine)
Placebo 0-67 1-08 2 25 1-92 2 04 2-84
Piriprost 120 175 2-62 3-06 3-26 2-89
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Reproducibility of the late asthmatic reaction: comparisons
with the histamine bronchoprovocation test

OP TWENTYMAN, JP FINNERTY, ST HOLGATE Medicine I,
University of Southampton, Southampton The late asth-
matic reaction (LAR) is increasingly studied as a model for
asthma in trials of drug therapy. We have therefore deter-
mined the reproducibility of this response by the method of
Band and Altman (Lancet 1986;i:307) in 10 patients with
atopic asthma (3F, 7M), median age 26 (range 20-50), and
compared this with similar data for the histamine bron-
choprovocation test in a comparable group of 10 atopic
asthmatics (2F, 8M), median age 24 (range 21-3 1). The bias
(mean difference) and coefficient of repeatability (twice the
standard deviation of the differences) of measures of the late
asthmatic reaction in terms of airway calibre and change in
bronchial responsiveness (BHR) are shown in the table. The
repeatability of the histamine bronchoprovocation test
expressed as % fall in FEV, for the same histamine concen-
tration is also shown in the table for comparison.

Mean Coefficient
Mean difference SEM of
change (bias) difference repeatability

Late asthmatic reaction
FEV, (max %
fall from baseline) 17-3 -3-01 3-64 22-2
FEV, (% fall
at 7 5 h) 17 8 1-76 4-21 24-9
AUC (35-75 h) -2-51 0035 095 56
Change in BHR at
7.5 h (doubling
concentrations of
histamine) -2 25 -0 21 0-57 3-38
Histamine bronchoprovocation test
FEV, (% fall
post saline) 25-9 4-73 2-74 18 6

The coefficient of repeatability of the PC,, histamine
measurement in the histamine bronchoprovocation test was
0-63 doubling dilutions with a mean difference of 0 0056
(0-1065) doubling dilutions. The bias between the first and
the second LAR for a group of 10 subjects is small and not
clinically significant. The reproducibility of the LAR in an
individual is poor, but the variability appears to be random
and can be offset by using sufficient numbers of subjects in
studies of the LAR. The repeatability of the LAR is
comparable to that of the histamine bronchoprovocation test
when the results are expressed in a similar fashion.

Assessment of histamine tachyphylaxis in asthma and its
relation to bronchial hyperreactivity (BHR)

JP FINNERTY, R POLOSA, ST HOLGATE Immunopharmacology
Group, Southampton General Hospital, Southampton While
some studies have shown clear tachyphylaxis to inhaled
histamine in some asthmatics, others have not demonstrated
this phenomenon. There is reason to think that these different
findings may be related to the bronchial hyperreactivity of
the subjects studied. We selected two groups of 10 asthmatics
on the basis of their BHR: a severe group with P20 < 1 mg/ml
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(using a histamine challenge modified from Chai et al, J
Allergy Clin Immunol 1975;56:323) and a mild group (PC,O
> 25 mg/ml). Each subject underwent three successive
histamine challenges, allowing recovery ofFEV, after each to
within 5% of the baseline value prior to the first challenge.
There was no significant change in FEV, from the first to the
third challenge.

Severe group Mild group

Subject No Hi H2 H3 Subject No HI H2 H3

1 0-83 0-71 0 90 1 1 2-92 1-12 2-02
2 0 59 0-23 0-24 12 3-39 3-43 3 04
3 090 094 074 13 4-11 250 3-20
4 0-17 0-21 0-36 14 3-18 3-87 5-81
5 0-63 037 040 15 534 4-68 589
6 0-21 0-28 0-39 16 4-36 6-16 8-46
7 050 030 0-32 17 8-23 942 18-61
8 0-87 0-77 1-32 18 3-21 3 70 5 53
9 0 73 1-22 0-94 19 4-69 7-71 5 90
10 0-20 0-27 0-16 20 5 40 10-02 6-32

Geometric
mean (mg/ml) 0-48 0-44 0 47 4 27 4-43 5-42

No significant change in BHR to histamine occurred in either
group. Subjects 14, 16 and 17 did appear to develop some

tachyphylaxis. The study day was repeated in subjects 16 and
17 and this mild degree of tachyphylaxis was found to be
repeatable. We conclude that tachyphylaxis to histamine is
not a general phenomenon in asthma, but does occur

reproducibly in some subjects with mild BHR to histamine.

Relation between non-specific bronchial hyperresponsiveness
and the bronchodilation produced by inhalation of salbutamol

R NEWELL-PRICE, J CLOUGH, L DOW, ST HOLGATE Immuno-
pharmacology Group, University of Southampton Tests
employed to diagnose asthma in epidemiological and clinical
studies include measurement of non-specific bronchial res-

ponsiveness and bronchodilation following inhaled beta2
adrenoceptor agonists. We have investigated the relationship
between the bronchoconstrictor response to methacholine
and the bronchodilator response to salbutamol in 41 non-

smokers or ex-smoking subjects with asthma aged 7-67
years. Baseline FEV, 60-134% predicted values. Each
subject underwent methacholine challenge with hand held
nebulisers delivering a maximum cumulative dose of 6 4
pmol and salbutamol bronchodilator test which involved
inhalation of200 pg through a spacer device. These tests were
performed in a random order on consecutive days at similar
times of day. Bronchial hyperresponsiveness (BHR) was

defined as a PD20 <6 4 pmol of methacholine and rever-

sibility was defined as a 15% or greater increase in FEV,
following salbutamol. Of the 41 subjects, 36 (87%) showed
evidence of BHR and 10 (24%) showed evidence of rever-

sibility. All of the subjects who demonstrated reversibility
had moderate to severe BHR (PD20 0-089-1-53 umol),
whereas the 31 subjects who showed no evidence of rever-

sibility were found to have a wider range of bronchial
responsiveness (26 had PD20s between 0 06-49 pmol and five
were non-responsive). The Spearman rank correlation test
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was used to examine the relation between PDm values (up to
12-8 jmol) and % increase in FEV, post-salbutamol (r =
-0-41, p < 0-01). In summary, these results obtained from
methacholine challenge and salbutamol reversibility test in
subjects with asthma and methacholine challenge is a more
sensitive diagnostic test in this disease.

Effect of lithium on bronchial reacdvity, airway calibre and
asthma symptoms in subject!s with mild asthma

A} KNOX, BG HIGGINS, AE TATTERSFEELD Respiratory
Medicine Unit, City Hospital, Nottingham The inositol
phospholipid derived second messengers are thought to
initiate and maintain airway smooth muscle contraction.
Drugs which interfere with their metabolism may therefore
have a role in the treatment of asthma. Lithium, which
inhibits inositol-l-phosphatase, depletes membrane phos-
pholipid pools in animal neural tissue (Allison and Stewart,
Nature 1971;233:267). A similar effect on airway smooth
muscle would reduce receptor operated contraction. Work-
ers in psychiatry have noted improved asthma control in
patents treated with lithium for other illnesses (Nasr and
Atkins, Am J Psychiatr 1977;134:1042). We carried out a
randomised, double blind study of lithium carbonate in
asthmatic subjects. After a one week run in period 27 subjects
were allocated lithium carbonate (800 mg) or placebo for 21
days with measurement of FEV,, histamine PD20FEV,, and
serum lithium on days 3, 7, 14, and 21. Twenty one patients
completed the study (11 lithium, 10 placebo). Twice daily
PEF, daily symptom scores, and beta agonist inhaler usage
were recorded at home. Change in log PD20, FEV,, home
PEF, symptom scores and inhaler usage were analysed by
analysis of variance by drug (lithium, placebo) by time.
Symptom scores and inhaler usage values were given Fischer-
Yates normal scores prior to analysis (Armitage, Statistical
methods in medical research, Blackwell, 1983). Lithium
reduced histamine reactivity (p < 0 02), the maximum mean
difference between lithium and placebo being 1-2 doubling
doses ofhistamine on day 21, but did not alter FEV, (p = 0 8)
or home PEF (p = 0-15). Lithium improved symptom scores
(p < 0 05) and reduced inhaler usage (p < 0 05). Mean serum
lithium levels were 0 59, 0-61, 0-62, and 0 55 mmol/l on days
3, 7, 14, and 21. Our results suggest that drugs which interfere
with inositol phospholipid metabolism may improve bron-
chial reactivity and symptoms ofasthma. This may provide a
new approach to asthma therapy.

Prevention of metabisulphite induced bronchoconstriction by
salbutamol

CAROLINE MS DIXON, PHILIP W IND Department of Medicine,
Royal Postgraduate Medical School, Hammersmith Hospital,
London Inhaled sodium metabisulphite (MBS) produces
short lived bronchoconstriction in atopic non-asthmatic and
asthmatic subjects. Nebulised MBS liberates large amounts
of SO2, which is a bronchoconstrictor but also causes airway
-inflammation. We investigated whether a beta2 agonist can
prevent MBS induced bronchoconstriction in eight atopic
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subjects, four with mild asthma, studied on two days in a
double blind randomised controlled fashion. A MBS dose-
response curve was constructed in the usual way 15 minutes
after inhalation of salbutamol 200 ug or matched placebo,
delivered by metered dose inhaler. Response was measured as
specific airways conductance (sGaw), determined by com-
puterised body plethysmography and by FEV, three minutes
after inhalation of each dose of MBS. Baseline sGaw and
FEV, did not differ on the two study days. After salbutamol
sGaw and FEV, did not differ on the two study days. After
salbutamol sGaw increased from 1-8 (0-4) to 2-4 (0 7) (mean
SD) kPa.s-'(p < 0 05 compared with placebo) but FEV, did
not change from 39 (09) to 40 (1 0) 1/min' (NS).
Cumulative provocative dose for a 35% fall in sGaw (PD35
MBS), interpolated from individual dose-response curves,
was 12-8 (1-4-120) jumol (geometric mean and range) after
placebo and 74-1 (13.8-> 120) after salbutamol calculated
from post drug baseline (p < 005) and 106-7 (47-9- > 120)
pmol from the original baseline (p < 0-05). The geometric
mean concentration ofMBS producing a mean fall in FEV,
of 9% after placebo was 23 mg/ml and after salbutamol 93
mg/ml (p < 0-05). Therefore salbutamol 200 ug significantly
protects against metabisulphite induced bronchoconstric-
tion. Together with the rapid time course of MBS, this
suggests that MBS induces airway narrowing largely by
smooth muscle contraction rather than by oedema forma-
tion. Metabisulphite stimulates the airway afferent nerves
causing cough and bronchial smooth muscle contraction.

Variability in FEV, during an inhalation test with normal saline

BJ GRANEEK, L SHARP, NM FARRER, KM VENABLES, AJ NEWMAN
TAYLOR Department of Occupational Medicine, National
Heart and Lung Institute, Brompton Hospital, London We
have studied the variability in FEV, after inhalation of
Normal Saline. We performed nebulised saline challenge in
204 office workers using the method described for histamine
challenge by Yan et al (Thorax 1983;38:760). The tests were
performed single blind with a long and short protocol as if for
histamine challenge, depending upon history and lung func-
tion. The analysis considered the five post saline FEV,
readings of the short protocol and the first five of the long
protocol. A variable "MAXDIFF," was defined as the
difference between the maximum and minimum of the five
FEV, readings. For the 72 men mean (SD) age was 39-8 years
(13-4), height 1-75 m (0.06), and age-height standardised
mean FEV, (mean of the five readings) was 3-323 litres
(0-197) (Berglund et al, Acta Med Scand 1963;173:185). For
the 132 women the corresponding values were 36-3 y (12-1),
1-65 m (0 06) and 2-770 litres (0-138). MAXDIFF appeared
approximately normally distributed, mean (SD) being for
men 0- 167 litres (0 078) and for women 0 155 litres (0 094).
The following values ofMAXDIFF cut off the top 5%, 1%,
and 0-1% of the distribution: 0 295, 0-394, 0-408 litres for
men; 0 309, 0 374 and 0 445 litres for women. MAXDIFF
was significantly (p < 0-05) greater in women (but not in
men) with a PD2,0 histamine of < 8 umol than in women
whose PD20 was > 8,mol (0-207 compared with 0- 146 litres).
The data did not support a relationship of increasing
MAXDIFF with increasing FEV,. These findings give a
guide to the normal limits of variability in FEV, after
inhalation challenge.
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Tuberculosis epidemiology in the Western Region of Saudi
Arabia

FA AL-KASSIMI, AK ABDULLAH, MS AL-HAHHAH, 10 AL-ORAIN-
EY College of Medicine, King Saud University, Riyadh,
Saudi Arabia A nationwide survey of the epidemiology of
tuberculosis in Saudi Arabia has been finished and the
findings in the Western Region are presented. In all, 3349
subjects were screened. A 10 mm or more induration in BCG
negative subjects 48 hours after Mantoux test (10 units
tuberculin) was used to measure the prevalence of infection.
This was found to be 9% in age group 5-14 years, which
ranks midway between low prevalence (2%) and high
prevalence (14%) countries according to the classification of
the International Union against Tuberculosis. The
prevalence increased with the age reaching 55% in age group
55-64 years. The prevalence was significantly higher in non-
Saudis than Saudis and in urban (19%) than rural (1%). We
speculate that the foci of high prevalence in urban, par-
ticularly non-Saudi, households are introduced by pilgrims
to Makkah who overstay their short term visa and seek
unsupervised work. The problem was not present in any of
the other regions of the kingdom. Sputum was collected for
mycobacteria culture and 0-0102% of subjects grew M
tuberculosis. The prevalence of baciliary cases put Saudi
Arabia in the category oflow prevalence countries (0-02% or
less) according to the classification of the International
Union against tuberculosis (J Holm, Proceedings of the
Committee meeting of the International Union against Tuber-
culosis, 1963). We recommend continuing BCG vaccination
at birth, introducing a second vaccination at school leaving in
urban community in the Western Region, and screening
pilgrims who illegally overstay their visa.

Asthma mortality in New Zealand, 1911-86: an unreported
epidemic in the 1940s and 1950s

K SMITH, N PEARCE, C BURGESS, J CRANE, R BEASLEY Depart-
ments ofMedicine and Community Health, Wellington School
ofMedicine, Wellington, New Zealand Asthma mortality in
non-Maori New Zealanders aged 5-34 years was examined
for the period 1911-86. As has been previously documented,
two sudden epidemics of asthma mortality occurred in New
Zealand in the 1960s and the late 1970s. A previously
unreported epidemic also occurred during the 1940s and
1950s and, although more gradual in onset, it was associated
with a mortality rate four times greater than that during the
preceding period. None of the three New Zealand epidemics
appears to be due to changes in diagnostic fashions or in ICD
coding and it is unlikely that they are due to changes in the
prevalence of asthma or environmental factors. The most
probable explanation is that they are due to changes in the
management of asthma, and comparative studies will be
necessary to evaluate this hypothesis. It is notable that
mortality was below 0 5 per 100 000 person years during the
period 1911-40. Mortality has been considerably higher,
even in the periods between epidemics, in the period 1941-86,
during which modern treatment methods have been
introduced. These findings, at best, indicates that modern
treatment methods have not had a major impact in reducing
asthma mortality.
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Longitudinal study of ethylenediamine induced occupational
asthma
L DOW, P HOWARTH, ST HOLGATE Immunopharmacology
Group, University ofSouthampton Ethylenediamine is a low
molecular weight compound that is widely used in different
industries as a hardening agent in epoxy resins, in rubber
manufacture and as a solvent contained in substances used in
hairdresser and beauty salons. There have been a limited
number of reports of occupational asthma following
exposure to this chemical. In March 1987 we investigated 19
paintworkers who developed symptoms of asthma following
exposure to paint containing ethylenediamine. On presenta-
tion 17/19 were hyperresponsive to histamine PD20 < 8 mg/
ml) and following controlled exposure to the paint containing
ethylenediamine 15/19 developed 15% or greater fall in their
prechallenge FEV, (two immediate reactions, 13 late reac-
tions). Since then each subject has avoided further exposure
to ethylenediamine, received regular treatment with bron-
chodilators, corticosteroids and out patient follow up. Two
years following initial investigation: 14/19 are still experienc-
ing symptoms and requiring treatment on a daily basis, 5/19
are symptomatic only at times of upper respiratory tract
infections. In 12/19 subjects baseline FEV, has fallen by > 0 5
I (group 1); these subjects were compared with the 7/19
subjects whose FEV1 has remained the same or improved
(group 2). There were similar proportions of current smok-
ers, ex-smokers, and non-smokers in the two groups. Atopy
was more frequently found in subjects in group 2. In group I
hyperresponsiveness to histamine was found at the time of
diagnosis in 10/12 and at follow up two years later in 6/12
(four had PD20s < 2 mg/ml), in group 2 hyperresponsiveness
to histamine was found at diagnosis in 6/7 and at follow up
two years later in 5/7 (three had PD20s < 2 mg/ml). In
summary, ethylenediamine can cause persistent occupational
asthma and may be associated with accelerated loss of lung
function in a proportion of individuals.

Smoking, allergy, and airways obstruction in the elderly

L DOW, D COGGON, M CAMPBELL, ST HOLGATE Immunophar-
macology Department, Medical Research Council Environ-
mental Epidemiology Unit, and Medical Statistics Depart-
ment, University ofSouthampton In a population survey of
airways disease in the elderly lung function, skinprick
response and total serum IgE were measured in a sample of
231 adults aged 65 years and over, selected according to their
pattern of respiratory symptoms. Forty six of the subjects
were current smokers, 98 were ex-smokers and 87 were non-
smokers. Airways obstruction was defined as an FEV,/FVC
< 60%. Atopy was defined as a weal of at least 3 mm
diameter in response to Aspergillus fumigatus, cat fur,
Dermatophagoides pteronyssinus or mixed grasses. Raised
serum IgE was defined as a level > 81 U/ml. Raised serum
IgE was more prevalent in current smokers (41-3%) than in
ex-smokers (16 3%) or non-smokers (18-4%). Moreover,
raised serum IE showed a strong association with airways
obstruction independent of smoking habits. The prevalence
of airways obstruction in subjects with raised serum IgE was
47-4% in current smokers, 50% in ex-smokers and 6-2% in
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non-smokers. In those with normal serum IgE the correspon-
ding figures were 22-2% in current smokers, 10-8% in ex-
smokers and 2-8% in non-smokers. Logistic regression
analysis confirmed that after allowance for smoking the
association ofairways obstruction with raised serum IgE was
statistically significant (p < 0{0005). In contrast to raised
serum IgE, atopy was only slightly more common in current
smokers (15 2%) than in ex-smokers (12-2%) or non-smok-
ers (9.2%) and was not related to airways obstruction. In
summary, raised serum IgE may have a role in the develop-
ment of airways obstruction or may act as a marker for the
pathological processes that are involved.

Factors affecting bronchial reactivity and peak flow variability
in a random population sample

BG HIGGINS, JR BRITTON, S CHINN, PGH BURNEY, AE TAITERS-
FIELD City Hospital, Nottingham, and United Medical and
Dental School, St Thomas's Campus, London We have
previously reported the use of peak expiratory flow (PEF)
variability as an alternative to measurement of bronchial
reactivity in epidemiological studies of airway lability
(Thorax 1988;43:826P). To evaluate the factors which affect
PEF variability, and to compare these with factors affecting
bronchial reactivity, we have examined a random sample of
247 subjects aged 18-65 years who made PEF recordings at
two hour intervals for one week and a further 212 subjects in
whom a challenge test was performed by the method of Yan
et al (Thorax 1983;38:760) with methacholine to a maximum
dose of 12-25 umol. The PD20 was calculated by curve fitting
with extrapolation to one doubling dose above the maximum
dose of methacholine administered. PEF variability was
expressed as amplitude % mean (highest-lowest/mean). All
subjects answered a respiratory symptom questionnaire,
which included details ofsmoking history, and skinprick tests
were performed using house dust mite, grass pollen and cat
dander as allergens. Amplitude % mean was higher in
females than males (9-8% v 8-5%, p < 0 05), confounding the
effects ofatopy and current smoking, both ofwhich were less
frequent in females. In a multiple regression analysis with sex
included amplitude % mean increased significantly with age
and mean skin weal diameter (p < 0-05) and in current
smokers (p < 0 02). In a multiple logistic regression analysis
the odds ofhaving a PD2, below 24 umol increased with mean
skin weal diameter (p < 0-01) and were greater in current
smokers (p < 0-01). When the odds of having a PD20 below
12-25 gml and below 612 pmol were determined skin weal
size, but not smoking, remained a significant predictor.
Neither age nor sex had a significant effect at any level of
reactivity. We conclude that PEF variability may be a useful
measurement of airway lability for epidemiological work
since it appears to be related to factors known to be
associated with airway disease.

Mortality from cryptogenic fibrosing alveolitis in England and
Wales

JR BRITTON WJM KINNEAR, RFA LOGAN, IDA JOHNSTON City
and University Hospitals, Nottingham In 1979 a separate
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ICD code (516-3) for cryptogenic fibrosing alveolitis (CFA)
was introduced. We have investigated the validity of fibros-
ing alveolitis death certification in Nottingham, and analysed
the total numbers of deaths, and age, sex and regional
differences in CFA mortality rates for England and Wales in
the period 1979-87. In a review of the case notes of 23 of the
25 registered CFA deaths in Nottingham in the last three
years, the accuracy of registration was found to be high, with
19 (83%) patients ascertained to have had CFA. A further
nine of the 19 deaths registered as post inflammatory fibrosis
(ICD 515-9) also met our criteria for CFA, suggesting that a
substantial proportion of CFA deaths are misclassified.
Between 1979 and 1987 in England and Wales there were
4432 deaths in category 516-3, of which 4355 were at age 45
years and above. The annual total increased from 336 to 650,
this increase affecting all ages above 65. In a multiple logistic
regression based on all deaths between 1979 and 1987, with
denominators drawn from 1984 population estimates,
independent odds of death from CFA were greater in males
by a ratio of 2-24 (95% confidence interval 2-11 to 2-38), and
increased substantially with age, being 7-84 (7-24-8-49) times
higher in the 75 + than the 45-64 age groups. Odds of death
varied significantly (p < 0 025), though by relatively little
(maximum odds ratio 1-25) between regions, the highest odds
of death occurring in the East and West Midlands, North
West and Wales. This study shows that CFA causes a
substantial number ofdeaths each year, and that the number
of deaths is increasing. The regional differences in mortality
suggest that environmental factors may play a part in the
aetiology of CFA.

Relation between work related respiratory symptoms(WRS) in
a coffee processing plant and castor bean allergy

KE THOMAS, CJ TRIGG, JB BENNETT, PJ BAXTER, M TOPPING, B
CROOK, P WHITEHEAD, J LACEY, RJ DAVIES Department of
Respiratory Medicine, St Bartholomew's Hospital, andHealth
and Safety Executive, Occupational Medicine and Hygiene
Laboratory, London Ninety seven coffee workers, represen-
ting 80% of the workforce, have been studied in a coffee
processing factory in England. Computer administered ques-
tionnaires concerning respiratory and WRS were used in
addition to skin prick testing (SPT) with green coffee beans
(GCB) and 11 common inhalant allergens, radioallergosor-
bent testing (RAST) with GCB and castor bean (CaB), and
bronchial hyperresponsiveness (BHR) to methacholine.
10-7% of the workers had WRS to wheeze, cough or
dyspnoea. Prevalence ofBHR was 25%, atopy 55%, positive
SPT response to GCB 11-2%, positive GCB RAST response
11 -8% and positive CaB RAST 13-2%. GCB and CaB RAST
were highly significantly correlated using the McNemar test
(p < 0-001) but there was no allergenic cross reactivity
between the two extracts. The only factors having a sig-
nificant and independent effect (stepwise binary logistic
regression) on WRS were CaB RAST (p < 0-001) and
duration of employment (p = 0 006), CaB being the single
most important factor. CaB may be masking the effect of
other factors, such as GCB, which was only independently
associated with CaB RAST (p < 0-001) and smoking (p =
0-0018); and BHR, independently associated with GCB
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RAST (p = 0003) and resting FEV, (p = 0-001). CaB
sensitisation ofcoffee workers was first described by Figley et
al in 1950 and has since been reported by several workers.
Our study has shown that CaB contamination in coffee
processing factories is still a problem which requires further
investigation.

Respiratory symptoms questionnaire for asthma epidemiology:
validity and reproducibility

KM VENABLES, NM FARRER, W GRANEEK, AJ NEWMAN TAYLOR
Department of Occupational Medicine, National Heart and
Lung Institute, Brompton Hospital, London The Medical
Research Council and other established questionnaires were
designed for bronchitis not asthma research. We describe a
nine question, self completion questionnaire on symptoms in
defined circumstances, such as exercise or sleep. Its validity
was tested against self reported asthma and also bronchial
hyperreactivity to histamine, defined as PDn0 < 8 jumol in
either of two tests performed as described by Yan et al
(Thorax 1985;40:422). It was administered three times to test
reproducibility. Two hundred and eleven office workers (75
men, 136 women) ofmean (SD) age 39-1 (12-7) were studied
over a two week period. Eighty six (41%) had one or more
symptoms and 33 (16%) had three or more. Twenty three
(11%) reported asthma in the last year and 29 (14% of 206)
had bronchial hyperreactivity. There was a trend (p < 0-001)
in prevalence of asthma and hyperreactivity by number of
symptoms: for example, 65% of those with three or more
symptoms had PD2n < 8 jmol, 12% of those with one or two
symptoms and 2% of those without symptoms. Number of
symptoms was not significantly related to age, gender,
smoking, investigator, date, or time. Reproducibility was
studied in 204 subjects. For assessments 1 and 2, difference in
number of symptoms was 0 (SDI), 2, 3 and 4 in 83%, 95%,
98%, 99% and 100%. Excluding subjects with no symptoms
on either occasion, the corresponding figures were 60%,
88%, 95%, 98% and 100%. Reproducibility was higher
between assessments 2 and 3. Variability in number of
symptoms was related (p < 0-05) to variability in PD20 and to
reports of asthma, bronchitis, hay fever or allergen exposure
between assessments, but not related to other personal or to
technical variables. The sensitivity, specificity and
reproducibility of 2 or 3 or more symptoms compared
favourably with those published for the MRC phlegm
questions. This questionnaire is valid, reproducible and
suitable for asthma research.

Cryptogenic fibrosing alveolitis (CFA): accuracy of diagnostic
coding in hospital admissions

IDA JOHNSTON, C BLEASDALE, CRK HIND, AA WOODCOCK
University Hospital, Queen's Medical Centre, Nottingham;
Regional Adult Cardiothoracic Unit, Broadgreen Hospital,
Liverpool; and Wythenshawe Hospital, Manchester In
developing a case register of patients with CFA, we have
reviewed all case notes for admissions to four hospitals
between January 85 and August 88 with ICD codes 516
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("idiopathic fibrosing alveolitis") and 515-9 ("post inflam-
matory pulmonary fibrsis"). From the case notes we assessed
patients as having (1) definite CFA (inspiratory basal
crackles, bilateral interstitial shadowing and restrictive lung
function in the absence of occupational or allergic history);
(2) fibrosing alveolitis in association with a defined connec-

tive tissue disease usually rheumatoid arthritis); (3) possible
CFA (clinical and radiological compatibility, but no lung
function or occupational history available); or (4) definitely
not CFA. Ninety seven patients were coded under 516-3.
Nine case notes were missing. Of the remainder, 70 (80%)
had CFA, five (5%) had FA with a connective tissue disease,
six (7%) had possible CFA, and seven (8%) did not have
CFA. Sixty nine patients were coded under 515 9, for whom
five case notes were missing. Though this category should not
include CFA, 16 (25%) had definite CFA and four (6%) had
FA with a connective tissue disease. Of the remainder, eight
(13%) had possible CFA and 36 (56%) definitely did not
have CFA. Of the admissions under 516-3, 58% were under
chest physicians but for 5159 the figure was 34%. We
conclude that there is considerable miscoding of the diag-
nosis ofCFA. Since miscoding takes place in both directions,
from 516-3 to 515 9 and vice versa, the number of patients in
category 516-3 gives a broadly correct estimate of total
numbers of admissions with CFA, though we have not
estimated for how many patients the diagnosis ofCFA is not
coded at all. However, for case finding the data are

inadequate and suggest that there should be much greater
medical input to the process of diagnostic coding.

An immunocytochemical method comparing bronchial mucosal
eosinophil and mast cell populations in asthmatics and healthy
controls

R DJUKANOVIC, K BRITTEN, JW WILSON, WR ROCHE, AF WALLS,
PH HOWARTH, ST HOLGATE Medicine 1, Southampton Gen-
eral Hospital, Southampton Fibreoptic bronchoscopy and
endobronchial biopsy was applied to investigate the cellular
basis ofasthma. The tissue specimens thus obtained are small
and their handling is crucial to the interpretation. We have
developed an approach to sample processing involving
immunocytochemistry in resin embedded tissue. Immun-
ocytochemistry is impractical in paraffin sections because of
the sample size and is difficult to interpret accurately in frozen
sections because of thickness (8 jm) and poor resolution.
Furthermore, the staining in frozen sections may be diffuse.
Embedding in resin allows thin sections to be cut (1 jm),
preserves the morphology and permits discrete cell staining.
Endobronchial biopsy specimens of subcarinae were

obtained from five atopic asthmatics and three healthy
controls. EG2 antibodies directed against the secreted form
of the eosinophil cationic protein and AAl antibodies
directed against tryptase were used to demonstrate the
eosinophil and mast cell granules respectively. The presence
of these was shown with the streptavidin-biotin-peroxidase
complex method, which requires inhibition of endogenous
peroxidase and both endogenous biotin and avidin binding
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sites. Initial results showed that EG2 + cells were more
numerous in the asthmatic group (range 3-35/mm2, mean
16.8/mm2) than in the control group (range O2-6/mm2, mean
0 87) despite inhaled corticosteroid treatment in two asth-
matic subjects. This is in agreement with previous necropsy
findings of increased eosinophils in asthmatic airway
mucosa. The numbers of tryptase positive cells were not
different in the asthmatic and control groups. As previous
studies have shown that mast cell numbers may be increased
in asthmatic airways, these results may suggest ongoing
secretion of mast cell granule contents.

Urea as a marker for the epithelial lining fluid (ELF) volume
sampled by bronchoalveolar lavage (BAL)

M DUDDRIDGE, JD FENWICK, C WARD, DJ HENDRICK, EH

WALTERS Chest Unit and Department of Medical Physics,
Newcastle General Hospital, University of Newcastle upon
Tyne To enable inflammatory mediator levels found in
BAL fluid to be determined it is necessary to know the
dilution of the ELF sampled by BAL. The ELF volume
sampled is often calculated from the concentration ofurea in
aspirated BAL fluid. We have investigated the distribution of
trace amounts of 3H labelled water (4 MBq) and 14C urea (1
MBq), given intravenously five minutes prior to BAL, in
sequential immediate aspiratres of 3 x 60 ml BAL performed
at bronchoscopy in five asthmatic patients and five patients
with normal spirometry. Isotope concentrations were
measured by beta counting in the three BAL aspirates and a
simultaneous plasma sample, and urea concentrations
measured by a urease ultraviolet kit (Boehringer). The
proportion of "4C urea/total urea in BAL aspirates was the
same as plasma, which suggested full equilibration ofthe urea
sampled by BAL with plasma. The urea concentration rose
from a mean 44 nmol/ml (SEM 8) in the first aspirate to 59
nmol/ml (SEM 8) in the second, and 63 nmol/ml (SEM 7) in
the third aspirate (p < 0 05). Significant influxes of 3H water
into each aspirate were found, with an increase from 175 pl/
ml (SEM 34) in the first, to 260 pl/ml (SEM 31) in the second
and 261 pl/ml (SEM 30) in the third aspirate (p < 0-05).
These are similar to water influxes previously described
during BAL (Am Rev Respir Dis 1988;138:81). The ELF
volume, if determined from the total urea in each BAL
aspirate, would account for 9-5 pl/ml (SEM 1-3) of the first
aspirate, 12-9 pl/ml (SEM 1-5) of the second, and 13-8 pl/ml
(SEM 1 1) of the third aspirate, similar to previous findings.
However, the bulk influx of water described would have
mandatory associated "solvent drag," proportionate to the
water flux, the molecuar mass of each solute and the
permeability of the epithelial membrane. By proportionality,
from our data we can estimate a maximum true BAL aspirate
ELF derived urea concentration of approximately 10 nmol/
ml, giving a maximal true ELF volume of about 2 Ml/ml of
BAL-that is, at most about 20% of the earlier "convention-
al" estimate. This percentage will depend highly on the lavage
technique and the aspiration pressure applied, and urea is
unlikely to be of any value as a marker of ELF dilution.
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Lymphocyte counts and T cell phenotypes in bronchoalveolar
lavage (BAL) in relation to transbronchial lung biopsy (TBB)
in patients with heart-lung transplants

CA CLELLAND, TW HIGENBOTTAM, JP SCOTT, JA MONK, J
WALLWORK Heart-lung Transplant Research Unit, Pap-
worth Hospital, Cambridge The clinical difficulty of distin-
guishing lung rejection from infection in HLT patients is
lessened by the use ofTBB. Analysis ofBAL cells may further
improve diagnostic accuracy and perhaps reveal some of the
mechanisms of rejection. Here we report the cell counts,
including T cells, measured in 68 BAL fluid samples in 29
HLT patients (27 T cell counts in 25 patients). At bronchos-
copy lavage was performed with 100 ml of saline and the
mean recovered was 59 ml (SD 12-5). Differential counts were
made on cytocentrifuge preparations. The majority of cells
were macrophages. Purified lymphocyte cytocentrifuge
preparation were stained for CD3, CD4, and CD8 and
counts made. Counts were then related to the TBB diagnosis.
Seven biopsy specimens were normal (N), 30 were taken
during untreated rejection (UTR) and 16 were from follow
up biopsies after augmented immunosuppression (TR).
Pneumonia (INF) accounted for 14 biopsies, CMV for seven,
HSV for two, PCP for one and bacterial infection for four.
The table gives mean (SEM) values. The percentage of
lymphocytes, and specifically that of the CD8 subset, was
increased in rejection and returned to normal after treatment.
With infection there was no comparable increase in lym-
phocyte numbers. Analysis of BAL cells supplements TBB
and may have a major role in monitoring and ultimately
improving outcome of heart-lung transplantation.

Cell count % lympho- CD4 CD8
(x 106/ml) cytes ( x 103/ml) (x 103/ml)

N 020(005) 74(18) 1-3(1.3) 70(51)
INF 0-36 (0 16) 9 1(2-0) 4-8 (1 6) 13 6 (8 7)
UTR 0-24 (0-06) 16 1(2-8) 3.1 (1.3) 42-3 (13 5)
TR 0-22 (0-04) 8 4(2-1) 2-6 (1 2) 6-7 (4 8)

Inhibition oftumour necrosis factor (TNF) by serum of patients
with sarcoidosis and tuberculosis

NM FOLEY, AB MILLAR, MW MCNICOL, GAW ROOK, NMCI
JOHNSON University College and Middlesex School of
Medicine and Willesden Chest Clinic, London We have
previously reported that pulmonary macrophages ofpatients
with sarcoidosis and tuberculosis release TNF in vitro in far
greater amounts than macrophages of patient controls,
although there is little evidence of release of this cytokine in
vivo in patients with sarcoidosis. Work from other centres
has suggested that there is binding of cytokines to serum
components under certain conditions. We therefore inves-
tigated the possibility that serum of patients with sarcoidosis
contains a TNF inhibitor. We have studied the effect ofserum
from 37 patients with sarcoidosis, 15 with pulmonary TB and
12 control subjects on the ability ofTNF to kill L929 murine
fibroblast tumorigenic cells in vitro. L929 cells were cultured
in 96 well microtitre plates at a concentration of 2-5 x 104
cells per well. Sera were heat inactivated at 56C for 30
minutes and used at a final concentration of20%. Recombin-
ant human TNF was mixed with test sera in a range of
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concentrations from 300 to 150 000 units/ml, and a dose-
response curve calculated for TNF alone and for each test
serum plus TNF. Cells were also incubated with 20% serum
alone in order to rule out spontaneous non-TNF related
killing. One row of wells per plate was used as a negative
control-that is, no TNF was added. From these wells 100%
survival was calculated, and thus a dose-response curve of
TNF concentration v cell survival drawn. Using the dose-
response curve data, we calculated the relative ability ofTNF
to kill L929 cells in the presence and absence of test sera. The
serum of 25 of 37 patients with sarcoidosis caused significant
inhibition of TNF and, contrary to our expectations, the
majority ofTB sera (13/15) also caused highly significant (10
fold or greater) inhibition ofTNF, while the control sera had
no effect on cell survival or caused slight inhibition (1-2 fold).
Our results suggest that there is marked inhibition ofTNF in
vitro by serum from the majority of patients with sarcoidosis
and tuberculosis, perhaps by binding of a serum component
to the cytokine.

This project is supported by the British Lung Foundation.

Type III collagen synthesis by the human lung: effect of
cardiopulmonary bypass

NK HARRISON, GJ LAURENT, TW EVANS Biochemistry and
Intensive Care Units, National Heart and Lung Institute,
London Little is known about the rate of collagen turnover
in human lung. Studies in young rodents have suggested that
an amount of collagen equivalent to 13% of the total lung
collagen is synthesised and degraded each day, and this figure
falls to 1% in maturity. This study aimed to derive an
estimate for the rate of type III collagen synthesis by normal
human lung and to assess the effect of cardiopulmonary
bypass (CPB) on this process. Fourteen patients undergoing
routine cardiac catheterisation for coronary or valvular
cardiac heart disease were studied. Samples of serum were
taken simultaneously from pulmonary artery (PA) and left
ventricle (LV). Cardiac output (CO) was calculated by
thermodilution in triplicate. Type III procollagen N terminal
peptides were measured on serum by radioimmunoassay. In
seven patients repeat measurements were made four hours
after CPB. Group values expressed as means (SEM) are
shown in the table and were compared by paired t test.
Assuming total lung collagen content to be approximately 25
g, and the molecular weight of PIIINP in serum to be 10 Kd,
we estimate the daily turnover of type III collagen to be
0-15% of the total lung collagen content. Low levels of
PIIINP after cardiopulmonary bypass probably reflect
reduced collagen synthesis by several organs in a net
catabolic state. The loss of transpulmonary gradient for
PIIINP is consistent with this hypothesis. This technique may
prove useful for detecting altered pulmonary collagen
metabolism in patients with pulmonary fibrosis following
acute lung injury.

PA LV PA-L V/CO
(ng/ml) (ng/ml) (g/mmin)

Baseline (n = 14) 69 (9) 77 (10)* 1-5 (0-7)
Post bypass (n = 7) 40 (5)t 41 (5)t
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Alpha, andtrypsin (AT) synthesis by monocyte subpopulations

CA OWEN, SC AFFORD, D BURNETT, RA STOCKLEY General
Hospital, Birmingham Defects in the control of a,AT
synthesis by monocytes and macrophages may have a role in
the pathogenesis of chronic obstructive lung disease. Mon-
ocytes are conventionally purified by their adherent proper-
ties. We have shown, however, that on average only 20% of
blood monocytes from normal subjects are spontaneously
adherent (SAM); of the remainder (SNAM), about 50%
(LAM) become adherent on treatment with bacterial
lipopolysaccharide (LPS), while the rest (LNAM) do not. We
have compared the synthesis of a,AT by these monocyte
subpopulations and studied the effect of LPS. Monocytes
from six normal subjects were isolated using nycodenz
gradients and a,AT was measured in cell supernatants and
lysates by direct binding ELISA. The mean baseline content
of the non-adherent groups (SNAM 378 ng/106 cells (SEM
105) and LNAM 152 (30 6) was greater than that of the
adherent groups (SAM 63 5 (10-8) and LAM 16-3 (5 8); p <
0 025). After 24 hours in culture the a,AT production by the
SAM cells was 391-6 (54 6). Treatment with LPS (1 ug/ml)
increased this production to 522-5 (71-3; p < 0 05). The
SNAM (696 (194.2)), LAM (30 2 (6 9)) and LNAM (185-6
(354)) also synthesised a,AT over 24 hours in culture.
However, these groups of cells showed no increase in a,AT
production in the presence of LPS. The results indicate that
upregulation ofa,AT production by LPS is a feature ofonly a
minor proportion ofblood monocytes from normal subjects.

Variations in nentrophil elastase and products of lipid perox-
idation during smoking

W MACNEE, D BELL, J DAWES, AL MUIR, JC HOGG Departments
ofRespiratory Medicine and Medicine and the SNBTS Blood
Components Unit, University of Edinburgh We have
previously described a transient delay in neutrophil passage
through the pulmonary circulation during cigarette smoking
(MacNee et al, Am Rev Respir Dis 1987;135:A146). To
determine ifslower neutrophil traffic in the lungs is associated
with the release of human neutrophil elastase (HNE) and
evidence of increased free radical production, we sampled
arterial blood rapidly in 12 cigarette smokers while they
smoked one cigarette over six minutes. Carboxyhaemoglobin
(CoHb), HNE, and octadecadienoic acid, as a measure of
lipid peroxidation were measured in blood samples with-
drawn every 20 seconds, and at two minute intervals
thereafter, for a further 12 minutes. CoHb was 5 1 ± 1-6%,
and HNE was 23-4 (SEM 8 7) ng/ml (n = 8, range 12-0-37-5
ng/ml) at baseline, and was elevated in only two patients
(normal value ofHNE 20-9 (13-2) ng/ml). The baseline level
of octadecadienoic acid was 20-9 (13-2) jmol/l (n = 7, range
10 1-22 4 ymol/l) and was also elevated in only two patients
(normal value 20-4 (1 2) umol/l). CoHb rose in every subject
during smoking to a peak of 7 0 (1 7)% (p < 0 01), as did
HNE, the peak value occurring between 2-6 minutes during
smoking (66 5 (30 2) ng/ml, p < 0 05). During smoking the
average level ofHNE (33-1 (15-7) ng/ml) was higher than that
at baseline (p < 0 05). HNE rose variably during smoking
from 1 3 to 4 0 fold. Neither the peak (21-4 (12-7) nmol/l) nor
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the average value (20-4 (12.0) umol/l) of octadecadienoic acid
changed during cigarette smoking compared with the
baseline value (p > 0 05). We conclude that the majority of
smokers studied had normal baseline values of HNE in the
blood which rose variably during smoking, without evidence
in intravascular release of products of lipid peroxidation.
This variation in the change in HNE may relate to a variation
in neutrophil retention in the lungs during smoking and if
confirmed in a larger group of smokers may help to explain
why only a minority of smokers develop pulmonary
emphysema.

Detenninants of neutrophil traffic in the lungs in chronic
obstructive pulmonary disease (COPD)

C SELBY, E DROST, S LANNAN, P WRAITH, W MACNEE Depart-
ment ofRespiratory Medicine, Rayne Laboratory, City Hosp-
ital, Edinburgh Little is known of the factors which
influence the passage ofneutrophils (PMNL) through human
lungs, despite the fact that PMNL have been implicated in
many forms of lung injury, including emphysema. We
compared indium-Ill PMNL lung kinetics in relation to
technetium-99m erythrocyte (RBC) transit time (TT) in
normal subjects and patients with COPD. In healthy elderly
individuals (3M, I F; 74-91 y) regional PMNL lung retention
10 minutes after reinjection, correlated with local RBC TT (r
= 0-82, p < 0-001), a relationship we have previously
described in young healthy smokers and non-smokers
(Thorax 1987;42:75 1). By contrast, this relationship was lost
(r = 0-13, p > 0 05) in patients with clinically stable COPD,
who had a wide range of airflow limitation (7M, 2F; 58-75 y:
FEV, 12-57% predicted). In patients studied early in an
acute exacerbation of their COPD (IM, 4F; 46-74 y; FEV,
10-18% predicted) first pass PMNL lung retention was
greater (15 9 ± 2 7%) than those studied when clinically
stable (12-3 (SEM 3.2%), p < 0-05) despite a trend to shorter
RBC TT (TT stable 5 1 ± 1-4 s, TT acute 2-9 (1 1) s; p <
005). In none of the groups were there any significant
correlations between absolute or % predicted FEV,, or FVC
and PMNL retention. Moreover, regional CT lung density in
four of the nine patients with stable COPD did not correlate
with regional PMNL lung kinetics (r = -0-20, 0-36; p >
0 05). Thus the presence ofCOPD causes loss of the normal
relationship between PMNL lung retention and local blood
velocity as measured by RBC TT, findings which are similar
to the acute effects of cigarette smoking in healthy subjects.
Although neutrophil retention was higher during exacerba-
tions of COPD, it did not correlate with the severity of
airflow limitation, or the amount ofemphysema measured by
CT scanning. However, greater PMNL retention may
increase the proteolytic burden in the lungs.

Variations in neutrophil deformability folowing in vivo and in
vitro cigarette smoke exposure

E DROST, C SELBY, S LANNAN, W MACNEE Department of
Respiratory Medicine, Rayne Laboratory, City Hospital,
Edinburgh We have previously shown that leucocytes,
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exposed to particulate cigarette smoke (PCS) in vitro, have
decreased filterability (Clin Sci, in press). We have suggested
that smoke induces a decrease in cell deformability, provid-
ing a mechanism for the increased neutrophil (PMNL)
retention occurring in the lungs, during active cigarette
smoking. Since PMNL traversing the pulmonary capillary
bed are likely to be exposed to vapour (VCS), rather than
particulate cigarette smoke (PCS), we measured cell defor-
mability following VCS exposure as the pressure developed
by PMNL (1 x 105 cells) within a micropore filter, with
similar dimensions to that of the average human pulmonary
capillary segment. Neutrophils from normal subjects (n = 7)
developed a higher pressure during filtration (15-7 (SEM 7 8)
cm H20) compared with control cells (4-0 (2 4) cm H2O, p <
002), indicating decreased deformability. Moreover, this
reduced filterability was related to the degree of smoke
exposure between a carboxyhaemoglogin of 11-1 1%,
measured in similarly exposed whole blood. However, in a
comparison of the filterability of whole blood diluted with
buffer (1 5 (0-3) x l0 leucocytes), obtained from eight
healthy smokers, only two of eight subjects showed sig-
nificantly decreased filterability following exposure to VCS,
an effect which occurred following both in vivo and in vitro
smoke exposure. We suggest that, in contrast to leucocytes in
buffer exposed to VCS, whole blood leucocytes, in some
smokers may be protected from smoke induced changes in
deformability. Such a variability in the effect of cigarette
smoke on PMNL deformability may relate to variations in
PMNL sequestration within the lungs during smoking, since
PMNL because of their size must deform in order to pass
through the pulmonary capillary bed. Furthermore,
individual variations in the effect of cigarette smoke on
PMNL may help to explain why only a proportion of
smokers develop centrilobular emphysema.

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

Investigation of the development of bleomycin induced lung
fibrosis in mice

S SHAHZEIDI, PK JEFFERY, RI MCANULTY, GJ LAURENT
Biochemistry Unit, Department of Thoracic Medicine,
National Heart and Lung Institute, London The antitumour
agent bleomycin is widely used in experimental models of
acute lung injury leading to pulmonary fibrosis. We have
developed a model ofbleomycin induced lung fibrosis in mice
which may prove useful in screening experiments to assess
agents which might ameliorate pulmonary fibrosis. In initial
dose response experiments used bleomycin (75 ug, 125 pg,
150 pg, 175 pg and 250 pg/animal) in groups of 9-10 mice
(strain B6D2FI). After being anaesthetised with Alphaxolon
0-9% w/v and Alphadolon 0-3% w/v (0-0075 ml/g body
weight), the mice were intubated and the relevant dose of
bleotnycin (in normal saline) instilled. After three weeks
pulmonary fibrosis was assessed biochemically (on the basis
of lung hydroxyproline content) and histologically (on the
basis ofhaematoxylin and eosin and specific connective tissue
stains). Biochemical and histological data indicated that lung
injury occurred at a dose of bleomycin as low as 75 pg. At a
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dose of 175 pg injury was most marked, but this dose was
lethal for 40% ofthe animals. At a dose of 150 pg the collagen
content was similar to the 175 pg dose, but mortality was
reduced. The time course of collagen deposition was
examined three, 10, 21 and 35 days and two months after 150
pg ofbleomycin. Collagen content increased by 0, 42-4 (SEM
6-2)%, 51-7 (11-3)%, 83-1 (7 2)% and 78-87 (11-6)% respec-
tively when compared with the normal controls at the same
times. Histologically, three days after bleomycin there was a
severe infiltrate around central airways and to a lesser extent
around bronchioli with interstitial oedema. In conclusion, a
model has been developed in mice in which there is bio-
chemical and histological evidence for pulmonary fibrosis
developing over a month following a single instillation of
bleomycin. The animals appear otherwise healthy, making
this model ideal for screening drugs currently under evalua-
tion.

Effect of cytokines on the synthesis of cathepsin B and
leucocyte elastase in the U937 cell line

CJ WARD, RA STOCKLEY, D BURNETT General Hospital,
Birmingham Leucocyte elastase (HLE) and macrophage
cathepsin B (Cath B) have been implicated in the destruction
of connective tissue in the lung. We have investigated the
effects oftumour necrosis factor (TNF), granulocyte macro-
phage colony stimulating factor (GM-CSF) and lipopolysac-
charide (LPS) on the regulation of these two enzymes in the
human promonocytic cell line U937. The cells were incubated
for three days with the cytokine then harvested and lysed.
Enzyme concentrations in lysates were measuring using
specific chromogenic substrate assays. The results (means
(SD)) are shown in the table. The cytokines and endotoxin
therefore significantly reduced the intracellular LE content of
U937, but Cath B was increased. These results show that
cytokines and endotoxin can influence the proteinase content
ofinflammatory cells at an early stage of their differentiation.
This may influence the potential ofend stage cells to mediate
tissue destruction.

Cytokine HLE (ng/10) Cath B (ng/106)

Control 102-6 (20) 24-2 (7-52)
GM-CSF 25 U/ml 46-8 (9 17)* 78-7 (14-7)*
TNF 500 U/ml 79-0 (14)* 66-3 (6-8)*
LPS 1000 ng/ml 58-2 (8 04)* 59-6 (8-8)*

* p < 0-025 relative to control, n = 6.

Acute pulmonary inflammation following oxygen exposure in
the premature guinea pig

E MURDOCH, GI TOWN, GJ PHILLIPS, ST HOLGATE, FJ
KELLY Departments of Human Nutrition and Medicine I,
University of Southampton Advances in neonatal intensive
care, particularly the use of mechanical ventilation with
supplemental inspired oxygen, have led to improved survival
figures for premature infants. However, oxygen therapy has
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the potential to initiate lung injury through the generation of
proinflammatory oxygen free radicals. We investigated the
short and medium term pulmonary effects of oxygen
exposure in the premature guinea pig. Following timed
gestation guinea pig pups were delivered three days
prematurely by caesarian section and randomly allocated to
receive 72 hours' treatment with either 95% oxygen
(hyperoxia) or 21% oxygen (controls). Animals were then
killed for bronchoalveolar lavage (BAL) immediately (72
hours) and five, seven and 14 days after delivery. The BAL
fluid was analysed for total cell count, neutrophil count and
total protein. Values for oxygen treated and control animals
were compared using Student's t test; the table shows mean
(SD) values. Oxygen exposure in the premature guinea pig
produces acute pulmonary inflammation characterised by
neutrophilia and protein exudation. This response persists
after cessation of treatment and may have a role in the
development ofmore sustained bronchopulmonary dysfunc-
tion.

72 hours 5 days 7 days 14 days

Total cell Air 51 (2-0) 6-0 (1-3) 4-9 (1-3) 5-4 (2-3)
count ( x 10'/ml) 02 6-2 (5-0) 12 8 (4-8)* 10 5 (6-8)* 6-9 (3-1)
Neutrophils Air 0 7 (0 7) 1 5 (1-1) 0 9 (0 8) 0 6 (0 5)
( x 104/ml) 02 3 9 (3.6)* 14 9 (7 6)* 26 3 (33 9) 2 6 (14)*
Protein Air 0 19 (0 06) 0-11 (0-03) 0 08 (0-03) 0 11 (0 05)
(mg/ml) 02 1- 1 (0 8)* 0 31 (0 1)* 0 13 (0 05)*0 07 (0 02)

*p < 0-05. n = 5-8 per group.

Premature guinea pig as an animal model of bronchopulmon-
ary dysplasia

GI TOWN, GJ PHILLIPS, ST HOLGATE, FJ KELLY Departments of
Human Nutrition and Medicine I, University ofSouthampton
The use ofmechanical ventilation and high concentrations of
oxygen following premature birth can adversely effect the
development and function of the lung, leading to increased
respiratory morbidity during childhood. The 1987 NHLBI
Workshop on postnatal lung development (Am Rev Respir
Dis 1988;137:742-6) identified an urgent need for the
development of animal models to study the pathogenesis of
lung injury in the premature infant. In developing a model of
prematurity in the guinea pig, we determined the survival of
premature guinea pig pups delivered during the latter stages
of gestation and correlated this data with markers of
anatomic and biochemical pulmonary maturity. Premature
guinea pig pups were delivered by caesarian section at 55, 63,
65 and 67 days gestation (normal gestation 68-69 days).
Subgroups of animals were killed for both morphometric
analysis (determination of % airspace and type II
pneumocyte number) and phosphatidylcholine (PC) content
of lung tissue (PC being the principal phospholipid compon-
ent of surfactant). Pulmonary histological examination was
performed on non-survivors. No animal survived premature
delivery prior to 63 days' gestation. Those of 63 days'
gestation had a 50% survival at 24 hours while those of 65
days and greater had a 98% survival. There was a progressive
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rise in lung PC concentration from 0 93 (0.18) ymol/mg
DNA at 55 days to 3-86 (0 50) at term. Percentage airspace
was 38-6% (4-2%) at 55 days, rising to 69-2% (5.4%) at term.
In the non-survivors pulmonary histology revealed wide-
spread atelectasis with some evidence of pulmonary oedema
but no hyaline membranes. We have established that the GP
has a similar pulmonary developmental profile to the human
and therefore provides an appropriate animal model to study
the pathogenesis oflung injury following premature delivery.

Endothelium dependent vasorelaxation in human pulmonary
disease

AT DINH XUAN, TW HIGENBOTTAM, J PEPKE-ZABA, CA
CLELLAND, J WALLWORK Department of Respiratory
Physiology, Papworth Hospital, Cambridge Although the
existence of endothelium derived relaxing factor(s) (EDRF)
has been described in human pulmonary arteries (PA)
(Greenberg et al, Am J Physiol 1987;252:H434; Thom et al,
Clin Sci 1987;73:547), the role of EDRF in human pulmon-
ary vascular disease has not yet been documented. In vitro
studies of PA obtained from living pulmonary hypertensive
patients are now feasible with heart-lung transplantation
(HLT). We therefore investigated in vitro EDRF mediated
relaxation ofPA obtained at HLT from three cystic fibrosis
(CF) and four Eisenmenger's syndrome (ES) patients. Con-
trol PA were obtained from 10 patients undergoing lobec-
tomy for lung carcinoma. Pairs of vascular rings with (E+)
and without endothelium (E-) were mounted in parallel in
glass chambers containing Krebs solution, maintained at
37°C and bubbled with 95% 02 and 5% CO2. After the rings
were precontracted with pheylephrine (I0O M), acetylcholine
(ACh) and adenosine diphosphate (ADP) were added in the
bath in a cumulative fashion (10 '° to 10' M). Changes in
isometric tension were recorded by a force transducer
(Harvard Bioscience, Massachusetts). No relaxation
occurred in E- rings, whereas E+ rings dose dependently
relaxed with both ACh and ADP in all patients. EDRF-
mediated relaxation was, however, markedly reduced in HLT
recipients' PA (max relaxation 32 4 (SEM 6)% and 53 2 (8)%
with ACh and ADP respectively) compared with control PA
(max relaxation 73-2 (7)% and 83-7 (2)% with ACh andADP
respectively). We conclude that EDRF mediated vasorelaxa-
tion, though present, is markedly impaired in CF and ES
patients, possibly through functional alterations of pulmon-
ary vascular endothelial cells.

Endotoxin induced plasma exudation in guinea pig airways is
not dependent on circulating neutrophils

TW EVANS, DF ROGERS, KF CHUNG, PJ BARNES Department of
Thoracic Medicine, National Heart and Lung Institute and
Brompton Hospital, London Bacterial products such as
endotoxin have been shown to induce bronchoconstriction in
man and bronchial hyperresponsiveness (BHR) in sheep.
Circulating neutrophils have been implicated in the mechan-
isms underlying BHR, but plasma exudation into the airways
may also be involved. Intravenous endotoxin increases
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airway microvascular permeability in guinea pigs as quan-
tified by the extravasation of Evans blue (EB) dye (Am Rev
Respir Dis 1988;137:A236). Thus we have determined
whether this effect is neutrophil dependent. Male guinea pigs
were pretreated with an antiguinea pig neutrophil antibody
(n = 7), or serum (n = 5) 24 hours prior to administration of
EB and S enteritidis endotoxin 7 5 mg/kg. Controls received
EB and saline (n = 6). After 25 minutes animals were killed
and airway and EB extracted. Circulating neutrophils were
depleted by 97% in treated animals. In the table airway dye
content is expressed as ng EB/mg issue. Values are means
(SEM).

Trachea Bronchi CIPA PIPA

Saline 20-2 27-9 20-1 30-0
(2-9) (4.9) (4-9) (4-9)*

Serumt 60-3* 73.9* 70-2* 72.7*
Endotoxin (150) (176) (11.1) (140)
Antibodyt 502* 62-0* 65.8* 60.5*
Endotoxin (9-8) (12.7) (11-4) (14.4)

*p < 0 05 compared with saline, Endotoxin caused a significant
increase in microvascular permeability at all airway levels, which was
not dependent on the presence of circulating neutrophils. CIPA,
PIPA-central, peripheral intrapulmonary airways.

Clinical features of typical and atypical bronchial carcinoid
tumours

MARTIN ALLEN, FRANK CAREY Chest Unit, City Hospital, and
University Department of Pathology, Edinburgh Typical
carcinoid tumours (TC) account for approximately 4% of all
bronchial neplasia. Thought to be less common is the atypical
carcinoid tumour (AC) identified in only four out of 142
patients with carcinoid tumours (Thorax 1976;31:245;
1984;39:617). In an attempt to determine the clinical features
ofboth TC + AC we have examined our experiences over the
six years 1983-8 inclusive in SE Scotland (population
950 000). Patients were identified from surgical discharge
summaries and pathology department records. Demographic
and clinical details along with the results of investigations
were obtained from review of case notes and chest
radiographs. Given the limitations of retrospective data
collection, adequate information was available for most
patients. Some of the results are displayed in the table.
Mucosal abnormalities were found in all nine patients with
AC that had fibreoptic bronchoscopy (FOB), malignancy
being found in four pathological samples, but none confir-
med AC. In contrast, FOB was abnormal in 16/19 patients
with TC, malignant cells being found in 10 patients, in six
cases TC being identified prior to resection. Thus AC appears
more common than perhaps previously thought. Given the
small numbers of patients identified, AC, in contrast to TC,
occurred with an equal sex incidence in an older population,
many ofwho smoked. Despite endobronchial abnormalities,
pathological specimens obtained by FOB in patients withAC
were unhelpful in determining the preoperative diagnosis.

Mean % smoker Abnormal
No Sex age (y) or ex-smoker FOB (%)

TC 27 17F 51-5 63 84
AC 12 6F 64-9 84 100
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Oral theophylline potentiates the inotropic effect of inhaled
fenoterol

CD BURGESS, T KWONG, A FLATT, R BEASLEY, G PURDEE, J
CRANE Departments ofMedicine and ofCommunity Health,
Wellington School of Medicine, New Zealand We inves-
tigated whether oral theophylline potentiates the cardiovas-
cular effects of fenoterol administered by metered dose
inhaler. Eight healthy subjects were investigated on four
occasions. Initially on successive days (1 and 2) they were
given doses of 400, 600, and 800 ig of fenoterol at 15 minute
intervals (total dose 1-8 mg) or matched placebo. Systolic
time intervals and blood pressure were recorded at baseline
and five minutes after each inhalation. The subjects were then
treated with slow release theophylline for eight days. On days
7 and 8 the procedures on days 1 and 2 were repeated. The
order of fenoterol/placebo treatments was applied according
to a crossover, Latin square design. The effects after theo-
phylline alone were no different from placebo. However,
theophylline potentiated those haemodynamic effects due to
enhanced cardiac sympathetic tone (SEM) as measured by
decrease in electromechanical systole (QS2I; - 41-6 (7-6) ms v
- 27-3 (5 9) ms, p = 0 0004), increase in systolic BP (23-5
(2 8) mm Hg v 9 0 (5 3) mm Hg, p = <0-00001) and heart
rate (15-8 (1-6) bpm v 9 1 (3.7) bpm, p = <0-0013). Those
responses mediated by afterload reduction-namely,
decrease in pre-ejection period and diastolic blood pres-
sure-were not potentiated. We conclude that theophylline
potentiates the positive inotropic and chronotropic effects of
fenoterol.

Does emphysema occur in asthma?

W BIERNACKI, W MACNE, M RYAN, JJK BEST, DC FLEN-
LEY Departments of Respiratory Medicine, Rayne
Laboratory, City Hospital, and Medical Radiology, Royal
Infirmary, Edinburgh Dunnill (J Clin Pathol 1960;13:37)
found no evidence of macroscopic emphysema in patients
dying of status asthmaticus. However, Messner et al (Dis
Chest 1960;38:616) concluded that emphysema was common
in chronic asthma. We have previously shown that in vivo
measurements of regional lung density by quantitative CT
scanning, measured preoperatively, correlates with the
degree of microscopic emphysema measured in resected
lungs (Gould et al, Am Rev Respir Dis 1988;137:380). In this
study we performed CT scans of the lungs (GE 9000 scanner)
in 11 asthmatic patients (8 M; 3 F) aged 48 (SD 11) years who
were lifelong non-smokers. These patients had lung volumes
measured by helium dilution. The FEV, values were 1-08-
2-131, FVC 2-4-151, RV/TLC 93-246% predicted, TLCO/
VA 51-118% predicted. In six of the 11 patients CT density
measurements of the lung showed low density areas compati-
ble with emphysema (EMI No of the lowest 5th percentile of
the CT density histogram > - 460). Five of the 11 patients
underwent CT scanning on two occasions, before and after
bronchodilatation, with an inhaled beta adrenergic agonist.
Reversibility was demonstrated by a change in PEF from 266
(102) I/min to 404 (86) I/min (p < 005). However, this
improvement in airflow limitation did not result in a change
in CT lung density (prebronchodilatation EMI No -445 (23)
post-bronchodilatation EMI No -443 (28), p > 0 05). These
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data show that areas of low lung density are present in some
patients with asthma. We did not, however, demonstrate any
change in CT lung density following improvement in their
airflow limitation, suggesting that hyperinflation may not be
the cause of this reduced lung density, but rather that
emphysema may be present in some patients with chronic
asthma.

Hypothalamo-pituitary-adrenal axis suppression in asthmatics
taking high dose inhaled corticosteroids

PH BROWN, AP GREENING, GK CROMPTON Respiratory Unit
Northern General Hospital, Edinburgh Tests of HPA axis
function (fasting 9 am plasma cortisol, short tetracosactrin
test and unstimulated 24 h urine free cortisol excretion) were

performed on 59 adult asthmatics taking high dose inhaled
corticosteroids (median 1720 pg, range 1500-2650 pg daily).
Seventeen had previously required long term oral or

intramuscular corticosteroids six months to 10 years prior to
assessment. Subnormal test results were defined as: 9 am

plasma cortisol < 190 nmol/l; rise in plasma cortisol < 200
nmol/l and/or plasma cortisol < 500 nmol/l post tetracosac-
trin; 24 h urine free cortisol < 80 nmol/l. Significant HPA axis
suppression was judged to be present if results of at least two
tests were subnormal. Data from one were excluded because
of inefficient inhaler technique. HPA axis suppression was

found in 11 subjects (19%), 17 (29 3%) having a single test
result abnormality. Five of 22 (23-7%) inhaling 1500 pg of
beclomethasone dipropionate (BDP) daily were suppres-

sed-four having formerly required long term prednisolone,
a minimum of 3-6 years prior to assessment. One of the 6
patients on 1600 pg budesonide (BUD) daily, four of 22
(18-2%) on 2000 pg BDP daily and one of 7 inhaling >2200
pg BDP daily had HPA suppression. No significant differen-
ces in any results were found in patients inhaling 1500 pg and
2000 pg BDP daily. There was also no correlation between
dose when corrected for body surface area and any test result.
HPA suppression was found more often in patients
previously treated with long term oral corticosteroids
(35 3%) It is concluded that (1) HPA axis suppression can

occur in asthmatics inhaling 1500 pg BDP or 1600 pg BUD
daily; (2) HPA suppression has been found in 19% ofpatients
being treated with 1500-2500 pg of inhaled steroid daily and
correction for body surface area cannot be used to predict
risk; (3) HPA axis suppression is more likely to be present in
those who formerly required long term oral corticosteroids.

Screening for hypothalamo-pituitary-adrenal axis suppression
in asthmatics taking high dose inhaled corticosteroids

PH BROWN, AP GREENING, GK CROMPTON Respiratory Unit,
Northern General Hospital, Edinburgh Fasting 9 am plasma
cortisol, short tetracosactrin test and 24 h urine free cortisol
excretion were measured in 58 adult asthmatics (33 females
and 25 males) taking 1500-2650 pg inhaled (± intranasal)
beclomethasone dipropionate (BDP; n = 51) or 1600-1800
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Mg budesonide (BUD; n = 7) daily. Minimum acceptable
values for these tests were: 9 am plasma cortisol 190 nmol/l;
rise in plasma cortisol 200 nmol/l to at least 500 nmol/l post
tetracosactrin; urine free cortisol 80 nmol/24 h. Results of at
least one of these tests were subnormal in 17 patients
(29 3%), two tests were abnormal in 11 (19%) and three tests
in five (8 6%). Six taking 1500 pg BDP, one taking 1600 pg
BUD and 10 patients taking 2000-2400 Mg BDP failed one or
more tests. Serum creatinine was normal in all patients.
Insulin stress tests, performed on eight patients with one or
more subnormal results, confirmed HPA axis suppression
(maximum plasma cortisol <550 nmol/l in response to
hypoglycaemia). Urine free cortisol was within the normal
range in only one of these eight whereas 9 am plasma cortisol
was normal in seven and short tetracosactrin test normal in
two patients. One with a borderline low response to
tetracosactrin but urine free cortisol just within the normal
range had an abnormal insulin stress test. Another subject in
whom insulin stress testing was contraindicated had an
abnormal tetracosactrin test but a urine free cortisol level
well within the normal range. One patient had two insulin
stress tests, one abnormal when BDP inhaled 3 h prior to the
test and one normal when BDP was withheld for 10 hours. It
is concluded that 24 h urine free cortisol excretion is the single
most useful screening test for HPA axis suppression induced
by high dose inhaled corticosteroids.

Management of hypercalcaemia in advanced lung cancer

JH CAMPBELL, SH RALSTON, IT BOYLE, SW BANHAM Depart-
ment of Respiratory Medicine and University Department of
Medicine, Royal Infirmary, Glasgow We report our
experience in the management of symptomatic hypercal-
caemia in advanced lung cancer. Between 1981-7 51 patients
required urgent admission due to rapid clinical deterioration
accompanied by significant hypercalcaemia (> 2-75 mmol/l).
Thirty six (71%) had squamous cell cancer, five small cell,
three anaplastic, two adenocarcinoma and five unclassified.
Thirty five (69%) had metastatic disease. Symptoms were
categorised and "scored" for each patient on the basis of
being either potentially attributable to hypercalcaemia or
not. All patients were rehydrated but specific treatment
schedules over this period varied (1981-85 steroids, cal-
citonin, mithramycin; 1985-87 aminohydroxypropyledene
diphosphonate-APD). Overall 41 patients (80%) had a
biochemical response; serum calcium fell from 3-28 mmol/l
(0 33) (mean (SD)) to a nadir of 2 54 mmol/l (0 36) (p <

0-001). Eighty of 144 symptoms improved, with "specific"
manifestations of hypercalcaemia more than "non-specific"
(64 of96 (67%) versus 18 of48 (38%); p < 0-001). Although
median survival was only 33 days, as would be expected in
these terminally ill patients, half improved sufficiently to get
home. Seventeen relapsed (five retreated) and in comparing
the treatment schedules there was a trend for the non-

diphosphonate group to relapse more often. We conclude
that treatment of hypercalcaemia in advanced lung cancer
results in a worthwhile symptomatic improvement. Most
standard regimens are effective in the short term but APD
offers the advantage of a simple and well tolerated regimen.
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Radial artery puncture: comparison of three haemostatic
techniques

N ALI, H MAKKER, P COCKWELL, P DAVIES, S ROGERS, M GRAY, A
GILLIES, S CAPEWELL Department of Chest Diseases, Llan-
dough Hospital, Cardif Recommended methods of
haemostasis following radial artery puncture (RAP) vary
enormously. Although each method has dogmatic support,
there are no comparative data. Alert, cooperative patients
requiring RAP were therefore randomised to one of three
haemostatic techniques applying firm pressure to the punc-
ture site for five minutes via (1) a firmly wrapped crepe
bandage, (2) the patient's finger, or (3) the doctor's finger.
Patients undergoing a repeat RAP, those on anticoagulants,
and those in whom RAP proved technically difficult were
excluded. Bruising, pain, tenderness and swelling were asses-
sed, single blind, after one and 24 hours in 69 patients (37
male, 32 female, mean age 59 (range 17-77 years). Overall,
the three techniques were comparable. After one hour the
overall incidence of pain was 31%, tenderness 20%, swelling
14% and bruising 17%. After 24 hours the corresponding
incidences were 9%, 6%, 4% and 58%. After 24 hours the
relative incidences of bruising were bandage 66%, patient
48% and doctor 61% (NS). Neither bruise area nor any other
factor differed significantly between techniques; bruising did
not correlate with blood pressure or platelet count. Bruising
was almost universal in patients on long term prednisolone
(21/23, (91%) v 19/46 (41%), p < 0-001), and mean bruise
area was much larger (122 v 34 mm2, p < 0-001). In
conclusion, alert, co-operative patients pressing on their own
radial artery puncture sites are at least as good as bandages or
doctors.

Comparison oftwo theophylline prediction methods in obstruc-
tive lung disease

RW FITZPATRICK, JS MANN, PW JONES, K PROWSE, JC MUCKLOW,
RB COLE City General Hospital, Stoke-on-trent, and Univer-
sity of Keele Major problems of theophylline therapy are
the substantial interindividual variation in its metabolism
and the drug's low therapeutic index, which necessitate
individualisation of dosing. We have compared a single dose
single point method of predicting oral maintenance theo-
phylline dosage with a non-invasive method. Twenty patients
with obstructive lung disease received an oral test dose (6 mg/
kg) of microcrystalline theophylline. The plasma theo-
phylline concentration after 8-10 hours was then used to
derive the optimum maintenance dose of sustained release
aminophylline required to achieve steady state concentra-
tions between 55 and 110 Lmol/l by calculating the
theoretical concentration at time zero and the elimination
rate constant in individual subjects (assuming a population
average value ofvolume of distribution 0-48 1/kg). The mean
steady state plasma theophylline level was also predicted by
an assumed clearance method (ACM) using population
average pharmacokinetic parameters. These predictions were
then compared with observed concentration-time profiles at
steady state. Three subjects withdrew with side effects shortly
after commencing maintenance therapy. The mean difference
between the observed values (n = 17) and those predicted
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from a morning test dose (n = 14) was -011 mol/l (95%
CI - 7 0 to + 7 2). A large difference - 7-4 pmol/l (95% CI
- 18-2 to + 3 4) was found for ACM. In addition to being
more accurate, the test dose method allowed prediction ofthe
whole concentration-time profile compared with only an
average concentration prediction for ACM. Thus the test
dose method is practical yet provides accurate detailed
information for dose individualisation.

Humidification as an aid to tracheobronchia clearance when
used as an adjunct to chest physiotherapy

JH CONWAY, ST HOLGATE, J FLEMING, S PERRING Immuno-
pharmacology Group, University of Southampton
Humidification ofinspired air or oxygen is frequently used by
respiratory physiotherapists to relieve sputum retention.
Cold water, jet nebulising humidifiers are in widespread use
but there has been no previous attempt to investigate the
efficacy of this treatment. We performed a single blind,
crossover study to quantify the effect of humidification as an
adjunct to chest physiotherapy (CP). On two days, separated
by one week, patients were randomly allocated to humidifica-
tion or no humidification. A radioaerosol of human serum
albumin millimicrospheres labelled with technetium-99m
was used to measure sputum clearance by serial gamma
camera images. Sputum weight and forced expiratory volume
in one second (FEV,) were also measured. Humidification
was given for 30 minutes, followed by 20 minutes of postural
drainage with the patient using the forced expiration tech-
nique to assist clearance. Seven patients with stable bron-
chiectasis, characterised by chronic sputum production,
completed the trial. There was no significant difference for
baseline spirometry or the pattern of radioaerosol deposition
between the two study days. There was a significant increase
in sputum production with humidification (p < 0 05) and
there was also a significant increase in radioaerosol clearance
(p < 0005). There was no significant change in FEV,
between the study days. This study demonstrates that the use
of cold water, jet nebulising humidifiers significantly
increases tracheobronchial clearance above that of an
optimal CP regimen in bronchiectatics. This has important
clinical implications in the management of sputum retention
in patients with hypersecretory lung disease.

Reversible electrocardiographic T wave abnormalities in severe
acute asthma

AB HASSAN, J EFTHIMIOU, 0 ORMEROD, MK BENSON John
Radcliffe Hospital, Oxford Reversible electrocardiographic
(ECG) abnormalities are well recognised in severe acute
asthma. These include right axis deviation (RAD), P pulmon-
ale and T wave changes of right ventricular strain. We have
documented inferior lead T wave abnormalities in patients
presenting with severe acute asthma and found these to be
closely related to some of the clinical criteria commonly used
to assess severity. We studied 70 patients (40 female, 30 male,
mean age 29-3 (SD 113) years) admitted to hospital with
severe acute asthma, documenting clinical signs of severity,
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lung function tests, arterial blood gas tensions and daily
ECGs. Twenty two patients (34%) demonstrated T wave
inversion in leads II, III and AVF on admission (group 1),
whereas the rest did not (group 2). Significant differences
between the two groups were found for heart rate, the
presence of significant pulsus paradoxus, PEF, Pao2 and P
pulmonale, but not for age, sex, Paco2 or other ECG
abnormalities. The mean time for the T wave inversion to
resolve was 2-5 (SD 1-3) days in lead II, 4 5 (1-7) days in lead
AVF and 6-2 (2-1) days in lead III. Two dimensional
echocardiography performed in both group 1 (n = 10) and
group 2 (n = 10) patients two to four days after admission
demonstrated right atrial and/or ventricular dilatation in 5
(50%) group 1 patients but only one (10%) group 2 patient (p
< 0 05). Ten group 1 patients also underwent controlled
hyperventilation and exercise testing on a treadmill on
recovery, seven to 14 days after discharge, but no inferior T
wave inversion was observed. Reversible inferior T wave
abnormalities are not uncommon in severe acute asthma and
appear to relate to clinical severity.

Group I Group 2
(n = 22) (n = 48) p

Heart rate (min ') 107-3 (11 5) 96-1 (9 2) < 0-01
Pulsus paradoxus 68-2% 33-3% < 0-01
PEF (1/min) 98-9 (28.6) 123-2 (26.1) < 0 001
Pao2 (kPa) 7-72 (0 93) 8-76 (0 94) < 0005
P pulmonale 27-3% 8-3% < 0-05

A survey of patients' beliefs and preferences regarding drug
therapy in asthma and chronic obstructive pulmonary disease

ROGER J WOLSTENHOLME, M O'BRIEN, K JOHNSON, S
PURI Royal Albert Edward Infirmary, Wigan As part of a
video education study 600 questionnaires were issued to
unselected adult patients with asthma and chronic obstruc-
tive lung disease. There were 337 (56 2%) replies; approx-
imately 80% had asthma and 17% chronic obstructive
pulmonary disease, 94-6% were taking inhaled bron-
chodilators, 87 5% inhaled corticosteroids, 36-2% an oral
theophylline and 3-8% sodium cromoglycate or nedocromil
sodium. Sixty eight per cent of patients taking an inhaled
corticosteroid understood that it was a prophylactic drug.
However, inhaled corticosteroids were the least popular of
the drug groups, being liked by only 14% of patients. The
combined beta2 sympathomimetic and anticholinergic
inhaler was the most popular, being liked by 42%, with 34%
liking a beta2 sympathomimetic inhaler. This difference may
be due to a lower incidence of tremor with the former.
Theophyllines were liked by 15% but were disliked by 12%,
mainly because of gastric side effects and headache. Inhaled
beta2 sympathomimetics were disliked by 8% and combined
beta2 sympathomimetic and anticholinergic drugs by 5%.
The inhaled bronchodilators were clearly the most popular
drugs because of speed of action and rapid relief of symp-
toms. Most ofthe unpopularity ofthe inhaled corticosteroids
was due to taste effects and oral discomfort, which could be
overcome by increased use of spacer devices. Forty eight per
cent felt that steroids (prednisolone) were a useful medicine;
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46% were concerned about weight gain, and 35% were
worried about dangerous side effects. Twenty eight per cent
did not know when to use oral corticosteroids. Overall 59%
said they should be used for deteriorating asthma. Although
regular use of anti-inflammatory drugs by inhalation is
increasingly accepted as an initial part of asthma man-
agement, strenuous efforts are needed to maintain patient
compliance. Patients' concerns and beliefs regarding
"steroids" in general need to be specifically sought and
addressed to improve patient understanding and cooperation
with long term management and therapy.

Video improves patient satisfaction with chest clinic

ROGER J WOLSTENHOLME, M O'BREN, K JOHNSON, S
PURI Royal Albert Edward Infirmary, Wigan Patient
education is accepted as a fundamental part of management
in many respiratory conditions. In the Wigan Chest Clinic
there are approximately 6000 consultations each year.
Patient-doctor contact averages 6-9 minutes, allowing per-
haps only one to two minutes for patient education. To help
improve the level of patient education and satisfaction with
clinic services a 30 minute video has been produced, which is
shown continuously in the waiting area during the chest
clinic. Patient satisfaction and knowledge of their condition
and treatment was assessed by questionnaire. Three hundred
questionnaires were issued before and 300 after the video,
with a response rate of 38-6% and 73-6% respectively.
Twenty per cent of patients wanted more information. Their
level of knowledge was good before the video but improved
consistently post-video, although only by a small percentage
change (4-1%) in correct responses, from 69-2% to 73-3%.
However, the general level of satisfaction with the service
provided improved markedly in the post-video group, par-
ticularly regarding supply of information about their condi-
tion (57% to 74%) and their drug therapy (72% to 79%).
Interestingly, although 74% of patients felt it important to
seen the consultant each time, 68% felt comfortable in the
hands ofjunior doctors. In the pre-video group 60% wished
to see the specialist "asthma-nurse." This fell to 50% in the
post-video group, perhaps indicating that the video at least
partially met patient information needs. We have found that
the use of video in the chest clinic has improved the patient
understanding and satisfaction with the clinic service. We are
hopeful that these improved levels will be maintained as the
video is repeated on each clinic attendance and the messages
reinforced by all levels of medical and nursing staff. Seventy
eight per cent of patients said they felt better after attending
the chest clinic!

Raised creatine kinase activity in brittle asthma due to
subcutaneous terbutaline treatment

AP SYKES, N LAWSON, JG AYRES Department of Respiratory
Medicine and Department of Clinical Chemistry, East
Birmingham Hospital, Birmingham Subcutaneous ter-
butaline infusions are an effective treatment for brittle
asthma (O'Driscoll et al, Br JDis Chest 1988;82:360). Two of
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our patients have died from asthma while on this treatment.
Reports of acute focal myocarditis in four patients with
airways disease receiving intravenous beta agonists promp-

ted us to evaluate whether subcutaneous terbutaline used by
continuous infusion produced myocardial damage. We
studied 13 patients with brittle asthma (3M: OF) with a mean
(SD) age 43 9 (14-4) years on treatment with subcutaneous
terbutaline and 13 age and sex matched controls with
moderate asthma. A 12 lead ECG was obtained and total
serum creatine kinase (CK), cardiac specific isoenzyme ofCK
(CK-MB), and AST levels were measured. The median total
serum CK levels for the subcutaneous terbutaline group was
211 U/1 (range 84-502) (normal level <200 U/I), and was

significantly greater than the control group (median level 120
U/l (range 36-258); p < 0 005). CK-MB levels were neither
elevated nor significantly different between the two groups:

the median levels were 15 U/I and 10-5 U/I for the subcutan-
eous terbutaline and control groups respectively, (normal
level < 25 U/1). The mean CK levels in four patients being
started on subcutaneous terbutaline were: for 3 mg/24 hours,
67-3 U/A; 6 mg, 108-3 U/1; 12 mg, 138-3 U/I. This suggests that
the raised CK levels were due to the treatment rather than
uncontrolled asthma. The ECG recordings and AST levels
were all normal. Two subcutaneous terbutaline treated
patients with total CK levels of 463 and 357 U/A showed
EMG changes comparable with a diffuse myositis. In the one
patient who died and came to necropsy there was no evidence
of myocarditis. Our findings suggest that continous sub-
cutaneous terbutaline treatment may cause myositis but does
not seem to cause myocarditis.

APS is supported by a grant from the Asthma Research
Council.

Reduced selenium concentrations in asthmatic subjects in New
Zealand

A FLATT, N PEARCE, CD THOMSON, M SEARS, M ROBINSON,
R BEASLEY Departments ofMedicine andCommunity Health,
Wellington School ofMedicine, and Department ofNutrition,
University of Otago, New Zealand The essential trace
element selenium (Se) is an integral part of the enzyme
glutathione peroxidase (GSH-Px). The possibility that
reduced Se concentrations may exist in patients with asthma
has been suggested from a British study which demonstrated
that the concentration of Se in red blood cells and plasma in
asthmatic patients was significantly lower than that
measured in normal subjects (Stone et al, Clin Sci, in press).
In this present study we have assessed the Se concentration of
patients with asthma in New Zealand, a country with a low
dietary Se intake. We measured whole blood and plasma Se
and GSH-Px in 56 asthmatic patients and 59 non-asthmatic
control subjects in Otago (NZ). The whole blood Se and
GSH-Px activity were lower in asthmatic patients than in
normal subjects (66-4 v 713 ng/ml, p = 0-07; 23-3 v 26-6
units/g Hb, p = 0-01). There was a 1 9 (p = 0-24) and 5 8 (p
< 0-01) fold increased risk of asthma in persons with the
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lowest range of whole blood Se (< 60 mg/ml) and GSH-Px
(<20 units/g Hb) levels respectively. Levels were lower in
patients and control subjects without an atopic predisposi-
tion, but were not affected by prednisone use. Similar
reductions were not observed in Se or GSH-Px activity
measured in plasma, which reflects short term rather than
chronic Se concentration. Although there are a number of
possible explanations for these findings, our results are

consistent with the hypothesis that a lowered Se concentra-
tion with reduced GSH-Px activity may have a role in the
pathogenesis of asthma in New Zealand.

Inflammatory cell metabolic activity in sequential aspirates of
bronchoalveolar lavage (BAL) fluid in asthma

M DUDDRIDGE, CA KELLY, C WARD, DJ HENDRICK, EH WALTERS

Chest Unit, Newcastle General Hospital, University of New-
castle upon Tyne BAL macrophage (AM) and neutrophil
(PMN) metabolic activity is increased in asthma (Thorax
1988;43:684). From a sequential 3 x 60 ml BAL the majority
of each aspirate is derived from the most recently introduced
aliquot, with only a limited degree ofmixing with the residual
fluid from previous aliquots (Thorax 1988;43:822P). Most of
each aspirate is likely to be derived from the proximal part of
the bronchopulmonary segment lavaged. We have compared
PMN andAM metabolic activity from sequential aspirates of
a 3 x 60 ml BAL performed in 11 stable mild asthmatic
patients and 11 control subjects (wth normal spirometry) at
diagnostic bronchoscopy. Each aspirate was collected
immediately, and separately, on ice, filtered, and total,
differential and viable cell counts made. Harvested cells were
resuspended in Medium 199 to 5 x 105/mI and latex
stimulated chemiluminescence (CL) measured, with luminol
and lucigenin as markers of PMN and AM activity respec-
tively. CL was expressed as mV/1000PMN orAM (in a small
number of aspirates with ) 10% PMN lucigenin CL was

disregarded because of known lack of specificity). The data
(in mV) are square root transformed; squared means and
95% confidence intervals are given in the table. Cell viability
was > 90%. The lower PMN and AM activities in the first
aspirate ofBAL from the asthmatic patients suggests that it is
inappropriate for optimal assessment of cell activity in
asthma, and would suggest that the first aliquot ofBAL fluid
may sample older and loosely adherent cells from the
airways, with subsequent aliquots sampling more active and
adherent cells currently involved in airway inflammation.

Asthmatic patients Control subjects

Aspirate PMN activity AM activity PMN activity AM activity

1st 0-22 0007 0 15 0004
(0.06-0.47) (0 001-0-019) (0-03-0 35) (0-000-0 011)

2nd 0-56* 0-03** 0-22 0-008
(0 27-0-96) (0-018-0-044) (0-09-0-39) (0-003-0 014)

3rd 0-58* 0.023* 0-22 0-012
(0-28-099) (0 010-0-041) (0-09-042) (0-001-0-033)

*p < 0 05, **p < 0-005; 1st v 2nd, and 1st v 3rd aspirates.
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Characteristics of peripheral blood mononuclear cell cortico-
steroid (CS) receptors in CS resistant asthmatics

CJ CORRIGAN, P BROWN, AB KAY National Heart and Lung
Institute, Brompton Hospital, London, and Northern General
Hospital, Edinburgh In a previous report we compared in
vivo and in vitro effects of CS in a group of 34 patients with
chronic stable asthma, and demonstrated that mitogen
stimulated peripheral blood mononuclear cells (PBMNC)
from patients clinically sensitive (SS) to CS therapy had a
significantly higher inhibition by dexamethasone (DEX) 10-'
M as compared with CS resistant (SR) patients (mean
inhibition 45 8% v 9 0%; p < 0-001). In the present study,
dose-response curves were constructed for five SS and SR
patients; the ID_, for DEX was 5 x 10'M for the SS patients
and > 10' M for the SR patients (p = 0-01). High affinity CS
receptors on PBMNC nuclei from these patients were
characterised by Scatchard analysis following binding to
tritiated DEX. The Kd for DEX binding, determined from
the slope of the Scatchard plot, was lower in the SS as

compared with the SR patients (mean 3-38 nM v 8-24 nM; p
< 0 05). There was no difference in the total number of CS
receptors per cell, obtained by extrapolation ofthe Scatchard
plot to infinite DEX concentration (1464 v 1325; NS). Thus
PBMNC from SR asthmatic patients show a lower affinity
for CS than those from SS patients. The possible clinical
significance of these findings must await an assessment of the
local concentrations of corticosteroid in the bronchial
mucosa.

Antiadrenergic effect of adenosine on mast cell histamine
release

WH NG, MK CHURCH Immunopharmacology Group, South-
ampton General Hospital, Southampton Nebulised aden-
osine and adenosine 5'-monophosphate (AMP) cause bron-
choconstriction in atopic and asthmatic subjects by a

mechanism suggested to involve the release ofhistamine from
mast cells in the bronchial lumen (Phillips et al, Thorax
1987;42:939). As adenosine is not a histamine releasing agent
in vitro, it is possible that it may interfere with the homeo-
static mechanisms which control histamine secretion. Such a
mechanism is the action of adrenaline on mast cell beta
adrenoceptors. As adenosine has been reported to inhibit the
effects ofadrenoceptor mediated events in several tissues, we
have investigated the possibility that adenosine may enhance
histamine release by attenuation of the inhibitory effect of
adrenaline in mast cells. Human tonsillar mast cells were

dispersed from fresh surgical specimens by incubation for 1 h
at 37°C wth collagenase (1 5 mg/ml) and hyaluronidase (0 75
mg/ml). In 12 experiments challenge ofmast cells for 15 min
with 3% anti human IgE induced a net histamine release of
13 9 (SEM 1-9)%. Preincubation of these cells for 15 min
before challenge with adrenaline 0 001-1 pM caused a

concentration related inhibition of histamine release which
reached a maximum of 31-6 (4 8)% at 0 1 pM (p < 0-001; n
= 12). Addition of 100 pM adenosine 5 min before 0-1 pM
adrenaline attenuated its inhibitory effects by 66-7% (p <
0-001; n = 12). In nine further experiments the inhibitory
effects of adrenaline were reversed to a similar extent by the
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adenosine analogues 5'-N-ethylcarboxamideadenosine
(NECA) and (-)N6-phenylisopropyladenosine (L-PIA) in
concentrations of 0 001-1 pM, suggesting the effect to be
mediated by an extracellular P1 purinoceptor. These results
suggest that adenosine may enhance histamine release by
opposing the inhibitory effect of adrenaline on mast cell
mediator release.

Influence of inhaled platelet activating factor (PAF) on
peripheral blood lymphocytes

JW WILSON, C LAI, R DJUKANOVIC, PH HOWARTH, ST HOL-
GATE Medicine I, Southampton General Hospital, Southam-
pton PAF, a mediator of acute hypersensitivity reactions,
has been shown recently to cause heightened bronchial
responsiveness when inhaled by non-asthmatic subjects
(Cuss et al, Lancet 1986;ii: 189). In a prospective double blind,
crossover study in four atopic non-asthmatics, a panel of
monoclonal antibodies was used to characterise peripheral
blood lymphocytes before and 24 hours after inhaled PAF or
methacholine. The monoclonal antibodies used were Leu3a
(anti-CD4), OKT8 (anti-CD8), UCHT-1 (anti-CD3), TAC
(anti-IL2R) and WR18 (anti-HLA-DR). Platelet activation
was assessed by measuring binding ofa monoclonal antibody
to vWF. Binding was assayed by fluorescence activated flow
cytometry (Becton-Dickinson). Before and 24 hours after
methacholine there was no significant change in any of the
markers measured. However, after inhalation ofPAF (100 pg
x 2, 30 minutes apart), there was a significant increase in the
presence of platelet surface vWF (10-6 v 0-7%, p < 0 05).
Increases in CD4+ lymphocytes, the CD4:CD8 ratio and IL-
2R were not statistically significant. There was a significant
increase in expression of HLA-DR on peripheral blood
mononuclear cells (15 7 v 6-4%, p < 0 05). These findings
suggest that antibodies to vWF might be useful indicators of
PAF bioavailability in human studies and that activation of
peripheral blood mononuclear cells occurs after PAF inhala-
tion in atopic non-asthmatics.

Activated T lymphocytes and eosinophils in bronchial biopsy
specmens in asthma: association with airway hyperresponsive-
ness

MAY AZZAWI, B BRADLEY, PK JEFFERY, AJ FREW, B ASSOUFI, JV
COLLINS, S DURHAM, AB KAY Departments ofLung Pathology
and Allergy and Clinical Immunology, andNational Heart and
Lung Institute, and Brompton Hospital, London We have
analysed the cellular infiltrate of bronchial biopsy specimens
in atopic allergic asthmatics using monoclonal antibodies
(Mabs) and immunocytochemistry. Findings were related to
bronchial hyperresponsiveness as measured by the metha-
choline PC20. Fibreoptic and rigid biopsies of main/lobar
(level I) and subsegmental (level II) bronchial mucosa were
taken from seven patients with asthma of varying severity
(FEV, % predicted range 64-113) and seven controls. Six of
the former were hyperreactive to methacholine-PC20 <3
mg/ml. No patient was receiving corticosteroid medication
and none was a smoker. Biopsy samples were snap frozen and
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cryostat sections cut and stained with the APAAP technique
using Mabs against: CD45, CD3, CD4, CD8, UCHL-1,
HLA-DR, IL2R and EG2 (a marker of eosinophil activa-
tion). Cell numbers were counted in a 200 ym deep subepith-
elial zone and expressed as a % of the total number of
leucocytes (CD45 + ). Comparison of the median values for
asthmatics and control subjects revealed a significant
increase in asthma of cells positive for IL2R at levels I and II
(p < 0 1) and also for EG2 positive cells at level I (p < 0-05)
and level II (p < 0-1). CD4+ cells always predominated over
CD8+ with the ratios at both airway levels doubling in
asthma. There was a correlation between the number ofIL2R
positive cells and PC,0 values at level I (r, = - 0 54; p < 0-05)
and also for EG2 positive cells at both levels I (r, = - 0-62; p
< 005) and II (r, = - 0-67; p < 0-05). Thus activated
eosinophils and T lymphocytes appear to be a feature of
airway hyperresponsiveness with atopic allergic asthma.

Circulating autoantibodies to recombinant lipocortin-1 in
asthma

KF CHUNG, MR PODGORSKI, NJ GOULDING, RJ FLOWER, PJ
BARNES National Heart and Lung Institute and Brompton
Hospital, London; Royal National Hospital and University of
Bath, Bath Corticosteroids, which are widely used in the
treatment of asthma, may mediate some of their actions by
inducing a specific protein, lipocortin-l (LP-1). Antibodies to
LP-l have been described in patients with rheumatoid
arthritis and systemic lupus erythematosus (Proc Natl Acad
Sci 1981;78:3190) and these are particularly found in patients
needing prolonged courses of high dose steroids (Ann Rheum
Dis, in press). We determined the prevalence of circulating
LP-l antibody in a population of asthmatics with a wide
range of severity of disease attending our asthma clinic. All
patients were free of any joint disease. Venous blood was
obtained from 45 patients (age 41-7 (14-1), mean (SD); 14 M),
ofwhom all except two were on inhaled steroids and 20 were
on regular oral steroid therapy. Recombinant LP- I was used
in an ELISA system for detection ofserum antibodies against
LP-I (Ann Rheum Dis, in press). Control sera from 67 normal
subjects showed a detection level ofanti-LP- I binding ofIgM
of 20 units/ml and of IgG of 13 units/ml and a cut off level
above 64 units/ml (2 SD above mean) was considered
abnormal. Mean IgG and IgM anti-LP-I in our patients were
40 5 (34 5) and 53-6 (25-1) respectively. Raised IgG anti-LP-I
was seen in three and IgM in 12 asthmatic subjects. Presence
of anti-LP-I was related neither to severity of asthma as
judged by the need for inhaled and/or oral steroids nor to the
duration of the disease. One patient wth elevated IgG and
IgM anti-LP-I has never had steroid therapy previously.
Thus 29% of these asthmatics had elevated anti-LP-l levels
but the significance of this finding is uncertain.

Inhibition of guinea pig and human eosinophil function by
corticosteroids in vitro

T YUKAWA, G DENT, C KROEGEL, P EVANS, PJ BARNES, KF
CHUNG Department of Thoracic Medicine, National Heart
and Lung Institute, Brompton Hospital, London Cortico-
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steroids are very effective in the treatment ofasthma and may
inhibit the release of mediators from eosinophils (EOS)
which may play a critical role in the pathophysiology of
asthma. We have studied the effects of dexamethasone
(DEX) and methylprednisolone (MPR) on EOS stimulated
by opsonised zymosan (OZ) 2 mg/ml or phorbol myristate
acetate (PMA) 10 nM. EOS were isolated from the peritoneal
cavity of polymyxin B treated guinea pigs and purified on
Percoll gradients, and from human venous blood on
metrizamide gradients. Superoxide anion (0-2) production
was measured by ferricytochrome C reduction and EOS
peroxidase (EPO) by colorimetric O-phenylenediamine
diHCl method. DEX and MPR inhibited PMA and OZ
stimulated release of 02 and EPO within one hour (DEX-
.MPR). Results for guinea pig EOS stimulated by OZ are
shown in the table (means (SEM); n = 4-5). DEX (10-' M)
also significantly reduced C2) release: OZ 60-7% (11-7); PMA
65-1% (15-1). In contrast to beta agonists, steroids inhibit
eosinophil function in vitro, an effect that may underlie their
beneficial action in bronchial hyperresponsiveness and
asthma.

DEX (log M) MPR (log M)
OZ (2 mg/ml)
(5% control) -7 -6 - 5 -7 -6 -5

02 82-8 59.2* 26-7** 88-6 81.4* 50-1**
(7-0) (11.3) (7 7) (5-9) (5-5) (9-3)

EPO 85-4 71.0 40 0** 94*0 79.3* 64-3*
(11 7) (11 2) (69) (44) (42) (88)

*p < 0 05, **p < 0-01, compared with control.

Stanozolol corrects haemostatic abnormalities in small cell
lung cancer

S BICKNESS, A RUMLEY, J DOUGLAS, GW ALLAN, G LOWE, S
BANHAM Department of Respiratory Medicine, Glasgow
Royal Infirmary; University Department of Medicine, Glas-
gow Royal Infirmary; Stobhill General Hospital, Glasgow
Disordered haemostasis with an increased tendency towards
coagulation has been documented in association with many
cancers. The marked haemostatic imbalance present in
patients with small cell lung cancer (SCLC) may contribute
to the high metastatic potential of this tumour. We have
previously demonstrated an association between increased
coagulation tendency and lack of response to chemotherapy
in SCLC (Milroy et al, Thorax 1988;43:978). We have now
studied the haemostatic effects of the fibrinolytic agent
Stanozolol in a group of 8 patients with uncreated SCLC.
Pretreatment fibrinogen levels were consistently elevated
with a mean of 5.59 g/l, range4-44 -88 g/l (normal range 2-4
g/l). After seven days' treatment with Stanozolol 5 mg bd
orally, fibrinogen levels fell in all cases to a mean of 3 70 g/l,
range 2 63-5 34 g/l. The levels of plasminogen activator
inhibitor also fell from a mean of 25-8 U/p, range 18-32 U/1,
before treatment to a mean of 19-3 U/1, range 11 6-23 9 U/l
after treatment (normal range < 20 U/1). Both these results
are significant at p < 0-001 as measured by a paired t test.
Furthermore, plasminogen levels rose in seven of the eight
patients and protein C levels rose in all eight patients. We
have therefore observed that Stanozolol can correct a wide
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range of disordered coagulation parameters in patients wth
SCLC and in an attempt to gauge the significance of these
results we are proceeding with studies to assess the haemos-
tatic and clinical effects of Stanozolol given in addition to
combination chemotherapy for SCLC.

Alveolar macrophage function before and during chemotherapy
in patients with small cell lung cancer

HSR HOSKER, P MCARDLE, PA CORRiS Departments of Res-
piratory Medicine and Haematology, Freeman Hospital, New-
castle upon Tyne The amount of light released by macro-
phages (chemiluminescence (CL)) may be measured and used
to quantify the release of reactive oxyen species from these
cells. We have previously shown that alveolar macrophages
from patients with small cell lung cancer (SCLC) produce
more CL than those from matched controls. (Hosker HSR et
al, Lung Cancer 1988;4:A29). We have now investigated AM
function in patients wth SCLC before and during chemo-
therapy, using lucigenin enhanced CL. Seventeen patients
(13 limited, four extensive disease) were studied at diagnosis
and 12 were available for restudy six weeks later, 21 days
following the second course of chemotherapy. AM were

obtained by bronchoalveolar lavage (BAL) and both spon-
taneous and stimulated (latex beads) CL measured. Peak CL
was recorded as counts per minute I03 cells (cpm). There was
a significant fall in BAL total cell counts following treatment
(mean (SD) pre 047 (0.29) x 106 ml' v post 0-28 (0-14) x 10'
ml-'; p < 0-001) but no change in differential counts. No
significant change in macrophage CL was seen following
chemotherapy in the group as a whole, and the small
individual changes seen did not correlate with response to
treatment. Pretreatment CL, however, correlated positively
with survival in the 12 patients evaluable to date (spontan-
eous: r = 0-61, p < 0 05 stimulated: r = 0-76; p < 0-01). We
conclude that no significant change in macrophage function
was seen following two courses of chemotherapy in patients
with SCLC; however, initial macrophage function as

measured by CL correlated wth subsequent survival.

Localisation of bombesin gene transcript in large cell carcin-
oma of the lung

Q HAMID, MN SHEPPARD, H HOFLER, B CORRIN Departments of
Pathology, National Heart and Lung Institute, London, and
Graz University, Austria Production of the growth factor
bombesin is a feature ofneuroendocrine tumours of the lung,
particular small cell carcinoma, and it has been suggested
that it is partly responsible for their rapid growth. There is
increasing evidence that some large cell -undifferentiated
carcinomas of the lung (LCC) exhibit neuroendocrine
differentiation. The aim of this study was to investigate the
expression of bombesin gene and gene product in LCC using
immunocytochemical and molecular biological techniques.
Tissues from surgically resected LCC (n = 4) were examined.
For conventional histology and immunocytochemistry the
tissues were fixed in formalin and stained with H and E and
with antiserum to bombesin using the PAP method. For in
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situ hybridisation the tissues were freshly fixed in 4%
paraformaldehyde and hybridised with P32 labelled cRNA
probe coding for bombesin mRNA. Histologically, all the
tumours were composed of large cells with abundant cyto-
plasm, open nuclei and prominent nucleoli. There was no
evidence ofsquamous, glandular or neuroendocrine differen-
tiation. None of the tumours showed immunoreactivity for
bombesin. However, there was a focal hybridisation signal in
all the tumours, indicating the presence ofbombesin mRNA.
This study shows for the first time that the bombesin gene is
expressed in non-small cell carcinomas. The production of
bombesin in LCC could contribute to their aggressive
behaviour.

Effect of neuropeptides on bronchial blood flow and pulmonary
resistance in conscious sheep

GM NICHOL, GH PARSONS, PJ BARNES, KF CHUNG Department
of Thoracic Medicine, National Heart and Lung Institute,
London, and Department of Internal Medicine, University of
California (Davis) The tracheobronchial circulation may
be important in the pathophysiology of asthma by removing
inflammatory mediators or causing vascular engorgement.
Neuropeptides have potent effects on tracheal vascular
resistance in anaesthetized dogs (Laitinen, JAP
1968;61:2168), but their effects have not been studied in
conscious animals. We chronically implanted ultrasonic 20
MHz pulsed Doppler flow probes 2-3 mm in diameter on the
bronchial arteries of five adult sheep and recorded Doppler
shift in KHz (Qbr, 1 KHz = 5 cm/s velocity) in endotra-
cheally intubated, conscious, restrained animals. Air flow
was measured with a pneumotachograph, volumes by
integration of the flow signal, and transpulmonary pressure
with a pressure transducer attached to an esophageal balloon
and intratracheal catheter. Pulmonary esistance (RL) was
calculated by the method of Amdur and Mead. Aortic
(MAP) and pulmonary artery pressure were measured con-
tinuously as doubling doses of bradykinin (BK), calcitonin
gene related peptide (CGRP) and substance P (SP) were
infused intravenously. BK (0-0250-8 sg/kg) caused dose
related increases in Qbr (mean (SEM)) of0-8 (0-8) to 4-5 (0 7)
KHz respectively (p < 0 05) despite decreases in MAP, but
no change in RL. SP (0'025 to 1-6 pg/kg) also caused dose
related increases in Qbr of 1-3 (0-3) to 3-4 (1.0) kHz (p <
005), elevations in MAP and precipitate, but transient
increases in RL (703 (31)%) at higher doses. CGRP (0 015 to
1 0 ug/kg) caused dose related increases in Qbr of0-02 (0-17)
to 1-48 (0 33) kHz (p < 0-05), but no changes in MAP or RL.
Thus in conscious sheep all three neuropeptides are bronchial
vasodilators, but at the doses used only SP affected bronchial
tone. This experimental model will allow us to study the
contribution of the bronchial circulation to airway patho-
physiology in conscious sheep.

Patterns of exertional oxygen saturation-corridor walks and
progressive cycle exercise compared

J HAY, J CARTER, A EYRE-BROOK, M PEARSON,
P CALVERLEY Fazakerley Hospital, Liverpooland Boehringer
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Ingelheirn Six minute corridor walks (6MD) and progres-
sive cycle exercise tests (CE) are not consistent in detecting
changes in exercise tolerance following inhaled oxitropium
(Thorax, in press). The changes in oxygen saturation in the
two tests are now described. We studied 16 patients with
COPD (mean FEV, 0-731 (SD 0-34), mean age 62 (9) years).
After four practice6MD patients attended on two days. They
performed a baseline 6MD with oxygen saturations (Sat)
recorded by ear oximetry at minute intervals, they then
received either 200 ug oxitropium bromide (Ox) or placebo
by MDI in a randomised crossover trial. At 45 minutes the
6MD was repeated, and at 90 minutes a CE test was
performed. A fall in Sat of at least 3% from baseline was seen
in 15/16 patients in all 4 6MD. The baseline Sat and Sat at
each minute between the different walks showed a similar
pattern with a significant (p < 0-001) and progressive fall in
Sat at every minute until a plateau at three minutes. By one
minute after exercise, Sat had almost returned to baseline
values (table; values are %). A comparison of mean falls in
Sat from baseline values at minute intervals showed less
desaturation following Ox than during the baseline walk (5 4
v4-4% p < 0 005), and the mean distance walked was greater
(376 v 399 m; p < 0-01). In contrast, during CE only three
patients desaturated on both days, four on Ox day only, and
three just on placebo day). Of those that desaturated during
CE the falls in Sat were much greater following Ox (7 5% v
3-8%; p < 0-005), with only a trend for an increase in cycle
time (4 0 v 2-6 min). The only four patients to stop for rest on
at least three of the 6MDs were the patients with the four
highest falls in Sat (13, 11, 8, 8%) on CE and three of these
following Ox. Desaturation occurs consistently and frequen-
tly during 6MD, but not CE. Ox has different effects on
patterns of desaturation with cycling and walking, which
may reflect on the different cardiac and respiratory contribu-
tions in the two forms of exercise.

Baseline I min 2 min 3 min 6 min Post

92 (1-7) 91 (2-9) 88 (3-5) 87 (3 8) 87 (4-2) 91 (4-0)

Effects of mode of exercise on the relation of breathless to
minute ventilation during progressive incremental exercise
tesng

LM COCHRANE, CJ CLARK, A CROMBEE Department of Res-
piratory Medicine, Hairmyres Hospital, Glasgow This study
investigated the relationship of breathlessness (modified
Borg) to minute ventilation (E) during cycling and treadmill
exercise in 45 healthy subjects (25 male, 20 female). Each
subject performed the two progressive incremental exercise
tests in random order within seven days. Work rate was

increasing every minute to a symptom limited maximum.
There was no significant difference in the mean (SEM) test
duration (min) (1 1-4 (1 1) and 11-7 (1 1)) or the maximum R
value (1-37 (0-19) and 1-36 (0-18)) between the bicycle and
treadmill respectively. VE max (1/min) was significantly
higher on the treadmill (102.7 (27 5)) than on the bicycle (88-5
(3 1-0), p < 0-001) and maximum breathlessness (Borg rating)
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was also greater (6 6 (2 4) and 6-1 (2.4) respectively, p <
0-05). These results could be explained by the greater
maximum work performance achieved on the treadmill (Vo2
max (1/min) 2-97 (0 87) and 2-53 (0.83), p < 0-001). Analysis
of the submaximal plot of breathlessness versus minute
ventilation for both modes of exercise showed a threshold
value for the onset of breathlessness which was significantly
lower on bicycle than on treadmill (VE (1/min) 12-0 (9.7) and
20-6 (16-4) respectively, p < 0-001). The post-threshold
relationship was linear for both modes with no significant
difference between the mean slopes (bicycle 0-085 (0-036) and
treadmill 0-078 (0-026)). However, there were consistently
higher Borg ratings on the bicycle at equivalent levels of
ventilation throughout submaximal exercise (mean inter-
cepts -1-008 (1 075) and 1-655 (1-631) respectively, p <
0 05). In summary, during progressive incremental exercise
using bicycle ergometry breathlessness occurs at a lower
minute ventilation and remains elevated for any given level of
ventilation as compared with treadmill exercise. These results
suggest that mode of exercise should be taken into account in
interpreting exercise tests.

Differences in oral resstance between mask and mouthpiece:
comparison with nasal resistance, and the effects of posture

CJ DUGGAN, A WATSON, NB PRIDE Department of Medicine,
Royal Postgraduate Medical School, Hammersmith Hospital,
London Previous studies have suggested nasal resistance at
rest is higher than oral resistance. However, oral airflow
resistance may be lowered by a mouthpiece altering the
degree ofmouth and oropharyngeal opening. A single study
using invasive methods concluded the presence ofan artificial
oral airway when upright reduced oral resistance by 80%
(Am Rev Respir Dis 1982;125:363). Using the non-invasive
technique of Landser (J Appl Physiol 1986;41:101) we
measured total respiratory resistance at 6 Hz (Rrs) in six
normal subjects (3 male, mean age 27 3 (SD 3.4) years). Rrs
was measured during 16 seconds of tidal breathing via three
routes: through a standard mouthpiece (MP); during oral
breathing within a close fitting orofacial mask (MO); and,
during solely nasal breathing within the same mask (MN).
Measurements were made in the erect and supine positions.
In the erect position Rrs (mean SEM) was lowest with the MP
(2-31 (0'05) cm H20/l/s) compared with the MO (2-78 (0 13))
and the MN (4-60 (0-14)). Differences in resistance were also
present in the supine position where Rrs increased 36% to
3-14 (0'05) with the MP, 29% to 3-58 (0-19) with MO, and
29% to 5 93 (0-16) with the MN. Thus Rrs with the MP was
lower than with the MO both when erect and when supine
(17% and 12% respectively). As expected mid-tidal lung
volumes (MTLV) were lower when supine. However, in each
position there was little difference in MTLV between the
three breathing routes-erect: MP 3-32 (0-12) litres, MO 3-21
(0-12), MN 3-26 (0-12); supine: MP 2-78, (0-11), MO 2 76
(0-11), MN 2-93 (0-13). We conclude that in normal subjects
nasal resistance is higher than oral resistance in both the
supine and the erect posture, although both resistances are
increased in the supine posture. Furthermore, this technique
also suggests that a standard mouthpiece lowers oral airway
resistance.
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Comparison of three methods of rhinomanometry used in the
measurement of nasal airways resistance

H FERGUSON, RI DAVIES Department of Respiratory
Medicine, St Bartholomew's Hospital, London The nasal
mucosa is an easily accessible site for the investigation of the
mechanisms involved in allergic respiratory disease. Many
techniques of measuring nasal patency have been developed
in the search for a reliable, easily performed and reproducible
method. Rhinomanometry is now widely undertaken but
techniques vary and there is little standardisation. The aim of
this investigation was to compare measurement of nasal
airway resistance (NAR) on reproducibility of three rhin-
omanometric methods suitable for the investigation of
allergic nasal diseases. The first two methods involve the
technique ofanterior rhinomanometry, which is less invasive
and requires less patient cooperation than the less frequently
used method of posterior rhinomanometry. Passive anterior
rhinomanometry (PAR), where breathing is momentarily
suspended while measurements are taken, and is fast, simple
to perform and widely used in the investigation of allergic
disease, was compared with the internationally recommen-
ded method of active anterior rhinomanometry (AAR),
where nasal airflow and pressure at the nostrils are measured
during quiet breathing. Both these methods were compared
with the active posterior method of rhinomanometry (APR),
where airflow and pressure are measured in the mouth behind
the nasal passages during quiet breathing through the nose.
Six non-rhinitic subjects were measured daily at the same
time ofday for five consecutive days. No significant differen-
ces were found in measurements ofNAR between any of the
three methods of rhinomanometry. APR was the most
reproducible over five days-coefficient of variation (CV)
20-8 (12-6)% compared with AAR CV 24-9 (13-8)% and
PAR CV 30-8 (13-1)%. Our results show that, although there
was no difference in measurements ofNAR between the three
methods, APR was the most reproducible method.

Methacholine and hismine bronchial hyperresponsiveness
after heart-lung transplantation (HLT)

TJ HATHAWAY, JFJ MORRISON, TW HIGENBOTTAM, CA
CLELLAND, J WALLWORK Department of Respiratory
Physiology, Papworth Hospital, Cambridge Following
HLT pulmonary vagal afferent reinnervation does not
appear to occur (Higenbottam TW et al, Am Rev Resp Dis in
press). HLT patients demonstrate methacholine hyperre-
sponsiveness, which appears unassociated with biopsy
evidence of airway inflammation or with distilled water
responsiveness. In this study 21 patients performed a
histamine bronchial provocation challenge followed at
least two hours later by a methacholine challenge.
Transbronchial biopsies were performed concurrently in all
patients, and tissue assessed semiquantitatively for cellular
infiltration of airway epithelium, submucosa and blood
vessels (Higenbottam et al, Trans Proc 1988;20:767). Patients
were hyperresponsive to histamine (median PC20 4-1 mg/ml)
and methacholine (median PC20 4-8 mg/ml) with a strong
correlation found (r = 0 99, p < 0-01). Neither histamine nor
methacholine hyperresponsiveness was associated with
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rejection, airway inflammation, time after HLT, % predicted
FEV,, recent respiratory infection or a previous history of
asthma. Histamine induced bronchoconstriction of human
airways can occur without vagal nerve reflexes. Methacholine
and histamine hyperresponsiveness in HLT may have a
similar mechanism, unassociated with airway inflammation.

Factors influencing distress due to respiratory symptoms and
disturbance of daily life in patients with asthma

FH QUIRK, PW JONES Division of Physiological Medicine, St
George's Hospital Medical School, London In asthmatic
patients we have examined the relationship between the
distress produced by respiratory symptoms and the impact of
asthma on everyday life and factors including patient's age,
sex and FEV,. Forty outpatients were studied (25 females).
Their mean age was 37 (range 18-72). Mean FEV, at time of
interview was 81 (SD 24)% ofpredicted. Using a 10cm visual
analogue scale (VAS), each patient indicated the degree of
distress associated with 76 items that were presented one at a
time. Twenty nine items referred to the frequency or severity
of respiratory symptoms. 47 items referred to effects on daily
living-for example, mobility, employment, social contacts
and household activities. There was a significant correlation
(Pearson) between age and item score in 16 of76 items at p <
0 05; of these three were significant at p < 0-01. All were
negatively correlated. For FEV, (as % predicted), the
correlation was significant in five of 76 items at p < 0 05. All
these were positively correlated. None ofthe correlations was
significant at p < 0-01. In all cases the value of r2 for the
regression was less than 0 2. Between sexes, in seven of 76
items the difference in item score was significant at p < 0 05,
of these, two were significant at p < 0-01. In each case the
women scored higher than the men. These differences
persisted after removal of the effects of age and FEV, using
stepwise regression. These results indicate that women,
younger patients and those with a good FEV, may experience
slightly greater distress from respiratory symptoms and the
impact of asthma on their everyday life. However, overall
these factors are not powerful predictors ofthe distress due to
asthma.

Subjects can differentiate between the intensity of their breath-
lessness and the degree of distress it evokes

RC WILSON, PW JONES Department ofMedicine, St George's
Hospital Medical School, London Breathlessness, like pain,
has several components in addition to its magnitude. One of
these is the subject's response to the sensation. The aim ofthis
study was to examine whether subjects could differentiate
between intensity of breathlessness (intensity) and the
amount of distress associated with the sensation (distress).
Eight normal subjects each performed two submaximal
incremental exercise tests on separate days. At minute
intervals the subjects were asked to estimate either intensity
or distress using a modified Borg scale. The order in which
these were performed was randomised between subjects.
Prior to each test the subjects read a description of the factor
to be scaled (that is, intensity or distress) and its exact nature
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was discussed. The results were analysed using analyses of
variance and covariance after removal of intersubject
variace. There was a significant correlation between intensity
and minute ventilation (YE) and between distress and VE
(both p < 0-01). The mean score for intensity was greater
than the mean score for distress (p < 0-01) and the slope of
the intensity/YE relationship was significantly greater than
the slope for distress/VE (p < 0-01). There was no correlation
between mean intensity score and mean distress score
(r2 = 0-01). We conclude that subjects are able to use
scales to exclusively measure different aspects of breathless-
ness depending on the wording of the instructions. Between
subjects the intensity of breathlessness and the distress due to
breathlessness are poorly correlated; a high level of breath-
lessness does not necessarily indicate a high degree of
associated distress.

Comparison of the Yan and dosmeter methods of bronchial
challenge in naive and experienced subjects

AJ KNOX, A WISNEEWSKI, S COOPER, AE TATTERSFIELD
Respiratory Medicine Unit, City Hospital, Nottingham The
method of Yan et al (Thorax 1983;38:760) has advantages
over other methods ofbronchial challenge tests for commun-
ity studies as it is simple and quick and requires no complex
apparatus. Little information is available on its repeatability
in the laboratory situation, however, although one method
comparison study has shown it to be at least as repeatable as
the Cockcroft and Mortagy methods (Britton et al, Thorax
1986;41:128). We have compared the repeatability ofthe Yan
method with a dosimeter based method in both experienced
and inexperienced subjects in order to mimic both the
laboratory and the community situation. We studied 40
asthmatic subjects, 20 with previous experience of metha-
choline challenge and 20 without. Subjects attended the
laboratory on four days within a two week period at the same
time of day. On two occasions a methacholine challenge was
performed using the Yan method, subjects inhaling increas-
ing doses ofmethacholine (range 0 048-25 lsmol), measuring
response as A FEV,. On the other two days the test was
performed using an identical inhalation protocol but with a
Mefar dosimeter. Geometric mean PD20FEV, values with the
Yan method were on average 1-14 doubling doses of
methacholine (DD) higher than with the dosimeter method.
In the experienced subjects the 95% range for a single
estimate was 1-56 DD for the Yan method and 1-37 DD for
the dosimeter method. In the inexperienced subjects the 95%
ranges were 2-65 DD and 1-87 DD for Yan and dosimeter
methods respectively. The differences in repeatability bet-
ween the Yan and dosimeter methods were small and non-
significant. Experienced subjects gave more repeatable values
than inexperienced subjects. This suggests that the subject's
experience should be taken into account in comparisons of
the repeatability of challenge test results from different
laboratories.
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Sternomastoid relaxation rate: a simple technique to assess
muscle fatdgue

VHF MAK, sG sPIRo Rayne Institute, University College
Hospital, London We have previously reported the use of
the ratio of force generated at different stimulation frequen-
cies of the sternomastoid muscle (20:50 ratio) in the assess-
ment of fatigue (Wilson SH et al, Am Rev Respir Dis
1984;129:460). However, the technique is not well tolerated
by all subjects, and is often difficult to perform. The
maximum rate of relaxation (MRR) ofa muscle is frequently
used in the assessment of fatigue, and we have adapted our
technique for measuring the 20:50 ratio in the sternomastoid
to measure MRR and compared the results with the 20:50
ratio. Ten normal subjects were tested. The muscle was
twitched at supramaximal voltage at 1Hz, and the MRR was
taken as the slope of the tangent of the steepest part of the
relaxation curve normalised for peak force. The mean of at
least eight twitches was taken for each measurement. All
measurements were made at FRC. Resting 20:50 ratio and
MRR were measured and the subjects then exercised by
performing maximal headlifts for two seconds followed by
two seconds' rest until they could not achieve 70% of their
initial maximum headlift on three successive attempts. Read-
ings for MRR were taken at two, five, 10, 15, and 60 minute
intervals after exercise, and for the 20:50 ratio at 10 and 60
minutes. The resting MRR ranged from 6-49% to 12-6%
force loss/lO ms (mean 9 51 %) and the 20:50 ratio from 60%
to 89% (mean 72 4%). The MRR fell to 71 9% (SD 11.0) of
the fresh state at 2 min post exercise, 73-1% (SD 4 7) at 5 min,
78-4% (SD 7 4) at 10 min, 80-4% (SD 7 8) at 15 min and
80-6% (SD 8 5) at 60 min. The 20:50 ratio fell to 72-3% (SD
11-2) of the fresh state at 10 min post exercise and 78-8% (SD
10-0) at 60 min. Correlating the two techniques gave an R
squared value of0-98. We conclude that sternomastoid MRR
is a sensitive and reproducible technique likely to be better
tolerated in patients than the 20:50 ratio, and may be
applicable in the assessment of fatigue of the accessory
muscles of respiration in the clinical environment.

Does the provoking stimulus influence the site of airways
obstrution in asthma?

PO OLUBOYO, RW HEATON, JF COSTELLO Department of
Thoracic Medicine, King's College Hospital, London This
study determined the influence of the types of bronchocon-
strictor stimuli (BS) used on the determination of the site of
airways obstruction (SAO) in asthma (using the helium
density dependence of maximal expiratory flow at 50% of
vital capacity (Vmax_,)) in 10 mild asthmatics breathing a gas
mixture of80% helium and 20% oxygen (He/02). Classifica-
tion of the responses was according to the criteria of Despas
et al (J Clin Invest 1972;51:3235), density dependence (DD),
defined as percentage change in Vmax,. between breathing
He/02 and breathing air, of >20% differentiating responders
from non-responders. Standard histamine challenge (HC)
was performed until forced expiratory volume in one second
(FEV,) fell by about 20%. For the cold air challenge (CAC)
the subjects breathed sub freezing (- 20°C) dry air for three
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minutes at target minute ventilation equal to 35% and, if
appropriate, also at 70% of their indirect maximal breathing
capacity (MBC). The results shown in the table give the
means (SD) ofDD, with the numbers ofresponders indicated
in brackets. Three asthmatics had a marked fall in FEV,
following CAC, far outside the range in the others, and were
therefore excluded. The bronchoconstriction (BC) following
HC was almost twice that after CAC. There were no
significant differences in the physiological characteristics or
the degree of BC in asthmatic responders and non-respon-
ders following HC. Our results suggest that the predominant
SAO in stable asthmatics changes little from day to day but
varies with different BS; while cold air induces BC in the small
airways of most mild asthmatics, histamine induces sig-
nificant BC in both large and small airways. In addition,
increasing BC does not necessarily mean increasing the small
airways response.

Before After

CAC 3-4 (11-8) (1/7) -5-5 (16-4) (0/7)
HC 0-3 (9.5) (1/10) 20-6 (16-9) (4/10)

Effect ofphysiological manoeuvres on the absorption ofinhaled
nedocromil sodium

S GHOSH, MG NEALE, I MCILROY, KR PATEL Department of
Respiratory Medicine, Western Infirmary, Glasgow, and
Fisons PLC, Loughborough, Leicestershire Nedocromil
sodium (NCS) has been introduced recently for the treatment
of reversible obstructive airways disease. It is well absorbed
from the lungs when given by inhalation. In a previous study
we demonstrated, in both asthmatic patients and in normal
volunteers, a marked increase in plasma concentration of
NCS immediately following an exercise challenge with
associated FEV, measurements (Neale et al, Thorax
1988;43:251P.) In an attempt to identify which component of
the exercise challenge is responsible for the effect we have
now studied the effect ofvarious manoeuvres on plasma NCS
in eight healthy volunteers (4 M, age range 25-34 y) after
inhalation of 1 ml of NCS solution (1%) via a Wright
nebuliser. Each subject was dosed on six separate occasions,
separated by at least three days, and between 15 and 23
minutes after dosing a different manoeuvre was performed.
These manoeuvres were: control (no manoeuvre), steady
state exercise for eight minutes, a series of FEV, measures,
exercise plus FEV, measurements, three Valsalva man-

oeuvres and hyperventilation for three minutes. Blood
samples were taken over a three hour period and plasmaNCS
concentrations were determined by radioimmunoassay.
Mean plasma concentration in the controls was similar (1 5
ng/ml) at 15 and 23 minutes after dosing. The % changes in
plasma concentration brought about by the various man-
oeuvres are shown in the table. The results suggest that the
effect may be due to inflation and/or deflation of the lungs
rather than circulatory changes. The cause may be an

alteration in lung permeability.

Proceedings

Mean (SD) (ng/ml)

Manoeuvre Before After % change p

Control 1.5(1-2) 1-5(0.8) - NS
Exercise 1-2 (0-7) 1-8 (1.1) 500 0-02
FEV, 1-2 (0.5) 19(07) 583 001
Exercise + FEV, 1-1 (0-4) 1-9 (0-5) 72-7 0 01
Valsalva 1-4 (0.7) 19 (0-9) 35 7 NS
Hyperventilation 12 (0-6) 1-3 (04) 8-3 NS

Effect of salbutamol, propranolol and isosorbide dinitrate on
ventilatory responses to constant work rate exercise

K OPPONG, V CHALLENOR, OP TWENTYMAN Medicine I and
Clinical Pharmacology, University of Southampton The
mechanism or mechanisms that regulate exercise hyperpnea
and still under debate. It is reported that during the transition
from rest to constant work rate exercise below the anaerobic
threshold arterial blood gas partial pressures remain con-
stant. Thus ventilation may respond to the increased "CO
flux" to the lungs in order to maintain a constant Pco2. We
have sought to pharmacologically modulate the rate of
change in CO2 flux to the lungs in order to observe the effect
on ventilation. We used propranolol to reduce, and both
salbutamol and isosorbide to enhance cardiac function. We
studied 12 healthy male subjects median age 23 (range 21-
36). A double blind placebo controlled comparison of the
effects of propranolol 80 mg, isosorbide 10 mg and sal-
butamol 8 mg on the ventilatory response to the transition
from rest to exercise was performed. Drugs were taken after
an overnight fast 120 min prior to a six minute constant
workrate exercise test at 70% of each subject's maximum
work rate. Ventilatory parameters (VE, VC02, (102) and heart
rate were recorded at rest and during exercise. Each test was
separated by at least three days. Results on each drug are
expressed relative to the response on placebo control.
Salbutamol produced mean increases in heart rate of 19
beats/min, VE of 3 9 1, VC02 of 121 ml and V02 of 140 ml
during minute 1 of exercise (all p < 0-01). Isosorbide
produced mean increases in heart rate of 7 beats/min, VE of
3-4 1, Vco2 of 91 ml and Vo2 of 112 ml during minute I of
exercise (all p < 0 037). Propranolol produced mean
decreases in heart rate of 29 beats/min, Vco2 of 205 ml and
Vo2 of 390 ml during minute 2 ofexercise (all o < 0-015), but
the decrease in VE of 3-51 just failed to reach significance (p <
0-061). The results show that drugs that pharmacologically
alter cardiovascular function, and therefore presumably alter
"CO2 flux" by affecting the rate of change in venous return
during the transition from rest to exercise, can modify the
ventilatory response to exercise. These results are compatible
with the CO2 flux theory for the control of exercise hyper-
pnoea.

Diamorphine in the treatment of dyspnoea in the "pink puffer"
syndrome of chronic airflow obstruction

N EISER, W DENMAN, P LUCE Lewisham Hospital, London
Recent attempts to alleviate dyspnoea in patients with the
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"pink puffer" syndrome have met with modest success only.
In this study we have investigated the acute and chronic
effects ofdiamorphine in the treatment of such patients. Ten
patients with chronic bronchitis associated with severe,
stable, chronic airflow obstruction were studied; mean FEV,
was 32% predicted (range 52-21%). Only three were current
smokers and none was polycythaemic. Mean resting Pao2
was 9 kPa (range 7-1-10-9) and PaCo2 was 5 kPa (range 34-
6-5). On day 1 we performed spirometry, arterial blood gases,
6 minute walking distance, time walked on a treadmill and
self assessment of dyspnoea on exercise-visual analogue
scale (VAS). Then for two week periods they took in a
random, double blind, crossover fashion, either 2-5 or 5 mg
diamorphine elixir six hourly or placebo, On a diary card they
recorded dyspnoea, sleepiness and feeling of wellbeing on a
VAS. The final treatment for each period was given in the
clinic 30 minutes prior to repeating all the day 1 tests.
Throughout the study FEV, and blood gases were
unchanged. For the placebo, diamorphine 2-5 and 5 mg days
respectively mean six minute walking distances were 216,221
and 226 m and mean times walked on the treadmill were
165,104 and 156 s. Neither these nor the VAS scores for
dyspnoea on exercise were significantly different. From the
diary cards mean VAS scores for placebo 2-5 and 5 mg
diamorphine were for dyspnoea 6-3, 6-8 and 6-8 cm; feeling of
wellbeing 5 0, 5 1 and 5 7 cm; and sleepiness 3-8, 3-6 and 3 7
cm respectively. There were no statistical differences between
the periods for any of these indices. Thus, in the doses given,
diamorphine elixir was not sedative and did not affect blood
gases. However, it failed to alleviate dyspnoea over a two
week period and did not increase exercise tolerance acutely.
As given in this study, diamorphine appears to have little
potential in the management of the "pink puffer" syndrome
associated with chronic airflow obstruction.

Endurance exercise in adult cystic fibrosis

W FREEMAN, DE STABLEFORTH, PO OLUBOYO, RM CAYTON, MDL
MORGAN Department of Respiratory Physiology, East Bir-
mingham Hospital, Birmingham In cystic fibrosis (CF)
everyday fitness may relate more accurately to endurance
capacity than maximal exercise capacity. The response to
maximal and endurance exercise of 12 adult CF patients
(8 M), and 21 (4) (mean (SD)), range 15-28 years, has been
compared with sex and age matched controls (CON) without
chest disease. The CF group had a significantly lower resting
FEV, Pao2 and gas transfer; the height, weight and % body
fat were not different between groups. Each subject under-
went a progressive maximal exercise test on a cycle
ergometer, with increments in the work load each minute.
After at least a one hour rest, subjects performed an
endurance test, cycling at a work load of 50% of maximal
oxygen uptake (Vo2max) for six minutes, followed by 80%
Vo2max to exhaustion. At maximal exercise the CF group
attained a lower work load (W max), Vo2max, heart rate
(HRmax) and ventilation (VEmax) (table). The combination
of a higher % predicted VEmax and lower HRmax in the CF
group suggests a ventilatory limit in maximal exercise.
However, there was no significant difference in the endurance
capacity defined as the duration of exercise at the same
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relative work load (80% Vo2max) (CF: 16 1 (6 9) vCON: 19 1
(7.9) min). Although the adult CF patient may have a
ventilatory limit to maximal exercise, this does not seem to
adversely affect the capacity for endurance exercise.

FEV, Wmax VO9nax

(1) (% pred) (W) (ml/kglmin)

CF Mean 2-32 63 148 31-7
SD 0-80 27 29 6-9

CON Mean 4 25 107 202 39-9
SD 0-61 7 52 9-0
p < 0-001 0-001 0-01 0-05

HRmax VEmax

(b/min) (I/min) (% Pred)

CF Mean 183 73.9 88
SD 9 15 8 22

CON Mean 195 97*7 72
SD 13 257 14
p < 0-01 0-05 0-05

Nocturnal asthma: influence of adrenergic modulation of vagal
tone

C TEALE, JFJ MORRISON, SB PEARSON Pulmonary Function
Laboratory, Killingbeck Hospital, Leeds Atropine induced
vagal blockade partially corrects the nocturnal fall in peak
expiratory flow (PEF) in asthmatics, suggesting that diurnal
variation in vagal tone contributes to nocturnal asthma but
that other factors are significant Br Med J 1988;296:1427).
Diurnal variation in plasma adrenaline may contribute but
previous work has shown that vagal blockade followed by an
adrenaline infusion to correct the nocturnal fall in adrenaline
does not influence PEF (Thorax 1988;43:261P). However,
adrenaline may act by modulating vagal tone; hence we have
repeated the above study with an adrenaline infusion before
vagal blockade to determine if diurnal variations in adren-
aline levels do contribute to nocturnal asthma. Eleven
asthmatics with a diurnal variation in PEF of > 20% were
studied. At 4 am PEF was measured and they were commen-
ced on an adrenaline infusion at 3 5 ng/kg/m, a rate
previously shown to correct plasma adrenaline to at least 4
pm levels (Thorax 1988;43:261P). After 20 min PEF was
recorded, and repeated 10 min after intravenous atropine 30
gg/kg. At 4 pm PEF was measured before and after atropine.
Results were analysed using the paired t test. Mean PEF at 4
pm was 205 1/m, falling to 167 1/m at 4 am (p < 0 02).
Adrenaline infusion at 4 am did not influence PEF with a
mean change in PEF of <1 1I/m (not significant). Atropine
produced a highly significant (p < 0-001) increase in PEF of
66 1/m at 4 am to 232 1/im, and 56 1//m at 4 pm to 257 1//m, but
failed to correct the 4 am to 4 pm post atropine values (mean
difference in PEF 25 1/m; p < 0-05). Adrenaline levels at 4am
during infusion were in all cases at least equal to those at 4
pm. We have failed to show any influence of adrenergic
modulation of vagal tone in nocturnal asthma and conclude
that diurnal variations in adrenaline levels do not contribute
to nocturnal asthma.
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Local anaesthesia for fibreoptic bronchoscopy

J HAY, J CLAGUE, M NISAR, JE EARIS Regional Thoracic Unit,
Fazakerley Hospital, Liverpool Patients' tolerance of
fibreoptic bronchoscopy depends on the effectiveness oflocal
anaesthesia. We compared 18 patients given 4 ml of 2 5%
cocaine injected transtracheally with 19 who had the cocaine
sprayed through the bronchoscope. The procedures were
otherwise identical and additional 4% lignocaine via the
bronchoscope was given as needed. Patients and broncho-
scopists scored the procedure using visual analogue scales
(VAS). Cough counts and stridors were recorded objectively
with phonopneumography. Both groups of patients were
well matched for age, lung function and diagnosis. The
patients' VAS showed a clear preference for the transtracheal
technique (p < 0-001), with less coughing (p < 0 05) and less
distress during intubation of the larynx (p < 0-001). The
bronchoscopists also preferred the transtracheal route (p <
0-001), again reporting less coughing and easier laryngeal
intubation (p < 0-001). The mean numbers of single coughs
recorded objectively was 102 (58) for the bronchoscopic and
60 (49) for the transtracheal route (p < 0-01). There was no
difference in cough counts during induction of local anaesth-
esia, biopsies or lavage. Comparison of both patients and
bronchoscopists VAS for coughing with the objective cough
counts was significant (r = 0-63 and 0-69, p < 0-01)),
suggesting unbiased observations. Stridor occurred in 17
patients immediately after intubation of the larynx (15 were
in the bronchoscopic group). Extralocal anaesthesia was
needed during the bronchoscopy in 16 patients in the
bronchoscopic group, compared with only one of the other
patients. Transtracheal anaesthesia produced no extra
complications and was preferred by both patients and
bronchoscopists. Phonopneumographic recording of cough
counts enabled objective evaluation and provided evidence
that only 4 ml of 2 5% cocaine injected directly ino the
trachea provided excellent local anaesthesia for fibreoptic
bronchoscopy.

Arterial oxygen saturation in patients undergoing broncho-
graphy

MS CONNELLY, A WILKES, BDW HARRISON West Norwich
Hospital, Norwich Fourteen consecutive patients (9 male)
undergoing bilateral bronchography with a fibreoptic bron-
choscope were studied to assess the effects of the procedure
on arterial oxygen saturation. Unlike a previous study,
(Goldman et al, Thorax 1987;42:694), a bronchogram cath-
eter was inserted via the bronchoscope and the bronchoscope
was removed before injection of contrast media. Oxygen
saturation was assessed using a Hewlett Packard HP47201A
ear oximeter. An Olympus type bronchoscope was used to
examine the bronchial tree prior to insertion of the bron-
chogram catheter. The bronchoscope was then removed.
Aqueous propyliodine (20-68 ml) was injected for the
bronchograms. Physiotherapy was undertaken after the
procedure. Arterial blood gases and spirometry were perfor-
med on each patient before the procedure. A mean fall of
2-2% in arterial oxygen saturation (Sao2) occurred after
bilateral bronchography. The greatest fall, from 91%,
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occurred in two patients. Although there was a trend to
arterial desaturation during the procedure this was not
inevitable and some patients actually improved their Sao2 by
the end of the procedure or after insertion of the bronchos-
cope. The findings compare favourably with those of others
(Morley and Tomashefski, Am J Physiol 195 1;167:832) and
suggest that the results of Goldman et al were due to the
presence of the bronchoscope in situ during the procedure.
There was no correlation between the presence of bronchiec-
tasis and the occurrence ofarterial desaturation. The greatest
desaturation occurred in those patients wth lowest FEV,/
FVC ratio, suggesting that airways obstruction may be an
important determining factor, especially when exaggerated
by the presence of the bronchoscope.

Effect on distribution of ventilation of small volume saline
lavage during bronchoscopy

CM ROBERTS, SH MOOSAVI, B JONES, WA SEED Departments of
Medicine and Nuclear Medicine, Charing Cross and Westmin-
ster Medical School, London Since bronchoscopic bron-
choalveolar lavage (BAL) with 150 ml saline at room
temperature significantly reduces ventilation and oxygen
saturation it has been recommended that warmed saline
should be used and supplemental oxygen be administered
during this investigation (BurnsDM et al, Am Rev Respir Dis
1983;127:695). The effect of smaller saline washes on ventila-
tion distribution has not been fully documented and no
precautionary recommendations have been made. We
studied the effects on ventilation distribution and oxygen
saturation of 10-30 ml saline washes at 20C or 35 + 2°C
during bronchoscopy in seven normal volunteers (10 washes)
and 11 patients (15 washes). Krypton-8 lm ventilation scans
were performed before and immediately after washing a
single lobar bronchus and ventilation scores for the relevant
lung zones computed (Burton GH et al, J Nucl Med
1984;25:564). Oxygen saturation was recorded continuously
by pulse oximetry. In all 21 washes monitored with oximetry
there was a fall in oxygen saturation (mean 5-9%, range 05-
16-5%) which started within seconds and lasted variably up
to 20 minutes. There was a fall in the proportion of total
ventilation delivered to the washed lung zones (mean fall
27 5%, range 11-60%), with redistribution mainly to the
contralateral lung (mean rise 21-4%, range 8-38%). In four
cases there was also a fall in the proportion of ventilation to
the remainder of the ipsilateral lung. Thus small volume
saline washes may produce significant shifts of ventilation
wth reductions in oxygen saturation. We detected no
difference between room temperature and warm washes in
the magnitude of these changes, which are similar to those
reported with the larger volumes used for BAL.

Genetic probing shows all bronchoscopes used on AIDS
patients to be contaminated with HIV

PJV HANSON, D GOR, MV CHADWICK, J CLARKE, G NICHOLSON, H
GAYA, D JEFFRIES, JV COLLINS Brompton, St Stephen's, andSt
Mary's Hospitals, London Ten bronchoscopes were sam-
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pled after use on patients with AIDS. The biopsy channel was
irrigated with modified viral medium and the insertion tube
swabbed. Sampling was repeated after washing in neutral
detergent (Keymed Auto-disinfector) and after two minutes'
disinfection in 2% alkaline glutaraldehyde (Cidex, Surgikos).
Polymerase chain reaction (PCR) and Southern blotting were
used (seven bronchoscopes) to detect HIV and hepatitis B
surface antigen (HBsAg). HIV and HBsAg antigen assays
and HIV cultures were also performed. Viral examination
included cultures and immunofluorescence (IF) for
cytomegalovirus; cultures and IF for adenoviruses;
enterovirus, herpes simplex and respiratory syncytial virus
cultures; myxovirus cultures; and haemadsorption. Samples
were cultured quantitatively for fungi and bacteria and
results expressed in terms of colony forming units/ml (cfu/
ml); IF was used to detect Pneumocystis carinii. The seven
bronchoscopes examined with PCR were all contaminated
with integrated HIV DNA, and one with HBsAg, before
cleaning. Mean bacterial contamination on uncleaned
bronchoscopes comprised 1-98 log,0 cfu/ml (range 1-0-8-0)
on the insertion tube and 2-27 log cfu/ml (range 2-0-8 0) in
the suction/biopsy channel. Four unwashed bronchoscopes
were contaminated with P carinii (< 50 cysts/ml). Washing in
0 5% detergent removed all detectable organisms from all
contaminated sites. Thus all bronchoscopes examined using
PCR were contaminated with HIV; but cleaning effectively
removed all contaminants, including HIV, reducing the need
for lengthy periods of disinfection.

Immunofluorescent staining improves the diagnostic sensitivity
of sputum induction in Pneumocystis carinu pneumonia

TR LEIGH, P PARSONS, J MIDGELEY, D SHANSON, OAN HUSAIN,
JV COLLINS Brompton and Westminster Hospitals, London
We recently reported sensitivity for sputum induction (SI) of
90% in the diagnosis of Pnewnocystis carinii pneumonia
(PCP) using a modified Grocott stain (LeighTR et al, Thorax
1989;44:318). We now compare the sensitivity of Grocott
staining with a new immunofluorescent stain (IF), (North-
umbria Biologicals Ltd). This stain has been shown to be
effective on bronchoalveolar lavage specimens (BAL) but
not, until now, on SI specimens (Dournon E et al, Lancet
1989;i:107). A total of 75 SI and 35 BAL procedures were
performed over a 4 month period on HIV positive patients
suspected of having PCP. Where possible, sputum specimens
negative for PCP on Grocott were followed up with BAL
within four days of SI. Thirteen patients had BAL only.
Ninety two out ofthe 1 10 procedures gave concordant results
from Grocott and IF; of these 29 were positive for PCP and
63 negative. Three SI specimens gave negative results on
Grocott with a positive IF result; subsequent BAL was
positive on both staining procedures. This suggests that IF
may be a more sensitive stain. A total offour SI and two BAL
specimens gave equivocal results on IF (less than 10 cysts per
slide) with negative results on Grocott. The clinical relevance
of these equivocal results will be discussed. Thirty two SI
specimens negative on Grocott failed to have follow up BAL;
however, none ofthe patients went on to develop PCP during
the study period. On no occasion was a negative IF result
accompanied by a positive result on Grocott.
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Immunofluorescence may be a more sensitive technique for
identifying Pneumocystis carinii but further studies are
required. Equivocal results on IF may represent a false
positive result, or alternatively small numbers of cysts of
uncertain clinical relevance.

DTPA lung clearance in the investigation of HIV antibody
positive patients with respiratory symptoms

DS ROBINSON, DA CUNNINGHAM, S DAVE, J FLEMING, D VEALE, FM
MOSS, DM MITCHELL Department of Respiratory Medicine
and Radiology, St Mary's Hospital, London Twenty HIV
antibody positive patients with respiratory symptoms were
investigated with lung function tests (forced expiratory
volume in one second, forced vital capacity, peak expiratory
flow, transfer factor and transfer coefficient), arterial blood
gases, chest radiograph and 9Tc DTPA lung clearance.
Twelve patients had Pneumocystis carinii pneumonia (PCP)
diagnosed at subsequent bronchoscopy. DTPA clearance
was expressed as (1) shape of clearance curves; (2) clearance
half time; (3) clearance half time for the first seven minutes
after peak activity only. There was no significant difference
between patients with PCP (3 smokers) and those without
PCP (5 smokers) for lung function tests or blood gases.
DTPA clearance curves were biphasic for 10 of 12 patients
with PCP. Two of eight patients without PCP had biphasic
clearance (both smokers of more than 20 cigarettes a day).
DTPA clearance half time for PCP (median 10-5, range 4-40
minutes) was significantly less than that for non-PCP
(median 28 5 range 16-85 minutes) (p < 002). Median
clearance half time over the first seven minutes for PCP was
nine minutes (4-48) and for non PCP 27 minutes (8-85) (p <
0-05). This study shows that the short DTPA clearance time is
a better discriminant for the presence or absence of PCP in
HIV antibody positive patients than the other non-invasive
tests.

Effect of initial solution volume on pulmonary pentamidine
deposition

M O'DOHERTY, SHL THOMAS, TO NUNAN, C PAGE,
N BATEMAN St Thomas's Hospital, London The effect of
the initial solution volume on pulmonary pentamidine
deposition was measured in nine patients with AIDS.
Following pretreatment with salbutamol each inhaled 50 mg
nebulised pentamidine containing a 9'Tc human serum
albumin marker in a solution volume of 3 or 6 ml. These
dilutions were administered using 2 nebulisers, System 22
Mizer (S22M, Medic-Aid) and Respigard II (RII, Marquest)
driven by a 6 1/min gas flow. Pulmonary deposition was
measured for each nebuliser and dilution using a gamma
camera. Spirometry was recorded before and after each
nebulisation. For S22M and RII respectively (3 ml/6 ml
dilutions), values for total pulmonary deposition (mg) were
2-63 (0-35)/3-71 (0-41) (p < 0.01) and 1-38 (0-28)/1-45 (0-18)
(NS), for right lung peripheral deposition (mg) were 1-42
(0-18)/2-02 (0-23) (p < 0O0l) and 074(0 15)/081 (0l0) (NS),
and the times taken for the treatment (min) were 12/27 and
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17/37. Pulmonary deposition (total and peripheral) was

largest using S22M for both dilutions (p < 0 05). Non-
pulmonary (oropharyngeal and gastric) deposition and
reductions in lung function were greater using S22M and the
6 ml dilution, but this dilution caused fewer subjective
adverse effects. Increasing the nebuliser volume offill prolon-
ged the treatment duration but increased pulmonary deposi-
tion using S22M and reduced adverse effects.

Recovery of lung function after Pneumocystis carindi
pneumonia in human imumunodeficiency virus infection

D VEALE, J FLEMING, FM MOSS, DM MITCHELL Department of
Respiratory Medicine, St Mary's Hospital, London Carbon
monoxide transfer factor (TLCO) is grossly reduced in human
immunodeficiency virus (HIV) positive patients with
Pneumocystis carinii pneumonia (PCP) (Shaw et al, Thorax
1988;43:436). We have studied the recovery of TLCO in 57
HIV positive patients following an acute episode of PCP.
Mean (SD) TLCO (measured by the single breath helium
dilution method) at presentation with PCP was 46 (15.2) per

cent predicted and slowly improved to 73-8 (18-2)% at 3 5
months following acute presentation. Comparison between
smokers and non-smokers showed that at presentation with
acute PCP smokers had a significantly greater reduction in
TLCO: 41-3 (14-3)% predicted v 54 2 (14-8)% predicted in
non-smokers (p < 0-01). At three months after presentation
with acute PCP TLCO was still significantly lower in smokers:
693 (895)% predicted v 85-6 (15)% predicted in non-
smokers (p < 0 05). When patients taking zidovudine in the
six months following PCP infection were compared with
those not on therapy there was no significant difference in the
rate of recovery of TLCO. We conclude that TLCO is a useful
test to monitor recovery in lung function from acute PCP and
maximal recovery is delayed up to three months. Further-
more, lung function in PCP is more severely impaired in
smokers.

IgG subclass deficiencies in brittle asthma, asthma with
recurrent infective exacerbations, and stable asthma

JON G AYRES, RA THOMPSON Department of Respiratory
Medicine and Regional Department of Immunology, East
Birmingham Hospital, Birmingham Recurrent sinopulmon-
ary infections are associated with IgG subclass deficiencies.
Low IgG3 levels have been reported in adults and children
with asthma (Loftus, Arch Dis Child 1988;63:1434). We have
studied total Ig and IgG subclass levels in three clinical
groups of asthmatics: group 1-19 (12 F) brittle asthmatics
(mean age 42 years, range 14 to 63); group 2-33 (22 F)
asthmatics with recurrent "infective" exacerbations (mean
age 51 years, range 17 to 70); group 3-15 (7 F) control stable
asthmatics (mean age 43 years, range 17 to 63). Low levels
(>2 SD below mean) of IgG, were found in 7 (36-8%) of
brittle asthmatics, 11 (33%) of the "infective" group and in 1
(6 7%) of the control group (p < 0 05). Low IgG3 levels were
found in five (26 3%), three (9-1%) and two (13%) ofgroups
1, 2 and 3 respectively. Two each in groups 1 and 2 had
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slightly reduced IgG2 levels. Overall, nine (47%) of brittle
asthmatics, 13 (39%) of the "infective" group and three
(20%) of the control asthmatics showed a subclass deficiency
of some sort. Total IgG levels were reduced in two brittle
patients and four in group 2. One brittle asthmatic had IgA
deficiency. Antibodies to diphtheria, tetanus, Escherichia coli
and pneumovax were similar in all groups, although
antibodies to pneumovax were slightly lower than in 20
normal controls. These findings suggest that IgG subclass
deficiencies are more common in the clinically more difficult
asthmatics (notably IgG,) and that IgG3 deficiency is com-
mon in a hospital population of asthmatics. Antiviral
antibodies are largely confined to IgG, and IgG3 subclasses,
which may suggest that these patients are more susceptible to
viral respiratory tract infections.

Cathepsin B and cystatins in bronchiectatic sputum

D BURNETT, M ABRAHAMSON, DJ BUTTLE, SL HLL, A STOCK-
LEY General Hospital, Birmingham The balance between
proteinases and their inhibitors may influence tissue damage
in the lung. We have therefore measured the concentrations
of the cysteine proteinase, cathepsin B, and the cysteine
proteinase inhibitors cystatins A, B and C in the sputum of 16
patients. Cathepsin B activity was higher (p < 0 005) in seven
purulent sputum samples (median 49.5; range 10-1-89-3 U/
ml) than in six mucopurulent samples (median 1-7; range 1 0-
19 U/ml). Cystatin A levels were significantly higher (p <
0.025) in purulent sputum (median 10-7; range 3-5-11-5 mg/l)
than six mucopurulent samples (median 3-6; range 2-4-8-7
mg/l) and mucopurulent levels were higher (p < 0-01) than in
three mucoid (median 2-2; range 2-1-2-4 mg/l). Cystatin C
concentrations were lower (p < 0 05) in pu'rulent sputum
(median 3-15; range 2-4-3-9 mg/l) than mucopurulent
(median 4-7; range 2-6-5-3 mg/l) and mucoid sputum
(median 5 0; range 4-1-6-4 mg/l). Cystatin B was not
detected. A significant positive correlation (r = 0-616; p <
0-001) existed between cathepsin B activity and cystatin A
concentration, whereas a negative correlation (r = - 0 58; p
< 0-01) was observed between cathepsin B and cystatin C.
The results show that the degree of lung inflammation
influences the concentrations in sputum of cathepsin B and
the cystatins. It may be significant that a negative correlation
was observed between cathepsin B and cystatin C, which is
the major inhibitor of cathepsin B.

Haemophilus influenzae (Hi): synthesis ofneutrophil migration
inhibitory factor or factors

DR CUNDELL, JL DEVALIA, M WILKS, S TABAQCHALI, J DAVIES
Departments of Respiratory Medicine and Medical
Microbiology, St Bartholomew's Hospital, London Non-
typable Haemophilus influenzae (Hi) is frequently isolated
from the sputum of patients with chronic bronchitis and has
been shown to be capable of generating significant amounts
of histamine in vitro. We have now investigated the pos-
sibility that Hi may synthesise and release other factor(s)
affecting neutrophil migration. Six isolates of Hi were
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investigated for their ability to influence neutrophil migra-
tion using the modified Boyden chamber technique. Neutro-
phils from healthy, non-atopic donors were incubated for 20
minutes in either un-inoculated culture medium (UCM),
medium from 24 hour cultures (24 UCM), medium from 48
hour cultures (48 CM) or Hanks balanced salt solution, pH
7-4 (HBSS), and following gentle washing and resuspension
in HBSS allowed to migrate towards a solution of 109 M N-
formyl-L-methionyl-L-leucyl-L-phenylanine (FMLP) in
HBSS for 90 minutes. Pre incubation of neutrophils in either
HBSS or UCM did not significantly inhibit their migration
towards FMLP, and was found to be 500 6 (5 3) and 485 3
(7 3) cells per 10 high power fields respectively. In contrast,
pre incubation of neutrophils in 24 CM significantly atten-
uated the ability of these cells to migrate towards FMLP
(268-2 (143), p < 01003) and this effect was even greater for
cells pre incubated in 48 CM (180-0 (8 9), p < 01001). These
results suggest that factor(s) are released by Hi which are
capable of inhibiting neutrophil migration in vitro, thereby
aiding the bacterium's survival in vivo. We are currently
investigating the nature of the inhibitory compound(s).

Pneunolysin damages human respiratory epithelium in vitro
and may be an important virulence determinant of Streptococ-
cus pneumoniae infection

C FELDMAN, T MITCHELL, PW ANDREW, G BOULNOIS, C STEIN-
FORT, RC READ, HC TODD, PJ COLE, R WILSON Host Defence
Unit, Department of Thoracic Medicine, National Heart and
Lung Institute, Brompton Hospital, London, and Department
of Microbiology, University of Leicester Streptococcus
pneumoniae releases a haemolytic toxin called pneumolysin,
whose role in the pathogenesis of pneumococcal infections is
poorly understood. Seventeen of21 culture filtrates prepared
from pneumococcal isolates caused significant (p < 0 05)
ciliary slowing (CS) and disruption of epithelial integrity of
human nasal brushings after four hours. Products released by
autolysis of stationary phase bacteria also caused CS and
disruption. CS activity and haemolytic activity (HA) co-
eluted on gel filtration (mol wt 50 kDa). There was excellent
correlation (r = 0-96, p < 0-001) between simultaneously
measured HA and CS of an additional eight culture filtrates.
CS by culture filtrates was partially prevented by the addition
of cholesterol and abolished by a pneumolysin polyclonal
antibody bound to sepharose beads, which were removed by
centrifugation. The addition of pneumolysin to either this
inactivated filtrate or broth itself produced identical CS,
confirming that pneumolysin alone was responsible for CS
and epithelial -disruption. Pneumolysin (5-25 ug/ml)
produced dose dependent CS and increased amounts of cell
damage. Smaller doses of pneumolysin slowed cilia in the
absence of cell ultrastructural changes on electron micro-
scopy. In an in vitro model using resected human nasal
turbinate tissue microscopic changes were seen at doses of 5
ng/ml of pnemolysin over 48 hours. An ELISA measured 7 5
pg/ml ofpneumolysin in a culture filtrate ofa pneumococcus
at the time of maximal biological activity (16 hours).
Pneumolysin production by the pneumococcus in vivo, by
perturbing the function and structure of respiratory epi-
thelium, may be an important virulence factor promoting
successful colonisation, proliferation and invasion.
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Expression of activation markers by lung mononuclear cells
(MNC) in a rat model of bronchiectasis (BX)

JR LAPA E SILVA, D GUERREIRO, NC MUNRO, B NOBLE, PJ COLE,
LW POULTER Host Defence Unit, Department of Thoracic
Medicine, National Heart ad Lung Institute, Brompton Hosp-
ital, and Department of Immunology, Royal Free Hospital
School ofMedicine, London We have previously described a
rat model of bronchiectasis and the kinetics of the cell
mediated immune response which occurs in it (Lapa e Silva
JR, et al, Thorax 1989;44:668). Using the same experimental
model we have now investigated the expression of activation
markers by MNC present in different compartments of the
rat lungs. Consecutive cryostat sections were stained with the
following monoclonal antibodies: OXl9/OX52 (T lym-
phocytes), EDl (macrophages and dendritic cells), OX6 (Ia
monomorphic determinant), and OX39 (interleukin 2 recep-
tor), using an immunoperoxidase technique. The presence of
acid phosphatase (ACP) in the macrophage like cells was
studied by the pararosaniline method. The positive cells were
quantitated with a Seescan image analysis system. Twenty
two out of 25 animals treated by partial ligation of the apical
lobe bronchus and injection of Pseudomonas aeruginosa
developed bronchial dilatation and inflammation compatible
with BX. Ia was expressed by the epithelial cells in 17/22 rats
and the numbers of Ia + ve MNC infiltrating the epithelium
showed a three fold increase when compared with controls.
In the lamna propria 82% ofEDI + ve macrophage like cells
were ACP+ve, and 87% of Ia+ve (48% and 53% respec-
tively in controls); 38% of the OX19/52+ve T cells were
Ia+ve, and 32% were OC39+ve (12% and 1-5% respec-
tively in controls). Similar numbers of such cells were seen in
the BALT and other lymphoid aggregates. We therefore
conclude that the MNC infiltrating all lung compartments of
bronchiectatic animals express increased activation markers.
Such expression might be related to the structural damage
seen in the bronchial wall in this condition.

Fimbriation of non-typable (NT) Haemophils influenzae (Hi)
increases attachment to dispersed buccal cells (BECs) but not
to human ciliated respiratory epithelium (CRE) in vitro

RC READ, R WILSON, A RUTMAN, VJ LUND, ER MOXON, PJ
COLE Host Defence Unit, Department of Thoracic Medicine,
National Heart and Lung Institute, and Institute ofOtolaryn-
gology, London, and Department of Paediatrics, John Rad-
cliffe Hospital, Oxford Bacterial adherence to normal CRE
is considered to be critical to colonisation of the respiratory
tract. We previously showed that NTHi attaches exclusively
to damaged areas of CRE in vitro and now test whether
fimbriation, a known determinant of bacterial adherence,
permits attachment to normal CRE. A laboratory strain of
NT Hi containing the fimbrial gene of type b Hi (R890) (from
Professor A Smith, Seattle) was 82% fimbriated on negative
staining electron microscopy (EM) and > 10 times more
adherent to dispersed BECs than an isogenic non-fimbriated
strain (R906). We studied R890 and R906 in an antibiotic
free in vitro model of nasopharyngeal colonisation in which
only the intact epithelial surface is exposed to bacteria.
Challenge innocula of R890 (2-9 x 10 colony forming units
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(cfu)/ml) and R906 (4-8 x 10 cfu/ml) replicated to 4-6 x 10
and 7 6 x 107 respectively over 24 hours, at which time both
strains were seen by transmission EM to cause patchy
damage to CRE, including cell extrusion, loss of cilia,
organelle damage and cytoplasmic blebbing. Epithelial cells
were scored from 1 (no abnormality) to 5 (extreme abnor-
mality) for each of these indices. The mean damage score
(MDS) of preparations infected with R890 (1 40) and R906
(1 71) exceeded controls (1 19). R890 and R906 associated
with (18%) and (34%) of epithelium respectively but neither
associated with normal areas of CRE. MDS of areas of
epithelium associated with R890 (1-95) and R906 (2-73)
exceeded that of areas of epithelium devoid of associated
bacteria (1 15) and (1-72) respectively. Possession of fimbria
by R890 did not enhance adherence either to normal or to
damaged areas ofCRE.

Effect of natural exposure to allergen on cellular infiltration in
the upper respiratory tract: modifying effect of nedocromil
sodium

S LOZEWICZ, E GOMEZ, J CLAGUE, D GATLAND, RJ DAVIES
St Bartholomew's Hospital, London To assess the effects of
natural exposure to allergen on cellular infiltration in the
upper respiratory tract, we have taken biopsy specimens of
the nasal mucous membrane before and during the grass
pollen season in 22 patients with seasonal allergic rhinitis to
grass pollen. Biopsy sections were examined by light micros-
copy and quantitative assessment made of numbers of mast
cells and eosinophils. The patients were divided into eleven
who were treated with topical nedocromil sodium nasal spray
1% one application (1 3 mg) four times daily to each nostril,
and 11 who were treated with identical placebo. In the group
as a whole, mast cell density was significantly (p < 0-001)
higher in tissue sections from biopsy specimens taken during
the season compared with out of season (median values 55.0
and 15-5 cells/mm2 respectively). The density of eosinophil
infiltration was also significantly (p < 0 02) higher during the
season compared with out ofseason (median values 6-3 and 0
cells/mm2 respectively). Treatment with nedocromil sodium
significantly (p < 0 02) inhibited the accumulation of mast
cells, but not eosinophils. These results indicate that natural
exposure to allergen in patients with seasonal allergic rhinitis
is accompanied by infiltration of mast cells and eosinophils
into the nasal mucous membrane. The clinical efficacy of
nedocromil sodium in this condition may be related to
inhibition of infiltration by mast cells.

Mast cells in human airways show heterogeneity with respect to
granule esterase activity

S LOZEWICZ, E GOMEZ, C WELLS, RJ DAVIES St Bartholomew's
Hospital, London Biopsy specimens of the bronchial
mucous membrane were obtained at fibreoptic bronchoscopy
of 19 subjects, all ofwhom were non-smokers. Ten had atopic
asthma (three male, mean age 26-4 years) and nine were
healthy non-atopic volunteers (five male, mean age 24-0
years). Biopsy specimens were fixed in Carnoy's solution,
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embedded in paraffin wax, and sectioned at 4 gm thickness.
Mast cell density was assessed in two consecutive sections of
each biopsy, one stained with toluidine blue and the other by
the alpha-naphthol AS-D chloroacetate esterase reaction
(CAER), which depends on the presence of esterase activity
within mast cell granules. Examination of consecutive sec-
tions showed that only a minority ofthose mast cells detected
on the basis of their metachromatic granule staining with
toluidine blue also demonstrated esterase activity using
alpha-naphthol AS-D chloroacetate substrate (table). In
seven of the asthmatic patients and two of the non-asthmatic
subjects separate biopsy specimens were examined by trans-
mission electron microscopy. Basophils were not seen in any
of these specimens, suggesting that the greater number of
metachromatic than CAER stained cells was not due to the
presence of basophils. These results indicate that there is
heterogeneity ofmast cell granule esterase activity within the
lower airways in man.

Median mast cell density (range)/cells mm 2

Toluidine blue CAER p

Asthmatics
Lamina propria 60 24-4 <0 05

(6-196) (0-90)
Epithelium 67-3 0 <0-01

Non-asthmatics (0-506) (0-68)
Lamina propria 23-8 0 <0 01

(0-120) (0-10-7)
Epithelium 14-9 0 <0-01

(0-205) (0-0)

Nasal vascular permeability: comparative effects of histamine
and allergen

C BIRMAN, PH HOWARTH University ofSouthampton Nasal
insufflation, coupled with sequential lavage, has been used to
investigate the comparative effects of allergen and histamine
on vascular permeability within the respiratory tract.
Bilateral nasal lavage, using 5 ml saline aliquots, was
undertaken by the method of Naclerio (Am Rev Respir Dis
1983;128:597) and the albumin level in the lavage fluid,
measured by immunoelectrophoresis, used as the index of
vascular leakage. On two separate study days one week apart,
eight grass pollen sensitive subjects (5 F, 3 M) were randomly
allocated to undergo bilateral nasal challenge with 0 26 ml of
either group B2 mixed grass pollens (1 x I02-5 x 10-2 w/v)2
or histamine acid phosphate (4 mg/ml), after having first
undergone a comparable saline inhalation challenge. Saline
challenge had no significant effect on nasal lavage albumin
(NLA) levels. Histamine (H) and allergen (A) produced a
comparable clinical response with a mean of eight sneezes
with each challenge. Significant kinetic increments in NLA
occurred throughout the 30 minutes of observation (p <
0-01) with both H and A. The time course of response to H
and A differed, with the mean peak NLA levels at five
minutes afterH (98 1 (SEM 14-2) ug/ml) and 30 minutes after
A (58 7 (19 5) jig/ml). These findings indicate that mediators
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other than histamine contribute both to allergen induced
microvascular leakage and to allergen related sensory nerve
stimulation during the immediate response.

Airways microvascular leak and changes in lung resistance and
compliance induced by aerosolised allergen challenge in sensit-
ised guinea pig in vivo

KP HUI, JO LOTHWALL, DF ROGERS, KF CHUNG, PJ BARNES
Department of Thoracic Medicine, National Heart and Lung
Institute, London, and Department of Pulmonary Medicine,
University of Gothenburg, Sweden Airway microvascular
(AML) leak with plasma protein exudation is a feature of
asthma. We looked at the effects of aerosolised allergen
challenge on AML and bronchoconstriction simultaneously
in anaesthetised ventilated guinea pig. Twelve male Dunkin-
Hartley guinea pigs were sensitised by a single intraperitoneal
injection of 20 ug of ovalbumin (OA) with AI(OH)3, and 6
control (c) animals were given AI(OH)3 only. After 21-28
daysAML was measured using Evans Blue (EB) dye (30 mg/
ml) injected 30 s prior to OA challenge. The animal was
perfused 6 min later. Transpulmonary pressure, flow and
tidal volume were measured, and lung resistance (RL) and
compliance (CL) calculated. OA aerosol (5 mg/ml; 30 s) from
an ultrasonic nebuliser was delivered to the airways. OA
significantly increased EB dye (ng/mg tissue; mean (SEM)) in
main bronchi (MB) and proximal and distal intrapulmonary
airways (PIPA, DIPA) but not upper or lower trachea (UT,
LT) (table 1). RL peaked within 2 min and recovered
partially at 5 min with corresponding decreases in CL. We
found a significant correlation between EB dye and changes
in RL and CL in the distal airways (table 2). Thus aerosolised
OA causes AML mainly in the distal airways, where the
degree of AML correlated with airflow obstruction. This
suggests that airways oedema contributes to allergen induced
airway narrowing.

Table 1

UT LT MB PIPA DIPA

S 36-9±59 430±55 61.0±5.4* 63.6±4.7* 71.6±7.6*
C 337±10 369± 87 31 5±49 254±67 17-3±6-8

*p < 0-005.
Table 2

(r) 0 01 013 0 41 0 72 0 73
(p) >05 >0-5 <0 05 <0 001 <0-005

Metabolic response to acute and chronic localised pulmonary
inflammatory stimuli measured in vivo

HA JONES, RJ CLARK, CG RHODES, JB SCHOFIELD, S PERVEZ, T

KRAUSZ, C HASLETT Departments of Medicine and Path-
ology, Royal Postgraduate Medical School, and Medical
Research Council, Cyclotron Unit, Hammersmith Hospital,
London We have measured the uptake of '8fluoro-2-
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deoxyglucose ('"FDG) non invasively by positron emission
tomography (PET) to monitor pulmonary inflammation in
two contrasting processes, Streptococcus pnewnoniae infec-
tion, which causes an acute pneumonitis which resolves
within days, and bleomycin (bleo), which results in a more
persistent inflammatory response with low level neutrophil
migration over several weeks (Haslett et al, Am Rev Respir
Dis in press). A standardised dose of Spneumoniae or 7-5 mg
bleomycin in saline was instilled into the right upper lobes of
the lungs of anaesthetised NZW rabbits, via a fibreoptic
bronchoscope under direct vision. At intervals following
instillation the rabbits were reanaesthetised for PET scan-
ning. Following a transmission (density) scan '8FDG was
injected intravenously and emitted radioactivity
accumulated over six consecutive 15 minute periods.
Metabolic activity was calculated as the slope of the right
(challenged)/left (control) lung 8FDG counts in apical
regions of interest chosen from the density scan. The slope
(minm'*1000 (SEM) was 0-21 (0 28) (n = 6) with no challenge.
The response to S pneumoniae increased the slope to 1-85
(0 38) (n = 6) at 4 h, rising to a peak of 12-7 (2-33) (n = 8) at
15 h and falling to 4-5 (1-5) (n = 4) at 87 h and 0-62 (0-15) (n
= 4) at 230 h. In contrast, the response to bleomycin showed
the slope rising to 4-54 (0 93) (n = 4) at 15 h and remaining
elevated: 3-27 (1-73) (n = 3) at 60 h, 3-43 (2-05) (n = 3) at 183
h, and 2-4 (0 84) (n = 5) at 350 h, finally falling back to
control levels 1-28 and - 0-62 (two animals) at 520 h and 0-70
and - 0- 19 (two animals) at 690 h. Thus the initial response
to bleomycin is less marked than to Spneumoniae, but is more
persistent, lasting weeks rather than days. IfPET scanning of
'8FDG does reflect histological changes ofinflammation, this
may provide a method for quantifying inflammation sequen-
tially, which is otherwise difficult in life.

Effect of endothelin on isolated rat pulmonary vascular
resistance vessels

RM LEACH, CHC TWORT, JPT WARD, IR CAMERON Division of
Medicine, United Medical and Dental School, (St Thomas's),
London Endothelin is a vasoconstrictor peptide isolated
from vascular endothelium. Its role in the pulmonary
circulation is unknown. Male CSE rats (250-350 g) were
anaesthetised with ether and the heart and lungs removed. A
pulmonary artery (1-2 mm diam) and a small pulmonary
resistance vessel (150-350 im diam) were mounted as ring
preparations on a dual myograph and the contractile respon-
ses to endothelin compared. The effects of extracellular
(Ca2"), inhibition of Ca2" channels and Na+/H+ exchange,
and receptor blockade were examined. Endothelin produced
a dose dependant contraction in both large and small vessels,
with maximum active wall tensions of206 (SEM 18) mg/mm2
and 1166 (151) mg/mm2 respectively (n = 12). The pD2 (-log
EC50) for artery and small vessels were 7-26 and 749
respectively. The contractions were considerably greater and
more prolonged than those recorded with other pulmonary
vasoconstrictors. Alpha and beta receptor blockade did not
prevent contraction, but nitroprusside resulted in a marked
relaxation of the contracted pulmonary artery, but not the
small vessel. The response was predominantly dependant on
extracellular Ca2+ although approximately 30% of the
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contraction remained in Ca2+ free solution (+2 mmol
EGTA). The non specific Ca2` blockers Cd2" (0-2 mM) and
La3" (2 mM) resulted in complete relaxation. Addition of
verapamil (50 1M) produced a 15% relaxation of the
endothelin contracted large but not small vessel. Endothelin
activates protein kinase C, which is known to precede
activation of Na+/H+ exchange. Inhibition of Na+/H+
exchange with 5-(N,N-hexamethylene) amiloride did not
affect the Ca2" independent fraction ofendothelin stimulated
contraction in large or small pulmonary vessels.

This work was supported by the Special Trustees of St
Thomas's Hospital.

In vitro interaction of activated eosinophils and neutrophils
with guinea pig airway epithelium

RC READ, T YUKAWA, C KROEGEL, KF CHUNG, A RUTMAN, R
WILSON, PJ COLE, PJ BARNES Department of Thoracic
Medicine, National Heart and Lung Institute, London
Epithelial shedding occurs in asthmatic airways and has been
attributed to eosinophil products. We examined the intrac-
tion of polymyxin B elicited intraperitoneal guinea pig
eosinophils with guinea pig ciliated tracheal epithelium in
vitro. Eosinophils with or without platelet activating factor
(PAF, 10 M) or lyso PAF (10-' M) were added to tracheal
rings. At 0, 4, 14 and 24 hours percent ciliation ofthe tracheal
circumference (CTC) was measured by light microscopy and
the mean ciliary beat frequency (CBF) by photometry at 10
points along the ciliated surfaces. PAF activated eosinophils
(50 x 106 cells/ml) disrupted the epithelium, CBF and CTC
being reduced by 77-8 (5 8) % (mean (SEM), p < 0 005 v
control) and 94-2 (1 4) % (p < 0 005) at 24 hours respec-
tively. PAF (10-' M) alone had no significant effect on CBF
and CTC. Lyso-PAF with eosinophils (50 x 106 cells/ml)
reduced CBF and CTC to a lesser extent (22-2 (6 2) % and
64 0 (4 0) % at 24 hours respectively). PAF activated
eosinophils (10 x 106 cells/ml) reduced CBF and CTC at 24
hours by 49 5 (15 4) % and 54 8 (17-2) % respectively, which
was similar to a reduction of 36-2 (11 4) % and 53 0 (15-5) %
by 50 x 106/ml unactivated eosinophils. The PAF antagonist
WEB 2086 (10' M) and catalase (1 125 U/ml) both significan-
tly inhibited the CBF and CTC reduction due to activated
eosinophils. Glycogen elicited intraperitoneal neutrophils (50
x 106 cells/ml) also disrupted epithelium but to a lesser extent
(24 hour reduction: 34 2 (12 7) % (CBF) and 60-2 (13-2) %
(CTC)), and addition of PAF 10-7 M had no further effect.
Ultrastructural damage to tracheal epithelium occurred by
four hours after exposure to activated eosinophils; epithelial
disruption was observed at 14 hours. We conclude that PAF
activated eosinophils are capable of grossly disrupting
ciliated epithelium and may contribute to epithelial damage
in asthma.

Mediator release from isolated mast cell granules

PS THOMAS, AN WILSON, SC LAZARUS Cardiovascular
Research Institute, University of California, San Francisco
Mast cells release their granule contents and generate

Proceedings
mediators in response to a number of stimuli. The
intracellular mechanism by which this occurs is at present
incompletely understood. We present data which suggest that
granules themselves can be activated by such stimuli to
release preformed and newly generated mediators. Dog
mastocytoma cells from the cell line BR have been grown in
stable form for over 40 passages in athymic nude mice and
can be considered permanent. These cells represent one ofthe
few higher mammalian mast cell lines in culture. We have
developed a technique for cell disruption which provides
large numbers of functional, isolated mast cell granules. This
consists of disaggregating fresh tumour cells by mincing,
followed by incubation in collagenase and DNAse. The cells
are then washed in calcium-magnesium free Tyrode's solu-
tion (CMF-T) and resuspended in a 0 34 M sucrose solution
with EDTA and DNAse. This suspension is then subjected to
400 lb/in2 nitrogen in a cavitation bomb for 15 minutes. On
rapid decompression the cellular debris and organelles are
collected, there being > 93% disruption of cells as measured
by erythrosin B vital dye staining. Debris and undisrupted
cells are separated from organelles by centrifugation at 300 x
g, the granule rich supernatant is then washed in four times its
volume ofCMF-T and the granules pelleted at 2000 g. This
pellet is then resuspended in CMF-T and release studies
undertaken with aliquots of this suspension. On incubating
the granule preparation with calcium ionophore, A23187 (3
x 10-7 to 3 x 10' M) in complete Tyrode's there was a
concentration dependent release of histamine (n= 5, maxi-
mum increase in histamine: 15-1% above control, p < 0 01,
ANOVA). Using the same preparation we also studied
generation of the prostaglandin PGD2. With the same
concentration range of A23187 there was a rise in PGD2
formation when the granule preparation was resuspended in
distilled water to lyse the granule membranes (n = 3,
control: 21-2 pg/ml: 3 x 10'M ionophore: 53.4 pg/ml;
p < 0-001, ANOVA). It therefore appears that isolated
granules have characteristics similar to whole cells and when
their contents or internal membrane surfaces are exposed
they are able to generate newly synthesised mediators.

This work was supported by BMA TV James Award,
Fulbright Commission, NHLBI HL24136 & NIAMS
AR38928.

Subepithelial fibrosis and inflammatory cell infiltration in mild
asthma

S LOZEWICZ, AJ D'ARDENNE, C SOWTER, S JORDAN, E GOMEZ, RJ
DAVIES St Bartholomew's Hospital, London In mild
asthma biopsy specimens ofthe bronchial mucous membrane
demonstrate increased numbers ofmast cells (Lozewicz et al,
Br MedJ 1988;297:1515) and subepithelial fibrosis (Roche et
al, Lancet 1989;i:520). It was proposed that the latter change
might be related to stimulation of fibroblasts by mast cells
and eosinophils. We have examined biopsy specimens of the
bronchial mucous membrane obtained at fibreoptic bron-
choscopy of seven atopic patients with mild asthma (two
male, mean age 23 9 years) and eight healthy non-atopic
subjects (five male, mean age 28-0 years). Immunohis-
tological staining was used to identify separately type III

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.44.10.834P

 on 1 O
ctober 1989. D

ow
nloaded from

 

http://thorax.bmj.com/


Proceedings
collagen and fibronectin in the lamina reticularis beneath the
basement membrane. Further sections of the biopsies were
stained individually with the alpha-naphthol AS-D
chloroacetate esterase reaction, and toluidine blue, for mast
cells and with Chromotrope 2R for eosinophils. The thick-
ness of the lamina reticularis was significantly greater in the
asthmatic than in the healthy subjects when assessed using
antibodies to type III collagen (median values 6-3 and 3-55
pm respectively; p < 0-05) and to fibronectin (median values
7-8 and 4-65 pm respectively; p < 0-02). There was no
correlation between the density of mast cells, eosinophils, or
neutrophils and the thickness of the lamina recitularis when
asthmatics and non-asthmatics were analysed as a whole.
Within the group ofasthmatics analysed separately there was
a positive correlation between the density of neutrophils in
the lamina propria and the thickness of the subepithelial
band of fibronectin (r=0-947, p < 001). These results
confirm the presence in mild asthma of subepithelial fibrosis,
and suggest that neutrophils might have a role in its
development.

Histamine reactivity and atopy in byssinotic and non-byssinotic
cotton workers

D FISHWICK, AM FLETCHER, CAC PICKERING, J HARRISON
Wythenshawe Hospital, Manchester The prevalence of his-
tamine induced bronchial hyperreactivity in cotton workers
is not well documented. We have studied 133 cotton textile
workers, 67 workers with work related symptoms and 66
asymptomatic workers matched for age, sex and ethnic
group. Their mean age was 41 years; 112 were male and 21
female. These were divided into three groups: asymptomatic
controls (66), byssinotics (17) and non-byssinotic symp-
tomatic workers (50). There was an equal distribution of
atopics in the three groups. Histamine challenge (Yan
method) demonstrated increased bronchial reactivity in: 13/
17 byssinotics (76%), 23/50 symptomatic non-byssinotics
(46%) and 5/67 controls (7%) - X2= 38, p < 0-001. PD20
values were lowest in the byssinotic group. Mean value for
byssinotics 1-234 pmol histamine, for controls 4-545 pmol
histamine - p < 0-01 and for symptomatic non-byssinotics
2-773 pmol. Basal FEV, did not differ significantly between
the non-byssinotics (2-73 (SEM 0-81)) and byssinotics (2-5
(0-61)). This study documents the presence of bronchial
hyperreactivity in the majority of cotton workers with
byssinosis.

Comparison of inhaled beclomethasone dipropionate and
nedocromil sodium as additional therapy in asthma

GD HARPER, P NEILL, AS VATHENEN, JB COOKSON, P EBDEN
Department ofRespiratory Medicine, Glenfield General Hosp-
ital, Leicester We have compared the effects of the inhaled
steroid beclomethasone dipropionate (BDP) 400 pg/day and
nedocromil sodium (NDS) 16 mg/day as additional therapy
in adults with asthma not fully controlled by regular beta2
agonist inhalers and oral theophyllines. Seventeen subjects
who fulfilled the entry criteria were entered into a two week
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baseline phase (beta2 agonist inhalers and theophyllines
allowed) and subsequently entered in double blind, random
order crossover fashion into two eight week phases of daily
BDP or NDS. Subjects recorded daily PEF (am and pm),
symptom scores and beta agonist inhaler use. Thirteen
subjects completed the study and the last two weeks of each
phase were analysed. Compared with baseline, both BDP and
NDS caused a significant improvement in PEF am (p <
0 05), PEF pm (p < 0 05) and amplitude % mean* (p <
0-001) (see table). There was no significant difference between
BDP and NDS for PEF am, PEF pm, amplitude % mean,
cough and daytime asthma score. However, beta agonist
inhaler use and scores for nocturnal asthma and morning
tightness were all lower (better) in the BDP phase compared
to the NDS phase (p < 0 005, < 0-05 and < 0 005
respectively). Thus both nedocromil and beclamethasone
resulted in significant improvement in asthma control in
subjects who were inadequately controlled by beta2 agonist
inhalers and theophyllines and both drugs caused a similar
improvement in PEF in the doses studied.

PEFam PEFpm Amp %
Mean (I/min) (I/min) mean* (%)

Baseline 318 333 11-6
BDP 350 362 7-6
NDS 341 357 7-4

PEF pm - PEF am
*Amplitude % mean = PEF pm - PEF am

Mean (PEF pm, PEF am)

Assessment of human milk fat globule antigen (HMFG2) as a
tumour marker in serum and bronchial washings

RJ FERGUSSON, CD SELBY, MB ALLEN, J FISKEN, JE ROULSTON, AG
LEITCH Chest Unit, City Hospital, and Department of Clin-
ical Chemistry, Royal Infirmary, Edinburgh HMFG2 is a
monoclonal antibody directed against an antigen in the
human milk fat globule. It is expressed on the surface ofsome
normal epithelial cells, in the lactating breast and on a range
ofcarcinomas, including breast and lung. It is now possible to
measure the level of HMFG2 antigen shed into body fluids
and we have assessed the presence of this antigen as a
diagnostic marker of malignancy in a group of patients
undergoing bronchoscopy. Seventy six consecutive patients
were studied (46 male, mean age 63 y). Serum taken prior to
the procedure and bronchial washings (20 ml normal saline
returned by suction) were frozen immediately for batch
analysis. Where possible washings were taken from abnormal
areas seen at bronchoscopy. HMFG2 antigen was measured
using an ELISA assay. Forty nine patients had histologically
confirmed malignant disease (47 primary bronchial) and 27
had "benign" diagnoses. Patients were followed for up to one
year to ensure that occult malignancies were not missed.
HMFG2 was detected in the serum of 17 out of 49 patients
(35%) with tumours and seven out of 27 patients (26%) with
benigrn conditions. Washings were positive for the antigen in
39 (80%) and 19 (70%) of each group respectively. It would
seem that the poor specificity and selectivity seen would make
this antigen of little diagnostic use as a tumour marker in
patients undergoing bronchoscopy.
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Pulmonary functional abnonnaiities in patients with sar-
coidosis and respiratory symptoms at presentation

JM SHAYLOR, AR WILKES, BDW HARRISON Department of
Respiratory Medicine, West Norwich Hospital, Norwich In
a prospective study of 107 patients with newly diagnosed
sarcoidosis the commonest functional abnormality occurring
in 61 was airways obstruction. Of these 107 patients,. 40
complained of cough, 34 complained of breathlessness, and
seven had experienced wheeze. Respiratory symptoms were
increasingly frequent with increasing radiographic stage and
in stage III 16/26 had cough, 15/26 were breathless and 1/26
wheezed. Airways obstruction (FEV,/FVC < 70% and/or
maximum expiratory flow at 50% VC < 50% predicted and/
or MEF25 < 50% predicted) was found in 29/40 patients with
cough, 27/34 with breathlessness and 6/7 with wheeze. A
restrictive defect (VC and total lung capacity < 80%
predicted) occurred in 7/40 patients with cough and a low
transfer factor (< 80% predicted) was found in 16/40.
Airways obstruction is not only the commonest functional
abnormality in sarcoidosis, it is the commonest abnormality
in patients with sarcoidosis and respiratory symptoms. It
should be specifically looked for in symptomatic patients
with sarcoid particularly when the radiographic changes are
not extensive.

Right ventricular function in chronic obstructive pulmonary
disease: comparison of two radionucide techniques

RM OLIVER, JS FLEMING, DG WALLER Clinical Pharmacology
Group and Department of Nuclear Medicine, Southampton
General Hospital, Southampton Right ventricular (RV)
dysfunction is common in patients with chronic obstructive
pulmonary disease (COPD). We have compared two radio-
nuclide techniques for driving RV ejection fraction (RVEF)
in 19 patients (age 53-73 y) with COPD (mean FEV, 0-99 1;
mean Pao2 9 0 kPa) and no history ofischaemic heart disease.
RVEF was obtained in randomised order from 4'Tc ECG
gated blood pool (TcGBP) scintigraphy, acquired in the 30-
70' left anterior oblique (LAO) projection for optimal
separation of RV and left ventricle and slmKr ECG gated
equilibrium (KrGEq) ventriculography acquired in the 20'
right anterior oblique (RAO) projection. RVEF was
measured at rest and during five minute steady state submax-
imal bicycle exercise. Images were analysed using separate
end diastolic and end systolic regions of interest. The mean
intraobserver coefficients of variation for RVEF were 7 9%
(TcGBP) and 5 8% (KrGEq). Results are summarised in the
table. Mean (SD) LVEF was 0-674 (0-10) at rest and 0-721
(0-11) with exercise (p < 0-005). In eight patients the right
atrium (RA) was enlarged on the KrGEq image. The mean
difference between resting RVEF (TcGBP - KrGEq/
KrGEq) was -46-3% with RA enlargement and -17-4%
with normal RA size (p < 0001). RA dilatation makes
spatial separation from RV difficult in the LAO projection
and may account for the underestimate of RVEF using
TcGBP imaging. KrGEq imaging in the RAO projection
improves separation of right heart structures. Resting RVEF
is well preserved in most patients with COPD but many show
an inability to augment RV function during exercise.

Proceedings

Mean (SD) TcGBP RVEF KrGEq RVEF p

Rest 0-359 (0-110) 0 520 (0.076) < 0-001
Exercise 0 350 (0-083) 0 526 (0 091) < 0 001

NS NS

Abnormal pulmonary function due to asbestos pleural plaques

DA COSTA, E NEVILLE, R PAES, J RAWLINSON Chest Clinic and
Department of Radiology, St Mary's Hospital, Portsmouth
Diffuse pleural thickening (PT) has been shown to cause
respiratory impairment, but asbestos related pleural plaques
(APP) are not a recognised cause of disability. We studied 64
patients attending the chest clinic with a history of asbestos
exposure who were not considered to have asbestosis. PA and
lateral chest radiographs were read by two independent
observers using the ILO 1980 international classification
modified so that pleural disease could be assigned a
numerical score (Britten M, Br J Dis Chest 1982;76:1-10).
Classification revealed: asbestos pleural plaques alone 42;
diffuse pleural thickening 4; intrapulmonary profusion of
opacities 11; excluded 7 (3 no pleural score, 1 bullous
emphysema, 2 cardiac failure, 1 poor quality). The group
with pleural plaques were graded according to the extent of
pleural opacities: grades 2= 4 patients, 3 = 19 patients, 4 = 13
patients, 5 = 6 patients. The lung function results of all 57
subjects were independently categorised by two observers:
normal = 21 patients; constrictive (FEV,/FVC > 75%, TLC
< 80% predicted and Kco > 120% predicted) = 13 patients;
obstructive (FEV,/FVC < 75%, TLC > 80%) = 14 patients;
combined restrictive/obstructive (FEV,/FVC < 75%, TLC
< 80%) = 7 patients; reduced TLCO only = 2 patients. In the
group of42 subjects who had pleural plaques alone there was
a significant reduction in lung function attributable to pleural
disease in nine (six showing a constrictive pattern and four
combined restrictive/obstructive). This was not found in the
mildest radiographic grade. Overall, 14/57 subjects showed a
constrictive pattern (6 APP, 3 PT, 5 parenchymal with
pleural disease). These results suggest that APP may produce
pulmonary function abnormalities similar to those of diffuse
pleural thickening.

How well can the general public read Heaf skin test reactions?

C SELBY, M ALLEN, AG LEITCH Royal Victoria Dispensary,
Edinburgh We prospectively studied the ability of 287
consecutive individuals (194F 93M; mean age 35 y, range 15-
72) attending a contact clinic to grade their Heaf skin test
reactions 5-7 days after administration, using a standard
illustrated card. Their readings were compared with those
obtained independently by one of three experienced res-

piratory health visitors (HV) at the same attendance. The
results are illustrated in the figure with subscripts denoting
numbers for each comparison. We conclude that most lay
people can satisfactorily grade their own Heaf skin test
reactions using a standard illustrated card. Grading by this
method is a suitable alternative to clinic attendance for Heaf
test reading.
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Osmolality and pH of nebulised drug solutions and their effect
on airway calibre in asthmatic children

PC SEDDON, DP HEAF Alder Hey Children's Hospital, Liver-
pool Bronchoconstriction while receiving nebulised drugs is
well recognised and can occur in the absence ofpreservatives;
the pH and osmolality of preparations may also be impor-
tant. There is little published information on the pH and
osmolality of the wide range of drugs administered by
nebuliser. Studies of the effects of acidity and osmolality of
aerosols have been in adults and used ultrasonic nebulisers
with much higher output than the jet devices used clinically.
We measured the pH and osmolality of all drug preparations
commonly given by nebuliser, and the way these varied over a
10 minute nebulisation period with a standard jet nebuliser
(System 122 Acorn with compressed air at 7 1/min). We then
constructed saline solutions to represent the range of acidity
and osmolality found. Ten asthmatic children aged 7-14 with
documented bronchoconstriction on exercise were exposed
to these solutions using the same system and their FEV, was
measured during administration. None of the subjects had a
history of bronchoconstriction in response to a nebulised
drug; PC,, histamine ranged from 0-23 to 11-0 mg/ml. The
drug preparations varied from pH 2-8 to 7-1, and from 40 to
1500 mmol/kg. pH did not change during nebulisation;
osmolality increased in a predictable way such that isotonic
solutions reached about 450 mmol/kg after 10 minutes. Mean
changes in FEVY were small and only those for isotonic pH4
solution reached statistical significance. FEV, fell by more
than 15% with one or more solutions in six ofthe 10 children,
and two experienced falls ofmore than 20%; but there was no
consistent pattern of response. The four unresponsive chil-
dren all had PC20 histamine values > 1 mg/ml.

Autonomic neuropathy in chronic obstructive airways disease
(COAD)

A STEWART, P ARGYROPOULOU, D PATAKAS, I KOUMIS, H RODINI,
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T KONTAKIOTIS, P HOWARD University of Salonica, Greece,
and University of Sheffield Peripheral neuropathy is a
complication of hypoxic COAD. This may be related to
hypoxia in the neural microvasculature, as suggested for the
neuropathies ofdiabetes. The autonomic nervous system was
assessed by the method of Ewing and Clarke (Br Med J
1982;285:916). Diuretics and vasodilators were stopped.
Exclusions included diabetes, strokes, hypertension, hypo-
natraemia, renal failure and carcinoma. Patients from the
two centres were similar and divided into four groups:
normal controls (NC) n = 10, age 60-5 (SD 5 3) years, Pao2
11-8 (0-8) kPa, Paco2 49 (0-1) kPa; moderate chest disease
(MA) n= 16, age 64-3 (6-2) years, Pao2 9 1 (0 8) kPa, Paco2
50 (05) kPa; severe hypoxia (HO) n=I1, age 657 (6-1)
years, Pao2 7-3 (0-7) kPa, Paco2 5-3 (0 8) kPa; hypercapnoeics
(HC) n = 31, age 63-7 (6 3), Pao2 6-7 (0 9) kPa, Paco2 6-9 (0 7)
kPa. The correlation coefficient r was 0-6 (p < 0-001) for both
heart rate response to Valsalva and standing compared with
Pao2. No such correlation existed for Paco2 or age. All
patients in group HC had some autonomic neuropathy. Its
presence in all patients with severe COAD should be
considered. The severity may be related to the degree of
hypoxia.

p values compared with controls (NC)

MC HO HC

Parasympathetic tests
Heart rate response

Valsalva <0-001 <0-001 <0 001
Breathing NS <005 <001
Standing <0 01 <0-001 <0-001

Sympathetic tests
Blood pressure

Standing <0-01 NS <0 05
Handgrip NS NS NS

Pulmonary actinomycosis in Merseyside

DR GRAHAM, J DELANEY, RI DONELLY, CRK HIND, CC EVANS
Regional Adult Cardiothoracic Unit, Liverpool, and Arrowe
Park Hospital, Merseyside Actinomycosis is an uncommon
infection produced by an anaerobic oral commensal, which
results in a progressive granulomatous disease with a ten-
dency to abscess formation. In the last 10 years on Mer-
seyside eight cases have been recognised. Four patients had
pleural disease (effusion, three cases; tumour, one case), three
had a chest radiograph mass, and one had pericardial
tamponade. All eight patients gave a 3-6 month history of
malaise and weight loss, had experienced pain at the site of
the infection, and had a low grade fever (37 5-38C). All of
the cases were city dwellers with no risk factors such as
contact, occupation or immunosuppression, though three
patients had carious teeth. In the four presenting with pleural
or pericardial effusions the diagnosis made following aspira-
tion and biopsy. Of the four patients presenting with a
radiographic mass, diagnosis was made by bronchoscopy in
only one. The other three underwent thoracotomy with
lobectomy (one case) or abscess evacuation (two cases),
complicated by empyema necessitans in one case. In all eight
cases histological examination ofeither pus or tissue revealed
typical "sulphur granules," characteristically consisting of
tangled masses ofGram positive branching filaments. In only
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three cases, however, was the organism cultured, largely
owing to the fact the diagnosis was not suspected and
anaerobic cultures were not therefore performed. The seven

patients with pulmonary disease responded well to high dose
penicillin, given for 2-4 months. The patient with pericardial
actinomycosis deteriorated despite antibiotics and surgical
drainage, and died after two days. Our experience suggests
that sporadic cases of this treatable condition still occur, and
in an urban population. The features which should alert the
clinician to consider the diagnosis are the indolent onset and
the association of pain and fever with pleural or pulmonary
shadowing.

Chronic obstructive airways disease, driving, and the roadside
alcometer

JE BRIGGS, H PATEL, AK BUTMRFIELD, D HONEYBOURNE
Department of Thoracic Medicine, Dudley Road Hospital,
Birmingham Subjects with severe obstructive airways dis-
ease are unlikely to be able to use the standard roadside
alcometer, which requires a minimum flow rate of 28 1/min
for 2 7 seconds. We performed a postal survey of 284 patients
with an FEVI/FVC ratio < 60%. Eighteen of the 73 drivers
or ex-drivers (24-7%) had had to stop or reduce their driving
because of their respiratory disease. This group had a lower
FEV,% predicted than those who continued to drive
(p=0035), but there were no differences in age, FEV,/
FVC% or FVC% predicted between the two groups. Nine
patients with FEV,/FVC < 60% who were picked at random
used an alcometer simulator. Three were able to produce a
flow rate sufficient to trigger a standard alcometer, two were
only able to produce the same total expired volume (1-251) at
10 1/min over 7 5 s anid a further three were able to produce
only 10 1/min for 4 5 s, expelling 0 75 1. One patient was
unable to meet any ofthese criteria. Ten healthy subjects were
investigated to assess the accuracy of the alcometer at a low
flow rate. After several alcoholic drinks breath alcohol was
measured every three minutes at flow rates alternating
between 10 and 40 I/min for a total of I hour. Analysis of
covariance showed no significant difference between the level
at the two flow rates. A lower flow rate of 10 I/min would
require expiration to be maintained for 7-5 s unless a lower
minimum expired volume than 1-25 1 is accepted. If a
minimum expired volume of 0 75 1 is taken then the
expiratory time would be 4-5 s at 10 1/min. If the minimum
expired volume is left at 1-25 1 then a flow rate of 10 1/min
could be used if the expiration time is at least 7 5 s. These
adaptations could help some subjects avoid having to go to
the police station and then having similar problems with the
non-portable intoximeter.

Factors influencing compliance in patients using oxygen con-
centrators for long term home oxygen therapy

MJ WALSHAW, R LIM, CC EVANS, CRK HIND Department of
Medicine, Royal Liverpool Hospital, University of Liver-
pool Recent work on the use of LTOT given by home
oxygen concentrators has shown that many patients fail to
use their machines correctly (Br Med J 1988;297:1030-2). In
an attempt to discover which patients are more likely to be
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compliant with treatment, we studied 61 of the 65 adult
patients who were using oxygen concentrators for LTOT in
Liverpool. Based on the concentrator meter readings, we
found that 28 patients (group I) ran their concentrators for
the recommended time of >t 15 hours per day (mean 19 4
hours, SD 3-2), and the remaining 33 patients (group II) for
less than this (mean 10-7 hours, SD 2 8). This was despite the
fact that there was no significant difference in the amount of
oxygen prescribed by the doctor between the two groups
(group I mean 14-2 hours, SD 4-3; group II mean 12-5 hours,
SD 4- 1). Patients in group l were more hypoxic than patients
in group II both on breathing air (group I mean PaO2 6-73
kPa, SD 1-21; group II mean PaO2 797 kPa, SD 1-65) (p <
0-001) and also on supplementary oxygen treatment (group I
mean PaO, 8 54 kPa, SD 1-92; group II mean PaO2 9-96 kPa,
SD 1-88) (p < 0-001), suggesting that patients in group I had
more severe respiratory disease. However, there was no
significant difference in respiratory symptoms, smoking
habits, spirometry, or haematocrit between the two groups.
Finally, we found that patients in group I were more likely to
have been assessed by a respiratory physician in hospital (21
out of 28 cases) than patients in group 11 (13 out of 33 cases),
suggesting that they may have had better advice regarding
concentrator usage. These results suggest that patients with
more severe gas exchange problems are more likely to use
their concentrators appropriately. This may reflect either the
patients' perception of benefit from LTOT, or better instruc-
tion from their specialist.

Bone turnover during high dose inhaled corticosteroid therapy

NJ ALI, S CAPEWELL, MJ WARD Department ofChest Diseases,
Llandough Hospital, Cardif High dose inhaled cortico-
steroid therapy has been implicated in a variety of systemic
effects including bone loss (Stead and Cooke, Br Med J
1989;298:403). Osteoporosis usually reflects a long term
increase in bone reception of which the most sensitive and
convenient biochemical markers are urinary hydroxy
proline/creatinine ratio (HPCR), calcium/creatinine ratio
(CCR), and serum alkaline phosphatase (Alk Phos) (Nordin,
Clin Endocrinol 1978;8:55).- We therefore studied 11 normal
male subjects (mean age 30, range 25-36). In six given 2000
pg Beclomethasone Diproprionate (BDP) daily urinary
HPCR rose significantly (*p < 0-05) after 28 days therapy
(see table). In five subjects given Budesonide (BUD) 1800 pg
daily there were no significant changes in HPCR, CCR or Alk
Phos. These differences in bone resorption (a 33% rise in
HPCR on BDP v9% on BUD) may reflect the lower systemic
bio-availability of BUD compared with BDP (Johansson et
al. Europ JR Dis 1982;122:74). Prospective studies assessing/
comparing inhaled corticosteroid effects on bone mass are
now indicated.

BDP BUD

Mean Pre Post 5 Pre Post 6

HPCR 16 7 22.3* 33% 13-9 15 5 9%
CCR 0-14 018 28% 0-11 011 0%
Alk Phos 77-3 69 5** -10% 75 72-6 -3%

p < 0 05; **p < 0-01.
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