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Vigilance in obstructive sleep apnoea, snorers and normal
subjects

DJ PITSON, A VAN BAARDWIJK, J CLEVEN, RJO DAVIES, JRS STRADLING
Osler Chest Unit, Churchill Hospital, Oxford Daytime sleepiness and
impaired vigilance are features of obstructive sleep apnoea (OSA)
and there is growing evidence to link snoring with daytime sleepi-
ness even in the absence of OSA. The performance of 183 patients
with OSA, obstructive sleep hypopnoea, or snoring was compared
with 39 asymptomatic community controls on a multiple unpre-
pared reaction time test. Oxygen saturation dip rate (number >4%
Sao2 dips per hour) was used to divide the patients into two groups:
those with five or fewer dips of >4%/hour (n = 96), and those with
more than five dips of >4%/hour (n = 87). The figure below shows
the 95th centile for reaction times during the second half of the test
(ms) for each group. Analysis of variance and Duncan's multiple
range test showed that both patient groups differed significantly
from the controls (p = 0 01) but that there was no significant differ-
ence between the two patient groups. Thus patients who snore but
do not have a significant number of dips in oxygen saturation have
impaired vigilance compared with normal subjects and similar vigi-
lance to those with classical OSA. This deficit is similar to that pro-
duced by one night of sleep deprivation. This has important impli-
cations for the use of oximetry alone as a screening tool for sleep
related breathing disorders. A low dip rate cannot rule out sympto-
matic snoring related sleep disruption.
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Role of cortical arousal in the ventilatory response to airway
occlusion during sleep

P NOLAN, J O'DONNELL, PC DEEGAN, RG O'REGAN, WT MCNICHOLAS
Departments of Respiratory Medicine and Physiology, and the
Respiratory Sleep Laboratory, University College and St Vincent's
Hospital, Dublin -The hyperventilation which usually follows an
obstructive sleep apnoea (OSA) is probably a result of stimuli from
both cortical arousal and peripheral receptors. In order to assess the
contribution of arousal, we recorded the changes in ventilation (Vi),
end tidal carbon dioxide (PETCO2), and pharyngeal resistance (Rph)
that occurred after three breath airway occlusions during wakeful-
ness (W) and non rapid eye movement sleep (NREMS) in five nor-
mal humans. NREMS occlusions were separated into those with
and without spontaneous cortical arousal. Subjects wore a face mask
with integral one way valves, with a pneumotachograph and balloon
occluder in the inspiratory line. Postnasal and hypopharyngeal

pressures were measured via a double lumen naso-oesophageal
tube. We also recorded EEG, EOG, chin EMG, respiration by
inductance plethysmography, PETCO, and arterial oxygen satura-
tion. We analysed 25 occlusions duringW and 98 occlusions during
NREMS (50 with arousal and 48 without arousal). In the breaths
following relief of airway occlusion during W, Vi rose to a mean
value of 10-6 (SE 2 5) 1/min and PETCO, fell 2-5 (SE 0 62) mm Hg,
with no change in Rph. In NREMS occlusions associated with
arousal, VI also rose 7-5 (SE 1-5) 1/min, PETCO2 fell 1-7 (SE 0 57)
mm Hg and Rph also fell 73 (SE 18)%. When no arousal occurred
after NREMS occlusions, the hyperventilation was greatly obtunded
(M rose only 2-4 (SE 0-6) 1/min), PETCO2 rose 2-5 (SE 0 5) mm Hg,
and Rph increased by 58 3 (SE 2 4)%. We conclude that cortical
arousal is a major contributor to the hyperventilation and hypocap-
nia observed following an experimental OSA.

Cyclical EEG and blood pressure changes during Cheyne-
Stokes respiration

RJO DAVIES, SJ ROBERTS, KJ CHANNON, JR STRADLING Osler Chest
Unit, Churchill Hospital, Oxford It is unclear why Cheyne-Stokes
respiration (CSR) is more marked during sleep than wakefulness.
Changes in ventilatory drive secondary to EEG arousal may be
important. To objectively document CSR induced EEG and blood
pressure changes, five men with stable chronic heart failure and
CSR (apnoea/hypopnoea index >30/hour were studied. During
polysomnography, EEG (C2-A3) and beat to beat blood pressure
(Finapres) were recorded. All the half hour periods of CSR with a
technically adequate EEG were identified. Using a neural net tech-
nique, the EEG was described to a one second resolution as a prob-
ability of being represented by one of three processes ("wake",
"light sleep/REM", and "slow wave"). The "wake" process is domi-
nantly characterised by alpha rhythm and so reflects EEG arousal.
The CSR periodicity was cross correlated with fluctuations in this
"wake" probability and with arterial blood pressure. Cheyne-Stokes
respiration was consistently correlated with approximately
sinusoidal oscillations in the EEG "wake" probability. Within each
subject the phase relationship of this association was consistent
across the night. Between subjects this phase relationship was vari-
able (phase delay ranged from 0 to + 180 degrees). Blood pressure
oscillations of the same periodicity as the CSR were seen in all the
subjects. The phase relationship between respiration and blood
pressure varied both within a subject across a night, and between
subjects. Cheyne-Stokes respiration is associated with a sinusoidal
oscillation in EEG arousal which may contribute to respiratory
instability by changing ventilatory drive. Recurrent arousal due to
CSR may cause daytime sleep deprivation symptoms in heart failure
patients.

Relation of respiratory muscle activity to REM related desat-
uration in COPD

JES WHITE, M DRINNAN, A SMITHSON, CJ GRIFFITHS, GJ GIBSON
Respiratory Division, Department of Medicine, University of Newcastle
upon Tyne and Department of Medical Physics, Freeman Hospital,
Newcastle upon Tyne Nocturnal arterial oxygen desaturation in
patients with chronic obstructive pulmonary disease (COPD) occurs
most markedly during rapid eye movement sleep (REM). In normal
subjects during REM sleep, activity of the intercostal muscles is
reduced to a greater extent than that of the diaphragm (Tabachnik
et al. J Appl Physiol 198 1;51:557-64), but in COPD the pattern is
less well established. REM related desaturation in COPD could
result from one of several mechanisms: (1) hypoventilation due to a
general reduction in respiratory muscle activity; (2) maldistribution
of ventilation associated with distorted chest wall movement; and
(3) upper airway narrowing or obstruction. To investigate the
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possible mechanisms we studied ten patients with stable COPD
(mean FEV, 24% predicted, range 8-46%) overnight after an accli-
matisation night. Measurements included Sao,, airflow, EEG, and
EOG, together with posteroanterior rib cage (RCPA) and abdomi-
nal (ABPA) motion and lateral rib cage (RCLAT) motion recorded
using magnetometers; respiratory muscle electromyographic (EMG)
activity was recorded from genioglossus, intercostal, diaphragm,
rectus abdominis, and external oblique muscles. Epochs of non-
REM (NREM) and REM sleep with the subject in the same posi-
tion were compared. In four subjects inspiratory paradox of the lat-
eral rib cage was present while awake and in NREM sleep, while in
the other six subjects RCLAT motion was qualitatively normal.
Nine of the 10 subjects had at least one epoch of REM sleep; all
showed reduced intercostal and to a lesser extent diaphragm activity
in these periods and this was associated with desaturation. Lateral
rib cage motion was qualitatively similar during REM and NREM
in eight of the nine subjects; one subject, who had lateral paradox in
NREM sleep, showed a more normal pattern of movement associat-
ed with reduced muscle activity in REM sleep. In addition four sub-
jects showed episodes of desaturation associated with a pattern of
respiratory muscle activity characteristic of obstructive hypopnoea.
We conclude that REM related desaturation in COPD is unlikely to
result from rib cage distortion associated with lateral paradox; it
appears to result from an overall reduction in inspiratory muscle
activity with, in some subjects, episodic desaturation due to obstruc-
tive hypopnoea.

Upper airway obstruction during sleep in heavy snorers and
obstructive sleep apnoea (OSA)

DPS SPENCE, K REES, JE EARIS, PMA CALVERLEY Aintree Chest Centre,
Fazakerley Hospital, Liverpool Partial or complete upper airway ob-
struction during sleep is a cardinal feature of patients who snore
loudly or have OSA. Surgical solutions such as uvulopalato-
pharyngoplasty have been advocated for this with variable success
rates. We studied 22 patients (20 men) of mean age 42 (SD 8) years
and mean body mass index (BMI) 30-5(SD 5-3) referred for assess-
ment before UPPP to determine the level of obstruction during
sleep and whether snoring produced less physiological stress than
OSA. Each subject underwent a modified invasive sleep study with
monitoring of EEG, EOG and EMG, oxygen saturation and
intrathoracic, hypopharyngeal and suprapalatal pressures by a triple
balloon catheter system. Air flow was measured by a tight fitting
face mask and mean arousal blood pressure (ABP) (mm Hg) using a
Finapres device. Previous sleep studies were available to confirm
subgrouping. All patients slept but two did not snore, nine had sim-
ple snoring, and 11 had OSA. The level of obstruction was variable,
including the hypopharynx in five and the soft palate alone in six.
Mean (SD) data of the snoring and OSA groups are given in the
table below. Among the OSA patients pleural pressure at apnoea
termination was 31(12) cmH,O in those with soft palate obstruc-
tions and 42(25)cmH,O in those with hypopharyngeal obstructions.
Blood pressure rose during sleep in OSA but not in the snoring
patients. These data demonstrate the variable response to upper air-
way obstruction during sleep which makes selection for surgical pro-
cedures difficult.

Stage Stage Stage Stage
Age BMI TST 1 (%) 2 (%) 3 (%) 4 (%) REM Ppl ABP

Sn 42 87 127) 4 82 8 7) 1 29 107
(8) (9) (84) (3) (16) (11) (10) (3) (12) (63)

OSA 42 40 141 6 71 18 3 1 39) 152
(9) (5-5) (102) (3) (29) (25) (8) (3) (19) (27)

BMI-body mass index; TST-total sleep time; REM-rapid eye move-
ment; Ppl-pleural pressure; ABP-arousal blood pressure; Sn-snorers;
OSA-obstructive sleep apnoea.

Effect of breathing and posture on genioglossal and
palatoglossal tone

R MATHUR, MA JAN, NJ DOUGLAS Respiratory Medicine Unit, City
Hospital, Edinburgh EH10 SSB About half of the episodes of upper
airways obstruction in the sleep apnoea/hypopnoea syndrome
(SAHS) occur at the level of the soft palate, but relatively little is
known about the respiratory function of the muscles of the soft
palate. We have studied the influence of breathing on the

palatoglossus muscle, choosing this muscle because it pulls the soft
palate downwards and forwards, and thus its relaxation during sleep
might result in upward and backward movement of the palate
resulting in upper airways obstruction. We have also studied the
effect of lying supine as snoring and episodes of apnoea are com-
monest in this posture. Intramuscular wire electrodes were inserted
perorally into both the genioglossal and palatoglossal muscles of
nine awake normal non-obese male subjects aged 31-48 years. None
had a history of sleep complaints. Respiratory phase was recorded
by inductance plethysmography. Integrated EMG voltages were
normalised against maximal voltages obtained in each individual
during forced tongue, swallowing, or other stressing manoeuvres.
Data were analysed by analysis of variance. Palatoglossal EMG was
significantly higher on inspiration than expiration (p = 0-006) but
there was no difference between sitting and supine positions (p =
0 3). Genioglossal tone was also phasic with respiration (p < 0-001)
but was increased in the supine posture (p < 0 05). These data
show that palatoglossus activity varies with the phase of respiration,
suggesting it acts to maintain upper airway patency in awake normal
subjects. The data are also compatible with the posterior movement
of the soft palate on lying down, being unopposed by muscle tensing
and thus contributing to upper airway narrowing in this posture and
perhaps to reflex activation of the tongue.

Compliance with CPAP

NJ DOUGLAS, S MARTIN, HM ENGLEMAN Respiratory Medicine Unit,
City Hospital, Edinburgh EH1O 5SB Compliance with CPAP thera-
py has largely been judged on self reporting by patients of whether
they used their machine each night. This is not only open to error
but also does not differentiate between brief or all night use. Two
time clocks and a pressure activated switch have therefore been built
in to Sullivan APD 1 CPAP units. One clock runs all the time that
the machine is switched on and gives the "machine on time". The
other is activated when the pressure in the CPAP mask is more than
the pressure 2 cm H20 below the pressure which the CPAP
machine was set to deliver and yields "time at pressure". In a group
of 35 patients with the sleep apnoea/hypopnoea syndrome studied
for 1-3 months after the initiation of CPAP therapy, the mean
"machine on time" was 4 9 hours/night with a range of 0-3-14
hours/night. The mean "time at pressure" was 3-4 hours/night with
a range of 0-2-8 hours/night. There was a wide variation in concor-
dance between "machine on time" and "time at pressure" with an
adequate pressure in the mask for a median of 91% (range 24-99%)
of "machine on time". Neither measure of CPAP used significantly
correlated with either the frequency of apnoea plus hypopnoea or
with objective daytime sleepiness as assessed by the multiple sleep
latency test. These data indicate low compliance with CPAP thera-
py in a group of patients with the sleep apnoea/hypopnoea syn-
drome who were intensively educated about CPAP, seen at least
once every two weeks, and given all possible support. It seems
improbable that compliance in the average CPAP patient is any
higher.

Antigen-induced proliferation ofT cells of patients with west-
ern red cedar asthma (WRCA)

AJ FREW, H CHAN, M CHAN-YEUNG UBC Respiratory Division,
Vancouver, BC, Canada The proliferative response of T cells to
plicatic acid (the causative agent of WRCA) was studied as part of
our work to determine whether T cells are important in the patho-
genesis of WRCA. Mononuclear cells (PBMC) from WRCA
patients or non-asthmatic controls were cultured for five, six, or
seven days with a range of concentrations of plicatic acid-human
serum albumin conjugate (PA-HSA). Control samples were cul-
tured with mitogens (PHA or Con A) or buffer alone. Proliferation
was measured by incorporation of 3H-thymidine in the last 16 hours
of culture. Significant responses to PA-HSA were observed in six of
25 WRCA patients and one of eight non-asthmatic controls. In vir-
tually all subjects the maximum response to mitogens was seen on
the fifth day, while peak PA-HSA responses were observed on the
sixth or seventh days. All the WRCA responders were either cur-
rently exposed to cedar or had ceased exposure within the preceding
two years. None of the patients on oral steroids responded but
inhaled steroids did not seem to influence responsiveness. Other
drugs (ft2 agonists and theophylline) did not appear to have any
independent effect on the assay. No correlations were found
between the maximum stimulation index (on days five, six, or
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seven) and the current forced expiratory volume in one second
(FEV,), the current PC20 to methacholine, or the magnitude of the
late asthmatic response to plicatic acid. We conclude that patients
with active WRCA have circulating antigen specific T cells, but
these can be detected in the proliferation assay only if the patients
are not on systemic steroids. The proliferation response seems to
wane after exposure ceases. These data are consistent with a role for
T cells in WRCA but further investigations will be required to
determine whether they are truly important in the pathogenesis of
the disease.

In vivo cutaneous tuberculin response to prednisolone in
corticosteroid resistant bronchial asthma

SJ LANE, AR SOUSA, RN POSTON, TH LEE Departments of Allergy and
Allied Respiratory Disorders and Experimental Pathology, Guy's
Hospital, London SEI 9RT In vitro data have shown mononuclear
cell defects in corticosteroid resistant (CR) bronchial asthma, but to
date there have been no in vivo correlates. We have therefore used
the classical tuberculin driven cell mediated immune response to
study in vivo these defects in CR and corticosteroid sensitive (CS)
asthma. In a double blind, crossover, placebo controlled study six
patients with CS and six with CR asthma were given 0-6 mg/kg oral
prednisolone or placebo on day 0, a predetermined dose of intrader-
mal purified protein derivative (PPD) of Mycobacterium tuberculosis
on day 7, and induration size and skin biopsy were measured on day
9. The procedure was repeated crossed over after a washout period
of six weeks. Immunohistochemistry using antibodies directed
against macrophages (HAM-56), activated eosinophils (EG2), T
memory (CD45RO +) cells (UCHL1), monocytes, and recently
blood derived macrophages (MAC387) and neutrophils (NP57)
was performed on the skin biopsies. The CS and CR groups showed
mean (SD) indurations of 27-5 (2) mm v 13-5 (1-6) mm (p < 0-05)
which was suppressed by 64 (7A4)% v 9-2 (1 1)% respectively (p <

0-05). There was a decrease in the number of HAM-56, EG2 and
UCHL1 positive cells in the CS group (p = 0-036 for all) but not in
the CR group. There was no significant suppression of MAC387
and NP57 positive cells in either group. We conclude that there is
reduced suppression by prednisolone of macrophages, activated
eosinophils and lymphocyte infiltration of the cutaneous PPD
response in CR subjects sensitive to PPD compared with CS sub-
jects. The results of this first in vivo study of mononuclear cell func-
tion suggest that the phenomenon of glucocorticoid resistance is not
organ specific.

IgG and IgE antibody response to Aspergillus fumigatus in
allergic bronchopulmonary aspergillosis and in asthmatic
patients with skin test positive to Afumigatus

RM ANGUS, MJ COLLOFF, L ROBERTSON, C MCSHARRY, NC THOMSON

Department of Respiratory Medicine, Western Infirmary and Department
of Immunology University of Glasgow, Glasgow Allergic bronchopul-
monary aspergillosis (ABPA) is a disease of asthmatics which may
follow a protracted course and result in chronic lung damage. The

antibody response profile has been described in ABPA; there is,
however, a group of asthmatics who have evidence of immediate
hypersensitivity to A fumigatus but no other features of the disease.
It is unclear if the antibody response between the two groups differs
qualitatively or quantitatively. We performed Western blotting using
an enhanced chemiluminescent immunoblotting technique with iso-
type specific antibody against human IgG and IgE in 17 asthmatic
patients with ABPA (all with current or previous positive precipitins
to A fumigatus) and in 11 asthmatic patients with positive skin test
for A fumigatus but without the clinical or serological features of
ABPA (non-ABPA group). IgE and IgG activity was found in both
groups. Immunoblotting demonstrated a heterogeneity of antigens
over the range 14-230 kDa, with immunodominant antigens at 31,
35, 45, and 48 kDa. In both groups there was an inverse correlation
between the number of antigens recognised by the IgE and IgG
antibodies (r = -073, p < 0-001). In the non-ABPA group the
response was mainly against antigens with molecular weights greater
than 31 kDa, whereas in the ABPA group it was more widely distrib-
uted. This difference was significant and was predominantly due to
antigens recognised by the IgG antibody (2 = 13, p < 0-001) rather
than IgE (x = 0-47, NS). These observations suggest that there is a

larger IgG response to A fumigatus in ABPA than in the non-ABPA
group. The qualitative response in these antibody classes suggests

that they recognise different antigenic components and that the IgG
antibody response against lower weight components is a feature pre-
dominantly of ABPA. [A fumigatus extract provided by Dr V Heam,
Colindale.]

ABPA Non-ABPA

Age (years) 60 1 (2 5) 49-5 (4 5)
Asthma (years) 27-6 (5-3) 23-2 (5-4)
FEV, (l) 1-3 (0-14) 2-1 (03)*
FEV, (% predicted) (1) 49 4 (5 8) 75 5 (6 5)*
ELISA IgG to A fumigatus (U/ml) 41-9 (16-7) 2-2 (1-6)*
RAST IgE to A fumigatus (IU/ml) 4-6 (4-2) 1-32 (1-0)
Western blotting IgG (no. bands) 7 1 (1-4) 3 3 (1 2)
Western blotting IgE (no. bands) 6 7 (1-0) 6-0 (2-7)

Results expressed as mean (SEM)
*p < 0-05.

Cytokine and interferon profiles of asthmatic endobronchial
biopsies

CM GELDER, JFJ MORRISON, MJ PETERS, BJ O'CONNOR, IM ADCOCK,
PJ BARNES, KF CHUNG Department of Thoracic Medicine, National
Heart and Lung Institute, London and Department of Medicine, Leeds
Infirmary Because of their crucial role in the regulation of the
immune response, cytokines are likely to be of fundamental impor-
tance in the pathogenesis of atopy and asthma. We have previously
reported cytokine and interferon profiles from the peripheral blood
of asthmatic and atopic subjects using the polymerase chain reaction
(PCR) and have shown differences in the expression of IL-2, IL-4,
IL-5, IFNa IFN-y, and IFN Q (Am Rev Respir Dis 1992;145:A265).
We now report the results of a study on endobronchial biopsies.
Endobronchial biopsies were obtained from six atopic asthmatics
and six normal subjects using standard techniques. The biopsies
were placed in denaturing solution and snap frozen. RNA extrac-
tion, reverse transcription, and the polymerase chain reaction were
carried out as previously described, except that after 35 cycles, 1 ul
aliquot was removed and used as a substrate for a further 35 cycles.
Primers for the following molecules were used: IL-la, IL-l/, IL-2,
IL-3, IL-4, IL-5, IL-6, TNF-a, IFN-a, IFN-,B, IFN-y, and IFN-Q.
Actin was used as a positive control and tRNA synthetase primers
spanning an intron controlled for DNA contamination. PCR prod-
ucts were run on a 3% agarose gel containing ethidium bromide and
directly viewed under UV light. When compared with normal sub-
jects, more asthmatic patients expressed IL-5, IL-6, TNF-a, IFN-a,
IFN-y, and IFN-Q These results confirm the importance of cyto-
kines and interferons in asthma. [CMG is an MRC Training
Fellow.]

Budesonide attenuates bronchial reactivity to adenosine 5'-
monophosphate (AMP) to a greater extent than to metha-
choline in mild asthma

R POLOSA, K RAJAKULASINGAM, G PROSPERINI, ST HOLGATE Institute
of Respiratory Diseases, University of Catania, Italy and Department of
Medicine 1, University of Southampton, UK Inhaled corticosteroids
have been shown to reduce bronchial reactivity to a wide range of
stimuli, but it is not clear whether they give similar protection
against different forms of challenges. We therefore compared the
change in bronchial reactivity to inhaled AMP which is believed to
act largely through augmenting mast cell degranulation, with that to
methacholine which provokes bronchoconstriction directly by stim-
ulating specific muscarinic receptors in a double blind, placebo con-
trolled, crossover study of 14 mild asthmatic subjects. Eleven sub-
jects completed the study which consisted of two phases separated
by a washout period of 21 days. Each phase consisted of four sepa-
rate occasions at the same time of the day during which concentra-
tion response studies with AMP and methacholine were carried out
before and after each treatment period. Subjects received inhaled
budesonide 800 ig daily or matched placebo for three weeks using a
standard metered dose inhaler attached to a spacer device before
bronchoprovocation tests. Changes in airway calibre were followed
as forced expiratory volume in one second (FEVI) and responsive-
ness of agonists was expressed as PC,0. When compared with place-
bo, budesonide significantly reduced the airway responsiveness to
AMP and to methacholine (p < 0.01), their geometric mean PC20
values increasing from 14-3 to 92-4 mg/ml and from 0 45 to 0-85
mg/ml, respectively. When expressed as concentration ratios budes-
onide produced a protection of the airways of 6-5 times and 19
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times against bronchoconstriction provoked by AMP and metha-
choline respectively, the concentration ratio for AMP being signifi-
cantly greater than that for methacholine (p < 0-01). Our study
shows that budesonide attenuates bronchial hyperresponsiveness to
an indirect bronchoconstrictor stimulus (AMP) and, to a lesser
extent, to a direct bronchial agonist (methacholine). AMP respon-
siveness may be considered as a more sensitive marker of the
changes in bronchial reactivity in asthma.

Phosphoramidon, a neutral endopeptidase inhibitor, poten-
tiates the relaxant effect of atrial natriuretric peptide on
human bronchi

RM ANGUS, JE NALLY, R MCCALL, JC MCGRATH, NC THOMSON
Department of Respiratory Medicine, Western Infirmary and Institute of
Physiology, University of Glasgow, Glasgow Atrial natriuretic peptide
(ANP) has a direct if low potency relaxant effect on methacholine
(MCh) induced tone in human isolated bronchi. In this study this
ability ofANP to relax preconstricted tissues was compared with the
effect of preincubation with ANP in modulating MCh induced con-
traction in human bronchial smooth muscle in vitro. In addition,
the possibility that the low potency of ANP resulted from its rapid
degradation by proteases and neutral endopeptidase (NEP) was
examined. Human rings were suspended in Krebs-Henseleit solu-
tion at 37'C. Tissues were attached to isometric transducers for
measurement of tension. MCh was added in concentrations evoking
25-30% of the maximum response, and the effect of ANP
(10-6 mol/l) alone or in the presence of various enzyme inhibitors
(phosphoramidon, aprotinin, leupeptin and tryptase inhibitor; each
20 pg/ml) was examined. Mean (SE) percentage inhibition of the
MCh response was calculated. In addition, cumulative concentra-
tion response curves (CRCs) to MCh were compared in the pres-
ence and absence ofANP (10-6 mol/l) and of the protease inhibitors.
Mean (SE) -log EC3, values were calculated. The effect of phos-
phoramidon, an NEP inhibitor, was also examined alone and in
combination. ANP relaxed preconstricted bronchi as well as evoking
a rightward shift of the CRC to MCh. Both these effects of ANP
were significantly enhanced by the presence of the inhibitors. The
enhanced effect of ANP with all four agents was maintained in the
presence of phosphoramidon alone. It is concluded that in human
tissue ANP confers protection against MCh induced contraction
and that airway neutral endopeptidases modulate the effects of
ANP. [Supported by the Chest Heart and Stroke Association
(Scotland).]

% Inhibition (n = 6) - log EC30

Control - 6-55 (0 11)
MCh + ANP 13-2 (3 02)* 6-07 (0-15)*
MCh + ANP + PhApLT 59-2 (4 60)* 5-36 (0 4)*
MCh +ANP + Ph 51-9(7-18)* 5.28(0.42)*
MCh + ANP + ApLT 32 7(9 60)* 5-94(0 3)**

MCh-methacholine; ANP-atrial natriuretic peptide; Ph-phospho-
ramidon; Ap-aprotinin; L-leupeptin; T-tryptase inhibitor.
*p<0-005; **p < 0-02

Bronchial hyperresponsiveness can exist in the absence of
bronchial inflammation

C POWER, C BURKE, S SREENAN, LW POULTER Department of Clinical
Immunology, RFHSM London and Department of Respiratory
Medicine, JCMH, Dublin Stable asthmatics exhibit T cell mediated
inflammation in the bronchial wall. Parameters of this inflammation
correlate with bronchial hyperreactivity (BHR) (Poulter et al. Eur
Respir Jf 1990;3:792). The current study of normal subjects was
undertaken to determine whether BHR was dependent on this
inflammatory reaction. Twenty seven normal healthy subjects con-
sented to bronchoscopy at which bronchial biopsies were removed.
These were snap frozen and cryostat sections prepared for immuno-
histology. Within two weeks of biopsy spirometry and bronchial
challenge studies using graded doses of histamine were performed.
All results were compared with historical data from 16 stable asth-
matics investigated in an identical manner. Spirometry revealed nor-
mal values in all normal subjects with a median PC,0 forced expira-
tory volume in one second (FEVy) of 12-5 mg histamine (range
2-36). Nine subjects exhibited a PC2,0 FEV, of < 8 mg (median 5-6
range 2-8). Asthmatics used for comparison all exhibited BHR

(median PC,, FEV, of 2 mg). Sections from all normal biopsies
showed no tissue or cellular abnormality and no histological evi-
dence of inflammation. When BHR positive (BHR+) and BHR neg-
ative (BHR-) normals were compared no difference was seen in T
cell numbers (median 0-2 cells/I04 pm2 in BHR+ and 0 5 cells/104
pm2 in BHR-) nor in optical density of HLA-DR expression
(median 0 04 in BHR+ and 0-06 in BHR-). A decrease in num-
bers of RFD1+ antigen presenting cells was observed in the BHR+
group (median BHR+0-1; median BHR- 0-34; p<0 05). All
results were 5-10 fold lower than in biopsies from asthmatic
patients. It was concluded that BHR may be present in normal sub-
jects in the absence of bronchial inflammation.

Surveillance of work related and occupational respiratory
disease project (SWORD) 1989-91

SK MEREDITH, JC MCDONALD Epidemiological Research Unit,
National Heart and Lung Institute, London Chest Hospital, Bonner
Road, London Thanks to the active participation of thoracic and
occupational physicians throughout the UK, 5763 new cases of
work related respiratory disease (duplicates removed) were reported
to SWORD in the first three years of the project, 81% by chest
physicians. The use of working population estimates by age, sex,
occupation, and region has made it possible to describe for the first
time the pattern of occupational lung disease in the UK reasonably
reliably. Occupations with disease rates many fold above the average
have been identified: for example, alveolitis in farm workers ( x 30),
bronchitis in metal workers ( x 32), inhalation accidents in metal
workers ( x 10) and chemical processors ( x 40), and asthma in both
metal and laboratory workers (x 11), bakers (x 15), chemical
processors ( x 18), plastics workers ( x 21) and spray painters
(x 38). The new reporting strategy introduced in 1992 to improve
ascertainment and specific proposals for further research will be
reviewed.

Diagnostic group 1989 1990 1991 Total %

Allergic alveolitis 49 31 30 110 2
Asthma 540 552 433 1525 26
Bronchitis 18 35 76 129 2
Building related illness 212 9 14 235 4
Byssinosis 23 6 5 34 1
Infectious disease 98 38 15 151 3
Inhalation accidents 68 280 231 579 10
Lung cancer 55 54 26 135 2
Malignant mesothelioma 323 294 291 908 16
Benign pleural disease 220 369 350 939 16
Pneumoconiosis 319 335 241 895 16
Other diagnoses 37 49 37 123 2
Total 1962 2052 1749 5763 100

Interpretation of serial peak expiratory flow (PEF) records
from workers in an electroplating factory

PFG GANNON, DT NEWTON, DCL BURGESS, PS BURGE Occupational
Lung Disease Unit, East Birmingham Hospital, Birmingham,
Staffordshire Polytechnic, Stafford, and Employment Medical Advisory
Service, Birmingham Fifty one workers in an electroplating factory
(total workforce 71) were asked to perform two hourly serial PEF
measurements for two weeks and to complete a respiratory ques-
tionnaire as part of a cross sectional study. After two weeks the
records of 34 workers could not be classified because of lack of rest
days, inadequate records, or the records were not returned. These
workers were asked to perform further readings over a three week
period including a holiday. After this the records of 11 workers
(22%) were still inadequate or not returned. Interpretation of the
records from the remaining 40 workers (65 records, mean duration
16 days, mean number of readings seven per day) were compared
with respiratory symptoms. Of 27 asymptomatic workers 23(85%)
produced normal records, three records suggestive of asthma, and
one of occupational asthma (OA). Of six workers with symptoms
suggestive of OA two (33%) produced records suggestive of OA,
one of irritant reactions, and three had normal records. Of five
workers with symptoms suggestive of asthma alone four normal
records and one with low PEF and low variability were produced.
Of the two remaining workers who complained of non-asthmatic
non-work related respiratory symptoms one produced a record sug-
gestive of OA and one a normal record. These results confirm that
workers are on the whole able to perform two hourly serial peak
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flow measurements; it may, however, require more than one
attempt to obtain an adequate record. It also suggests that the tech-
nique is specific with a relatively poor sensitivity.

Comparison of methods of calculating diurnal variation of
peak expiratory flow (PEF) in symptomatic and asympto-
matic workers in an electroplating factory

PFG GANNON, DT NEWTON, DCL BURGESS, PSD BURGE Occupational
Lung Disease Unit, East Birmingham Hospital, Birmingham, Stafford
University, Stafford Employment Medical Advisory Service,
Birmingham A number of methods for calculating diurnal variation
in PEF are available. Fifty one workers in an electroplating factory
(total workforce 71) were asked to perform two hourly serial PEF
measurements (65 records, mean duration 16 days, mean number
of readings seven per day) and complete a respiratory questionnaire
as part of a cross sectional study. The records were divided into
three groups according to respiratory symptoms: asymptomatic
(38), symptoms of asthma (including occupational asthma) (18),
and non-asthmatic respiratory symptoms (9). Diurnal variation was
compared by a number of methods of calculation for the sympto-
matic and asthmatic groups. These results suggest that
max - min/mean, max - min/max and SD PEF/mean provide the
most significant separation of asymptomatic workers and workers
with asthmatic symptoms. These findings agree with a previous
study (Higgins BG et al. Am Rev Respir Dis 1989;140:1368-72).

Asymptomatic Asthmatic
mean (SD) mean (SD)

Mean PEF 562 (86) 448 (118)*
Max -min/mean 7-7 (3 8) 12-7 (8.5)*
Max-min 42-6 (19) 53-1 (30 7)
Max-min/max 7-3 (3-4) 11-7 (7.2)*
SD PEF/mean 2-8 (1-3) 4-6 (3-1)*
SD PEF 15-9 (6 6) 19-0 (10-8)
SD/predicted(PRD) 3 0 (1-3) 3-8 (2 0)
Max-min/PRD 8-1 (3 7) 10-4 (5 9)
Max-min/PRD -mean -0 9 (3 8) 0 3 (0 9)
Cosinor amplitude/mean 8-7 (5 5) 11-2 (9 5)
Cosinoramplitude/PRD 9-2 (6-1) 8-8 (6 3)

*p < 0-05.

Effects of air pollution on peak expiratory flow measure-

ments in patients with asthma and chronic bronchitis

BG HIGGINS, HC FRANCIS, CJ WARBURTON, C YATES, AM FLETCHER,
CAC PICKERING, AA WOODCOCK Wythenshawe Hospital, Manchester
Laboratory studies in subjects performing moderate exercise have
shown that short term exposure to ozone, sulphur dioxide, or nitro-
gen dioxide can adversely affect pulmonary function measurements.
There is much less information on the effects of natural exposure to
these pollutants. We have studied a group of subjects with a clinical
diagnosis of either asthma or chronic bronchitis recruited from two
general practices in Widnes and Runcorn. A bronchial challenge test
was performed by the method of Yan giving methacholine to a max-

imum dose of 12-25 ,umol. Subjects whose forced expiratory volume
in one second (FEVI) fell by > 20% during this test were classified
as reactors. Subjects were then asked to record peak expiratory flow
(PEF) at home and at work at two hourly intervals during waking
hours for a period of four weeks during August and September
1991. Pollution levels were monitored continuously with absorption
spectroscopy. Seventy seven subjects (aged 18-82 years, 37 men)
completed adequate PEF records from which daily mean values
were obtained and PEF variability calculated as amplitude as a per-

centage of mean (Am Rev Respir Dis 1989;140:1368-72). The rela-
tions between these PEF measurements and pollution levels on the
same day and 24 and 48 hours previously (lag values) were estimat-
ed by multiple linear regression. There was a significant increase in
amplitude as a percentage of mean with increasing same day and 24
hour lag levels of sulphur dioxide. In the reactors (n = 37) mean

PEF values were related to the combined same day pollution levels
(p < 0 005), and there were also associations between mean PEF
and both the 24 and 48 hour lag levels of ozone (p < 0-05). These
relationships were not affected by adjustment for temperature or for
a learning effect on PEF measurements. These results show that
sulphur dioxide and ozone, at levels found in British summertime,

have significant effects on respiratory function, particularly in sub-
jects with increased bronchial reactivity.

Occupational symptoms in workers exposed to flour: expo-
sure-response relationships

P CULLINAN, D LOWSON, M NIEUWENHUIJSEN, R TEE, K VENABLES,
JMCDONALD, AJ NEWMAN TAYLOR Department of Occupational and
Environmental Medicine, NHLI, London Exposure-response rela-
tionships and the role of potentially promoting factors in occupa-
tional asthma were studied in workers exposed to flour at seven
locations. We describe the findings of the initial cross sectional sur-
vey in which 353 of 403 (88%) eligible subjects were studied. Work
histories, respiratory symptoms, and smoking habits were recorded
by questionnaire. Sensitivity to common inhalant allergens (weal
) 3 mm) and to three wheat associated allergens (WAA) was deter-
mined by skin prick tests. Job titles were classified as low, medium,
or high according to the perceived intensity of flour exposure; shift
measurements of total dust showed significant differences between
the three categories (geometric mean dust levels 0-6, 1-6, and 6-8
mg/m3 respectively). Work related cough, wheeze, or dyspnoea were
reported by 49 subjects (14-9%) and nasal or eye symptoms by 92
(28 0%). Regression analysis separating exposure intensity from
duration showed an increasing risk of symptoms (but not skin sensi-
tivity to WAA) with increasing intensity and longer durations of
exposure in medium and high intensity categories. Cigarette smok-
ing was independently associated with the development of work
related chest symptoms (OR 2-63, 95% CI 0 98-7 08). Atopy was
not independently associated with symptoms but was strongly pre-
dictive of a positive skin reaction to WAA. [This study was funded
by the NAC and HSE].

Dose-response relationships between current and cumulative
exposure to cotton dust and their predictive value for byssi-
nosis

RMCL NIVEN, D FISHWICK, CAC PICKERING, AM FLETCHER, CJ WAR-
BURTON, LA OLDHAM Department of Thoracic and Occupational
Medicine, Wythenshawe Hospital, Manchester The Health and
Safety Executive are currently considering a change of the recom-
mended sampling technique and the occupational exposure stan-
dard for cotton dust. The current recommendations use an outdat-
ed work area (WA) sampling technique in contrast to personal sam-
pling (PS) techniques as used for the majority of inhaled respiratory
agents. We examined dose-response relationships between byssi-
nosis and measures of current (Cur) and estimated cumulative
(Cum) exposure to cotton dust in 2000 workers seen for the first
time in years 1-3 of a five year longitudinal study of respiratory dis-
ease in the textile industry. There are clear dose-response relation-
ships between measures of cumulative dust exposure (CumPS,
CumWA) and byssinosis, and to a lesser extent between current
personal dust exposure (CurPS) and byssinosis. There is no rela-
tionship between current exposure as measured by the work area
technique (CurWA) and byssinosis. Logistic regression analysis
confirms these findings (Wald coefficient, p values): CumPS (66-1,
p < 0-0001), CumWA (47-1, p < 0-0001), CurPS (7-2, p < 0-05),
and CurWA (2-53, not significant). By the use of a forward step
regression model CumPS, together with total years spent in the cot-
ton industry and the failure to use respiratory protection, were
found to be significant predictors of byssinosis. These data support
the use of personal dust exposure methods for standard setting with-
in the textile industry, despite the practical difficulties that may be
encountered.

Coal dust pollution and respiratory health of Bootle primary
schoolchildren

B BRABIN, M SMITH, P MILLIGAN, MG PEARSON School of Tropical
Medicine, South Sefton Health Authority and Aintree Chest Centre,
Liverpool In 1988 cargoes of imported coal began arriving in
Liverpool docks with a visible dust nuisance on nearby housing.
Local residents alleged a high incidence of asthma in the schools.
We studied five schools within one mile of the coal terminal
(exposed zone), and compared these with five situated 3-5 miles
east and five situated across the Mersey 3-5 miles south west. A
parent completed questionnaire given to every second child
enquired into respiratory symptoms, allergy, atopy, smoking, and
socioeconomic factors. A total of 1987 of 2035 (92%) were
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completed; responses were similar in each zone. The children in the
three zones were of similar age (7 5 (2-0) years), height (1-24 (0-12)
m), sex ratio, and had a similar incidence of paternal (6 2%) and
maternal (7%) asthma. The exposed zone contained more unem-
ployed parents (41%, 29%, 29% respectively), more rented housing
(64%, 45%, 34%) and more smoking parents (71%, 60%, 59%); all
p < 0 01. Respiratory symptoms were significantly more common in
the exposed area, including wheeze (25-0%, 20-6%, 17-5% respec-
tively), excess cough (40 0%, 23-4%, 25-1%), and school absences
for respiratory symptoms (47 5%, 35 9%, 34 9%); all p < 0-01.
These differences remained significant even if the groups were sub-
divided according to whether or not parents smoked and whether or
not parents were employed. In contrast non-asthma symptoms-for
example, croup, allergy, and hay fever were not different. Multiple
logistic regression analysis confirmed the exposed zone as a signifi-
cant risk factor for wheezing (relative risk 1-6 (CI 1-2-2-1),
p < 0-003) behind expected predisposing factors such as atopy and
parental asthma but ahead of the socioeconomic and smoking vari-
ables. Standard dust deposit gauges on three schools confirmed a
significantly higher dust burden in the exposed zone. Peak flow
measurements (carried out in school when children were well) were
similar in each zone suggesting no irreversible damage had yet
occurred. The alleged increased prevalence of asthma symptoms in
the Bootle children has been confirmed. Whilst the association with
the known coal dust pollution is suggestive, a cross sectional study
cannot confirm a causal relationship. Having identified an increased
respiratory morbidity in these children, further studies are urgently
needed to establish the cause.

Relationship between the centriacinar and microscopic forms
of emphysema

M GILLOOLY, D LAMB Department of Pathology, University of
Edinburgh Medical School, Teviot Place, Edinburgh EH8 9AG
Macroscopic emphysema exists in several forms, the most common
of which is centriacinar emphysema (CAE). It is possible that CAE
may develop on a background of generalised airspace enlargement
which in its macroscopic form is panacinar emphysema (PAE) since
both are related to smoking. Airspace size can be assessed by mea-
suring airspace wall surface area per unit volume of lung tissue
(AWUV) expressed in mm2/mm3 (Gillooly et al. J Clin Pathol
199Q1;44:1007- 11). In normal lungs the lowest AWUV values are
found in the proximal acinus and this area may be represented by
the fifth percentile value of the AWUV frequency distribution.
AWUV was measured in 38 non-smokers (15 men, 23 women; aged
21-93 (mean 55-6) years) and 34 smokers with macrosopic CAE
(25 men, nine women; aged 43-77 (mean 60-8) years). The mean
AWUV and fifth percentile AWUV values were compared with the
range of normal values established in the 38 non-smokers. Mean
AWUV values below the normal range represent microscopically
assessed emphysema (MAE) (Gillooly and Lamb, Thorax 1993; in
press). CAE was assessed on the basis of the number of lesions in
the mid sagittal slice of each specimen. In the non-smokers the
mean and fifth percentile AWUV values decreased with advancing
age at a similar rate (slopes of regression lines: -0-09, -0 08 respec-
tively) indicating a generalised increase in airspace size. In the 34
smokers with CAE 85% had normal mean AWUV. In our previous
study of 125 smokers only 74% had normal mean AWUIV values
(Gillooly and Lamb, paper submitted to Thorax). MAE therefore
occurred less frequently in the smokers with CAE than may have
been expected. Abnormal fifth percentile values were seen in 24%
and the incidence of abnormal fifth percentile values increased with
increasing severity of CAE. CAE can therefore be shown at a micro-
scopic level by a fall in the fifth percentile value of the AWTUV fre-
quency distribution. The maintenance of a normal mean AWUV
value in 85% of the smokers with CAE indicates that CAE does not
necessarily develop on a background of generalised airspace enlarge-
ment.

Lung collagen in non-smokers and smokers with emphysema

MR LANG, GW FIAUX, D LAMB, DJS HULMES Department of Pathology
and Department of Biochemistry, University of Edinburgh, Edinburgh
The presence of collagen in lung is fundamental to its normal struc-
ture and function. Attempts to quantify changes in collagen with
age or pulmonary emphysema have been unsatisfactory. To identify
alterations in collagen within airspace walls the sample must be
devoid of bronchovascular structures and any biochemical measure-
ment must take into account the differences in amounts of alveolar

wall between samples. We have measured lung structure morpho-
metrically as alveolar wall surface area per unit volume (AWUV) in
23 lungs from lifelong non-smokers (age range 22-84 years) and in
24 lungs from smokers (age range 47-82 years) with seven smokers
having AWUV outwith the normal range for non-smokers. The
smoking group comprised five lungs with centriacinar emphysema
(CAE), four with panacinar emphysema (PAE), five with a mixture
of PAE and CAE (MIX) and four with no obvious macroscopic
emphysema (NM). Collagen content was estimated on adjacent sec-
tions of tissue (20 mm') as the marker hydroxyproline (hyp) by
reverse phase high pressure liquid chromatography. Data were
expressed per unit area (mm2) of alveolar wall. Smokers had signifi-
cantly greater (p < 0-001) mean collagen contents in relation to
AWUV values than non-smokers. The collagen content of smokers
was variable over the range of AWUV; lungs with MIX and PAE
contained higher collagen contents per mm2 than lungs with CAE or
NM. The collagen amount per unit area of alveolar wall increased
steadily with age in the non-smokers but remained spread in the
smokers. Lungs with MIX had higher collagen content than any
other group. These preliminary data show that as AWUV falls
below normal in smokers there is a greater increase in collagen per
unit area compared with non-smokers. A similar increase was
detected in smokers with normal AWUV for age (Lang et al, unpub-
lished observation). The variability in collagen content between the
smokers may reflect its focal distribution in affected lungs. We con-
clude that there is a senile increase in collagen per unit area in non-
smokers which is further accelerated in smokers, especially those
with abnormal AWUV.

Effects of sequential isolated muscle training on peripheral
muscle conditioning and exercise tolerance in patients with
COPD

E MACKAY, LM COCHRANE, CJ CLARK Department of Respiratory
Medicine, Hairmyres Hospital, Glasgow Patients with COPD are
usually limited in training capacity by breathlessness. This also leads
to peripheral muscle deconditioning. This study investigates the
possibility that sequential isolated skeletal muscle training may be
better tolerated than combined whole body exercise by breathless
patients, may reduce peripheral muscle deconditioning and thereby
may also improve overall exercise tolerance. Twenty eight COPD
patients were randomised into training and control groups. There
was no significant difference in baseline lung function, aerobic
capacity or muscle strength between the two groups. Each exercise
produced a significant but tolerable level of breathlessness. After
training there was a significant increase in isotonic muscle
endurance, total endurance time, and work during steady state
treadmill exercise, and breathlessness (Borg score) 4 per unit iso-
tonic exercise in trainers v controls. Maximum organic consumption
was unchanged. A strategy of isolated exercise of specific muscle
groups is well tolerated, produces a highly significant improvement
in endurance capacity and conditioning of these muscle groups, and
results in improved tolerance of steady state submaximal exercise of
a magnitude likely to prove clinically beneficial.

Training Subjects Control Subjects
(before) (after) (before) (after)

Repetitions(Q) 37 (25) 58 (27)** 36(16) 35(16)
Endurance time 103 (43) 129 (51)** 96(32) 78(28)
Repetitions(AD) 18 (9) 29 (13)*** 17(9) 18(11)
Endurance time 63 (17) 74 (31)** 59(18) 49(19)*
Treadmill work

(joules) increase 5459 (2413)*** 607 (470)

*p<q0;05,**p < 0 e01,***p< i0-001.
Q-quadriceps; AD-anterior deltoid muscles.

Acute exacerbations of chronic obstructive pulmonary dis-
ease treated in intensive care

JL MORAN, JV GREEN, AR PEISACH, S HOMAN, P LEPPARD The Queen
Elizabeth Hospital, Woodville, South Australia. Intensive care (ICU)
admission of patients in acute hypercapnic respiratory failure (ARF)
with chronic obstructive pulmonary disease (COPD) is controver-
sial (Lancet 1991;337:463-4). Sixty six consecutive admissions to
the ICU over a 39 month period were reviewed and variables pre-
dicting survival determined. Admissions were characterised using a
prospective computerised data base and case note review. Survival
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analysis was performed using the stepwise Cox model. During the
study period a total of 1584 patients were admitted to the ICU with
an average Apache II score of 16 and length of stay 4-7 days. The
study cohort comprised 66 ICU admissions in 51 patients; 20
women and 46 men of mean (SD) age 68 5(7) years and weight
69(19) kg (range 40-120). Premorbid airway limitation was severe,
with mean (SD) FEV, of 0-7(0 37) 1, FEV,/FVC of 39(16)%, and
bronchodilator responsiveness (FEV, increase 15% or >200 ml) in
two patients only; 30% received home oxygen, 40% were house-
bound and 29% currently smoked. Patients were admitted from
both the ward (39) and casualty (27). Before admission to the ICU
the mean (SD) respiratory rate was 38(10), Paco2 11 1(4) kPa, pH
7-25(0-13), and respiratory index was 201 (100). ICU admission
Apache II score was 20(5), range 12-32. Ventilation in 32 patients
(21 at or before ICU admission) was for a median of four days
(range 0-25-30). Mask CPAP given initially to 29 patients (six later
ventilated) did not modify ventilation incidence (2 = 0 6).
Tracheostomy occurred in seven patients at 7(1-7) days after admis-
sion and lasted 21(7) days. Median ICU and hospital length of stay
were four (range 1-40) and 17 (range 4-97) days respectively. ICU,
hospital and six month mortalities were 2, 12, and 25% respectively.
Premorbid body weight alone predicted probability of survival for
25 months; 0 35 for a 50 kg patient and 0 75 for a 90 kg patient.
ICU admission of severely ill patients in ARF with COPD results in
acceptable outcomes. Survival up to two years after an episode of
ARF is not prejudiced by ventilation or tracheostomy.

Five year follow up of respiratory failure in COPD

R COSTELLO, WT MCNICHOLAS Respiratory Department, St Vincent's
Hospital, Dublin A cohort of 85 patients admitted as emergencies
during 1987 to our unit with an exacerbation of COPD complicated
by respiratory failure (RF) defined as a Pao, <8 kPa were followed
prospectively. Sixty nine patients survived the initial admission and
14 (16%) survived five years; 80% of all deaths were from respirato-
ry failure. One hundred and sixty seven admissions were studied
over five years. Admission room air blood gases (ABGs) were com-
pared with ABGs on oxygen (02), and urea, blood count, elec-
trolytes, and chest radiography were recorded. Pulmonary function
and room air ABGs were measured on discharge. From ABGs
among survivors of the initial 1987 admission, three groups were
identified: (1) normocapnic (Paco, < 6-5 kPa) RF; (2) reversible
hypercapnic RF, patients hypercapnic (Paco, > 6-5 kPa) on admis-
sion, but normocapnic by discharge; and (3) chronic hypercapnic
RF. Only nine reversible hypercapnic RF patients later developed
chronic hypercapnic RF. Low flow 02 resulted in acidosis
(pH < 7 3) and further C02 retention in 26% of chronic and 11% of
reversible hypercapnic RF admissions. Comparison of survived with
subsequent fatal admissions in the same patients found similar
admission variables, except for higher H+ ion and urea during the
fatal admission among chronic hypercapnic RF patients. Long term
survivors (>2 years) tended to have better stable pulmonary func-
tion tests and ABGs than short term survivors, and were more likely
to be non-smokers. These data identify several factors which influ-
ence long term survival in severe COPD, but indicate that individ-
ual variables help little in predicting survival during an acute exacer-
bation.

Normocapnic Reversible
RF HRF Chronic HRF

Number 21 29 19
Five year survival (%) 35 13 12
Survival (yrs) 3-1 (1 9) 2 9 (2-1) 1-2 (2)*
Age at death 69 (9-1) 67 (8-1) 68 (4 7)
Total admissions 48 70 49
FEV,(%) 43 (18) 30 (12) 26 (7)*
Discharge Pao, 8-9 (1-4) 8-3 (3-5) 7-1(2-2)*
Discharge Paco2 5-1 (0-8) 5-8 (1-7) 6.9(0.7)*

RF-respiratory failure; HRF-hypercapnic RF. Values are mean (SD).
*p < 0-01 by ANOVA.

Treatment of acute exacerbation of COPD, comparison of
nebulised salbutamol v salbutamol + ipratropium bromide

J CONGLETON, P MOAYYEDI, RL PAGE, SH PEARSON, MF MUERS
Respiratory Unit, Killingbeck Hospital, Leeds, UK Acute exacerba-
tion of COPD is a common reason for hospital admission. Standard
management includes treatment with nebulised bronchodilators.

The benefit of combination therapy of nebulised fJ2 agonist and anti-
cholinergic drugs in the routine management of acute exacerbation
of COPD has not been assessed. This randomised prospective sin-
gle blind study was designed to assess whether there was any addi-
tional benefit from routine combination therapy. All patients admit-
ted to our unit with a diagnosis of acute exacerbation of COPD who
were not taking regular home nebulised therapy were randomised to
receive either nebulised salbutamol 5 mg qds (S) or nebulised S
5 mg + ipratropium bromide (IB) 500 jig qds (S + IB); other pre-
scribing was unchanged. Any patients with peripheral eosinophilia
or a history suggestive of asthma were excluded from the study.
Spirometry was recorded at 18-00 h (before nebulised drugs) on
days 1, 3, 7, then weekly and at discharge. A wellbeing score was
recorded daily. Days to discharge, days on nebulised therapy,
improvement in FEV, and FVC were compared by unpaired t tests
and the Mann-Whitney test as appropriate. Sixty five patients were
randomised (31 S, 34 S + IB). There was no difference in baseline
measures between the two groups. Mean (SD) FEV, on day 1 was
0 77 (0-41) 1 S v 0-76 (0 35) 1 S + IB. There was no difference in
the mean length of stay (11 1 v 12 days), mean number of days on
nebulised drugs (8-6 v 8-5 days), or symptom scores between the
two groups. At discharge mean (SD) FEV, was 1 (0-42)l S v
0-93 (0-39) 1 S + IB. Change in spirometry is shown in the table.
We conclude that there is no benefit from combination therapy
compared with salbutamol alone in the routine treatment of acute
exacerbation of COPD.

AFEV,(7) AFEV,(l) AFVC (7) AFVC (7)
(days 1-3) (days 1-7) (days 1-3) (days 1-7)

S 0 16 0-21 0-25 039
95% CI 0-060-27 0-06-0-36 0.1-0 4 0-21-0-57
S+IB 004 01 007 019
95% CI -0-05-0-13 -0-17-0-22 -0-08-0-22 -0-003-0-38

S-salbutamol; S + IB-salbutamol + ipratropium bromide. Differences
between S and S + IB NS.

COPD and oral steroid trials: five year outcome

LD RIMINGTON, JE EARIS, PMA CALVERLEY, MG PEARSON Aintree
Chest Centre, Aintree Hospital, Liverpool Reversibility testing with
inhaled bronchodilators and with oral corticosteroids is often advo-
cated for COPD patients but the long term predictive value of such
studies is unknown. Two hundred and eleven COPD patients (age
62 (8) years, FEV, 0-95 (0 45) 1 (36% of predicted)) had spirometry
recorded before and after 5 mg nebulised salbutamol and a two
week trial of oral prednisolone 30 mg daily. FEV, response was
defined as a rise of 15% and 200 ml over baseline. Of the 211
patients at entry, 89 had no response to either drug, 76 responded
to salbutamol but not steroids, and 46 responded to oral steroids.
Forty eight (23%) were dead at five years including 26% of both
steroid unresponsive groups but only 11% of the steroid responders
(p < 0-01). Significant predictors of death (all p < 0-01) were a
higher age (66 (9) v 60 (8) years), higher cigarette consumption (49
(29) v 34(25) pack years), and a lower FEV, before bronchodilator
(0-80 (0 36) v 0-99 (0A44) 1), after nebuliser (0 99 (0-37) v
1-22 (0-52) 1) and after oral steroids (0 90 (0A48) v 1-16 (0-59) 1). A
cohort of 87 of the 163 survivors (53%), representative as to age,
sex, and FEV,, were restudied at five years. A response to nebuliser
alone conferred no benefit either for survival or lung function at five
years. In contrast to 21 patients with a positive oral steroid trial, the
16 who had received continuous inhaled steroids improved their
FEV, from 1-02 (0-44) to 1-39 (0-67) 1 (p < 0-01) at five years,
whilst in the other six the FEV, changed less (0-93 (0 30) to 1-12
(0 38) 1). Of 65 patients with a negative oral steroid trial, 44
received continuous inhaled steroids and their FEV, was maintained
at five years (0-92 (0 43) to 0 94 (0-51) 1) whilst in the remaining 21
mean FEV, fell from 1-07 (0 46) to 0-92 (0 43) 1. A positive steroid
trial yields significant prognostic information about both survival
and long term FEV,. The trend towards preserved lung fimction in
patients with a negative steroid trial who nevertheless received
inhaled steroids supports the need for larger long term outcome
studies of inhaled steroids in COPD.

Epidemiological study of seasonal symptoms in a rural popu-
lation

C HARKER, A SOUTAR, A SEATON Department of Environmental and
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Occupational Medicine, University of Aberdeen Many individuals

ing in rural areas attribute seasonal allergic symptoms to oilseed

rape (OSR) which flowers in late April and early May. A cross sec-

tional questionnaire study of seasonal symptoms was carried out on

random samples of 500 individuals between the ages of 14 and

years from each of two general practices in areas heavily planted

with OSR, and 1000 from a practice situated in an area where very

little OSR is grown. The study was carried out between October

1989 and September 1992 and 1730 subjects (865%) have com-

pleted questionnaires, 427 (854%) and 440 (88%) from the

exposed populations and 863 (865%) from the non-exposed popu-

lation. There was a clear increase in prevalence of headache,

skin, wheeze, rhinitis, and itchy eyes in all three villages from May

to August. These symptoms tended to be attributed to oilseed

in the OSR villages and to other plants in the non-OSR village.

prevalence of eye symptoms and rhinitis did not differ between

and non-OSR villages. Seasonal headache was more prevalent in

OSR villages, whereas wheeze and itchy skin were more prevalent

only one of the two OSR villages. Taking all seasonal symptoms

together, their prevalence was higher in May in the OSR villages.

Contrary to widespread belief, we have found no evidence of major

differences in the prevalence of spring and summer symptoms

between OSR and non-OSR rural communities. Such symptoms are

common, occurring in over 20% of the population in both areas,

and therefore constitute an important health problem for local doc-

tors. OSR is likely to be one of several factors contributing to

The mechanism is unlikely to be purely allergic sensitization

further studies are planned to investigate this.

First national audit of acute asthma attacks in general prac-

tice

RG NEVILLE, RA CLARK, G HOSKINS, B SMITH

GROUP (GPIAG)) Department of General Practice, University

Dundee Two hundred and nineteen GPs (>50% non-GPIAG

members) randomly scattered throughout the UK participated in

audit of acute asthma attacks by completing details of attacks

their patients over a three month period. Of the GPs 73% ran

ma clinics, 62% had practice asthma protocols, and 94% had

nebulisers suggesting an interest in asthma care. 1805 attacks

reported in 1775 patients. A preponderance of males aged 0-9

10-19 years, and to a lesser extent females aged 0-9, 10-19

20-24 years, was noted. 61% had had an attack in the previous

but of these only 38% had a peak flow meter and 41% self manage-

ment plans. 261 children were passive smokers. 1546 cases

looked after wholly in general practice, 192 were referred to

by their GP and 67 were self referrals to hospital. There were

deaths and five admissions to intensive care units. The following

data refer to cases managed wholly by GPs. Clinical data recorded

were pulse rate 54%, respiratory rate 63%, cyanosis 71%, peak

82%, blood pressure 15%. Classified by degree of dyspnoea on

sentation showed 14% "not breathless" (NB), 51% "moderately

breathless" (MB), 31% "breathless and distressed" (BD), 4%

breathless to talk" (TBT) and two were moribund. Nebulised

chodilators were used in 12% NB, 23% MB, 54% BD, and

TBT, and systemic steroids in 22% NB, 66% MD, 52% BD,

85% TBT. 32% were prescribed antibiotics. Of the 349 on no treat-

ment before the attack 38% were prescribed bronchodilators

48% prophylactic medicine, and 16% remained on no treatment

after the attack. The majority of patients did not have their prophy-

lactic medicine increased after the attack. The management

varies significantly from national guidelines but these results a

baseline against which improvement can be measured.

Disease severity, attitude to regular therapy and

agonists in asthmatic patients not receiinvg prophylaxis

CM BAVEYSTOCK, Pw JoNEs Division of Physiological Medicine,

George's Hospital Medical School, London To examine the relation-

ship between attitudes to regular therapy for asthma and disease

severity in patients who were only taking agonists, 82

were recruited from GP practices over the period 1990-2.

taken inhaled agonists for at least one year and had received no

prophylaxis over that time. They were patients who had

to participate in a trial. Their mean age was 35 (range 18-60)

Their mean (SD) FEV, was 70(16)% predicted. The mean

of their asthma was 18 (13) years and their mean bronchodilator

response was 16(8)% predicted. Their mean use

daily diary card over two weeks was4-5 (3-0) puffs

mean anxiety score (Hospital Anxiety and Depression Scale) was
relatively low at 6(4). Their mean total score on the St George's
Respiratory Questionnaire (SGRQ) was 29 (10) indicating a moder-
ate impact of the disease on daily life and wellbeing. The patients
also responded to four questions designed to examine attitudes to
regular therapy. Their responses lay between ambivalent and highly
positive for regular use, none indicated a highly negative attitude.
Increased /52 use correlated with poor perceived health (SGRQ
score) (Spearman's r = 0-25; p < 003) and with a positive attitude
to regular therapy (r = 034, p = 0-00 1), but with no other mea-
sured variable (p > 02). Attitudes to regular medication were not
correlated with any other variable (p > 03). In summary these
patients had mild to moderate airways obstruction but exhibited
markedly impaired perceived health. They were not on prophylaxis
but on average used a moderate amount of /52 agonist per day.
Attitudes to therapy were unrelated to disease severity but /52 use
was greater in those with poorer perceived health. A positive atti-
tude to regular therapy was associated with greater uptake of /52 ago-
nist. This suggests that high or regular /2 use may be a marker for a
positive attitude to regular therapy and does not support the con-
cept that high users of /52 inhalers prefer to adopt a symptomatic
therapeutic approach.

Asthma deaths in Mersey region in 1989-90

M SOMERVILLE, I RYLANDS, EMI WILLIAMS, MG PEARSON Department
of Public Health, Liverpool University, Aintree Chest Centre, Liverpool
A retrospective case sheet audit of asthma deaths was undertaken as
a pilot study for a confidential inquiry in Mersey region. Mersey res-
idents dying of asthma (ICD code 493) aged 16-65 years were iden-
tified from death certification (63 cases). Information relevant to the
diagnosis of asthma, cause of death, and circumstances surrounding
death was extracted from hospital case sheets, GP records and
necropsy reports and- anonymised for assessment. In 41/63 (65%)
cases the diagnosis and death from asthma were definite or probable
(M:F 26:19, mean age 47 years, range 16-65). Reasons for exclu-
sion included lack of data (two cases), asthma diagnosed in life but
an unlikely cause of death (four cases), and miscoding (16 cases).
Only 6/41 (15%) died after more than a few hours in hospital,
including two who were ventilated for 1-3 days after admission but
were probably brain dead on arrival. A further 17 (41%) died on or
shortly after arrival in hospital and 18 (44%) died at home. In at
least seven (17%) patients a respiratory death was probably
inevitable; six of these were under regular hospital review. Avoidable
factors (medical failure to recognise symptoms, prescribe steroids or
monitor progress) were present in 27/41 (66%) of cases and particu-
larly in the poorly controlled asthma group (13/15, 87%). Of those
under regular hospital review, 8/11 (73%) were prescribed inhaled
steroids at the time of death, compared with 10/27 (37%) of those
not under review (p > 005). Peak flow meters were in use for only
five (12%) patients. Home nebulizers were used by nine (22%), of
whom five may have relied on them too heavily, including four who
acquired the nebulizer within three months of death. Ten years after
a previous local inquiry (BMJ 1982;285:1252-5) there are still pre-
ventible asthma deaths. Improvements in care need to be concen-
trated outside hospitals. A Confidential Enquiry is both feasible and
desirable to monitor the effect of changing the pattern of care.

Pragmatic predictors of hospital admissions in asthma

LM OSMAN, JAR FRIEND, JS LEGGE, JG DOUGLAS Centre for Medical
Education, University of Edinburgh and Thoracic Medicine Unit, City
Hospital, Aberdeen Outpatients with asthma normally attend for
three or more reviews in a year. At each review pulmonaryfunction
is measured. We tested peak expiratory flow (PEF) measurements
for significance in predicting admission for acute asthma in the fol-
lowing year. Three indices were derived: lowest PEF over 12
months, absolute difference between highest and lowest over 12
months, and % variation (using highest PEF as base). Any admis-
sion during the preceding year was also noted. 688 patients of mean
(SD) age 50 (16) years with 20% reversibility were assessed.
Logistic regression using forward stepwise fitting showed that
"admission in preceding year" (p = 004) and "% variation over 12
months" in interaction with "admission in preceding year"
(p = 002) were significant predictors of admission in a subsequent
year. Lowest PEF and absolute difference in PEFs were not signifi-
cant predictors after % PEF variation was incorporated into the
regression equation. A "vulnerability step" existed in the "% PEF
variation" distribution. The significant interaction above showed
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that the point of increased vulnerability differed according to
whether or not a patient had been admitted in the previous year.
For those with no admission in the preceding year PEF variation
greater than 30% doubled admission risk in the subsequent year.
For those with an admission in the preceding year PEF variation
above 20% more than doubled admission risk. We conclude that a
pragmatic indicator of admission risk can be derived from PEF col-
lected at regular review appointments.

% PEF variation in precedingyear

0-9% 10-19% 20-29% 30-39% 40% +

No admission previous year 0-06 0 07 0-06 0-13 0 11
Admission previous year 0-20 0-17 0 43 0-43 0-48

Comparison of clinic care and GP shared (integrated) care

for asthma

JAR FRIEND, JG DOUGIAS, JS LEGGE, N DRUMMOND, IT RUSSELL,
M ABDALLA, L OSMAN FOR THE ABERDEEN GRASSIC GROUP Thoracic

Medicine Unit, City Hospital, Aberdeen and Health Services Research
Unit, University of Aberdeen Seven hundred and twelve chest clinic
patients with asthma with 20% reversibility were randomly allotted
to GP shared care (integrated care) (n = 363, peak expiratory flow
(PEF) on entry to study 355 (126) I/min) or clinic care with three
monthly review (n = 349, PEF on entry to study 346 (123) I/min).
Integrated care involved three monthly review by the GP initiated
by computer generated questionnaires to GP and patient with annu-

al review by consultant. Information on use of oral steroids, changes
in medication, disturbed nights, days of limited activity, and PEF
was available every three months to the consultant who could if nec-
essary recall the patient to the clinic. There were no significant dif-
ferences between the groups on entry. After one year in the study
there were no significant differences in clinical outcomes between
the integrated and clinic groups. At the end of the study year GPs
preferred integrated care for the majority of patients, including
those who had been in clinic care during the study. This preference
was strongest for patients who were in integrated care during the
study (x5 = 33-9, df = 2, p < 0 001). We conclude that integrated
care is preferred by GPs and does not have adverse effects on

patient care. It reduces review appointments for asthma and patient
travel costs and should allow reduced patient waiting time for new
appointments. [The GRASSIC study (Grampian Asthma Study in
Integrated Care) is funded by the Medical Reseach Council.]

GP preference at end of study year
Patient care type
during study year Integrated care Clinic care Discharge

Integrated care 228 (70%) 28 (8%) 74 (22%)
Clinic-care 182 (58%) 79 (25%) 52 (17%)

Epidemiology of HIV-I infection of the lung in patients with
AIDS

JR CLARKE, IK TAYLOR, J FLEMING, A NUKUNA, JD WILLIAMSON, DM

MITCHELL Virology Section, Department of Medical Microbiology and
Department of Respiratory Medicine, St Mary's Hospital, London The
relationship between HIV-I infection of the cells obtained by bron-
choalveolar lavage from lung and the pathogenesis of AIDS was

studied prospectively in 121 consecutive HIV-I seropositive patients
undergoing investigation for respiratory symptoms or abnormal
chest radiograph. The methods used were polymerase chain reac-

tion (PCR) for the detection of HIV-I specific proviral DNA and
cocultivation of alveolar macrophages obtained from bronchoalveo-
lar lavage with donor cord blood leucocytes to isolate HIV-I. HIV-I
was detected by PCR in the lung cells of 78 of 121 (65%) patients.
The virus was detected in the lung cells of 55% of patients who had
been seropositive for less than one year and in 80% of patients who
had been seropositive for more than three years. HIV-I isolation was
attempted on 106 patients and virus was isolated from 61 (58%)
individuals. The ability to detect or isolate HIV-I from the lung cor-

related directly with CD4 T lymphocyte cell number in the periph-
eral blood. There was a relationship between smoking and HIV-I
infection of the lung, and also between HIV-I infection of the lung
and survival rate. HIV-I could frequently be detected and isolated

from the lung of AIDS patients undergoing a respiratory episode.
HIV-I infection of the lung became more frequent with time from
serodiagnosis. Those patients who smoked were more likely to suc-
cumb to HIV-I infiltration into the lung and HIV-I infection of the
lung was associated with progression to death.

Community acquired pneumonia and HIV seroprevalence in
patients referred to a university hospital in Zimbabwe

OA AFOLABI, AL POZNIAK, S MUTETWA, A AWOTEDU, P NEIIL,
V ROBERTSON School ofMedicine, University ofZimbabwe, Zimbabwe
A prospective study of adult patients admitted to Parirenyatwa
Hospital (University of Zimbabwe) from May to August 1990 with
community acquired pneumonia was performed to determine the
aetiology and clinical features of pneumonia, factors associated with
outcome, and the influence of HIV coinfection on these parameters.
Patients presenting with respiratory symptoms or signs of pul-
monary consolidation with new pulmonary shadowing on chest
radiography were enrolled into the study. Patients who were known
to be HIV positive or those who had positive sputum smears for
tuberculosis were excluded. Further evaluation included biochem-
istry, haematology, direct microscopy of sputum, sputum and blood
culture, induced sputum (microscopy and culture), and percuta-
neous lung aspiration. Seventy seven patients were recruited. Their
mean age was 35-6 years and 56 (73%) were men. HIV tests were
performed on 70 of 77 patients and 43 (62%) were seropositive.
Cough was a presenting symptom in 91%, dyspnoea in 81%,
pleurisy in 64%, confusion in 24%; 12% were jaundiced and 8%
had herpes labialis. There were no signs on auscultation in 20%.
Mean (SD) white blood cell count (WBC) was 12-4 (7-9) x 109/1,
albumin 31 (8 5) g/l, urea 10 (12) mmol/l. On chest radiography 35
(46%) had lobar or segmental changes, nine (12%) had multilobar
or segmental changes, 11 (14%) had a bronchopneumonic pattern.
Eighteen percent of patients had been given antibiotics before
admission. The only differences between the HIV positive and nega-
tive groups were the total WBC and absolute lymphocyte count. An
aetiology for the pneumonia was found in 40 (53%) of cases; 20 had
Pneumococcus infection, 13 had tuberculosis, one had both, two had
Pneumocystis, two cytomegalovirus, one Klebsiella and one
Staphylococcus aureus. 12/32 had Gram positive diplococci on
microscopy and Pneumococcus grew from 6/42 sputum cultures, 7/18
lung aspirates and 7/40 blood cultures. 7/15 induced sputum sam-
ples were smear positive for tuberculosis. Twelve patients (16%)
died. Factors associated with a poor prognosis were age >42 years
(p = 0 05), confusion (p < 0-01), shortness of breath at rest (p =

0-01), respiratory rate >40 min (p < 0-01), total WBC <5 x 109/1
(p = 0-01), and low serum albumin (p = 0-03). HIV status did not
influence outcome. Thus in Zimbabwe where HIV is endemic,
physicians should be aware that the spectrum of disease now
includes opportunistic pathogens and sputum negative tuberculosis.
Induced sputum and percutaneous lung aspiration may improve
diagnostic yield.

Mycobacterium avium intracellulare infection in patients
with the acquired inumunodeficiency syndrome

D CHURCHILL, A SCOULAR, fl DONALD, RF MILLER Department of
Medicine, UCLMS and Departments of Genitourinary Medicine and
Radiology, Middlesex Hospital, London From March 1987 to
August 1992 Mycobacterium avium intracellulare (MAI) infection was
diagnosed in 74 HIV-I antibody positive patients: 70 homosexual
men, three heterosexual Africans (two women) and one caucasian
heterosexual woman. None were intravenous drug users. Patients
were divided into three groups: group A, respiratory isolates (bron-
choalveolar lavage, induced sputum, lung biopsy), nine patients;
group B, disseminated MAI (multiple extrapulmonary isolates
including blood, bone marrow, stool, urine, liver, and lymph node
biopsy), 36 patients; group C, disseminated MAI (respiratory and
extrapulmonary isolates). The patients in all three groups had
advanced HIV disease, 61 had previous AIDS defining illnesses and
in the remainder disseminated MAI was the AIDS defining illness.
Median CD4 (T helper) cell count was 60/mm3 (normal
350-1200/mm'). Symptoms in all patients were non-specific and
included fever, malaise, weight loss, diarrhoea, cough, and anaemia.
These symptoms were difficult to distinguish from the effects of
HIV disease. Chest radiographs were non-diagnostic, the most fre-
quent abnormality seen was non-specific interstitial shadowing;
three patients had thick walled apical cavitary disease. Treatment
with quadruple chemotherapy (rifampicin, isoniazid, pyrazinamide,
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and ethambutol) was ineffective. A regime of rifampicin, amikacin,
ciprofloxacin, and ethambutol was effective in ameliorating fever
and anorexia and in reducing transfusion requirements but was
associated with a high frequency of side effects. Palliative glucocorti-
coid therapy used in some patients improved symptoms and did not
appear to affect prognosis adversely.

Characterisation of HIV-I isolates from the lung

JR CLARKE, JD WILLIAMSON, DM MITCHELL Department of Medical
Microbiology and Department of Respiratory Medicine, St Mary's
Hospital, London Variation in the biological characteristics of
HIV-I isolated from peripheral blood leucocytes (PBL) has been
well documented (Fenyo EM, Albert J, Asjo B. AIDS 1989;3 (suppl
1) S5-12). Attempts have been made to link the replication poten-
tial and the cytopathic properties of HIV isolates with clinical status
and severity of HIV infection in the host. Progression to AIDS in
infected individuals has been reported to coincide with the emer-
gence of rapidly growing variants of HIV with high syncytia induc-
ing properties resulting in decreased CD4 cell counts (Tersmette
M, Gruters RA, deWolf F et al. J Virol 1989;63:2118-25). Changes
in these biological features with sequential isolates have been inter-
preted as signs of increased virulence of HIV for the host. A study
was performed to determine the extent of the invasion of the lung
by HIV-I in HIV-I seropositive patients with respiratory disease,
and to compare the biological characteristics of HIV-I isolates from
the peripheral blood and the lung of the same patients undergoing
fibreoptic bronchoscopy and bronchalveolar lavage (BAL) for the
diagnosis of respiratory symptoms. Quantitative polymerase chain
reaction (PCR) analysis using probes for the pol and gag genes of
HIV was carried out on PBL and BAL to determine the extent of
HIV-I infection in AIDS patients. Cocultivation of PBL and BAL
cells with cord blood leucocyte target cells was undertaken to isolate
HIV-I. Cell tropism, P24 antigen levels, syncytia formation, and
TCID,0 levels were established for individual isolates. One hundred
and five sequential matched samples of PBL and BAL were investi-
gated from 88 HIV-I seropositive patients. HIV-I proviral DNA was
detected by PCR in the PBL of all patients but only in the mono-
cyte/macrophage cells of the PBL from 43% of patients. HIV-I was
also detected in the BAL leucocytes of 58% of patients. HIV-I was
isolated from the PBL of 64% of patients, from 54% of BAL cell
samples, and recovered from both PBL adherent cells and BAL cells
in 45% of patients. Our findings suggest that whilst the lung is a
common site of HIV infection in many patients, 42% of infected
individuals remain free from HIV infection of the lung. Initial data
indicate that the biological characteristics of HIV isolates from the
lung differ from their PBL counterparts isolated from the same
patients. Differences in the biological characteristics, growth para-
meters and cell tropism of these isolates and their correlation with
disease progression and prognosis will be discussed.

Presence of HIV-I and CMV detected by polymerase chain
reaction in the lungs ofAIDS patients: effects on transfer fac-
tor for lung carbon monoxide (TLCo) and other pulmonary
function tests

JR CLARKE, J FLEMING, IK TAYLOR, JD WILLIAMSON, DM MITCHELL
Department of Medical Microbiology and Department of Respiratory
Medicine, St Mary's Hospital, London Pulmonary function abnor-
malities, in particular reductions in TLCO, have been described in
HIV-I seropositive individuals with Pneumocystis carinii pneumonia
(PCP), and in other pulmonary infections or neoplasms seen in
patients with AIDS. Though abnormalities in TLCO are greatest in
patients with pulmonary complications of AIDS, they have also
been observed in HIV-I seropositive patients who do not have overt
lung disease. To determine if HIV-I or cytomegalovirus (CMV)
infections of the lung are responsible in part for abnormal physiolo-
gy of the lung in patients with AIDS, 60 consecutive HIV-I seropos-
itive patients undergoing investigation for respiratory symptoms or
abnormal chest radiograph were studied. Before bronchoscopy all
patients had the following lung function tests performed: FEV,
FVC, PEF, TLCO, Kco. In addition DNA was extracted from the
non-adherent and adherent leucocyte populations of peripheral
blood and bronchoalveolar lavage (BAL) for polymerase chain reac-
tion (PCR) analysis to probe for proviral HIV pol and gag sequences
in host cell genome. PCR was also used to detect CMV DNA using
primers specific for the viral DNA polymerase and immediate early
region. HIV-I was detected in the cell fractions from BAL of 35 of
60 (58%) patients in this study and the presence of HIV-I had no

effect on pulmonary function tests. HIV-I was not detected more
frequently in BAL cells from patients with PCP than in patients
with chest disease caused by other aetiological factors (non-PCP).
CMV was also detected in the BAL of 58% of patients in this study,
but CMV was the sole pathogen detected in the lung in only two of
the 60 (3%) patients. A significant further reduction in TLCO was
observed in individuals with PCP where CMV was also detected in
the BAL. The presence of HIV-I in BAL cells or blood adherent
cells (monocytes) does not predispose to PCP, neither does the
presence of HIV-I within the lung further lower the TLCO or other
pulmonary function tests. A dual infection of PCP and CMV was
accompanied by a significant further reduction in TLCO compared
with patients with PCP but without CMV.

Investigation of perturbation of macrophage phenotype in
asymptomatic HIV positive individuals

MC LIPMAN, MA JOHNSON, D BRAY, LW POULTER Departments of
Respiratory Medicine and Clinical Immunology, Royal Free Hospital
School of Medicine, London Chest infections such as Pneumocystis
carinii pneumonia are common presentations of AIDS. It has been
shown that AIDS related pneumonitis is associated with abnormal
phenotypes on alveolar macrophages (AM) but it remains unclear
whether AM phenotype is altered before or as a result of infectious
pneumonitis. This study investigates the AMs of HIV positive indi-
viduals exhibiting no evidence of opportunistic infection. Sixteen
HIV antibody positive patients on no therapy and in general good
health were studied. Bronchoalveolar lavage (BAL) was performed
and cytospins of the BAL cells were subjected to immunohisto-
chemical staining for HLA-DR and macrophage antigens CD14,
CD68, RFD1 and RFD7. Comparison was made with BAL
macrophages of normal volunteers. The median CD4 count for the
asymptomatic HIV positive subjects was 550 x 106/1 (range
240-1450). Circulating IA microglobulin levels were normal. The
immunocytochemical analysis of AMs revealed no difference in
expression of HLA-DR between this group and normal controls
(mean (SD) optical density 2-5 (0 8) v 2-8 (0 65). A similar consis-
tency was seen when macrophage antigens were investigated. Over
95% of macrophages in both groups expressed CD68 while less
than 5% expressed CD14. RFD1 antigen was present on 32 (10)%
in controls and 38-3 (15-5)% in HIV positive subjects. RFD7 anti-
gen was expressed by 33-8 (5 6)% of control AMs and by 25-8
(10-2)% ofAMs from HIV positive subjects. The proportions of DI
+ D7 + AMs was 31-6 (6 9)% in controls and 31-2 (5 7)% in HIV
positive subjects. We conclude that no perturbation of AM pheno-
type occurs in asymptomatic HIV positive individuals.

Comparison of HLA class II expression on cells in broncho-
alveolar lavage fluid and peripheral blood in asymptomatic
HIV positive patients

DH BRAY, MCI LIPMAN, MA JOHNSON, LW POULTER Departments of
Clinical Immunology and Thoracic Medicine, Royal Free Hospital School
of Medicine, London Functional changes in lung lymphocytes and
macrophages have been implicated in the origin of pneumonitis in
progressing HIV disease. Expression of activation markers accompa-
nies early functional defects in peripheral blood mononuclear cells
in HIV infected patients. Flow cytometry was used to quantify the
expression of HLA class II molecules (activation marker) on alveo-
lar macrophages and lymphocytes obtained by bronchoalveolar
lavage (BAL) and peripheral blood mononuclear cells in eight
asymptomatic HIV positive patients and six normal volunteers.
Double and triple labelling was performed with monoclonal anti-
bodies conjugated to fluorescein (FITC), phycoerithrin (PE) and
biotin plus streptavidin-Tricolor. The antibodies were: FRDR2-
biotin (recognising HLA-DR, HLA-DP, and HLA-DQ), CD4-PE,
CD8-FITC, CD3-FITC, CD14-FITC, CD19-PE. In all asympto-
matic HIV positive individuals the expression of HLA class II mole-
cules on peripheral blood CD4, CD8 lymphocytes, B cells and
monocytes was significantly higher than the respective levels in nor-
mal volunteers. This increase was paralleled by high expression of
class II on macrophages and lymphocytes in BAL in the same
patients. Such changes could not be detected with the immunoper-
oxidase technique and the monoclonal antibody RFDR1 (specific
for HLA-DR), possibly because fixed material was used. The
increase in the density of class II molecules of lung macrophages
and lymphocytes in early stages of HIV disease may illustrate cell
activation that predisposes these patients to develop pulmonary
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symptoms. As these changes are reflected in peripheral blood, fur-
ther analysis of sequential pattern of cell activation could be used to
predict disease progression and possibly as a criterion for early ther-
apeutic intervention.

Six months v nine months of chemotherapy for tuberculosis
of the lymph node: final results

LP ORMEROD ON BEHALF OF THE BRITISH THORACIC SOCIETY

RESEARCH COMMITrEE Royal Infirmary, Blackburn, Lancashire Of
199 patients enrolled into the third BTS lymph node study between
April 1987 and September 1989 157 completed treatment as
planned, 50 receiving E2H9R9, 56 Z2H9R9, and 51 Z2H6R6.
Fourteen patients were withdrawn, 10 had treatment changed
because of isoniazid resistant organisms, and treatment was modi-
fied or extended in a further 18. Patients were followed up at nine
months (end of treatment for Z2H9R9 and E2H9R9 regimens;
three months after end of treatment for Z2H6R6 regimen), and at
12, 18, and 30 months from commencement of treatment. One
hundred and seventy nine patients were seen at nine months, falling
to 165 at 30 months. Nine patients were classed as relapses by their
physician, four in the E2H9R9 group, two in the Z2H9R9 group,
and three in the Z2H6R6 group. Tissue was sent for culture from
five of these patients and none was positive. New glands were
reported in a further three, two, and one patients respectively, and
enlargement of existing nodes in another two, two, and one. New
sinuses and further operative procedures were each reported in two,
one, and two patients respectively. Of those patients seen at 30
months, measureable nodes were reported in six (12%) of the
E2H9R9 group, 10 (17%) of the Z2H9R9 group, and 10 (17%) of
the Z2H6R6 group. None of the above differences approaches sta-
tistical significance. The six month regimen (Z2H6R6) performs
just as well as the nine month regimens in patients with fully sensi-
tive organisms, and has the added benefit of convenience and cost.

Comparison of treatnent and outcome in pulmonary infec-
dons with Mycobacterium kansasii and Mycobactertum
tuberculosis in Nottingham 1979-90

A COLVILLE, SA EVANS, AJ EVANS, AJ CRISP University Hospital,
Queen's Medical Centre, Nottingham We have retrospectively
reviewed the treatment and outcome of 47 cases of pulmonary
infection with Mycobacterium kansasii (MK) diagnosed between
1979 and 1990 in Nottingham. These were compared with a con-
temporary group of 88 patients with M tuberculosis (MTB) matched
for age, sex, and race. All MTB isolates were sensitive to rifampicin
(R), isoniazid (H), ethambutol (E), and pyrazinamide (Z). All MK
isolates were sensitive to R and E but resistant to H and Z. Four
MK patients died before treatment was started and 319 had adequate
records of therapy. All received R for a mean of 10-2 (range 0-22)
months, E for 9 (0-18) months, and 34 received H for 7 3 (0-22)
months. Z was given to 21 for a mean of 1 6 months. Follow up of
37 was for 5-108 (mean 31) months. Records of treatment were
adequate in 73 cases of MTB, nine died before starting. All received
R and H for means of 8-4 and 8-5 months respectively (range 0-24).
E was given alone to 29, Z alone to 21, and both E and Z to 22
patients. The mean duration of E was 2-1 months and of Z 2-2
months. Sixty two were followed up for 2-140 (mean 25-5) months.
There was no significant difference in the outcome of MK and
MTB infections. Seven MK patients died in the first month or
before treatment started, and three died 11-17 months after. Only
four of the early deaths were due to MK, malignancy being the
other common cause of death. Thirteen MTB patients died in the
first month or before treatment, seven because of MTB. Only one of
the seven late deaths was due to MTB in a patient who did not
comply with treatment. Again malignancy was the commonest alter-
native cause of death. We conclude that the treatment of MK in
these patients was as effective as that given to the patients with
MTB. The MTB regimes are well researched accepted conventional
ones and could be used as a benchmark for rates of cure to be
aimed for in the treatment of other mycobacterial infections.

BTS study of the treatment ofMycobacterium kansasii
pulmonary disease
IA CAMPBELL FOR BTS RESEARCH COMMIl-EE Sully Hospital, Cardiff
Banks et al (Thorax 1983;38:271-4) suggested that pulmonary dis-
ease caused by Mycobacterium kansasii responds to chemotherapy
with rifampicin (R) and ethambutol (E) for nine to 15 months. The

BTS Research Committee has conducted a prospective study of
nine months' treatment with RE in patients with at least two iso-
lates. Progress was monitored clinically, bacteriologically and radio-
logically for five years. One hundred and seventy three patients (1 16
men) of mean (SD) age 55-5 (1 1-7) years took part in the study;
158 completed treatment of whom only one had positive cultures in
the last three months of treatment (he had not taken chemotherapy
regularly). Weight increased by an average of 2-2 kg after treatment
(p < 0-001). In 15 patients cultures became positive after treatment
(6-50 months, median 23) and eight of these could be attributed to
factors such as lack of compliance, malnourishment, and carcinoma.
Eighty six patients completed follow up without any sign of relapse;
the remaining 57 were lost to follow up or died at times when cul-
tures were negative. Of 68 patients with a complete series of radi-
ographs, one third initially had disease extending to three or more
lobes, half had multiple big cavities, and approximately 60% had
other pulmonary disease. Fifty five "healed" radiologically by month
36. Nine months' treatment was associated with a 9% relapse or
reinfection rate. M kansasii is a ubiquitous, low grade pathogen:
patients who develop disease may well have a predisposition to
mycobacterial disease, a factor which would increase the probability
of reinfection as opposed to relapse.

Reactivation disease: the commonest form of tuberculous
pleural effusion in Edinburgh, 1980-91
HH MOUDGIL, AG LEITCH Respiratory Medicine Unit, University of
Edinburgh, City Hospital and Royal Victoria Chest Clinic, Chalmers
Hospital, Edinburgh From 1980 to 1991 82 (7-2%) of 1134 tuber-
culosis notifications in Edinburgh were for pleural effusion. Study of
the available records of 62 cases satisfying defined diagnostic criteria
identified 14 cases (six men, eight women) with a mean age of 27-6
(range 11-51) years of primary tuberculous effusion and 25 cases
(21 men, four women) with a mean age of 51 (range 19-79) years
with pleural effusion due to reactivation disease. Twenty three
patients (19 men, four women) with a mean age of 48-9 (range
25-85) years defied classification. Symptoms, associated and diag-
nostic test findings were similar in all three groups of patients.
Parenchymal radiographic shadowing was seen in one of 14 prim-
ary, 16 of 25 reactivation, and three of 25 unclassified pleural effu-
sions. Twenty three of 30 patients treated with corticosteroids
showed no residual radiographic abnormality compared with 17 of
30 not so treated (p < 0.06). Reactivation disease is currently a
more common cause of tuberculous pleural effusion than primary
disease in Edinburgh. We suggest that the unclassified cases, so
similar in age and sex to the defined reactivation disease cases, also
represent largely extrapulmonary reactivation disease occurring in
middle age.

Effect ofM and Z variants of a, antitrypsin on connective
tissue degradation

C LLEWELLYN-JONES, D LOMAS, RW CARRELL, RA STOCKLEY The
General Hospital, Birmingham and Department of Haematology,
University of Cambridge The release of active elastase (NE) from
the neutrophil (PMN) is thought to be central to the pathogenesis
of chronic destructive lung diseases. Alpha, antitrypsin (a,AT) is
the most potent inhibitor of NE and inherited deficiency is associat-
ed with early onset emphysema. Although the circulating levels of
a,AT are low in these subjects (15% normal) the lung fluids still
contain active amounts of inhibitor which should provide some pro-
tection (Morrison et al. Clin Sci 1987;72:373-81). Recent studies
have shown that the a,AT from deficient subjects (PiZ) has a slight-
ly lower association rate constant for NE than a,AT from normal
subjects (PiM). It is unknown whether this difference is of biological
importance. We have purified a,AT from a normal (PiM) and defi-
cient (PiZ) subject and confirmed that the mean (SE) association
rate constants for NE are different (5-28) (0 06) x 107 and
1-2 (0-2) x 107 m/s respectively). Both proteins were able to limit
the degradation of fibronectin by neutrophils in a concentration
dependent manner although the Z protein was less effective at
equivalent active concentrations. Inhibition by Ma,AT was
28-5 (3-9)% at 0-01 ,umol/l, 35-5 (7-3)% at 0-1 ,umol/l, and
37 (8-4)% at 0 5 ,umol/l. Inhibition by Za,AT was 9-25 (3-9)%
(p<005) 19-25 (77)% (p<0-02), and 21-2 (9-7)% (p<005)
respectively. A greater degree of inhibition was observed if the cells
were stimulated with 1 pmolIl of the peptide FMLP although the Z
protein was still less effective (M = 30 5 (3 9)% at 0 01 ,umol/l and
57-5 (5-3)% at 0-1 umol/l; Z = 22-8 (3-3)% and 36-5 (6-6)%
(p < 0 05) respectively). In a single experiment no difference was
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seen in the time course of the inhibition. These data suggest that
even when the Z variant of a,AT is functionally active it is less effec-
tive at limiting connective tissue degradation by PMN. This differ-
ence, together with the reduced concentration, may explain the sus-
ceptibility of deficient subjects to emphysema.

Inflammatory chemoattractant proteins in bronchoalveolar
lavage samples from patients with the adult respiratory dis-
tress syndrome (ARDS)

SC DONNELLY, RM STREITER, SL KUNKEL, A WALZ, D STEEDMAN, IS
GRANT, AJ POLLOCK, C HASLETT Respiratory Medicine Unit,
Department of Anaesthetics, University of Edinburgh, Division of
Pulmonary Care and Critical Care, University of Michigan, Accident
and Emergency Department, Royal Infirmary, Edinburgh, Intensive
Therapy Unit, Western General Hospital, Edinburgh The pathogene-
sis of ARDS remains obscure. Neutrophils have been implicated but
ARDS may also occur in patients with significant peripheral blood
neutropenia and it is possible that other inflammatory cells includ-
ing peripheral blood monocytes play an important part. This study
included patients with established ARDS (sepsis, multiple trauma,
pancreatitis) and a control group of ventilated multiple trauma
patients from whom peripheral blood and bronchoalveolar lavage
(BAL) fluid was collected for assay of the neutrophil chemotaxins
(interleukin 8 (IL-8) and ENA-78) and the monocyte chemotaxin
(monocyte chemoattractant protein 1 (MCP-1)). Chemotaxins were
measured by a well established sandwich ELISA technique. The
results are summarised in the table. This study shows that the lung
is an important source of these agents which are cell activators and
secretagogues as well as chemoattractants, and suggests a possible
mechanism for monocyte involvement in ARDS pathogenesis.

IL-8 ENA-78 MCP-I
(ng/ml) (nglml) (nglml)

ARDS (n = 15) 0-642 (0-186) 0-294 (0-108) 0-742 (0237)
Controls (n = 10) 0-029 (0-014) 0-013 (0.01) 0-007 (0-003)

Significant lung production of IL-8 (p = 0 0009), ENA-78 (p = 0 0002)
and MCP-l ( p = 0-0001) was shown in patients with established ARDS
v ventilated controls.

T cell receptor Va gene is not restricted in systemic sclerosis
associated fibrosing alveolitis

AM SOUTHCOF, CM GELDER, P BARNES, JFJ MORRISON, RM DU BOIS
Department of Thoracic Medicine, National Heart and Lung Institute,
London, and Department of Medicine, Leeds General Infirmary
Systemic sclerosis (SSc) is an autoimmune disease which may be
complicated by fibrosing alveolitis (FA). Within the lung parenchy-
ma there is a chronic inflammatory cell infiltrate, with increased
numbers of CD45RO antigen primed T lymphocytes. The T cell
receptor (TCR) heterodimer consists of variable, constant, and
junctional regions. The variable regions of the TCR play an impor-
tant part in antigen recognition. Restriction of variable gene usage
has been observed in some autoimmune conditions suggesting spe-
cific antigen trigger and also in the peripheral blood of atopic asth-
matics with further restriction occurring within lung tissue, implying
selection by the lung itself. We therefore examined the gene for a
chain variable regions of the human TCR (Va) in lung samples from
patients with FA-SSc to determine whether there is a similar restric-
tion of Va usage in FA-SSc. Total RNA was extracted from open
lung biopsy specimens from six patients with FA-SSc and from
peripheral uninvolved lung of seven subjects undergoing pulmonary
resection for tumour. Polymerase chain reaction (PCR) was per-
formed on extracted RNA following reverse transcription using
primers specific for 18 families of the TCR Va regions. PCR prod-
ucts were identified after gel electrophoresis and specificity of TCR
mRNA confirmed using a constant region probe. After 35 cycles of
PCR we detected mean (SD) 110 (2-1) Va family transcripts in
FA-SSc patients compared with 9-0 (3-2) transcripts in tumour
resection controls. The number ofVa family transcripts was not sig-
nificantly different between the two groups. Restriction of TCR Va
repertoire was not observed in lung parenchyma of patients with
FA-SSc. This suggests that by the time clinical disease is apparent,
the lymphocytic infiltrate present in FA-SSc reflects a response to
more than one antigenic epitope or is due to recruitment of non-
specific lymphocytes by ongoing inflammation. [CM Gelder is an
MRC training fellow.]

Demonstration of Mycobactenium tuberculosis DNA in sar-
coid affected tissues

HM FIDLER, GAW ROOK, NMCI JOHNSON, J MCFADDEN Medical
Microbiology Department, University College and Middlesex School of
Medicine, London WIP 7PP Sarcoidosis is a multisystem granulo-
matous disorder of uncertain aetiology. Despite considerable
research spanning almost a century, its cause remains unknown and
the treatment non-specific. Although many similarities have been
demonstrated between sarcoidosis and tuberculosis, its association
with mycobacterial infection remains disputed. We have previously
used the polymerase chain reaction (PCR) to directly detect M
tuberculosis DNA in bronchial washings from sarcoidosis patients
(Saboor et al. Lancet 1992;339:1012-5). However, a significant frac-
tion of control subjects, mostly elderly, were also found to harbour
M tuberculosis DNA in their lungs. In order to investigate the specif-
ic association ofM tuberculosis DNA to sarcoid lesions we therefore
obtained archival paraffin embedded tissues from lung, lymph node,
or skin from 16 patients with acute sarcoidosis and 16 age, race, and
tissue matched control patients. The sarcoid specimens all con-
tained non-caseating granulomata characteristic of the disease. The
control tissues were matched from patients with squamous cell car-
cinomas of Hodgkin's disease. In addition, four M tuberculosis
infected lung specimens were included as positive controls. Using
two different PCR primer pairs and Southern hybridisation, we
demonstrated that M tuberculosis DNA was present in seven or 16
disparate sarcoid tissues containing granulomata and only one
matched control patient. These figures suggest that it is detected as
readily as in larger studies of frankly tuberculous tissues and imply
thatM tuberculosis is the causative organism of sarcoidosis.

Effect of recombinant secretory leucoprotease inhibitor on
extracellular proteolysis by neutrophils in vitro

C LLEWELLYN-JONES, RA STOCKLEY The General Hospital, Steelhouse
Lane, Birmingham Neutrophils (PMN) are implicated in the
pathogenesis of chronic destructive lung diseases through the release
of elastase (NE). Studies have shown that NE is released into a priv-
ileged site between the cell and the substrate that excludes large
proteins such as alpha-I-proteinase inhibitor (a-l-Pi) (3 Clin Invest
1982;70:845). Secretory leucoprotease inhibitor (SLPI) is an elas-
tase inhibitor of relatively low molecular weight (12 kDa) which is
secreted in the airways. We have studied the inhibitory effects of
recombinant SLPI (rSLPI) on PMN degranulation as assessed by
the digestion of iodine-125 labelled fibronectin(FN), and compared
its effectiveness with ra-l-Pi and a synthetic inhibitor ICI 200 355.
We have shown previously that rSLPI and a-l-Pi effectively inhibit
PMN proteolysis of non-adherent cells but rSLPI is more effective
when the cells are adherent (Thorax 1992;47:246P). We performed
further experiments with these inhibitors and found that placing
0-1 ,umol rSLPI onto the FN 30 minutes before the cells results in
increased inhibition (96 7(0 9%) compared with 62-6 (6 4%) when
inhibitor and cells were added simultaneously). These results sug-
gested that rSLPI may be binding to the FN preventing its digestion
by NE. In order to investigate this further we pretreated the FN
coated plates with 1 ,umol/l rSLPI for one hour followed by thor-
ough washing. The cells were then added, and FN digestion was
reduced from a control value of 15(0 075) pg to 0 33(0 03) pg.
Similar experiments with a-l-Pi and the ICI inhibitor showed no
inhibition ofFN digestion after the plates had been washed. Further
experiments indicated that the binding of rSLPI to FN, and the
inhibition in degradation of FN by PMN could be reduced by 2
mol/l NaCl (control 80-3 (2-6)% 2; mol/l NaCl = 50 7(1 5)%. In
addition protection by rSLPI could also be reduced by alteration of
the pH of the buffer of FN.(control 80-3 (2 6)%, pH 9 5 =
75.9 (3 3)%; pH 10-5 = 56-1 (7 7)%; pH 11 5 = 0%). These data
suggest that rSLPI is an effective inhibitor of PMN proteolysis even
when the cells are tightly adherent to the substrate. rSLPI appears
to bind to FN preventing its digestion by NE, probably related to its
basic charge. In view of this property rSLPI may prove to be the
most useful therapeutic agent in the prevention of PMN mediated
damage to lung connective tissues.

Elevation of intracellular cAMP delays neutrophil apoptosis
in vitro

MKB WHYTE, LC MEAGHER, C HASLETT Department of Medicine
(Respiratory Division), Hammersmith Hospital, London and
Department of Respiratory Medicine, City Hospital, Edinburgh
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Apoptosis of neutrophils (PMN) leads to their phagocytosis and
clearance from inflamed sites by macrophages. Neutrophils undergo
apoptosis spontaneously but the rate of apoptosis in neutrophil pop-
ulations may be slowed by inflammatory mediators, such as LPS
and C5a, which cause induction of a number of second messengers
and neutrophil activation. Important second messenger systems
include receptor-mediated activation of adenylate cyclase and eleva-
tion of cyclicAMP. We have examined the effects of elevation of
intracellular cAMP upon neutrophil apoptosis. PMN separated
from peripheral blood were cultured in the presence or absence of
modulators of cAMP. The percentage of apoptotic cells within pop-
ulations was determined by morphological criteria and confirmed by
DNA electrophoresis. Apoptosis of human peripheral blood neu-
trophils was dramatically retarded in a concentration dependent
manner by treatment with dibutyryl cAMP, a long acting cAMP
analogue, and a phosphodiesterase inhibitor, IBMX. In four experi-
ments, after 20 hours in culture, mean (SD) apoptosis was
56-7 (2 7)% in control populations, 7-2 (3-1)% in cells treated with
100 pimol/l dibutyryl cAMP (p < 0 001), and 38-9 (1-6)% in cells
treated with 1 pmol/l IBMX (p < 0 003). This inhibition of neu-
trophil apoptosis was associated with concomitant preservation of
neutrophil function, with dibutyryl cAMP and IBMX treated cells
showing significant greater shape change ability than control cells
and reduction in macrophage recognition and phagocytosis These
data directly contrast with lymphoid cells, where elevation of cAMP
rapidly induces apoptosis and provide evidence for important differ-
ences in the control of apoptosis in the short-lived neutrophil, with
elevation of cAMP exerting marked effects on its lifespan and func-
tional state.

Bioelectric characteristics of cystic fibrosis in the mouse
produced by targeted insertional mutagenesis

EWFW ALTON, SN SMITH, JR DORIN, DJ PORTEOUS, DM GEDDES Ion
Transport Laboratory, National Heart and Lung Institute, London and
MRC Human Genetics Unit, Western General Hospital, Edinburgh
An animal model demonstrating the CF bioelectrical defect would
be important for the development of new therapeutic strategies. We
describe the bioelectric properties of homozygous mutant CFTR
mice produced by targeted insertional mutagenesis. Respiratory and
gastrointestinal potential differences were measured in nine animals
in a blinded study. Homozygous mutant mice (CF/CF, n = 4)
showed a significantly lower rectal and colonic/caecal PD than a
combination of wild type (+ / +, n = 3) and heterozygous (CF/ +,
n = 2) animals. Perfusion of forskolin (1 pmol/l) and zardaverine
(100 pmol/l) in the presence of amiloride (100 psmol/l) produced a
significantly smaller hyperpolarization in the mutant animals. These
animals also showed a significantly increased nasal PD, although
airway PD below the larynx was not different to CF/ + and + / +
animals. However, perfusion of the trachea with low chloride (11
mmol/l) solution produced a significantly smaller hyperpolarization
in the mutant animals. All nine animals were correctly identified
with respect to genotype, with the two CF/ + animals showing inter-
mediate values between CF/CF and + /+ animals in at least two of
the above measurements. In vitro characterisation of these animals
is presently in progress, but these initial studies strongly suggest
expression of the CF bioelectric defect in typically affected tissues.

Persistence of Ps aeruginosa in extrapulmonary sites in
patients with cystic fibrosis after heart lung transplantation

RFH TAYLOR, G HUTCHINSON, DW MORGAN, B MADDEN, M YACOUB,
ME HODSON Royal Brompton Hospital, Central Public Health
Laboratory, East Birmingham Hospital and Harefield Hospital,
Middlesex We have previously reported that the majority (94%) of
adults with cystic fibrosis (CF) who harbour Pseudomonas aeruginosa
in the sputum are infected with the organism in the upper airways,
and that 30% of these patients are colonised by Ps aeruginosa in the
gastrointestinal tract. This study aims to determine whether the
pathogen remains in extrapulmonary sites in CF patients after heart
lung transplantation (HLT). Eleven CF HLT recipients were select-
ed at random. The mean age of the patients at the time of sampling
was 28 (range 16-37) years and the mean interval from HLT was
33 (range 11-63) months. Dry swabs taken from the anterior nares,
oropharynx, and nasopharynx were plated immediately on to
Pseudomonas isolation agar; stools were enriched in acetamide broth
and inoculated similarly and Ps aeruginosa identified by standard
methods. Sputum samples were cultured routinely for Ps aeruginosa.
All patients had harboured Ps aeruginosa before HLT, whereas

following HLT the organism was retrieved from the sputum of 4/11
patients. In 2/4 patients the organism was isolated also from the
nasopharynx. Ps aeruginosa was also isolated from the upper airways
(nasopharynx and anterior nares) in 2/7 patients who were sputum
negative. P aeruginosa was isolated from 2/7 patients (29%) from
whom stool samples were available, one of whom was infected also
in the upper and lower airways. We conclude that following HLT in
CF, Ps aeruginosa may continue to be isolated from the upper air-
ways irrespective of whether the organism persists in the lungs.
However, the proportion of patients with Ps aeruginosa in the upper
airways is reduced after HLT (4/11, 36%) compared with 94% who
have not been transplanted. The proportion of patients infected in
the gastrointestinal tract after HLT is similar in both groups of
patients.

Interaction ofPseudomonas aerguinosa with human respira-
tory mucosa in vitro

KWT TSANG, A RUTMAN, K KANTHAKUMAR, DR CUNDELL, PJ COLE,
R WILSON Host Defence Unit, Royal Brompton National Heart and
Lung Institute, London Pseudomonas aeruginosa (PA) commonly
infects the airways of patients with cystic fibrosis and bronchiectasis.
PA produces several toxins that slow ciliary beat, stimulate mucus
production, and damage epithelium. It adheres to epithelial cell cul-
ture monolayers, damaged mucosa in animal models, and mucus.
Little is known of the interaction of PA with intact human respir-
atory mucosa. We have studied the interaction of a non-mucoid
clinical isolate of PA with adenoid tissue in a novel organ culture
model with an air mucosal interphase. PA (5-9 (0-9) x 106 cfu) was
pipetted onto the organ culture surface and incubated for 8, 12, and
24 hours at 37°C in 5% CO2 in a humidified atmosphere.
Transmission electron microscopy (TEM) at each time point
showed uninfected controls (n = 6) to have a normal mucosa. The
infected organ cultures at 12 and 24 hours were completely disinte-
grated with widespread association of PA with dead epithelial cells.
After 8 hours TEM of the infected organ culture showed epithelial
damage: 43-9 (10)% of cells extruding from the epithelial surface,
17-7 (3)% of cells with loss of cilia, 32-9 (10-2)% of cells with mito-
chondrial damage and 11 -6 (3)% of cells with cytoplasmic blebbing.
PA was seen closely associated with the mucosal surface in all of six
TEM sections. By light microscopy ( x 1000) the infected organ cul-
tures at 8 hours contained large colonies of PA infiltrating the dam-
aged epithelium and adhering in a continuous layer to the basement
membrane. We conclude that PA infection of this organ culture
model caused significant tissue damage. Bacteria were not seen
adherent to cells but infiltrated the damaged epithelium and
adhered in large numbers to basement membrane.

Pseudomonas cepacia (PC) in adult cystic fibrosis (CF):
accelerated decline in lung function and increased mortality

P BROWN, S BUTLER, J NELSON, C DOHERTY, J GOVAN, A GREENING
Respiratory Medicine Unit, Western General Hospital and University
Department ofMedical Microbiology, Edinburgh Over 32 months, 13
patients (mean age 22 y, 7F) attending an adult CF clinic acquired
persistent lung infection with the same multiresistant strain of PC.
All had Ps aeruginosa (PA) infection. Mean duration of PC infection
was 18 (range 4-37) months. Changes in lung function (FEV,%
and VC%) were compared with controls attending the same clinic.
Controls had similar (SD 10%) initial FEV,% and VC% to PC
patients and were matched as closely as possible for age, sex and PA
infection. Initial FEVNC were the best recorded in the four months
prior to acquisition of PC and were compared with the best in the
last two months (two weeks in non-survivors) of study. Mean initial
FEVy was 58% in PC and control groups (range 35-113%). Over
follow up (mean 18 months) there were five deaths (4F) in the PC
group (all from uncontrolled bronchial sepsis) and none in the con-
trol group or amongst other patients attending the clinic. The mean
decline in FEV,% (95% confidence intervals) was - 17-3 (-25-7 to
-8-9)% in PC patients and -6-3 (-8-4 to -4-2)% in controls,
p = 0-01, paired t test. Decline in VC% was -15-1 (-24-4 to
-5-8)% in PC and -4-6 (-7-4 to -1-8)% in controls, p = 0 04.
Individual responses to PC infection ranged from rapid decline
leading to death within four months of acquisition in two previously
stable patients to persistence over three years with minimal change.
Within the PC group initial mean FEV% and VC% were worse in
non-survivors (43; 59) than in survivors (67; 79). PC patients had
high titres (range 1:6400 to 1:51200) of serum IgG antibodies
directed against core lipopolysaccharide of the organism but titres
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did not differ between survivors and non-survivors. Similarly, sur-
vival could not be predicted from age, sex, and duration of infection
(median 16 months in non-survivors). PC is associated with acceler-
ated decline in lung function and increased mortality in adult CF
patients. Those with poorer spirometry at time of infection are at
greater risk.

Preliminary report on a phase 2 double blind placebo con-
trolied study of the pulmonary finction and the safety of
aerosolised recombinant DNase in adults with stable stage
cystic fibrosis

C RANASINHA, D EMPEY, S SHAK, H FUCHS, D GEDDES, M HODSON
Royal Brompton Hospital, London, and Genentech Inc, USA Chronic
pulmonary infection is the major cause of morbidity and mortality
in cystic fibrosis (CF). Disintegrating inflammatory cells, in particu-
lar polymorphonuclear leucocytes, release DNA which is the major
cause of the secretions being so viscous. It has been shown that
recombinant human desoxyribonuclease (rhDNase) in vitro dramat-
ically reduced the viscosity of sputum from CF patients (Shak et al.
Proc Natl Acad Sci USA 1990;87:9188-92). A double blind ran-
domised placebo controlled trial in which patients were randomised
to receive either 2-5 mg rhDNase twice daily or placebo for a period
of 10 days has been conducted. All patients had an FVC >40% pre-
dicted and were clinically stable. Patients were followed for 42 days
from the start of the drug or placebo administration. Seventy four
patients were recruited. Two were withdrawn due to poor compli-
ance and one with a pneumothorax before they received the trial
medication. Seventy one patients (39M, 32F) age range 16-55 years
completed the study. There was no significant difference in the
groups at commencement of the study: FEVI, FVC percentage pre-
dicted respectively for rhDNase group was 47%, 77% and for place-
bo group 49% and 76%. The percentage change (on a logarithmic
scale) in FEV, from baseline was 9-8% rise on rhDNase and a 0 7%
fall on placebo (p < 0-001). The percentage change for FVC was
smaller, 5-7% rise on rhDNase and a 1-1% rise on placebo. There
were no life threatening adverse events and no anaphylactic reac-
tions. Our study confirms that short term administration of
rhDNase to stable patients is safe and effectively improves pul-
monary function. Further studies are required to study the effects of
administration of rhDNase for longer periods of time and to
patients with more advanced disease.

Effects of pyocyanin administered onto the surface of intact
respiratory mucosa in an organ culture model with an air
mucosal interphase

KWT TSANG, A RUTMAN, K KANTHAKUMAR, G TAYLOR, PJ COLE, R
WILSON Host Defence Unit, Royal Brompton National Heart and
Lung Institute and Department of Clinical Pharmacology, Royal
Postgraduate Medical School, London Pyocyanin, the blue
phenazine pigment produced by Pseudomonas aeruginosa, is known
to slow ciliary beat of human respiratory epithelium in vitro (Wilson
R et al. J Clin Invest 1987;79:221-9) and slow tracheal mucus trans-
port in vivo (Munro NC et al. Appl Physiol 1989;67:312-23). The
effects of pyocyanin on intact human respiratory mucosa have not
previously been investigated. We have employed a morphometric
method using transmission electron microscopy (TEM) to study the
ultrastructure of organ cultures after a single application of 200 ng
pyocyanin onto the mucosal surface. Well ciliated adenoid tissue
(3 x 3 mm2) was placed on a strip of filter paper whose ends were
immersed in minimum essential medium so that nutrient was sup-
plied to the submucosa. The cut edges were sealed by semimolten
agar. Incubation was at 37°C, 5% CO2 in a humidified atmosphere
for 24 hours. 10 ,ul of PBS or PBS containing pyocyanin (20 mg/I)
was pipetted gently onto the surface. TEM morphometric measure-
ment was performed on a random section taken at the centre of the
organ culture by an observer who was not aware of the treatment.
The controls (n = 3) showed loss of cilia and cytoplasmic blebbing
in 9 1 (SD 2 8), 15 (1-7), 3-4 (0-4), and 2-0 (1-2)% of cells respec-
tively; and the organ cultures treated with pyocyanin (n = 3) in
13 (2 3), 29 (1-9), 16 (4 2) and 8-8 (3 5)% of cells respectively.
Therefore pyocyanin applied only to the mucosal surface at concen-
trations similar to those found in the sputum of patients colonised
by Ps aeruginosa caused changes to epithelial cell ultrastructure. This
would be consistent with a role for pyocyanin in the pathogenesis of
Ps aeruginosa infections.

Home event recordings of oxygenation, breathing move-
ments, and electrocardiogram in infants and young children
at risk of sudden death

CF POETS, MP SAMUELS, JP NOYES, J HEWERTSON, H HARTMANN,
A HOLDER, DP SOUTHALL Academic Department of Paediatrics,
University of Keele, North Staffordshire Hospital Centre, Stoke on Trent
To identify mechanisms for apparent life-threatening events
(ALTE) in infants and young children, event recording (ER) of
transcutaneous oxygen pressure (TcPo,, oxygen saturation (Sao,),
breathing movements, electrocardiogram (ECG), and instantaneous
heart rate (IHR) was performed in 109 patients in the home.
Recordings lasted for 15-20 minutes before and 4-10 minutes after
an event. All patients were reported to have suffered recurrent
ALTE. Their median age was 3-7 (range 0 5-48) months. During a
median duration of ER of 1-3 (0-1-10) months a total of 87 further
events was recorded in 47 patients. Of 78 events with interpretable
signal, the following pathophysiology was identified: no significant
pathophysiology (21 in 16 patients): changes in signals incompatible
with natural pathophysiology, and events subsequently found to
have been fabricated by the parents (nine in seven patients); falls in
TcPo, but not in Sao, considered to reflect a sudden change in skin
perfusion, not hypoxaemia (nine in seven patients); imposed upper
airway obstruction (four in four patients); epileptic seizure induced
hypoxaemia (10 in six patients); and profound hypoxaemia of
unknown mechanism (25 in 15 patients). All of these latter 25
events contained a fall in TcPo, to between 4 and 18 mm Hg (and
in Sao2 to 5-75%) lasting for 40-500 s (median 100 s), but only five
involved prolonged apnoeic pauses, and although there was a
decrease in heart rate by 20% or more in 78% of events only four
involved a bradycardia. ER identified various mechanisms for
ALTE, including a proportion produced by parents or being the
result of epileptic seizures. In those events where the mechanism
remained undetermined, prolonged apnoeic pauses of bradycardia
were found in only a minority. The identification of hypoxaemia
therefore appears more relevant to the early detection of these
events than the identification of apnoea and/or bradycardia.

Atopy, respiratory symptoms, and the identification of
asthma

CVE POWELL, RA PRIMHAK Department of Paediatrics, University of
Sheffield Children's Hospital, Sheffield To discover the prevalence of
personal and family atopy and its effect on the labelling of respi-
ratory symptoms, 5421 children aged 8-9 years were surveyed by a
standardised parent completed questionnaire. This is part of a pop-
ulation based intervention study of childhood respiratory disease.
The response rate was 85-2%. The cumulative prevalences of
eczema and hayfever were 18-3% and 12-4% respectively, and
53-2% of children had a first degree relative with a history of asthma
or eczema. Compared with the 38% of children with no personal or
family history of atopy, the relative risks of respiratory symptoms in
children with a personal history (PH+), a family history of atopy
(FH+), or both personal and family histories of atopy (PH+,
FH +) are shown in the table. The likelihood of a currently wheezy
child being labelled asthmatic was 44% in children with no personal
or family history of atopy, increasing to 66% with a FH + and 75%
with a PH +. Most children have a family history of atopy. A per-
sonal history of other atopic conditions is the most powerful predic-
tor of asthma being identified in a currently wheezy child.

Symptoms PH+ FH+ PH+ IFH+

Ever had asthma 3 0 2-2 4-3
Current asthma 3-9 2-5 5-9
Ever wheezed 1-7 1-6 2-4
Current wheeze 2-1 2-0 3-5
Night cough more than once

a week 1-6 1-6 2-7
Exercise induced cough or

wheeze most times 3-1 1.9 4-6

House dust mite allergy, mite allergen exposure and child-
hood asthma: a population based case control study

DP STRACHAN, KM PAINE, BK BUTLAND, HR ANDERSON Department
of Public Health Sciences, St George's Hospital Medical School, London
The relations between allergic sensitisation to Dermatophagoides
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pteronyssinus, grass pollen and cat fur (assessed by skin prick tests),
domestic exposure to D pteronyssinus allergens (estimated by
guanine content of dust from mattress, bedroom carpet and living
room carpet), and history of current or past wheezing were investi-
gated in a case control sample drawn from respondents to a cross
sectional survey of wheezing illness among eight year old children in
Croydon, south London. Two hundred and forty five controls who
had never had asthma or wheezing were compared with 271 chil-
dren who had wheezed in the past year and 202 children with a past
history of asthma or wheezing. Cutaneous sensitivity to D pteronyssi-
nus was related to current wheezing, independent of skin prick
responses to other allergens (adjusted odds ratio 134, 95% CI 114-
158). Positive skin prick responses to D pteronyssinus were more
common among children with high levels of mite allergen in living
room dust (test for trend: p = 0 03), independent of case control
status and allergic sensitisation to grass pollen. Mite allergen levels
in the child's mattress and bedroom carpet were not independently
associated with mite sensitisation (p = 0-31 and p = 0-51, respec-
tively). There was no significant (p > 0 10) association between any
measure of mite allergen exposure and current or former wheezing,
even among children with sensitisation to mite extract, although
high levels of allergen in living room and bedroom carpet dust were
somewhat more common in the homes of wheezy children. The
level of current mite allergen exposure, within the wide range
encountered in southern British homes, is not an important influ-
ence on occurrence of symptoms in childhood asthma. Allergen
exposure from the living room may be more important than bed-
room exposure in the development of allergic sensitisation to mites.

Can aerosols from nebulisers be improved by the addition of
a drying chamber?

ML EVERARD, D PECKHAM, A KNOX, AC PERKINS Departments of
Child Health and Medical Physics, Queen's Medical Centre and Adult
Respiratory Unit, City Hospital, Nottingham Nebulised antibiotics
for the treatment of cystic fibrosis have been shown to be clinically
useful. However deposition of drug in the central airways increases
as the airways disease progresses hence limiting the effectiveness in
patients with severe disease. It is possible that improved peripheral
deposition can be achieved by generating finer droplets. This can
be achieved by increasing the effectiveness of the baffles within a
nebuliser but this substantially increases the time taken to nebulise a
dose increasing the inconvenience for patients. In order to generate
fine droplets while maintaining a high rate of output, a drying
chamber was devised to be used with a conventional jet nebuliser.
The output from the jet nebulizer flows through the chamber which
has an auxiliary air supply and produces drying of droplets as they
pass through the chamber. An entrainment valve adjacent to the
nebuliser helps to maximise drug delivery from the chamber. In
vitro studies using a Malvem 2600 laser particle sizer have shown
that the particle size of gentamicin droplets generated by a nebuliser
can be substantially reduced by this means. The mass median dia-
meter (MMD) of droplets generated by a Cirrus nebuliser was
found to be 4-5 pm using a driving gas flow of 8 1/min. This fell to
1-4 pm with the addition of a drying chamber using a drying flow of
8 I/min. A radiolabelled deposition study using technetium-DTPA
labelled gentamicin solution is under way to determine whether
such a system produces significant benefits when used in patients.
Three patients have completed the study in which drug delivery
from three nebulisers, a Cirrus, a MicroCirrus (MC), MMD 1-3 pm
and a Cirrus with drying chamber (C/D) are compared. The total
dose to the patient is increased in the C/D system while the deposi-
tion of aerosol within the lungs is more peripheral with this system
than either of the other systems. Despite the difference in MMD the
pattern of deposition within the lungs for the other systems is simi-
lar. The rate of delivery with the MC is much less than for the other
systems. In conclusion this delivery system appears to be effective in
reducing particle size of droplets and in improving the delivery of
drug to the peripheries of the lungs in patients with cystic fibrosis.

Changes in ventilatory efficiency and lung mechanics in
asthmatic children foliowing inhalation of salbutamol

EJ SIMMONDS, CS BEARDSMORE, EK MCARDLE, P GOODENOUGH, H

SIMPSON University Department of Child Health, Leicester Royal
Infirmary, Leicester We have studied 12 asthmatic children (3M,
9F) of mean age 13-8 (range 10-17) years. Eight attended the respi-
ratory laboratory for outpatient appointments and the remainder

were seen immediately before discharge from hospital following an
acute exacerbation. All had abstained from bronchodilators for at
least five hours before testing, apart from two patients who had
required bronchodilators three and three and a half hours before-
hand. Baseline measurements of forced vital capacity (FVC), forced
expired volume in one second (FEV,), and maximum
expiratory flow rates were made with a spirometer. Thoracic gas
volume (TGV), total lung capacity (TLC), and residual volume
(RV) were measured by whole body plethysmography. Ventilatory
efficiency (VE) was determined by a multibreath nitrogen washout
technique. All subjects then took their regular inhaled bronchodila-
tor and measurements were repeated 10 minutes later. Mean base-
line measurement of VE was 56-9% (range 36 2-80 9) and was out-
side the normal range in six patients (predicted value = 69-4% (SD
5 6). Following bronchodilator VE increased in every case and
remained below the normal range in only two (mean = 67-2%,
range 45-7-82-6). Ten patients showed improvements in
FEV,, FVC, maximum mid expiratory flow (MMEF), maximum
expiratory flow at 50% VC (MEF,0), TGV, RV, and RV/TLC.
Two others had normal baseline lung function test results and
showed little or no changes after bronchodilator. In both the
increase in VE was <2%. Baseline measurements of VE were corre-
lated with FEV, MMEF, MEF5,, RV, and RV/TLC (p < 0 05), but
not with FVC or TGV,,. Following bronchodilator VE continued
to show a significant correlation with FEV,, MMEF, MEF5,,
and RV/TLC. Increases in VE showed a significant correlation with
increases in FEV, when expressed as % predicted (r = 0-655,
p < 0-05). These results show that improvements in pulmonary
mechanics in response to bronchodilators are paralleled by changes
in gas mixing efficiency in asthmatic children.

Outcome of acute bronchiolitis treated with ipratropium
bromide

T K NINAN, AS AHUJA, RB MCGUCKEN Royal Albert Edward
Infirmary, Wigan We report a double blind trial to test the hypoth-
esis that nebulised ipratropium bromide would provide greater short
term benefit than placebo in 41 infants (29 boys and 12 girls)
admitted to hospital with a diagnosis of acute bronchiolitis for the
first time. The infants (median age 20 (range 3-51) weeks) were
randomised to receive either ipratropium bromide (100 pg/2 ml) or
saline placebo (2 ml) every four hours. The clinical scores (based on
temperature, pulse, respiration, wheeze, and recession) and the
duration of hospital stay were determined. There were no differ-
ences in the gestational ages, smoking habits, atopic history, gender
differences, and frequency of virus isolation in the two groups stud-
ied. The mean duration of hospitalisation was marginally increased
in children inhaling placebo (2-4 v 2-2 days) but this was not signifi-
cant (t = 0-46, p = 0-64). No significant differences were observed
within the two groups for their effort on changes in scores of tem-
perature (t = 0-67, p = 0 50) pulse (t = 1-14, p = 0-25), or respirato-
ry rates (t = 0.59, p = 0-56). Similarly we were unable to detect any
differences between the mean recession (t = - 1-28, p = 0 207) and
the wheeze (t = 0-81, p = 0 42) scores. Ipratropium bromide was
not found to be useful in decreasing short term morbidity of acute
bronchiolitis.

Delivery of salbutamol by metered dose inhaler and valved
spacer to wheezy infants: effect on bronchial responsiveness

JR CLARKE, H ASTON, M SILVERMAN Department of Paediatrics and
Neonatal Medicine, Royal Postgraduate Medical School, Hammersmith
Hospital, London We assessed the efficacy of a new valved spacer
device (the Babyhaler) for administering metered dose inhaler thera-
py via a face mask to infants. In a double blind, single dose study
salbutamol (800 ,ug) or placebo were given on separate days to 12
sedated, sleeping, wheezy infants during a symptom free interval.
Lung function was measured before and after administration and
the bronchial response to aerosol challenge with methacholine was
then assessed using the squeeze technique. A small increase in heart
rate and a drop in Pao, followed salbutamol administration. No
change in lung volume (FRCH.) or air flow obstruction was
detected. Bronchial responsiveness decreased after the administra-
tion of salbutamol by Babyhaler, the PC,0 (provoking concentra-
tion of methacholine causing a 30% fall in maximal flow at FRC by
the squeeze technique) increasing from a median of 38 g/l after
placebo to 12-5 g/l after salbutamol (p < 0-05). The Babyhaler is an
effective device for administering bronchodilator to wheezy infants.
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The small scale of the response may be attributable to the uncertain
effect of agonists in this population and to the uncertain pul-
monary dose in nose breathing, sleeping infants. The contrast
between the effect of salbutamol in protection against challenge and
the lack of bronchodilator effect is intriguing.

Effect of purified tracheal cytotoxin on human neutrophil in
vitro function

DR CUNDELL, G TAYLOR, K KANTHAKUMAR, KWT TSANG, W GOLD-
MAN, PJ COLE, R WILSON Host Defence Unit, Royal Brompton
National Heart and Lung Institute, Department of Clinical
Pharmacology, Royal Postgraduate Medical School, London and
Department of Molecular Microbiology, Washington University, USA
Several bacterial species that infect the lung, including Bordetella
pertussis, generate factors affecting in vitro neutrophil functions.
Tracheal cytotoxin (TCT) is a peptidoglycan fragment of the bacte-
rial cell wall which damages airway epithglium. Peptidoglycan frag-
ments are released from both Gram positive and negative bacteria
during cell division and are generally thought to be proinflammato-
ry, although their effects on neutrophils have not been studied. In
this study we have used a modified Boyden chamber assay (n = 6)
to investigate whether TCT (10 - 10- '4 mol/l) was capable of
attracting human neutrophils or inhibiting stimulated migration
towards the chemotactic peptide N-formyl-methionyl-l-leucycl-
phenylanine (FMLP). Results were expressed as a percentage of
those occurring in response to FMLP (10-9 mol/l). Neutrophil
integrity and levels of intracellular ATP were assayed following
treatment with TCT using lactate dehydrogenase (LDH) and ATP
spectrophotometric kits (n = 6). TCT was found to possess little
chemoattractant activity (maximum 10-" mol/l = 9 1 (SD 0-1)% of
response to FMLP), but was able to significantly suppress the
migratory response of these cells towards FMLP when used at con-

centrations between 10-5 and 10 -11 mol/l (p < 0 05). TCT > 10-8
mol/l was toxic to cells causing a significant release of LDH
(p < 0 05). This was also associated with a fall in intracellular ATP
levels (p < 0 05; TCT > 10-8 mol/1). We conclude that TCT affects
neutrophil function and may contribute to the survival ofB pertussis
within the airways. These observations may be relevant to peptido-
glycan fragments released by other bacterial species.

Oxidative responses of neutrophils to different respiratory
pathogens

FE PERRY, JR CATTERALL CJ ELSON Department of Pathology and
Microbiology, Bristol University and Respiratory Department, Bristol
Royal Infirmary Recovery from pneumococcal pneumonia is char-
acterised by a lack of residual lung damage. By contrast, tissue dam-
age is frequently observed in pneumonias caused by Staphylococcus
aureus and Klebsiella pneumoniae. Since reactive oxygen species have
been implicated in causing tissue damage, our recent finding that
Streptococcus pneumoniae inhibits the oxidative response of polymor-
phonuclear leucocytes (PMNs; Perry et al. Thorax 1991;46:743P)
may help to explain this observation. We have therefore investigated
the effect of these other common lung pathogens on the oxidative
responses of PMNs. PMNs were incubated with Str pneumoniae, S
aureus or K pneumoniae and superoxide (02-) production measured
by reduction of ferricytochrome c. In the presence of 10% pooled
human serum S aureus and K pneumoniae both stimulated 02 pro-
duction (PMNs alone 0-41 nmol 02-/90 min, PMNs + S aureus

0-98 nmol, PMNs + K pneumoniae 1-08 nmol, p < 0 05 for each,
n = 4), in contrast to S pneumoniae which did not stimulate 02 pro-
duction (PMNs alone 0-84 nmol 02-/90 min, PMNs + S pneumoni-
ae 0-02 nmol, n = 5). Further experiments were set up to determine
whether S aureus and K pneumoniae were able to inhibit superoxide
stimulated by phorbol myristate acetate (PMA). Neither S aureus

nor K pneumoniae showed any significant ability to interfere (PMNs
+ PMA 3-83 nmol 02-/90 min, PMNs + PMA + S aureus 3-35
nmol, PMNs + PMA + Kpneumoniae 4 17 nmol, n = 5) in contrast
to Str pneumoniae (PMNs + PMA 4-47 (0-62) nmol 02/90 min,
PMNs + PMA + Str pneumoniae 0-20 (0-17) nmol 02-/90 min,
n = 6, p < 0-01). Thus, unlike Str pneumoniae, S aureus and K pneu-
moniae both stimulate the release of reactive oxygen species from
PMNs. Also, the ability of S pneumoniae to inhibit 02 production by
PMNs is not shared by these other lung pathogens. These findings
may help explain differences between organisms in their propensity
to cause lung damage.

Age matched control study of serum IgG subclasses in
bronchiectasis

SL HILL, JL MITCHELL, D BURNETT, RA STOCKLEY The General
Hospital, Birmingham Bronchiectasis is believed to be associated
with IgG subclass deficiency in 10-20% of cases. This is based
upon screening of heterogeneous groups of patients with recurrent
respiratory tract infections and identifying those with levels greater
than 2 SD below the geometric mean. The "normal range" is usual-
ly obtained from small numbers of young and poorly characterised
subjects. We have therefore measured the IgG subclass concentra-
tions in 82 healthy subjects (51 women) aged 22-90 years (mean
(SD) 56-9 (14-09) years and compared the results with 89 patients
with bronchiectasis (55 women) aged 23-81 years (mean (SD) 58-4
(12-29) years). The mean (SD) concentrations for IgG,, IgG2 and
IgG3 in the bronchiectasis patients (7-62 (3-17) g/l, 3 95 (1-71) g/l,
0-96 (0-71) g/l, were higher (p < 0-001) than for the healthy sub-
jects (5-65 (2-11) g/l, 3-11 (1-41) g/l, 0-56 (0 3) g/l, respectively).
The mean concentration for IgG4 in the bronchiectatic patients was
similar to healthy subjects (0 49 (0 67) g/l, 0 45 (0 64) g/l, respec-
tively). Comparison of our results with a widely quoted "normal"
range (Acta Paediatr, Scand 1979;68:23) suggested that 15%, 1%
and 15% had low values for IgG, to IgG3 respectively with IgG4
results being within the quoted "normal" range. However, when
compared with our age and sex matched normal range (IgG,
2-5-14-87 g/l; IgG2 0-63-7-28 g/l; IgG3 0-1-2-3 g/l; IgG4 0-03-5-51
g/l), few patients had abnormally low values (IgG,, one; IgG2, one;
IgG3, one; IgG4, three). One patient had combined IgG2 and IgG4
deficiency. These results suggest that true IgG subclass deficiency is
rare in unselected patients with bronchiectasis, providing an appro-
priate normal range is used.

Effect of antibiotic therapy on cytokines in bronchiectasis

JM ELLER, H LODE, R WILSON, PJ COLE Host Defence Unit, Royal
Brompton National Heart and Lung Institute, London and Department
of Infection and Immunology, City Hospital, Zehlendorf, Berlin,
Germany We studied the involvement of the cytokines interleukin-
la (IL-la), interleukin 1,B (IL-lI&), tumour necrosis factor a (TNF-
a) and interleukin 8 (IL-8) in acute infective exacerbations of
bronchiectasis confirmed by computed tomography (five inpatients
receiving intravenous antibiotics for 10 days and three outpatients
receiving oral antibiotics for 4-6 weeks; mean (SD) age 48-8 (13 3)
years, five female, three male). One patient had hypogammaglobu-
linaemia. Sputum and blood samples were obtained from each
patient on the first and last day of treatment. Antibiotic therapy was
beneficial in 7/8 patients; in the non-responder sputum volume did
not change and sputum cell count increased. In the responders (n =
7) the sputum volume decreased significantly (p < 0 05) from mean
35-7 (SD 15-1) ml to 11-4 (SD 9 9) ml and the sputum cell count
was reduced significantly (p < 0 05) from mean 42-1 (SD
3-5) x 106 cells/ml to 7-14 (SD 6-14) x 106 cells/ml. Sputum was
centrifuged at 20 000 revs/min for 30 minutes, the sol phase
removed, aliquoted and stored at -70'C. EDTA blood was cen-
trifuged at 2000 revs/min for 10 minutes, aliquoted, and stored. IL-
la, IL-1lf, TNF-a, and IL-8 were measured in sputum sol phase
and in plasma with an ELISA assay (Amersham, UK). In plasma all
concentrations of cytokines were below the lower limit of detection
of the assay (including six healthy volunteers). Sol phase concentra-
tions of cytokines after treatment decreased in all except the non-
responder (IL-la, TNF-a); remained >500 pg/ml in four (including
the non-responder) and decreased in four (IL-if); remained >12 000
pg/ml in six (including the non-responder) and decreased to
<12 000 pg/ml in only two (IL-8). The presence of the potent neu-
trophil chemoattractant IL-8 in the sputum in high concentration
even at the end of clinically effective antibiotic therapy is compatible
with it evoking potentially damaging inflammatory neutrophil traffic
in bronchiectasis.

Effect of ciprofloxacin on human nasal and bronchial ciliated
cells

S ROTONDETTO, G DI BENEDETTO, A PEZZA, SW CLARKE, MA SPITERI
Departments of Respiratory Medicine, City General Hospital, Stoke-on-
Trent, Royal Free Hospital, London and University of Naples
Fluoroquinolones such as ciprofloxacin reach relatively high con-
centrations in lung tissue and bronchial secretions. They are there-
fore increasingly used for the treatment of respiratory tract infec-
tions especially in patients with chronic lung disease. These patients
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are characterised by mucociliary dysfunction even during their sta-
ble phase. In the past, several antibiotics (such as tetracylines and
penicillins) have been shown to significantly decrease ciliary activity
of both animal and human respiratory epithelium in vitro. We have
investigated the effect of ciprofloxacin on the ciliary beat frequency
(CBF) of human nasal and bronchial epithelium in vitro. Samples
of nasal epithelium were obtained by brushing the inferior nasal
turbinates of 10 healthy subjects; bronchial epithelium was obtained
from eight healthy subjects during fibreoptic bronchoscopy by
brushing the mucosa of the right main bronchus. Each sample was
divided into two aliquots and exposed to control solution or
ciprofloxacin (tested at concentrations of 10, 20, 50, and
100 ,ug/ml). The CBF was measured at 33'C by a photometric tech-
nique. Ten consecutive measurements were taken from areas of
each preparation. CBF was expressed in Hz as mean (SE). In nasal
and bronchial samples no significant difference in CBF was
observed between ciprofloxacin (1-08 (0-37) Hz; 12-2 (0-34) Hz)
and control (10-7 (0-29) Hz: 12-4 (0-31) Hz) even at the higher
concentration of 100 pg/ml. These results suggest that ciprofloxacin
has no adverse effects on human nasal and bronchial ciliary function
in vitro even in concentrations up to 10 times the level usually
found in serum and respiratory secretions.

Effects ofcommonly used antibiotics on airway ion transport

PG MIDDLETON, EWFW ALTON, DM GEDDES Ion Transport
Laboratory, National Heart and Lung Institute, London Recent work
has shown that erythromycin can reduce chloride secretion in
canine tracheal epithelial cells (Eur Respir J 1992;5:234). Serosal
addition of 1 mmol/l erythromycin induced a 75% decrease in short
circuit current (Isc) within seven minutes. In view of the well
known differences between the chloride secreting trachea of the dog
and the sodium absorbing epithelium of man, we investigated
whether erythromycin and other antibiotics affect sodium absorbing
epithelia. Ovine tracheal epithelium was mounted in Ussing cham-
bers under short-circuit conditions. Mucosal addition of ery-
thromycin (1 mmolIl, n = 6) produced no significant effect on the
bioelectric properties. Serosal addition (10 ,umol/l- 1mmol/l, n = 6)
also produced no significant effect within the first 25 minutes.
However, tetracycline, a drug which induced no change in the dog,
produced an immediate (1 minute) 13% drop in Isc (p < 0-0 1),
progressing to a 31% fall at 30 minutes (n = 6). Conductance (G)
also decreased by 7% at one minute (p < 0 05) progressing to 16%
at 30 minutes (p < 0-01), strongly suggesting a specific inhibitory
effect on transcellular transport. This response was fully reversible
by washout, achieving baseline values within five minutes of solu-
tion change. Comparison of the effect of mucosal versus serosal
addition showed that an immediate response was seen only after
addition to the mucosal surface (n= 4). Co-trimoxazole also
induced a significant (p < 0-01) 10% decrease in Isc at one minute,
increasing to a 20% drop at 30 minutes (n = 5). G was not changed.
Ampicillin, chloramphenicol, ceftazidime, colomycin, or gentamicin
did not induce any significant changes in bioelectric parameters. In
conclusion, the changes found with erythromycin in the canine tra-
cheal epithelium are not necessarily applicable to man. However,
tetracycline-a drug which appeared not to induce change in the
dog-together with co-trimoxazole appear to have relatively specific
effects on a sodium absorbing epithelium. We conclude that widely
used antibiotics have effects on the ion transport properties of sodi-
um absorbing respiratory epithelia.

Effects of hyperoxia on airway structure and function in adult
rats

P MURCHIE, PW JOHNSTON, JAS ROSS, DJ GODDEN Departments of
Medicine, Environmental and Occupational Medicine and Pathology,
University of Aberdeen. Exposure to high concentrations of oxygen
(hyperoxia) causes interstitial lung damage but effects on the air-
ways are less well documented. Cough and retrosternal chest pain
suggestive of airway inflammation are early symptoms of oxygen
toxicity in humans, and inhalation of other oxidants such as ozone
induces airway hyperresponsiveness in many species. We therefore
postulated that abnormalities of airway structure and function
would occur as early features in rats exposed to hyperoxia. Male
Sprague-Dawley rats (250 to 350 g) were exposed in groups (n = 8)
to air or 100% oxygen for 48 or 60 hours in a low flow recirculating
apparatus. Pulmonary resistance was then measured in a constant
volume plethysmograph and repeated after increasing doses of

acetylcholine aerosol. Dose-response curves were analysed by the
method of Hulbert et al (7Appl Physiol 1985;58:625). Wall thickness
of first and second generation bronchi excised from similarly
exposed groups of rats (n = 8) was measured morphometrically.
Mean (SD) baseline lung resistance was 0-043 (0-016) cm
H2O/ml/s after air exposure, 0-058 (0-019) after 48 hours oxygen,
and 0-125 (0-042) after 60 hours oxygen. This significant increase
probably reflects increased tissue viscance associated with interstitial
pulmonary oedema. However, airway hyperresponsiveness did not
develop. Median sensitivity to acetylcholine was 37-4 after air expo-
sure, 3-94 after 48 hours oxygen, and 43-8 after 60 hours oxygen.
Total bronchial wall thickness was also unchanged: 48 (13) ,um after
air exposure, 58 (19) pm after 48 hours oxygen, and 59 (18) pm
after 60 hours oxygen. We conclude that in adult rats exposure to
hyperoxia induces interstitial oedema with a resultant increase in
pulmonary resistance but does not cause prominent airway damage.
[Supported by SHHD].

Effects of environmental humidity on pulmonary oxygen tox-
icity in rats

SL CUNNINGHAM, PW JOHNSTON, DJ GODDEN, JAS ROSS Departments
of Pathology, Medicine and Environmental and Occupational Medicine,
University of Aberdeen The influence of relative humidity (RH) of
inspired gas on pulmonary toxicity due to hyperoxia has not been
studied but it is known that breathing dry air causes bronchovascu-
lar hyperpermeability (Garland et al. J Appl Physiol 199 1;70:27-35).
We have investigated the hypothesis that hyperoxic interstitial lung
damage may be exacerbated in dry conditions. Adult male Sprague-
Dawley rats (250-350 g) were exposed to 100% oxygen for 48
hours in either a humid environment (RH 79%) (n = 8) or a dry
environment (RH 39%) (n = 7). Rats exposed to room air (n = 6)
were used as controls. The rats were killed by intraperitoneal injec-
tion of anaesthetic and the lungs were fixed in situ with glutaralde-
hyde (1-15%, 350 mosm, 4'C), and processed to hard grade LR
White acrylic resin (London Resin Co). The quantity of interstitial
albumin was used as an index of capillary permeability and was
measured using a modification of the method of Johnston et al (IntJ
Microcirc Clin Exp 1991;10:395) in which endogenous albumin is
stained using a two stage immunogold method and quantified stere-
ologically. For hyperoxic exposed rats, mean (SD) interstitial albu-
min staining, expressed as particles/point, was significantly greater
in the "dry" group (4-27 (1-33)) than in the "humid" group (2-75
(0 63)) (p = 0-024). Values in both hyperoxic- groups were much
greater than controls (0-75 (0 35)) (p < 0001). No apparent differ-
ence between the groups was observed in plasma albumin staining
or background (airspace) staining, or in biochemically measured
serum albumin and sodium. We conclude that permeability oede-
ma induced by hyperoxia, as indicated by interstitial albumin stain-
ing, is more severe in rats exposed in a dry environment than in a
humid environment. This finding may be of practical importance in
administration of oxygen therapy. [Supported by Aberdeen
University Research Committee.]

Obliterative bronchiolitis following lung transplantation

AD GASCOIGNE, DS MILNE, J WILKES, AJ MALCOLM, TA ASHCROFT, JH
DARK, PA CORRIS Cardiopulmonary Transplant Unit, Freeman
Hospital, Newcastle upon Tyne Between June 1987 and July 1992 a
total of 80 pulmonary transplants have been carried out at Freeman
Hospital with an actuarial survival at one and three years of 65%
and 58% respectively. Most deaths have occurred in the first four
months due to a combination of diffuse alveolar damage and sepsis.
Of the 52 patients surviving more than four months there have been
nine deaths, six due to obliterative bronchiolitis (OB). Overall OB
has been identified histologically in 13 patients (25%), all of whom
developed progressive fall in FEV, prior to diagnosis.
Immunohistology has shown variable MHC class II expression by
bronchial epithelium although it was consistently expressed by alve-
olar epithelium, endothelium, and alveolar macrophages. The
inflammatory infiltrate in bronchioles consisted predominantly of
CD8 positive T cells. No relationship has been seen between the
development of OB and cytomegalovirus (CMV) pneumonia or per-
sistent CMV isolation from bronchoalveolar lavage samples. Of the
seven patients with OB who remain alive two now have stable lung
function and three improved lung function after augmented
immunosuppression including pulsed methylprednisolone, murine
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monoclonal T cell antibody, and total lymphoid irradiation. OB
remains the major long term complication following successful pul-
monary transplantation and its natural history in some cases may be
altered by early augmentation of immunosuppression.

Detection of change in extent of disease in fibrosing alveoli-
tis: addition of computed tomography (CT) to traditional
indices

AU WELLS, DM HANSELL, MB RUBENS, CM BLACK, RM DU BOIS Royal
Brompton and Royal Free Hospitals, London In fibrosing alveolitis
(FA) changes in extent of disease are monitored by chest radiogra-
phy (CXR) and pulmonary function tests (PFT). These indices are,
however, believed by some to be insufficiently sensitive to detect
change in many cases. CT is more sensitive than CXR in detecting
the presence of fibrosing alveolitis. We evaluated the effect of
adding CT upon the detection of change in extent of lung disease.
Forty three patients were studied (lone cryptogenic fibrosing alveoli-
tis, n = 13; fibrosing alveolitis associated with systemic sclerosis, n =
30). Comparable CT sections and concurrent CXR, at a mean
interval of 18 months, were independently assessed in random order
by two radiologists; an evaluation was made of changes in extent of
disease. Concurrent changes in PFT were also tabulated; a change
in PFT was defined as a rise or fall of >15% in forced vital capacity
(FUC) or transfer factor for carbon monoxide (TLco), or both. A
change in extent of disease was observed more often on CT scan-
ning (29/43) than on CXR (13/43), p < 0-001, or using PFT crite-
ria, p < 0-001. Change in extent of disease was observed on CT but
not CXR criteria in 19/43 cases and on CT but not PFT criteria in
18/43 cases. With the use of traditional indices (change in CXR or
PFT, or both), a change in disease extent was seen in 21/43 cases;
this rose to 35/43 cases with the addition of CT criteria, p < 0 005.
We conclude that CT adds substantially to the sensitivity of CXR
and PFT in the detection of change in extent of disease in fibrosing
alveolitis.

Role ofshunt in ARDS

MC BELLAMY, NR WEBSTER St James's University Hospital, Leeds
Non-pulmonary oxygenation and manipulation of intrapulmonary
shunting may be of major value in the management of adult respira-
tory distress syndrome (ARDS). We have used Ivox, a polypropy-
lene multifibre device placed within the vena cava for prepulmonary
gas exchange, to examine the effect of oxygenating mixed venous
blood on intrapulmonary shunt in patients with acute lung injury.
Ethical committee approval was obtained. Three patients with
ARDS were mechanically ventilated and an Ivox device inserted for
therapeutic purposes. Each patient was studied on three separate
occasions over a 24 hour period. Haemodynamic state was assessed
with the Ivox device delivering oxygen to the venous circulation.
Arterial and mixed venous blood gas analysis, oxygen delivery and
shunt were measured. The device was then switched off and the
measurements repeated at steady state. Oxygenating mixed venous
blood was associated with an increase of intrapulmonary shunting of
50 (SD 0 33)% (p < 0-001). In one patient an increase in intrapul-
monary shunting of 88 (0 49)% was associated with a decrease in
arterial oxygen tension (Pao,) of 9 0 (2 0) mm Hg. The other two
patients showed no significant change in Pao,. All patients showed a
reduced arteriovenous oxygen content difference (0-6 (0-12) ml
02/dl) when the Ivox device was turned on (p < 0-01). No patient
showed a change in mixed venous oxygen tension
(Pvo2) from 31 mm Hg. We have demonstrated that delivering oxy-
gen to prepulmonary blood can increase intrapulmonary shunting,
resulting in a decrease in Pao2 and regulation of Pvo2 to its original
value. Pao, may help regulate pulmonary vascular tone in ARDS in
man by its contribution to the regulation of hypoxic pulmonary
vasoconstriction.

Plasma protein damage in ARDS

GJ QUINLAN, TW EVANS, JMC GUTTERIDGE Department of
Anaesthesia and Intensive Care, Royal Brompton National Heart and
Lung Hospital, London Patients with adult respiratory distress syn-
drome (ARDS) are under extreme oxidative stress resulting from

the disease process itself, as well as from the complications of essen-
tial treatment with oxygen (Halliwell et al J Lab Clin Med
1992;119:598-620). Eight patients receiving oxygen by ultra high
frequency jet ventilation were studied serially during intensive care
management. All patients with ARDS showed evidence of increased
plasma protein damage measured as increased protein carbonyl for-
mation (1-43 nmol/mg protein), and decreased protein thiol groups
(4-56 nmol/mg protein) compared with controls (0 940(0 04)
nmol/mg protein and 6-55 nmol/mg protein). When grouped as sur-
vivors and non-survivors, survivors with ARDS had lower total pro-
tein values (53 9 mg/ml) compared with non-survivors (78-2 mg/ml)
but the protein thiol values were significantly higher (p < 0-001) in
survivors (6-24 nmol/mg protein) than in non-survivors (3-56
nmol/mg protein). Plasma protein thiol measurements may help to
indicate those ARDS patients most likely to survive the disease
when subjected to the supportive therapy used in our Intensive Care
Unit. LJMCG holds the first BLF/BOC Senior Research Fellowship
in Respiratory Critical Care and gratefully thanks the British Lung
Foundation and the British Oxygen plc for their generous support.]

Artificial surfactant therapy after cardiopulmonary bypass

PD MACNAUGHTON, CJ MORGAN, DM DENISON, TW EVANS Adult
Intensive Care Unit, Royal Brompton National Heart and Lung
Hospital, London The deterioration in lung function which occurs
after cardiac surgery involving cardiopulmonary bypass (CPB) may
be partly a result of pulmonary surfactant dysfunction. In a pilot
study we have investigated the effects of ALEC (Britannia
Pharmaceuticals Ltd, Redhill, UK), a synthetic mixture of two of
the main naturally occurring surfactant phospholipids (phos-
phatidylcholine and phosphatidylglycerol), in adult patients after
CPB. 3-2 g of ALEC (4 0 mg/kg) -was administered via a broncho-
scope 60 minutes after CPB in eight patients undergoing coronary
artery revascularisation. Measurements of alveolar:arterial oxygen
tension gradient (Aa), total thoracic compliance, functional residual
capacity (FRC) and gas transfer (Kco) were made on the following
occasions; before CPB, 60 minutes after CPB (baseline), +60 min-
utes, +120 minutes, and +180 minutes. Eight control patients were
also studied. Following CPB there were significant changes (mean
(SD), p < 0 05) in FRC (-25 (5)% and -33 (4)% in ALEC and
control groups respectively); Aa (+6 3(4) kPa and +5-9(6) kPa);
Kco (-16 (3)% and -21 (4)%) and compliance (-16 (2)% and
-28 (4)%). Treatment with ALEC did not result in any significant
changes in Aa, FRC or compliance when compared with the control
group. However, following ALEC Kco was significantly lower than
the controls (value 120 minutes after treatment expressed as %
change from baseline; +3 (7) % in ALEC group and +24 (11)% in
control group, p < 0.05). We conclude that ALEC therapy after
CPB does not improve lung function and may impair carbon
monoxide transfer. [Work supported by MRC.]

Comparison of simple aspiration with intercostal drainage in
the management of spontaneous pneumothorax

BRITISH THORACIC SOCIETY RESEARCH COMMITTEE Seventy three
patients from 13 hospitals who presented with a spontaneous pneu-
mothorax thought by the admitting physician to require a drainage
procedure were randomly allocated to be treated with either simple
aspiration (A) (n = 35) or intercostal drainage (D) (n = 38). There
were 57 men and 16 women with a mean age of 35 (range 16-75)
years. The distribution of side was similar (45% left in A and 38%
in D), as was height, weight, and smoking history. The radiographic
severity showed a tendency for fewer severe cases in group A (10%
small, 53% moderate, 37% complete) than in group D (3%, 39%,
58%). Patients allocated to receive aspiration experienced signifi-
cantly less pain (p < 0-001) after their procedure, whether assessed
as a total pain score during their hospital stay or as average daily
pain score. Insertion pain did not differ significantly. Patients in
the drainage group experienced a longer mean hospital stay (5 3
days v 3-2 days, p < 0.05). The average volume of air aspirated was
1 8 litres in those where aspiration was successful (n = 28), includ-
ing the five patients where a second aspiration was required. Seven
patients subsequently required intercostal drainage (20%) and a
mean of 5.0 litres was previously aspirated from these patients. One
year after admission five of the 30 patients successfully followed up
in group A had experienced a recurrent pneumothorax (17%) com-
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pared with 10 of 35 (29%) in group D (95% confidence limits for
difference: -8% to +32%). No patients in the aspiration group
required pleurectomy compared with seven in the drainage group
(p = 0 02). We conclude that simple aspiration offers a less painful
treatment and shorter hospital stay than intercostal drainage with no
significant difference in recurrence rate but less recourse to pleurec-
tomy at one year, and should therefore be offered as initial treat-
ment for spontaneous pneumothorax.

Career and research registrars in respiratory medicine: how
many frozen out?

WORKING PARTY REPRESENTING CAREER AND RESEARCH REGISTRARS
IN RESPIRATORY MEDICINE Department of Thoracic Medicine, King's
College Hospital School of Medicine, London Career and research
registrars in respiratory medicine (CRRRM) represent all such reg-
istrars who, as a result of the Department of Health executive letter
of 24 June [EL(92)40], have no future in the specialty. At the sum-
mer meeting of the British Thoracic Society (BTS) information on
the number of respiratory registrars affected by the freeze was not
available. We have therefore undertaken a nationwide survey to
assess the impact of the freeze. There are 70 (52 men, 18 women)
clinical and research registrars committed to a career in respiratory
medicine, ofwhom 53 (76%) are working towards or have complet-
ed a relevant MD/PhD thesis. Mean (range) age is 31 (27-37) years
and mean time since qualification is 7 (4-11) years; all have attained
MRCP. At present 17 are in preresearch clinical posts (six have
research posts arranged), 41 are currently in research posts, and 12
have completed their research and are in clinical posts below the
level of substantive senior registrar. The majority are not pluripo-
tent, will have enormous difficulty in retraining in any other special-
ty, and would be a significant loss to respiratory medicine. It seems
paradoxical that whilst it is BTS policy to campaign for an urgent
expansion of the consultant grade, training in the specialty is being
strangled. We urge members of the BTS at all levels to press for a
reconsideration of the decision to freeze senior registrar posts at the
earliest opportunity.

Cough hold as an indication of symptom severity in subjects
with upper respiratory tract infection

HA HUTCHINGS, R ECCLES, AP SM1TH, MSM JAWAD Common Cold
and Nasal Research Centre, Health Psychology Research Unit,
University of Wales College of Cardiff Cough is under voluntary con-
trol yet little is known about the degree to which cough may be vol-
untarily suppressed. In the present study cough was recorded by
means of a microphone and pen recorder in 79 subjects (mean age
23-6 years) with cough due to upper respiratory tract infection.
Subjective scores of symptom severity, mood, and psychological
parameters were made before cough measurements. After baseline
recording of cough frequency subjects were instructed to refrain
from coughing. The maximum duration of cough hold was set at 20
minutes but this was not known by the volunteers. The results for
cough hold time fell into two distinct groups; one group of 52 sub-
jects reached a breaking point within 12-6 minutes with a mean
(SD) cough hold time of 4-85 (0 56) minutes and the other group of
27 subjects did not cough during the 20 minutes cough hold period.
The subjects who reached a breaking point and could not suppress
cough had a greater baseline frequency of cough (p = 0-001), a
greater mean symptom severity score (p = 0 006), and they felt sig-
nificantly more feeble, clumsy, incompetent, sad and antagonistic.
The duration of cough hold was inversely related to baseline fre-
quency of cough (r = 0-43, p = 0 001). An unexpected finding was
that the subjects who could not suppress cough had a significantly
greater score for obsessional symptoms (p = 0-009) than the group
which effectively suppressed cough. The score for obsessional symp-
toms was not related to baseline cough frequency or the mean score
for symptom severity. These results show that there is considerable
voluntary control of natural cough and that the ability to control
cough is related to cough frequency and the score for obsessional
symptoms.

Twenty four hour tracheal pH monitoring: a safe and simple
technique

CIA JACK, J TRAN, MJ WALSHAW, CRK HIND, CC EVANS Cardiothoracic
Centre, Liverpool The technique of prolonged oesophageal pH
monitoring is internationally recognised. In contrast, 24 hour

tracheal pH recording is virtually unknown. We report a safe and
simple technique of 24 hour tracheal pH monitoring. Ten patients
(eight men, two women), mean age 63 (range 48-76) years under-
going fibreoptic bronchoscopy for suspected bronchial carcinoma
were enlisted for this study. Patients were given a transtracheal
injection of 2-5% cocaine (pH 3-5) as local anaesthesia and a nar-
row gauge plastic cannula was inserted along this path. The tracheal
pH probe (which had previously been calibrated) was then passed
through the cannula and sited on the tracheal wall about 2 cm
above the carina. A reference electrode was secured on the patient's
sternum and both electrodes were connected to an ambulatory pH
recorder. All 10 patients completed the study without complication
and with no adverse effects one month later. Initially the tracheal
pH was low, mean 5-5 (SE 1-3). The tracheal pH then steadily rose
over the next three hours as the effect of the cocaine wore off. The
mean value of tracheal pH for the remainder of the 24 hours varied
between 6-2 and 6-6. This appears to be a safe and well tolerated
technique which can be used to investigate many pulmonary disor-
ders where tracheal aspiration might be a causative factor. [This
study was supported by an equipment grant from the BLF.]

Effect of inhaled beclomethasone on ACE-I induced cough

KS HIGGINS, WW YEO, LE RAMSAY, AH MORICE University
Department of Medicine and Pharmacology, Royal Hallamshire
Hospital, Sheffield ACE-I cough occurs in 15% of patients treated
with enalapril (Yeo, Ramsay. J Hypertension 1990;31:1-13). It is
widely considered unresponsive to cough remedies. Where cessation
of ACE-I therapy is inadvisable, relief of the cough by using another
agent would be valuable. As steroids are known to induce ACE
(Vuk-Pavlovic et al. J Leukocyte Biol 1989;45:505-9), we have inves-
tigated whether inhaled beclomethasone may be used to treat or
relieve ACE-I induced cough. Ten patients of mean age 58 years
were recruited from the hypertension clinic by the following criteria;
current ACE-I treatment, previous documented ACE-I induced
cough, no history of asthma, or current treatment with bronchodila-
tors. Patients were randomised to a balanced, double blind, two
period crossover study receiving either inhaled beclomethasone, 1
mg bd twice daily (B) or placebo (P). Treatment periods were two
weeks in duration with a two week washout, and data were analysed
using the Hills and Armitage method. Mean subjective scores (0-9)
of daytime and nocturnal cough and overall symptoms during each
treatment period were reduced when subjects were given B com-
pared with P. The mean diary record scores for daytime cough were
4-1 (P) and 3-5 (B), (p = 0-09) and for nocturnal cough were 3-1
(P) and 2-7 (B), (p = 0-14). When total cough was analysed, day-
time plus nocturnal cough, the mean value for P was 3-6 and for B
was 3-1 (p = 0-07). Mean diary record card scores for overall symp-
toms were 3 9 (P) and 3-6 (B), (p = 0-01). There was no significant
change in morning or evening (peak expiratory flow) values between
P (mean = 405 and 407) and B (mean = 418 and 417). Mean total
cough responses to citric acid (10 mmol/l-1 mol/l)) and capsaicin
(1-100 umol/l)) were 13(P): 12(B) and 14(P): 18(B) respectively,
and did not alter significantly with either treatment. There was a
trend for reduction in both cough and overall symptoms with a large
variation in individuals' subjective scoring of their cough. Inhaled B
does not significantly improve ACE-I cough but it does significantly
improve subjects' perception of their overall symptoms although
this effect is probably too small to be of clinical importance.

Does salbutamol pretreatment affect cell counts of induced
sputum in asthma?

MJ IREDALE, S WANKLYN, IP PHILLIPS, T KRAUSZ, PW IND
Departments of Medicine and Cytopathology, Hammersmith Hospital,
London Cellular analysis of induced sputum provides a simple, non-
invasive method of assessment of bronchial inflammation in asthma.
Beta2 agonists inhaled before sputum induction prevent bron-
choconstriction. We have examined the effect of pretreatment with
salbutamol on cell counts in induced sputum. On two study days
eight asthmatic subjects received either 200 pg salbutamol (SAL) or
matched placebo (P) from a metered dose inhaler in a randomised,
double blind fashion. Forced expiratory volume in one second
(FEV,) was measured at baseline and repeated after 10 minutes.
Subjects then inhaled nebulised hypertonic (4 5%) saline (HS) for
increasing time periods (0-5-16 minutes) as a bronchial challenge,
repeating FEV, one minute after each inhalation period. The
provocative dose of HS causing a 20% fall in FEV, (PD20(HS)) was
obtained from log dose-response curves. Sputum expectorated dur-
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ing the procedure was collected for analysis. Total cell counts (nor-
malised for weight) were obtained from aliquots of sputum after
incubation in Cytoclair for 30 minutes. Differential cell counts of
500 cells were performed on direct smears stained with
Chromotrope 2R. The mean of four counts (two each by two
observers) was taken. Baseline FEV, did not differ significantly
between the two study days. SAL produced significant broncho-
dilatation. Mean AFEV, after SAL was 7-2 (3-8-10-6, 95% CI)%
compared with 2-2 (- 1-7-6-1)% after P (p < 0-01). SAL provided
significant protection against HS induced bronchoconstriction.
Mean maximum fall in FEV, after the last inhalation period reached
on placebo day was 22-8 (12-6-33-1)% after P compared with 6-2
(-05-11 8)% after SAL (p < 0 005). Total cell count did not dif-
fer significantly between the two study days. Median (range)
eosinophils was 37 0 (6 9-64-4)% after P and 20-5 (10-6-64-0) after
SAL (p = 0-24). There was no significant difference in any other
cell type between the two study days. Salbutamol produced signifi-
cant protection against HS induced bronchoconstriction but had no
significant effect on cellular analysis of induced sputum in asthma.

Effectiveness of nebulised salbutamol administered in ambu-
lances to patients with severe acute asthma

RJ FERGUSSON, C STEWART, C WATHEN, R MOFFAT, GK CROMPTON
Respiratory Medicine Unit, Western General Hospital, Edinburgh and
Scottish Ambulance Service, Edinburgh Nebulised R32 agonists are
established as effective and safe treatment for patients with severe
acute asthma requiring hospital admission. Since 1986 all ambu-
lances in Lothian have been equipped with nebulisers and crews
have administered nebulised salbutamol in oxygen to patients with
acute asthma en route to hospital. Our initial data suggest that this
treatment is safe and subjective assessment of the patient by ambu-
lance personnel showed improvement in 80% of cases. In this study
we have measured the effectiveness of this prehospital treatment by
measuring peak expiratory flow PEF before and after nebulised
treatment. A total of 131 treatments in 121 patients (58 men) was
recorded, mean age was 38 (range 2-83) years. In 50 patients (all
aged <40) the treatment was initiated by the ambulance crew alone,
in 57 by the GP, and 14 were automatically treated as they
belonged to the local asthma Emergency Admission Service. One
hundred and ten patients received 5 mg salbutamol nebulised in
oxygen at 6 1/min. In 21 patients the dose was reduced to 2-5 mg at
the request of the GP. Twenty patients were unable to perform
satisfactory PEF tests either before or after treatment due to respira-
tory distress, 17 could not register a reading prior to treatment but
improved sufficiently to record their peak flow afterwards, eight
patients did not record their PEF after treatment as they had arrived
at hospital before their nebulised therapy was completed. Eighty six
patients had recordable PEF values before and after nebulisation. In
this group mean pretreatment PEF was 13-9 I/min (95% CI
125-154) and after treatment was 202 1/min (95% CI 180-223). In
68/86 (79%) there was >10% increase in PEF, in 14 there was no
change and in four the PEF fell by >10%. No unwanted side effects
of therapy were recorded. We conclude that nebulised therapy
administered by ambulance personnel is an effective and safe treat-
ment in patients with acute severe asthma.

Is there a relationship between bronchial responsiveness and
rate of recovery from acute severe asthma?

MJ IREDALE, PW IND Department of Respiratory Medicine, Royal
Postgraduate Medical School, Hammersmith Hospital, London
Bronchial responsiveness to histamine measured after admission
with acute asthma does not correlate with asthma severity (Am Rev
Respir Dis 1992;145:A52). Rate of recovery from acute asthma is
known to be very variable and does not correlate with severity
(Thorax 1981;36:835-1). We have examined the relationship
between speed of recovery and bronchial responsiveness in 28
patients (16F/12M) admitted to hospital with acute severe asthma
(mean peak expiratory flow (PEF) 25-3 (20-9-29-8, 95%CI) % pre-
dicted). Histamine challenge was performed under medical supervi-
sion 3-5 days after admission, four hours after last inhaled bron-
chodilator using a modified Yan method. Geometric mean (GM)
provocative dose causing a 20% fall in forced expiratory volume in
one second (PD20) was 0-44 (0-26-0-74) pnmol for the group as a
whole. Recovery was assessed as duration of admission, time to
maximum predischarge PEF (T,0,., time to 50% improvement in
PEF (TA5,), and time to 70% maximum after admission PEF
(T70m,,). Patients were grouped also in terms of presence or absence

of significant (>30%) PEF dipping during recovery, and also into
fast (<72 hours to TPD,,,a) and slow responders. Mean duration of
admission was 4-2 (3 5-49) days. Mean time to TPDmax was 76
(61-90) hours, to TA,, was 26 (20-32) hours, and to T70ma. was 43
(26-60) hours. There was no correlation between log PD2,0 and
duration of admission, TPDm.x, TA50 or T7,max. Subjects with signifi-
cant dips had a lower PD2, (GM 0-37 (0 19-0 72) ,mol) than those
without (GM 0-62 (0-24-1-58) pmol) but the difference was not
significant. There was no difference in PD20 between fast and slow
responders. Rate of recovery from acute asthma has no significant
relationship to bronchial responsiveness measured early in recovery.

Sensitivity of FEV1, VP30 and sGaw for measuring histamine
induced bronchoconstriction in healthy volunteers

JM CALLAGHAN, S PHILLIPS, P ROLAN, C LEIGH, H WEBSTER, J POSNER
The Wellcome Foundation, Langley Court, Beckenham, Kent The
suitability of lung function tests for studies of drug effects on the air-
ways of healthy volunteers is dependent on their within subject
reproducibility from day to day and at different times on the same
day both at baseline and after bronchoconstrictor challenge. It is
also dependent on the sensitivity of the test, defined as the mean
response (% change from baseline) divided by the standard devia-
tion of the response. Sensitivity is inversely related to the coefficient
of variation (CV) of the response. In this, study we determined the
reproducibility of force respiratory volume in one second (FEVy),
(Vp30) and specific airways response (sGaw) during resting condi-
tions and after induction of bronchoconstriction by bronchial hista-
mine challenge in healthy volunteers. FEV, and VP30 were measured
using the MacSpiro system (Collingwood Measurement Ltd) and
sGaw with a Jaeger plethysmograph. Twelve healthy male and
female subjects aged 19-53 years performed three histamine chal-
lenges two hours apart on each of six occasions with intervals of at
least seven days. For each challenge three baseline measurements
were made one minute apart followed by bronchial challenge with
histamine using the concentration producing a 50% fall in Vp3,
(PC,,) for each subject. A single measurement was made after the
challenge. As expected, FEV, was much less variable at baseline
than either VP30 or sGaw which were comparable. At the small
degrees of bronchoconstriction preferred in healthy volunteers FEV,
was less sensitive for measuring bronchoconstriction following hista-
mine challenge than either of the other techniques. VP,0 tended to
be more sensitive than sGaw and as VP30 is easy to perform it is the
preferred method for assessing bronchial challenge in healthy volun-
teers.

Mean and coefficient of variation (CV) of% changefrom baseline after hist-
amine bronchial challenge

FEV, VP30 sGaw

Mean % fall from baseline -6-6 - 42-9 - 29-6
CV between subject 55 35 44
CV within subject 111 31 40
CVbetweenday 40 11 6
CV within session 104 29 40

Comparison of bronchial responsiveness to inhaled hista-
mine and methacholine in normal subjects

AS JUBBER, RW FOSTER Smooth Muscle Research Group, Department
of Physiological Sciences, Manchester University There is a wide-
spread assumption that airway responsiveness to inhaled metha-
choline (MeCh) is closely related to that of histamine (Hist)
(Hargreave et al. J Allergy Clin Immunol 198 1;68:347). The results
of other studies, however, contradict this belief, revealing significant
differences between sensitivities to MeCh and Hist. Connolly et al
(Pulm Pharmacol 1988;1:53) reported that MeCh is less potent than
Hist and that the agonists probe different phenomena and cannot be
used interchangeably even after allowance is made for the difference
in potency. We have previously confirmed that the responsiveness of
the airways of normal subjects to inhaled MeCh is composed of two
parameters-sensitivity and reactivity (Jubber and Foster. Thorax
1992;47:246P). Useful indices of sensitivity were the dose causing a
half maximal bronchoconstrictor effect (ED,,), and the dose pro-
voking a 35% reduction from baseline sGaw (PD,,). Useful indices
of reactivity were the amplitude of the maximal bronchoconstrictor
effect (Emax) and the slope of the straight central segment of the
log, dose-response curve (LDRC). We have compared both compo-
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nent parameters of airway responsiveness to nebulized MeCh (bro-
mide) and Hist (diphosphate). Six subjects underwent three cumu-
lative LDRCs to each agonist (Foster et al. Br Jf Clin Pharmacol
1991;31:445). The DRC was examined by non-linear curve fitting
to hyperbolic and positive rational functions. The mean asymptote
as dose tends towards infinity was taken as the Emax. The PC,5 and
ED,0 were derived by interpolation in the straight, central part of the
LDR regression line at 35% reduction from baseline sGaw and at
half maximal reduction respectively. The mean LDRC slope of Hist
was significantly steeper than that of MeCh (p < 0-05) and the
mean observed Epeak and asymptotic Emax of Hist were signifi-
cantly larger than those of MeCh (p < 0 01); this suggests that the
subjects were more reactive to Hist than to MeCh. There were no
significant differences between mean log PC,, and log ED,0 to
MeCh base compared with Hist base; this indicates the similarity of
subjects sensitivity to Hist and MeCh w/w. However, there were
clear interindividual differences in the indices of sensitivity between
MeCh and Hist; this suggests that in challenge tests one cannot pre-
dict the value of PC,, of either agent by just knowing that of the
other.

Salbutamol and ipratropium interaction against metha-
choline bronchoconstriction in normal subjects

AS JUBBER, RW FOSTER, NAGM HASSAN, SA GOMM, CC HARDY
Smooth Muscle Research Group, Department of Physiological Sciences,
Manchester University and Department of Respiratory Medicine,
Manchester Royal Infirmary Several studies have suggested that
combining an agonist at /32 adrenoceptors with an antagonist at
muscarinic cholinoceptors might provide larger bronchodilatation
than either drug given alone (Herzog. Postgrad Med J 1975;51 (suppl
7): 146; Jenkins et al. Br J Clin Pharmacol 1982;14:113). The value
of combination therapy in chronic bronchitis and bronchial asthrma
is, however, still controversial. We have studied the interaction of
salbutamol and ipratropium in a model of the bronchospastic aspect
of asthma created by methacholine (MeCh) inhalation (Foster et al
Br J Clin Pharmacol 199 1;31:445) in five normal subjects. Against
the background of a sustained 60-65% reduction from baseline spe-
cific airway conductance (sGaw) three cumulative log dose-response
curves (LDRC) to each of salbutamol and ipratropium were con-
structed. After the first maintenance dose (Do) of MeCh, salbuta-
mol or ipratropium was inhaled over two minutes at 20 or 30
minute intervals respectively. The mean ED,0 of salbutamol or ipra-
tropium was derived by interpolation in the mean LDRC half way
between the Emin and Epeak. After administration of the loading
dose (Do) and first Dm of MeCh, half of the ED,0 of ipratropium was
inhaled over two minutes followed 10 minutes later by half of the
ED,0 of salbutamol. To define peak effect (Epeak) salbutamol
1-48 mg was then inhaled. sGaw was measured at the time of full
development of drug effects (20 minutes after salbutamol and 30
minutes after ipratropium). All indices were analysed in their nor-
mally distributed, logarithmic forms. The effects of the mean ED50
were derived by interpolation in each individual LDRC. There were
no significant differences over the three protocols between the base-
line state (p = 0-23), Emin state (p = 0 67), Epeak state (p = 0-39),
or Epeak amplitude (p = 0 91). There were significant differences
between the E50 state (p = 0 042), E50 amplitude (p = 0 008), and
E50 amplitude as a % of Epeak amplitude (50, 51, and 58%,
p = 0 006). In the latter two cases these differences resolved into no
significant differences between salbutamol and ipratropium (p =
0-84 and 0-85) but significant differences between each alone and
the combination (p = 0-041 and 0-024, 0-022 and 0-037). The
results indicate the presence of a small degree of synergy between
salbutamol and ipratropium.

Effects of nebulised ipratropium bromide during submaxi-
mal exercise in asthmatic patients

W FREEMAN, J SIMKINS, M NATTRASS, AD WRIGHT, RM CAYTON
Department of Respiratory Physiology, East Birmingham Hospital, and
The General Hospital, Birmingham Demonstrable metabolic effects
including elevated blood lactate and lower recovery potassium levels
have been shown with nebulised salbutamol in exercise at an inten-
sity similar to aerobic training (Freeman et al. Clin Sci 1988;75
(Suppl 19):55). This study has similarly evaluated 0-5 mg nebulised
ipratropium bromide (IB) on the physiological effects during and
after 20 minutes of submaximal exercise at an intensity of 60%
Vo2max in a double blind crossover comparison with placebo (P).
Eight asthmatic men of mean (SD) age 30 (10) years and mean

(SD) forced expiratory volume in one second (FEV,) of 91 (27)%
pred were tested. Preliminary tests determined Vo2max (3-27 (0 60)
1/min) and the work load equivalent to 60% Vo2max (125 (33)
watts). After IB, pre exercise FEV, (1) (P: 3-93 (1-31) v IB:
4-20 (1-21), p < 0-01) and the lowest post exercise FEV, (P:
3 40 (1-32) v IB: 3 94 (1-24), p < 0 001) were higher, and the per-
centage fall in FEV, after exercise was lower (P: - 15 (10)% v IB:
- 7 (7)%, p < 0.01). Cardiorespiratory measurements, blood pres-
sure, and perceived exertion and breathlessness scores (Borg), taken
at five minute intervals in exercise and at 10 minute in recovery,
were not different with IB apart from a higher tidal volume during
exercise (IB: 2-30 (0-45) 1 v P: 2-15(0-41) 1, F = 6-59, p < 0-05).
Venous blood samples were taken at rest, at five minute intervals
both during the exercise and for 20 minutes in recovery. Blood glu-
cose (mmol) was lower after IB during exercise (IB: 4-36 (0 57) v P:
4-81 (0 43), F = 7 07, p < 0-05) and in recovery (IB: 4-48 (0 47) v
P: 4-96 (0 46), F = 9-92, p < 0 05); blood lactate, serum potassium,
plasma free fatty acids, pyruvate, and glycerol were not different. In
asthmatics performing submaximal exercise, ipratropium bromide
reduced the severity of exercise induced asthma with neither un-
toward cardiorespiratory effects nor changes in lactate or potassium
levels. [JS is supported by Boehringer Ingelheim Ltd.]

Studies on the measurement of peak inspiratory flow rate
(PIF) with dry powder inhaler devices in healthy volunteers

MP TIMSINA, GP MARTIN, C MARRIOTT, KC LEE, KO SUEN, M
YIANNESKIS Departments of Pharmacy and Mechanical Engineering,
King's College, London Three interdependent factors determine the
respirable fraction of aerosols emerging from a dry powder inhaler
(DPI): the patient, inhaler device, and powder formulation. For all
DPIs powder deagglomeration and aerosolisation depend entirely
on the energy input from the patient's inspiratory effort resulting in
turbulence and reduction in particle size. Consequently, the mass of
the drug delivered and its aerodynamic particle size is determined
by the flow through the inhaler during inhalation. Several DPI
devices with different constructions are now available but there is
little information regarding the effect of DPI device design on
inhalation flow rate and therefore the present study was performed
to provide more information on this effect. Informed adult volun-
teers (16 men, 15 women) took part in the study. The four inhalers
(randomly allocated to each volunteer) contained in specially
designed adaptors (such that the inhalers themselves were unmodi-
fied and the airflow unaffected) were connected to a Vitalograph
Compact II Spirometer that was modified to measure inhalation
flows. No drug was administered but all measurements (repro-
ducibility within 5%) were made in conditions designed to simulate
normal use by a patient, e.g. forceful breathing out before inhala-
tion, gelatin capsule, if appropriate, in the chamber. The measured
mean (SD) PIF (1/min) were control (C), 333 0 (97 6); Rotahaler
(R), 216-6 (45-6); Spinhaler (S), 185-7 (40 8); Turbohaler (T),
81-8 (12-8); and Inhalator Ingelheim (I), 70 4 (18-6) in men; C, R,
S, T and I values were 213-9 (70 5), 160-1 (43-7), 133-6 (36 0),
55-6 (13-0), and 48-3 (13-2) respectively in women. The relatively
high built-in resistance and narrower air channels in I and T reduce
PIF and presumably increase turbulence within the system more
than in R or S. Compromise in the above two opposing criteria is a
major challenge in the design of DPIs for use in asthmatic subjects.

Relative bioavailability of salbutamol to the lung following
inhalation by a metered dose inhaler (MDI) and a dry powder
inhaler (DPI)

M HINDLE, DAG NEWTON, H CHRYSTYN Postgraduate Studies in
Pharmaceutical Technology, University ofBradford and Chest Clinic, St.
Luke's Hospital, Bradford We have previously shown that following
inhalation the proportion of the dose delivered to the lungs is rapid-
ly absorbed and significant amounts are then excreted in the 30
minute post dose urine sample (Hindle, Chrystyn. Br Y Clin
Pharmacol, in press). Nine non-smoking asthmatic patients and 10
healthy volunteers were randomized to inhale 4 x 100 ug puffs
from a Ventolin MDI and 400,ug from a Ventolin Diskhaler. Each
subject withheld bronchodilators for eight hours (not applicable for
volunteers), emptied their bladder before inhalation and baseline
spirometry was performed. Thirty minutes after inhalation spirome-
try was repeated and a urine sample was collected. The mean (SD)
age and % predicted forced expiratory volume in one second (FEV,)
of the asthmatics was 40-2 (10-7) years and 59 9 (22-3)%, respec-
tively. Urine samples revealed that the mean (SD) relative bioavail-
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ability to the lung following inhalation with the MDI and the
Diskhaler was 1 19 (0-79) and 2-38 (1-46)%, respectively, expressed
as a percentage of the dose given (median difference 1 12; 95% con-

fidence interval (0-02, 1 90); p = 0-044 Wilcoxon rank sum test).
Respective mean (SD) FEV, values were 1-87 (0 85) and 1 87
(0-91)1 before inhalation and 2-28 (0 81) and 2-20 (0-78)1 at 30
minutes. The relative bioavailability to the lungs, using the urine
samples, in the volunteers (mean (SD) age 29-3 (7 3) years) was

2-83 (0-8) and 2-64 (1-2)% following MDI and Diskhaler, respec-

tively (median difference 0-29; 95% confidence interval (- P19,
1-52); NS). The volunteers were extensively trained and experi-
enced for this type of study. Similar spirometry in the asthmatic
patients could be due to maximum responses from the dose deliv-
ered by the MDI. The similar (volunteers) and greater (asthmatics)
relative bioavailability to the lung from the Diskhaler is in contrast
to the tradition of doubling doses with DPIs resulting from lower
bioavailability (BNF, March 1992).

Lung deposition of budesonide from Turbuhaler is twice that
from a pressurised metered dose inhaler (MDI)

L THORSSON, S EDSBACKER Astra Draco AB, Human Pharmacology,
S-221 00 Lund, Sweden Budesonide is a locally potent glucocorti-
coid with low oral availability (about 10%) and negligible lung
metabolism. When inhaled via a new powder inhaler, Turbuhaler
(TBH), it was found to be equally effective as twice the dose of a

suspension aerosol from a MDI with a large volume spacer
(Agertoft, Pedersen, 1992). In a dose titration study, 50% more

beclomethasone dipropionate was needed via a MDI than budes-
onide via TBH (Brambilla, ATS, 1992) to obtain a similar control
of asthma. The aim was to determine the absolute systemic avail-
ability (FsYST) and the amount deposited and absorbed in the lung
(FLUNG) of budesonide after inhalation via TBH and via a MDI.
On separate study days 24 healthy subjects were given budesonide
1 mg as five inhalations of 200 ,ug via TBH or MDI and 0-5 mg
intravenously. Budesonide levels were determined in plasma by a

LC-MS method. In all 24 subjects, FLUNG was calculated on the
assumption of an availability of swallowed budenoside (FORAL) of
13%, using the equation FLUNG = FSYST - FoRAL (1 ret)/(l
FoRAL, where "ret" is the fraction of the metered dose retained in
the device. Furthermore, FLUNG was determined in 13 of the sub-
jects after inhalation with concomitant oral dosing of charcoal to
prevent absorption of budesonide from the gastrointestinal tract. In
the latter case values were adjusted for a small contribution, of drug
still absorbed in the gastrointestinal tract. (The preventive effect of
charcoal was about 80% determined in a separate experiment with
oral budesonide plus charcoal.) There was a good conformity
between the two modes of estimating FLUNG. After inhalation via
TBH, FSYST was 38 (geometric mean, range 23-62)% of the
metered dose. CMAx and TMAx were 3-6 (2 2-5 6) nmol/l and 0 3
(0 2-0 7) hours. After inhalation via the MDI, FSYST was 26
(15-53)% of the metered dose. CMAx and TMAX, were 2-3
(0 7-4 0) nmol/l and 0-5 (0-2-3 0) hours. FLUNG, calculated rela-
tive to metered doses assuming an FORAL or 13%, was 32 (16-59)%
for TBH and 15 (3-47)% for the MDI. This study shows a lung
deposition of budesonide from TBH which is less variable and twice
that from a MDI and may explain the increased potency of budes-
onide inhaled via TBH. At the same time, TBH halves the availabil-
ity of budesonide from the gastrointestinal tract. Thus, a more ben-
eficial ratio arises between local lung delivery and unwanted delivery
at other sites.

Oral steroid sparing effect of nebulised budesonide in chronic
severe asthma

TW HIGGENBOTTAM, RA CLARK, AR LUKSZA, AH MORICE, NT BATE-
MAN, AW MATTHEWS, GR PETRIE, MD TAYLOR, PDI RICHARDSON
Papworth Hospital, Papworth Everard, Cambridge Nebulised budes-
onide (1 mg twice daily) was evaluated as an oral steroid sparing
agent in 42 adults with chronic severe oral steroid dependent asth-
ma. Patients had received oral steroids for a mean (SD) of 4-2 (6 5)
years and were receiving additional high dose inhaled steroids (2
mg/day) from metered dose or dry powder inhalers together with
bronchodilators. After 12 weeks of treatment 23 patients (55%) had
a reduced oral steroid dose (mean reduction of 59% from initial
dose of 12-3 (1-5 mg/day; p < 0 0001) with maintained or increased
lung function (measuring peak expiratory flow (PEF) increase of 6%
from initial value of 229 (21) 1/min; p < 0-05). Fifteen patients
were unable to reduce oral steroids. Patient response was not corre-

lated (p > 0 05) with initial dose of oral steroids, duration of asth-
ma, or baseline lung function. Concomitant fi2 agonist use, either
via inhaler or nebuliser, did not increase. Measures of lifestyle and
symptoms were maintained or improved (overall clinical assess-

ment, increased activity, breathlessness; p < 0-05 each assessment).
The side effects of oral steroids were reduced overall with complete
resolution in nine patients (24%). Nebulised budesonide 1 mg twice
daily was well tolerated and 85% of patients felt benefit (p < 0 05).
There is an emerging role for high dose nebulised steroids in the
treatment of severe oral steroid dependent asthmatic patients.

General and specific incidence of occupational asthma in the
West Midlands region

PFG GANNON, P SHERWOOD BURGE ON BEHALF OF THE MIDLAND
THORACIC SOCIETY RESEARCH GROUP Occupational Lung Disease
Unit, East Birmingham Hospital, Birmingham Little is known about
the general or specific incidence of occupational asthma. In January
1989 the Midland Thoracic Society's Rare Respiratory Disease
Registry Surveillance Scheme of Occupational Asthma (Shield) was

started. Physicians likely to see new cases of occupational asthma in
their clinical practice were circulated monthly. Positive respondents
were sent a questionnaire requesting details of occupation, employ-
er, exposure agents, and method of diagnosis of the case. In the first
three years 500 cases of occupational asthma have been reported.
Using denominators from the 1990 Labour Force Survey
(Department of Employment) general and specific incidences for
occupational asthma can be calculated. The occupations with high
incidences generally reflect those using well recognised sensitising
agents. Electroplaters (chrome) and machine tool workers (oil
mists) are less well recognised high incidence occupations.

1989 1990 1991 Mean

General 38 47 44 43
Paint sprayers 2750 1250 1500 1833
Rubber and plastics workers 1167 1167 830 1054
Electroplaters 1000 1000 1000 1000
Foundry core makers - 400 1000 467
Bakery workers 667 133 534 445
Chemical processing 286 143 - 143

Peak flow variability and work related chest symptoms in
laboratory animal and flour workers

K MCKINLAY, D LOWSON, P CULLLNAN, K VENABLES, AJ NEWMAN
TAYLOR Department of Occupational and Environmental Medicine,
National Heart and Lung Institute, London The relationship
between peak flow variability and work related respiratory symp-
toms (WRS) was studied in laboratory animal and flour workers.
Each subject recorded their highest peak flow (PEF) four times
daily for seven days and completed a questionnaire concerning res-
piratory symptoms in addition to undergoing histamine challenge
testing (PD20). Variability (var) was expressed as the mean of the
daily absolute difference in PEF over the seven day period. In both
groups of workers, those subjects reporting WRS had greater vari-
ability in their PEF; this finding was independent of age, sex, and
smoking (tables 1 and 2). In addition, they were more likely to have
a histamine PD20 <8 /umol/l. This cross sectional study cannot dis-
tinguish whether the cause of the WRS is sensitivity to agents
inhaled at work or a reaction to irritants in the work place in those
with pre-existing airway hyperresponsiveness.

Table I

Age Smokers WRS Var PD20 +ve
n (y) (fo) (o) (llmin) (G/)

Laboratory 155 27 30 12 34-7 11
Flour 91 35 42 15 37-2 11
All 246 31 34 13 35-6 11

Table 2

WRS No WRS

n Var (I/min) n Var (7/min)

Laboratory 18 48-3 136 32-7
Flour 14 44-3 77 35.9
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Incidence of occupational asthma in chemical, rubber and
plastics workers

PFG GANNON, P SHERWOOD BURGE ON BEHALF OF THE MIDLAND
THORACIC SOCIETY RESEARCH GROUP Occupational Lung Disease
Unit, East Birmingham Hospital, Birmingham Physicians likely to
see new cases of occupational asthma in their clinical practice were
circulated monthly via the Midland Thoracic Society's Rare
Respiratory Disease Registry Surveillance Scheme of Occupational
Asthma (Shield). Positive respondents were sent a questionnaire
requesting details of occupation, employer, exposure agents, and
method of diagnosis of the case. Incidences were calculated by
denominators from the Labour Force Survey 1990. This study is
now in its fourth year. The mean incidence of occupational asthma
in the general working population was 43 cases per million workers.
The mean incidence in chemical, plastics, and rubber workers was
719 cases per million workers. Over the first three years the most
common chemicals to which workers were exposed were isocyanates
(50% of all cases), epoxy resins and acid anhydrides (12%), styrene
(6%), formaldehyde (4%), and latex (4%). Six employers had more
than one case of occupational asthma and one employer had eight
cases. The most commonly used confirmatory method of diagnosis
was serial peak expiratory flow measurement (62%). This study sug-
gests that the annual incidence of occupational asthma is higher in
workers in the chemical, plastics, and rubber industries than in the
general working population. The majority of agents to which work-
ers were exposed were well recognised causes of occupational asth-
ma. Multiple cases from single employers over the three years could
suggest that appropriate action to protect the workforce after the
discovery of an initial case may not always be taken.

Respiratory symptoms and sensitisation in laboratory animal
workers: exposure-response relationships

P CULLINAN, S GORDON, D LOWSON, M NIEUWENHUIJSEN, R TEE,
K VENABLES, J MCDONALD, AJ NEWMAN TAYLOR Department of
Occupational and Environmental Medicine, National Heart and Lung
Institute, London Exposure-response relationships and the role of
atopy and cigarette smoking were examined in a cross sectional sur-
vey of laboratory animal workers. A total of 335 of 378 (89%) eligi-
ble subjects completed a questionnaire and were skin prick tested to
three common allergens and to rat urine. Job titles were allocated to
low, medium or high categories of exposure intensity; shift measure-
ments of rat aeroallergen showed significant differences between the
three categories (geometric mean 0-04, 1-07, and 31-80 Pg/M3
respectively). The reported % prevalence of work related symptoms
and sensitisation are shown in the table. Only for skin symptoms
and for sensitisation was the relationship with current exposure sig-
nificant; this difference may reflect a survivor bias. All outcomes
were more common in atopic subjects but this did not modify the
exposure-response relationships. Smoking was associated only with
the reporting of work related respiratory symptoms. Regression
analysis separating duration from intensity of exposure showed an
increasing risk of respiratory or skin symptoms with longer dura-
tions of high and medium exposures. [This study is funded by the
NAC and HSE].

Current exposure intensity

Symptoms Low Medium High

Respiratory 6-3 12-0 14-1
Eye/nose 19 0 18-0 26-6
Skin 63 13-1 25-0
Sensitive to rat urine 1-5 15 8 15-2

Effects of air pollution on ocular and respiratory symptoms
in subjects with asthma and chronic bronchitis

BG HIGGINS, HC FRANCIS, CJ WARBURTON, C YATES, AM FLETCHER,
CAC PICKERING, AA WOODCOCK Wythenshawe Hospital, Manchester
Epidemiological studies have shown that increases in air pollution
are associated with increased hospital admissions of patients with
respiratory problems. Whether pollution causes less marked exacer-

bations of symptoms in other subjects is unclear. We have investi-
gated the association between symptoms and air pollution in a

group of subjects with clinical diagnoses of either asthma or chronic
bronchitis recruited from two general practices in Widnes and

Runcorn. A bronchial challenge test was performed with the
method of Yan, giving methacholine to a maximum dose of 12 25
umol. Subjects whose forced expiratory volume in one second
(FEV,) fell by >20% during this test were classified as reactors.
Subjects then kept a daily record of symptoms of wheeze, dyspnoea,
cough, throat, and eye irritation on visual analogue scales for a four
week period during August and September 1991. Pollution levels
were monitored continuously by absorption spectroscopy. Sixty five
subjects (aged 18-71 years, 31 men) provided completed symptom
records. Symptom scores were normalised using a probit transfor-
mation and the relations between each symptom and pollution lev-
els on the same day, and 24 and 48 hours previously (lag values)
were determined by multiple linear regression. There was a statisti-
cally strong association (p < 0-001) between pollution and eye irri-
tation due to effects of both sulphur dioxide and ozone which was
present with same day, 24 hour and 48 hour lag pollution values.
Shortness of breath scores increased with increasing 48 hour lag
ozone level, and bronchodilator usage increased with same day and
24 hour lag sulphur dioxide and with 24 hour lag ozone levels (all
p < 0 05). In addition, in the reactors only shortness of breath and
wheeze were related to the 24 hour lag sulphur dioxide level
(p < 0-05). Cough and throat irritation were not related to pollution
levels. Nitrogen dioxide had no significant effect on any symptom.
This study shows that levels of sulphur dioxide and ozone common-
ly found in Britain are related to the severity of respiratory and ocu-
lar symptoms in subjects with respiratory disease.

Do fumes from welding or burning affect the lungs of young
shipyard workers?

DJ CHINN, JE COTES, JF WOLLASTON Respiration and Exercise
Laboratory, University of Newcastle upon Tyne and Heppel,
Northumberland Shipyard welding fumes were formerly a cause of
respiratory impairment (Chinn et al. BrJ7 Ind Med 1990;47: 83-90).
Has that hazard now been overcome? To answer this question 90%
of a defined population comprising 462 welders and caulker/burners
(WCB) who were born after 1953 were assessed in 1980-4 and
compared with 239 other tradesmen. The mean age was 23-1 (range
17-3-30-5) years. An average of 6-7 years later 95% of the 146 men
still working in the yard and 43% of those who had left were
reassessed. At each attendance the MRC Questionnaire of
Respiratory Symptoms with additional questions was completed,
measurements were made of stature, body mass, and four skinfolds,
and a full lung function assessment was carried out. Atopic state
was assessed by skin tests. Compared with other tradesmen the
WCB group included significantly more smokers. After allowing for
smoking the prevalences of current cough, chronic phlegm, and
wheeze were increased by trade as WCB, the transfer factor was
reduced, and the cross sectional decline in peak expiratory flow was
enhanced. Allowance for atopic state did not influence this result.
At follow up men still working in the yard were found to have had
fewer symptoms at the initial assessment and those who lapsed had
had more symptoms then those who had left. The risk of developing
symptoms was related to smoking and to trade. Amongst WCB who
continued to work in the yard the longitudinal deterioration in
forced expiratory volume and related indices was enhanced com-
pared with the other groups and the longitudinal increase in peak
expiratory flow was diminished, but only in smokers. It is concluded
that the working conditions over the period of follow up contributed
to the respiratory symptoms and impairment of WCB who contin-
ued to work in the yard, but the changes were mostly reversed on
discontinuing exposure.

Effect of nedocromil sodium on airway reactivity and the late
asthmatic response in patients with occupational asthma

JP HAYES, AJ NEWMAN TAYLOR Department of Occupational atnd
Environmental Medicine, Royal Brompton National Heart and Lung
Hospital, London Nedocromil sodium inhibits the late asthmatic
response (LAR) following allergen inhalation. We assessed the effect
of nedocromil sodium on airway responsiveness and LAR in
patients with occupational asthma in a randomised double blind
placebo controlled study. Inhalation tests with occupational agents
provoked LAR ( >15% fall in forced expiratory volume, FEV,). A
similar inhalation was made on two subsequent separate days.
Patients inhaled nedocromil sodium (8 mg) or matched placebo in
random order 30 minutes before the inhalation test. FEV, was mea-
sured immediately before and at 0, 5, 10, 15, and 30 minutes and
hourly for 10 hours after the test. Histamine inhalation test was per-
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formed two hours before and three hours after the inhalation test in
six patients until a >20% fall in FEV, was obtained (PC20).
Nedocromil sodium did not significantly affect the maximal fall in
FEV, measured 1-10 hours after the inhalation test (mean (SE)
21-1 (3 8) %) compared with placebo (28-0 (4 5) %). Similarly
nedocromil sodium did not inhibit the increase in airway reactivity
from baseline (4 9 (2-6) mg/ml) measured three hours after the
inhalation test (2-2 (2-9) mg/ml) compared with placebo day (5-8
(2 2) mg/ml to (2-5 (2-4) mg/ml). In conclusion a single dose of
nedocromil sodium did not inhibit the LAR nor the increase in air-
way reactivity after inhalation tests in patients with occupational
asthma. This difference from allergen induced LAR suggests that
different mechanisms may be responsible for LAR with occupation-
al agents.

Immunological and functional consequences of chemical
(tetrachlorophthalic anhydride, TCPA) induced asthma after
12 years of avoidance of exposure

RD BARKER, J WELCH, RD TEE, AJ NEWMAN TAYLOR Department of
Occupational and Environmental Medicine, National Heart and Lung
Institute, London TCPA is an epoxy resin hardener (MW 286) that
is believed to act as a hapten in the induction of asthma. Respiratory
sensitisation is often associated with the production of specific IgE.
We assessed measures of physiological and immunological distur-
bance in six sensitised subjects 12 years after exposure to the sensi-
tising agent had ceased. Six women (mean age 39 3 (range 34-42)
years) developed asthma in 1980 due to exposure to TCPA. They
had had no previous chest symptoms but following exposure to
TCPA developed work related wheeze, TCPA specific IgE, and
bronchial hyperreactivity. In June 1992 they were reviewed with a
respiratory symptom questionnaire, venesection for specific IgE,
skin prick tests, and a histamine challenge. They were also asked to
complete peak flow (PEF) records three hourly for three weeks. All
six subjects continued to be symptomatic and were using inhaled
bronchodilators. They had measurable bronchial hyperreactivity
(histamine PD,0 range 0-23-3-74 pmol) and abnormal PEF varia-
bility (range of amp % mean 12-05-28-49). Most continued to
demonstrate raised TCPA specific IgE (% b-HSA range 0 2-7 55).
Symptoms, physiological, and immunological changes may persist
for up to 12 years following exposure to a low molecular weight
chemical that causes asthma.

Lung cancer in a population exposed to silica

RT BENN, SJ HUTCHINGS, PG THOMAS, RC ELO1TT, J OSMAN, RD
JONES Epidemiology and Medical Statistics Unit, Health and Safety
Executive, Bootle, Merseyside The mortality of workers at seven sili-
ca sand quarries was studied with particular reference to lung cancer
and exposure to respirable silica dust. This population was chosen
as one with exposure to fairly pure silica in the absence of any obvi-
ous confounding factors. Limited data on respirable silica levels sug-
gested that they were usually at or below 0 1 mg/m3 with no marked
difference between quarries. A total of 3878 workers employed
between 1951 and 1986 were followed to the end of 1988.
Standardised mortality ratios (SMRs) and 95% confidence intervals
(CIs) were calculated from national death rates. Mortality was
analysed by job and time since entry to the study. SMRs for all
causes of death ranged from 92 to 115 at individual quarries. The
overall SMRs for lung cancer and other respiratory diseases were
120 (CI 93-153) and 86 (CI 63-113). Lung cancer SMRs for indi-
vidual quarries varied from 159 to 28. Three deaths from pneumo-
coniosis occurred, all in late entrants to the industry. Analysis by
period since entry showed the highest lung cancer SMR in the first
decade followed by a decline. Workers were classified to any job
which they had done for three months or more, some contributing
to several categories. The highest lung cancer SMR was seen in
brickworkers (202, CI 104-353) who were subsequently found to
have a potentially confounding exposure to coke oven emissions.
Other non-significantly elevated SMRs were seen in drivers (142),
maintenance workers (125), and wet process workers (124). Low
SMRs were observed in dry process workers (81) and sand winners
(56). The non-significantly elevated lung cancer SMR and the
results of the job and time related analyses do not support the
hypothesis of an increased risk of lung cancer in this study popula-
tion exposed to silica.

Glutaraldehyde asthma: does it exist?

PFG GANNON, S O'HICKEY, P SHERWOOD BURGE Occupational Lung
Disease Unit, East Binningham Hospital, Birmingham Four workers
with occupational asthma due to glutaraldehyde confirmed by spe-
cific bronchial challenge tests and serial measurement of peak expi-
ratory flow (PEF) are described. Their mean age was 42 (range
31-53) years. All were female, two were ex-smokers and two
atopics. Two were endoscopy nurses, one a dark room technician,
and one an x-ray secretary. All were exposed to glutaraldehyde and
one also to formaldehyde. All complained of asthmatic symptoms
improving on days away from work. On presentation the forced
expiratory volume in one second (FEVy) was 95% predicted (range
77-106) and (FVC) was 104% predicted (range 96-116). Serial
PEF measurements performed two hourly at and away from work
revealed patterns suggestive of occupational asthma in all four. The
results of specific bronchial provocation tests showed one early, two
late, and one dual reaction to glutaraldehyde, and two late reactions
to formaldehyde. All patients showed hyperreactivity on metha-
choline challenge and three showed an increase in hyperreactivity
following challenges to glutaraldehyde. Four other workers are
presently under investigation. Published work on occupational
asthma due to glutaraldehyde to date has amounted to single case
reports. This series shows that occupational asthma due to
glutaraldehyde definitely does exist.

Occupational asthma in condom workers: two case reports

J CANNON, P CULLINAN, AJ NEWMAN TAYLOR Department of
Occupational and Environmental Medicine, National Heart and Lung
Institute, London We report two cases of asthma following occupa-
tional exposure to the spores of Lycopodium clavatum, used- because
of their small diameter as a dusting agent in condom manufacture.
As a result of these cases, the leading condom manufacturer in the
UK is now using an alternative powder. The first case was a 46 year
old woman with no previous respiratory problems who presented
with an 18 month history of work related wheezing. She had worked
on the production line of a condom factory for four years. Skin prick
testing confirmed atopy and, in addition, was positive to L clavatum
(5 mm). Her baseline histamine PC,0 was >16 mg/ml. Controlled
bronchial challenge testing with 1% L clavatum spores for 30 min-
utes provoked a dual asthmatic response with a 31% fall in her base-
line forced expiratory volume in one second (FEVy) 15 minutes
after challenge, followed by a 14% fall 12 hours later. Her histamine
PC20 remained unchanged. The second case was a 53 year old
woman with no previous respiratory problems who presented with a
three year history of work related dyspnoea and chest tightness. She
had worked on the same production line as the other case for 20
years, experiencing work related nasal symptoms for 13 of those
years. Skin prick testing confirmed atopy and, in addition, was posi-
tive to L clavatum (4 mm). Shortly after referral a diagnosis of wide-
spread gastric carcinoma was made, making further investigation
inappropriate.

Occupational asthma due to chrome plating

SP O'HICKEY, P GANNON, A ROBERTSON, PS BURGE Occupational
Lung Disease Unit, East Birmingham Hospital, Birmingham We
report our experience of 11 cases of occupational asthma due to
exposure to chrome from metal plating processes. The subjects
(three women) aged between 20 and 63 (mean 38) years had been
exposed to chrome fumes for between four months and 18 years
before symptoms developed. One subject, although exposed for 11
years, developed symptoms after a single severe exposure during a
ventilation failure. Three subjects had never smoked, the remaining
seven had a mean exposure of 24 pack years. Two subjects had a
previous history of respiratory symptoms and one of seasonal rhini-
tis. Five subjects had a serum IgE level of >55 IU/1. Six subjects had
positive skin tests to common aeroallergens and six had positive
though modest skin responses to potassium dichromate solution.
The cause of the occupational asthma was diagnosed by the history
alone in two subjects, by characteristic peak flow records in four,
and by specific airway challenge in five subjects. Of these two had a
single early response and three a dual response. Four of these sub-
jects were also sensitive to other metal salt fumes (three nickel and
one zinc). Chrome induced asthma is probably more common than
was previously thought. It may occur after a brief exposure in non-
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smoking subjects with no history of respiratory disease. Inhalation
challenges suggest that chrome sensitivity occurs in conjunction
with sensitivity to other metal salts. Where doubt exists as to the
diagnosis, inhalation challenge with nebulised potassium dichro-
mate solution is helpful in making the diagnosis.

Measurement of changes in pleural fluid with the Sheffield
electrical impedance tomography system (EIT)

JH CAMPBELL, ND HARRIS, F ZHANG, BH BROWN, AH MORICE Sectionl

of Respiratory Medicine anid Department of Medical Physics and Clinical
Enginieering, Royal Hallamshire Hospital, Sheffield The Sheffield
EIT system is a new impedance technique which produces a cross
sectional image of the distribution of resistivity within tissue. We
have previously shown that this system can detect changes in
intrathoracic fluid volumes in normal subjects undergoing a fluid
challenge (Fur RespirJ_ 1992;5:376S). To further evaluate the ability
of EIT to monitor changes in intrathoracic fluid we have studied
patients with pleural effusions before and after sequential pleural
aspirations. EIT measurements were made using a 16 electrode
array around the lower thorax. Ten patients were studied (nine
men, mean age 68 (range 40-82) years). All data were collected
during normal tidal breathing. Following recording of a baseline
data set (600 cycles) fluid was aspirated in 300 ml aliquots up to a
maximum of 1000 ml, 600 cycles of data being recorded after each
aspiration. On the side of the effusion there was a progressive
increase in transthoracic resistivity in all patients as the fluid was
aspirated. This amounted to a mean 7% increase in resistivity per
100 ml aspirated, range 3-13%, p < 0-01 Wilcoxon pre v post aspi-
ration resistivity. In the contralateral lung there was a smaller
increase in all subjects (mean 1-8%, range 1-3%) consistent with a
reduction in mediastinal shift following aspiration. The Sheffield
EIT system is a non-invasive technique which can detect relatively
small changes in pleural fluid. Further studies are required to define
its clinical role in this setting.

Gating of the respiratory impedance to maximum inspiration
and expiration during quiet breathing

WrMJ VAN DER PUITTEN, DP MACLEOD, JS PRICHARD Departmiients of
Medicine and Medical Physics, Trinity College and St. James' Hospital,
Dublin The forced oscillation technique (FOT) is a convenient
method for the determination of airway impedance which has many
advantages over conventional techniques such as spirometry. A
problem that limits the specificity and sensitivity of FOT is "noise"
in the signal which appears to be related to the respiratory cycle.
One attempt to solve this problem has been to filter the output from
apparatus measuring the respiratory impedance. An alternative
method-and the one used here is to gate the signal from the
impedance measuring device to specific points in the respiratory
cycle. The Siemens FD5 Siregnost uses a 10 Hz oscillating air flow
and calculates patient impedance by reference to a "standard"
impedance of known value. The analogue output of the FB5 (both
impedance and phase angle) were input into a 12 bit analogue digi-
tal converter and digital input/output card (New Micro Systems
Ltd) which is interfaced with IBM PC-286 Micro Computer. The
respiratory cycle was determined from the measurement of electrical
transthoracic impedance using a Brattle physiological synchroniser.
The sampling rate used was 25 Hz and a sample of 640 data points
were sampled during a duration of approximately 25 seconds. Using
this equipment 10 men of mean (SD) age 25 (4) years and 10
women of mean (SD) age 20 (1) years with normal spirometry were
studied at a respiratory rate of 15 breaths/min. Average ungated
measurements of impedance [Ros (Av)] were compared with mea-
surement gated to peak inspiration [Ros (I)] and peak expiration
[Ros (E)] during breathing. In the men gated values were: Ros (I) =
2-13 (0-51) mbar/l/s; Ros (E) = 2-42 (0-66) mbar/l/s; ungated value
was Ros (Av) = 2-56 (0 72) mbar/l/s. Figures in women were Ros
(I) = 2-75 (0-54) mbar/l/s; Ros (E) = 3-06 (0-72)mbar/l/s. Gating
reduced cycle to cycle coefficients of variation in both groups (p <
0-05). Inspiratory Ros (I) values were lower than average Ros (Av)
values in both groups. Gating therefore appears both feasible and
effective in reducing breathing "signal to noise" ratios during
oscillometric measurements of respiratory impedance.

Evaluation of a quantitative ultrasonic method of assessing
hemidiaphragmatic movement in normal subjects

JG HOUSTON, RM ANGUS, MD COWANT, NC THOMSON Departnments of
Radiology and Respiratory Medicine, Western Infirmnary, Glasgow
The importance of diaphragmatic function in respiratory disease

and in particular the relevance of diaphragmatic fatigue is currently
under review (Similowski et al. N Engl J Med 1991;325:917-23).
Traditionally the radiological assessment of diaphragmatic move-
ment has relied on fluoroscopy (Alexander. Clin Radiol
1966;17:79-83). We have evaluated ultrasonography as a method of
assessing hemidiaphragmatic movement in normal subjects. Fifty
five volunteers (25 women) aged 27-97 (mean 59) years were stud-
ied. All had a normal posteroanterior chest radiograph as an entry
requirement. Scans were performed with the patient supine.
Normally distributed ranges of craniocaudal movement with mean
(SD) values of 22 (6-1) and 20 (7-5) mm and 53 (16-4) and
46 (12-4) mm for the left and right diaphragm in quiet and continu-
ous deep breathing respectively were observed by real time ultra-
sonography. Unequal excursion of the two diaphragms occurred in
44 (80%) of the patients; 36 (65%) showed right and 8 (15'o)
showed left sided dominance. The intraobserver and interobserver
error for continuous deep breathing was between 4%o and 65'Yo. We
have also compared hemidiaphragmatic excursion assessed by ultra-
sonography with simultaneous spirometry in ten normal controls. In
all subjects observed diaphragmatic movement and volume inspired
indicated the physiological relevance of the movement observed
with ultrasonography. Ultrasonography is a simple, reproducible
means of assessing hemidiaphragmatic movement and yields quan-
tative information which relates to spirometry.

In vivo assessment of diaphragm thickness and contraction
by ultrasonography in patients with muscular dystrophy

J UEKI, PF DE BRUIN, A MANZUR, Y KHAN, V DUBOWITZ, NB PRIDE

Departments of Medicine (Respiratory Division) and Paediatrics, Royal
Postgraduate Medical School, Hamntersnmith Hospital, London The
diaphragm in the zone of apposition can be observed in vivo by
using ultrasound non-invasively. Ten boys of mean (SD) age
10-3 (1-3) years with Duchenne muscular dystrophy (DMD) and
three adults of mean (SD) age 27-9 (7-5) years with muscular dys-
trophy (MD) (limb girdle two [male one, female one], Duchenne
one [male]) were studied to assess their diaphragm thickness and
contractions. Results were compared with those in 12 normal boys
of 11-2(2 0) years and 13 normal adult men of 36-5 (10-3) years. A
7-5 MHz B mode ultrasound transducer (PLE 705S, Toshiba) was
held vertically at the right intercostal space between anteroaxillary
and midaxillary lines to observe the diaphragm in the zone of appo-
sition 0-5-2 cm below the costophrenic angle. Thickness while
breath holding and relaxing against a closed mouthpiece and during
a maximum inspiratory mouth pressure (PImax) manoeuvre at
forced residual capacity (FRC) were recorded in the sitting position.
Spirometry was also performed and nine DMD children showed
mild to moderate reductions of forced vital capacity (FVC) (74-7 to
53-8% pred). Although the Pimax of 10 DMD children was
decreased (- 37 (8) cm H,O, 58-0 (17-4) % pred), the relaxed
diaphragm was thicker in DMD children than in normal children
(1-7 (0 2) v 1 5 (0-2) mm, p < 0-01). The thickening ratio (TR =
thickness during Pimax thickness while relaxing) at FRC, however,
was smaller in DMD children than in normal children (1-6 (0 5) v
2 3 (0-4), p < 0-01). In contrast, thin relaxed diaphragms (0 9
(0 2) mm) were observed in all adult MD patients with severe
respiratory impairment (FVC 0-6 (03) 1, 14-8 (30) % pred,
Pimax -16-7 (4 5) cm H,O, 14-8 (4 8) % pred): normal adults
1-7 (0-2) mm. The results suggest that, as in the case of limb
muscles in MD, diaphragm mass becomes larger in childhood but
atrophy may develop in adult life. [Supported by the Glaxo
International Scholarship Charitable Trust Fund and the Cons.
Nac. Desenv. Cient. Tecnol6gico-CNPq of Brazil.]

Twenty four hour ambulatory recorder for continuous
measurement of coughing events

JY HSU, RA STONE, R LOGAN-SINCLAIR, C BUSST, KF CHUNG
Departmlent of Thoracic Medicine and Medical Physics, Nationlal Heart
and Lung Institute, Royal Brompton Hospital, London Cough is a
common symptom of respiratory illness and the lack of a reliable
portable system for its recording hampers the assessment of its
severity. We used a battery operated solid state multiple channel
recorder (1 1 kg weight, 2MB memory) to record cough sounds
through a small microphone, diaphragmatic and intercostal elec-
tromyogram (EMG) and electrocardiogram (ECG) with electrodes,
and an activity marker. The EMG signal was adjusted so that the
recorder could be triggered at a minimal threshold, followed by a 10
second recording; if no signals were recorded for 30 minutes, it
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automatically scanned for 10 seconds. After 24 hours the recorded
data were transferred to files and the digital signals displayed on an
IBM compatible PC. Digital sound and EMG patterns of a cough
could be differentiated from those of sneezing, shouting, laughing,
straining, and sighing. A cough signal was counted if there was both
a characteristic EMG and sound waveform simultaneously. Induced
cough with low chloride and capsaicin solutions in the laboratory
produced different patterns of cough. In 12 subjects without any
respiratory disease only occasional coughs were revealed (0-16
coughs/24 hours). In nine asthmatic patients with a history of cough
the numbers were 326 (58-1573)/24 hours, and in nine chronic
coughers with no specific cause, 1214 (121-3639)/24 hours. Cough
very rarely occurred between 11.00 pm and 5.00 am during sleep.
This portable cough recorder system will be useful for quantitating
the amount and the severity of cough in patients with various respi-
ratory diseases, and for assessing the effect of various forms of treat-
ment.

Cough and dynamic airway compression in idiopathic
scoliosis

WJM KINNEAR, JK WEBB, IDA JOHNSTON University Hospital,
Nottinghani The ability to produce dynamic airway compression is
essential for an effective cough, and is influenced by expiratory mus-
cle strength and lung compliance. Both these factors can be affected
by scoliosis. We have studied cough in 10 patients (four men) with
idiopathic scoliosis, vital capacity (VC) 73-6 (8 6)% predicted.
Flow, volume, and oesophageal pressure were recorded during
maximal expiratory VC manoeuvres, throughout which the subjects
superimposed a series of coughs. The subjects also performed
15-20 submaximal expiratory VC manoeuvres, from which iso-
volume pressure flow (IVPF) curves were constructed. All subjects
showed a plateau on their IVPF curves after 20% to 40% ofVC had
been exhaled. The pressure required to achieve this plateau was
inversely related to lung compliance (Spearman rank correlation
coefficient -0-83, p <005). For the 251 coughs recorded, flow
transients above the maximum flow volume curves were seen during
93% of coughs below the volume at which a plateau was seen on
the IVPF curve, compared with 17% above this volume. Despite the
effect of reduced lung compliance, the force of the expiratory
muscles in patients with idiopathic scoliosis is sufficient to produce
dynamic airway compression during cough.

Controlled delivery of a krypton-81m labelled bolus

S KONERU, S VERBANCK, M COHEN, SW CLARKE, JE AGNEW

Departments of Medical Physics and Thoracic Medicine, Royal Free
Hospital and School of Medicine, London A computer controlled sys-
tem to deliver krypton-81m labelled bolus at different stages during
inspiration has been developed and used in studies on 12 normal
(all non-smoker) subjects aged 26-71 years. The inhalation
manoeuvre consisted of a series of tidal volume inhalations of
800 ml from functional residual capacity into which was inserted a
8'`Kr labelled 100 ml bolus. This bolus was either "early" or "late"
during inhalation in order to achieve a volumetric difference of 400
ml between the bolus front in the two measurements. Simultaneous
recordings of flow rate and radioactivity of the inspired and expired
air were obtained so that distribution of "-Kr within inspired and
expired volumes could be measured and graphically plotted. In
addition a real time lung volume display was generated so that sub-
jects were helped to follow a preset breathing pattern. By gamma
camera imaging of the distribution of 8'-Kr, and by assessing vertical
distribution by least squares fitted line to the mid lung section of the
measured vertical profiles, we were able to show the physiological
effect of volumetric placing of the bolus. In 10 of the 12 subjects the
regression slope for late inhalation was steeper than that for the
early inhalation of the bolus. The results indicate that control over
delivery of "",Kr is important when this gas is used for physiological
studies of ventilatory distribution. They also imply that control over
the distribution of aerosol particles within the inspired volume could
contribute to more efficient targeting of inhaled therapeutic
aerosols.

LTOT in Liverpool 1985-92: the first 416 adult patients

N CARROLL, MJ WAt SHAW, CC EVANS, CRK HIND Cardiothoracic
Centre, Liverpool Since December 1985 416 adults (231 men) in
Liverpool have been prescribed oxygen therapy via an oxygen con-

centrator (LTOT) by their general practitioners. Of these 129
(31%) are current users, 246 (59%) have died, 12 (3%) have moved
away and the remainder (7%) have reverted to cylinders. Overall,
mean LTOT use to date is 18-3 months (range two days to 78
months). Of the 287 (69%) ex-users, the mean duration of use was
13-6 months (range 2 days to 70 months). In all, 254 (88%) used
the concentrator for more than one month and 115 (40%) used the
concentrator for more than one year. We compared the current 129
LTOT users with the 246 dead ex-users. Although those who had
died were older at commencement of LTOT (mean age 67-4 (range
30-90) years v 64-6 (range 40-84) years; p < 0 005) there was no
difference in prescribed flow rate (mean 2 051 v 1 981), prescribed
hours (mean 15 7 (range 8-24)/day v 15-0 (range 8-24)/day, or
daily use of LTOT by meter reading (mean 15 8 (range 0-24)
hours/day v 16 8 (range 0-24) hours/day). Those prescribed less
than 15 hours LTOT per day were similar in both groups (49/246 v
27/129, 7 0-01, p = NS), as were those who achieved their pre-
scribed hours of LTOT (132/246 v 76/129, /2 = 2-4, p = NS).
Where meter readings were available there was no difference
between the two groups in those who used the concentrator for 24
hours/day (32/223 v 17/109, 7 = 0-23, p = NS) and those who used
it for less than 15 hours daily (82/223 v 31/109, Z2 = 1-9, p = NS).
However, current users have already achieved a longer duration of
LTOT use than those who have died (mean 28-8 (range 1-78)
months v 13 8 months (range 2 days-70 months), p < 0 001).
These results show that the majority of patients prescribed LTOT
in Liverpool have used their concentrators for a prolonged period of
time, and that those who persisted with this form of treatment
appear to have been prescribed and used correct amounts of oxy-
gen. A population of long term users also appears to be developing.

A new method for measuring aerosol nebuliser output using
radioactive tracers

A A GATNASH, S CHANDLER, CK CONNOLLY Departments of Medicine
and Medical Physics, Memorial Hospital, Darlington A new method
for jet nebuliser (NEB) calibration was investigated. Four ml of a
standard solution consisting of normal saline and technetium-99m
pertechnetate (1-5 kBq/ml) was dispensed to each nebuliser. Mefar
Dosimeter "MB3" was used for aerosol generation. The output was
collected by aerosol impaction into a glass microfibre filter connect-
ed to a suction unit. Activity in the filter (AF) was eluted by adding
a fixed volume of EDTA solution, and measured in a gamma
counter against a known volume of the standard (AS). Output
(ml/nebulisation) was calculated from (AF/AS). Inhalation time,
pause time, and number of inhalations were kept constant. All
NEBs were also calibrated concomitantly by weight. Per cent recov-
ery (PR) was calculated as the ratio of output using the filter
method over output from the weight method. PR varied from 43%
to 81% (mean 65%) according to nebuliser used. By imaging the
whole system, and by connecting a second filter in series, less than
2% loss of activity was found. The low PR could only be due to
evaporative loss of solvent from the nebuliser solution, which was
also confirmed by an increase in the concentration of radioactivity
in the residual solution (2 3o in the first minute). Methacholine
concentration in levels used in clinical practice had no effect on
NEB output. This is a simple and sensitive method for measuring
aerosol output. Calibration by weight significantly overestimated
aerosol output in jet nebulisers, thus underestimating delivered dose
to patients.

Limb and whole body oxygen transport and lactate metabo-
lism in pigs with acute lung injury

LCM PAL.LARES, N MOAT, P MACNAUGHTON, TW' EVANS Departnmenit
ofAnaesthesia anid Intensive Care, National Heart and Luniig Inistituite,
London The peripheral distribution and utilisation of oxygen
assumes considerable therapeutic significance in the management of
the critically ill. A porcine model of cardiopulmonary bypass (CPB)
was developed to evaluate the effects of pulmonary insufficiency on
central and peripheral distribution of blood flow (BF), oxygen
extraction ratio (ERo,) and lactate metabolism. Male pigs (mean
weight 20 kg, n = 6) underwent 120 minutes CPB with hind limb
and central/pulmonary venous cannulation. Measurements of arte-
rial, mixed venous, and hind limb blood gas tensions, and mixed
venous and limb venous lactate levels were made together with sys-
temic, pulmonary, and hind limb haemodynamics before, during,
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and after bypass. Bypass induced severe lung injury as indicated by
significant (p < 0-05) adverse changes in Pao,/Fio2 index and pul-
monarv compliance. Mean (SD) changes in oxygen and cell metab-
olism induced by CPB are shown in the table. The results indicate
that the hind limb received a lesser supply of oxygen than the whole
body after CPB. Limb lactate generation did not rise, suggesting
that in this model muscle produces less lactate when challenged
with a reduced Do. [LCMP is funded by Brazilian Research
Council (CNPq) and Health Service (INAMPS)].

Before CPB CPB After CPB

Limb:bodvDo,("%) 2 3 (0-6) 2-0 (1-1) 1-3 (0O5)*
Limb:body BF(C,) 2 2 (0 8) 2-0 (1-1) 1-3 (0-5)
Limb:bodv ERo('C) 77 (25) 99 (20) 104 (21)
Limb lactate generation

(,imol/min) 242 (13 3) 20 2 (16 9) 5 9 (13 4)*
Arterial lactate

levels (mmol'1) 1 62 (0 60) 2-18 (0-23) 3-98 (3 03)

*p < 0 05 v before CPB.

Effect of theophylline and dipyridamole on the respiratory
response to hypercapnia in humans

J.\11 CHRISTIE, T1I. GRIFF-ITHS, ST PARSONS, ST HOLGATE Departmient
of Medicine 1, Soutthamlptoni Getneral Hospital The endogenous
purine nucleoside adenosine is thought to mediate the central respi-
ratory depression seen in hypoxia. To investigate the possibility of a

physiological role of adenosine in central ventilatory control in the
non-hypoxic state, the effect on the respiratory response to a central
stimulus that is, progressive hyperoxic hypercapnia of drugs
known to affect the metabolism and functioning of adenosine was

studied. Theophylline (THEO) is an adenosine antagonist at cell
surface receptors and dipyridamole (DIP) blocks cellular adenosine
uptake, increasing extracellular concentrations of the nucleoside.
Nine healthy men were given these drugs and inactive placebo orally
in random order, double blind, six hourly for three days before each
study day. The dose of THEO was determined for each subject to
produce a plasma concentration of 10-20 mg/I. The dose of DIP
was 400 mg/day. Median (range) drug plasma concentrations (mg/I)
were: THEO, 14-9 (11-3-19 9); DIP, 0 45 (0 08-1 23). On each
study day the subjects performed two hypercapnic rebreathes by a

method based on that of Read (Auistr Anni Med 1966;16:20). The
respiratory response was described by computer drawn linear
regression based on breath by breath plots of minute ventilation (V,)
and the maximum rate of isometric inspiratory pressure change at
the mouth ([dP/dt]max) (an index of neuromuscular respiratory
drive) against end tidal Pco. Any significant effect of the drugs
studied on the average slope and intercept of these relationships was

sought using analysis of variance. Mean (SD) values (kPa) for the
Pco, intercept of the VF/Pco, relationship were: placebo, 5-69
(0 45); THEO, 5-37 (0 31); DIP, 5-69 (0 34); differences not sig-
nificant. Those for the Pco. intercept of the [dP/dt]max/Pco, rela-
tionship were: 5-76 (0-25); 5-44 (0-37); 5-7 (0 37). The intercept
with THEO was significantly lower than with placebo (p > 0 05).
The gradients AVE/APco. (l/min/kPa) were: 16-55 (5-46); 20-03
(5-80); 18 12 (7 38). Those for A[dP/dt]max/APco2 (cm H,O/s/kPa)
were 5 79 (1-75); 7-02 (3-17); 5-62 (2 83). Although the mean gra-
dients were higher with THEO than with placebo, these differences
were not statistically significant. These findings suggest that there
may be an adenosine mediated tonic inhibition of the central respi-
ratorv centre but that in hyperoxic conditions the effect, if present,
is small.

Change in tidal expiratory flow pattern after inhalation of
histamine

MJ MORRIS, RG MADGWICK Osler Chest Uniit, Churchill Hospital,
Oxford We have previously described (Thorax 1981;36:135; Eur
Respir 1990;3:901) three indices of airflow obstruction derived
from analysis of resting tidal expiratory flow: (1) At/t = time to
reach maximum expiratory flow/expiratory time; (2) kRS = decay
constant of exponential fitted to tidal expiratory flow v time; (3) EV
= extrapolated volume (area under the curve when the fitted expo-
nential is extrapolated to zero flow). In 20 adult patients with a

diagnosis of asthma or undergoing investigation for symptoms of
cough and/or shortness of breath, a histamine provocation test was

performed. Baseline forced expired volume in one second (FEV,),
functional residual capacity (FRC), and specific conductance
(sGaw) were measured and the measurements repeated after the
final inhalation of histamine. Expiratory flow pattern during quiet
breathing over five consecutive representative breaths was analysed
before and after histamine. The test was concluded in 12 subjects
when FEVy had decreased by 20% of the post saline value, and in
the remaining eight after inhalation of 16 or 32 mg/ml histamine.
FEV,(p < 0-001), sGaw (p < 0-001), FRC (p < 0-01), kRs (P <
0 001), and EV (p < 0-01) were all significantly different after hista-
mine (paired t test). For At/t no significant difference was shown.
Percentage fall in kRs after histamine correlated with % fall in FEV,
(r = 0-527, p < 0-05 Pearson correlation coefficient). This was of a
similar order to the correlation between % fall in sGaw and % fall in
FEV, (r = 0-542, p < 0 05). The sensitivity of 30% fall in kRS pre-
dicting 20% fall in FEV, was 100%, specificity 50%. The sensitivity
of 35% fall in sGaw of predicting 20% fall in FEV, was 92%, speci-
ficity 25%. This study suggests that analysis of tidal expiratory flow,
and particularly the index of decay of flow, kRs, might be useful in
assessing change in airflow obstruction.

Effect of unilateral bronchial occlusion on chest wall dimen-
sions

B JOHANSEN, P GIAEVER, F ASPESTRAND, A KOLBENSTVEDT
Departments of Thoracic Medicine and Radiology, The National
Hospital, University of Oslo, Norvay Occlusion of one mainstem
bronchus at total lung capacity (TLC) limits the emptying of the
other lung, and occlusion at residual volume (RV) limits its filling.
We thought that limited emptying and filling due to unilateral
occlusion would be reflected in thoracic dimensions which we stud-
ied by computed tomography in eight healthy subjects aged 19-44
years. Scans were taken at the carinal level in four positions: in max-
imal expiration and inspiration without occlusion, in maximal inspi-
ration when one lung was occluded at RV, and in maximal expira-
tion when the lung was occluded at TLC. The mean expiratory
sagittal diameter of one lung increased from 10 8 cm without occlu-
sion to 12 7 cm when the other lung was occluded at TLC
(p < 0 001). The corresponding area increased from 63 6 to 73-3
cm2 (p < 0 005). The inspiratory sagittal diameter of one lung
decreased from 15 3 cm without occlusion to 13 6 cm when the
other lung was occluded at RV (p < 0-001). The area decreased
from 131 9 to 122 3 cm2 (p < 0 02). The occluded hemithorax was
more impeded than the other, leading to chest wall asymmetry. The
mediastinum shifted towards the occlusion during inspiration and
away from it during expiration. We conclude that impeded move-
ment of one occluded chest half results in limited movement of the
other as well, and that the earlier observed decrease in TLC and
increase in RV during occlusion would have been larger were it not
for compensatory mediastinal shifts.

Should changes in anthropometric variables be taken into
account when analysing longitudinal spirographic data?

DJ CHINN, JE COTES Respiration anid Exercise Laboratory, Department
of Physiological Sciences, University of Newcastle upon Tyne In a
cross sectional study of 624 young shipyard workers of mean age
23 1 (range 17 3-30 5) years, after allowing for age (A), stature
(St), smoking (Sm), and trade (T), the inclusion of % fat (F) and
fat free mass (FFM/St2) somewhat improved the descriptions of
forced expiratory volume (FEV,) and vital capacity (FVC) com-
pared with including body mass index (BMI); the increases in r2
(Ar2) were 4-5% for FEV, and 4-4% for FVC. The measurements
were made by standard methods (Cotes. Lung function. 4th edn.
Oxford: Blackwell, 1979). Longitudinal results over 6 7 years for
316 of these men were analysed similarly. For AFEV, the order of
the respective contribution to r- were ASt, ABMI or AF, then smok-
ing and trade. For AFVC the order was mean age, ASt, and ABMI.
Anthropometric variables did not contribute materially to APEF.
Amongst 181 older men (initial mean age 41 7, range 29 4-47-4
years) the ABMI or AF and AFFMISt2 contributed to the explained
variance in AFEV, (Ar? 13%), AFVC (Ar2 19%), and APEF (Ar2
3%). These effects were independent of those of trade and of con-
tinued smoking. The position of ex-smokers needs to be clarified. It
is concluded that when analysing longitudinal spirographic data,
allowance should be made in young adults for changes in stature
and in all adults for changes in body mass. Fat free mass and % fat,
whilst more informative than BMI in cross sectional studies, appear
not to explain any additional variance when used longitudinally.
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Evaluation of the Vitalograph "Escort" spirometer

N WILTSHIRE, AH KENI)RICK Respiratory Departnient, Bnrstol Royal
Infirmar.y, Bristol The "Escort" spirometer is a lightweight, hand
held, calibratable, battery powered device. Measurements of peak
expiratorv flow (PEF), one second forced expired volume (FEVy)
and forced vital capacity (FVC) are obtained using a Fleisch pneu-
motachograph which is autoclavable. It was calibrated using a 1 litre
syringe. We have compared the performance of this new spirometer
with that of a wedge bellows spirometer (Vitalograph S model) and
a Wright PEF meter. Seventy nine subjects (51 women; age 17-82
years) recruited from hospital staff and patients performed three
technically acceptable FVC manoeuvres on the wedge bellows and
the Escort spirometers and three PEF manoeuvres on the Wright
PEF meter. Measurements were made in the seated position and
without nose clips. The order in which the measurements were
made was randomised. The highest reading for each index was
recorded. The results were analysed using method comparison
analysis (Bland, Altman, Lancet 1986; i:307-10). Differences were
calculated as (Escort reference device). Results are given as mean
(SD: 95% confidence interval). FEV, ranged from 0-6 to 5 4 1, FVC
from 1 15 to 6 2 1, and PEF from 105 to 725 1/min. The mean dif-
ference for the FEV, readings was- 005 (0- 16: - 0 09 to - 0- 16) 1,
for FVC 0 03 (0 30: -0 034 to +0 01) 1, and for PEF 3 1 (57:

9-72 to + 15-95) 1/min. The differences were positively correlated
with the mean reading for PEF (difference = 0- 13, mean -47-8; r =
0-34, F = 10-94, p < 0 05) and FVC (difference = 0-069, mean
-0-20; = 0-27, F = 622, p < 005), but not for FEV,.
Logarithmic transformation of the PEF and FVC data did not over-
come the magnitude effects. The "Escort" spirometer is portable
and easy to use, can be calibrated, compares extremely well with a
wedge bellows spirometer, and yields results of PEF from an FVC
manoeuvre which are comparable to those obtained from the
Wright meter. Its major disadvantage is the lack of graphical display.
Despite this, it can be recommended for use by skilled operators in
outpatient clinics, surgeries and in domiciliary practice.

Comparison of fibreoptic and operative bronchial histology

LP ORMEROD Chest Clinic, Blackburn Royal Infirmary, Blackburn,
Lancashire The results of fibreoptic bronchoscopy (FOB) histolog-
ical tests in the period 1983-90 were analysed. A total of 1056
patients had a normal bronchoscopic test result, no endobronchial
lesion was seen, and no biopsy taken; 80 were referred for thoraco-
tomy. Of these, 55 had resections, but 25 were inoperable. Seven
hundred and eighty nine patients had abnormal findings on bron-
choscopy with 127 (16%) being referred for thoracotomy and 124
having biopsies taken. Of these 67 had resections but 60 were inop-
erable. The results of bronchial biopsy at FOB have been compared
with operative histology from thoracotomy. In 64 patients diagnosed
as squamous carcinoma on FOB histological examination, 60 (94%)
were confirmed at thoracotomy, with a revised diagnosis to large cell
carcinoma in three cases and to adenocarcinoma in one case. Of the
other definite histological diagnoses at FOB, thoracotomy con-
firmed the result in 15/24 (62.5%), the diagnosis being revised to a
different form of carcinoma in eight. Eight patients had untypable
malignancy at FOB biopsy, malignancy being confirmed in seven
and the remaining patient was inoperable (but did not have biopsy
at thoracotomy). Thirty one patients with endobronchial abnormali-
ties had negative biopsies at FOB but confirmed pathology at thora-
cotomy, 25/31 being malignant. Only one patient had negative FOB
histological results, and a negative biopsy at thoracotomy. This
patient was felt to be inoperable; a peripheral lung biopsy at thora-
cotomy was negative but the clinical progression was that of malig-
nant disease. Overall, of 88 definite positive FOB histology reports,
the concordance between FOB and operative histology was 75/88
(85%). In the remaining 13 cases (15%) the difference was in the
cell type of malignancy. FOB histology compared favourably with
operative histology in this unselected series, with no misclassification
which altered clinical management.

Biopsy of intrapulmonary opacities using a "Tru-Cut" needle

A CHAUHAN, PI WOOLFSON, CEG MOORE, JPC SAWYER, P NORBURN, BC
LEAHY Departments of Medicine and Radiology, Trafford General
Hospital, Manchester This study investigated the diagnostic effica-
cy and safety of percutaneous mass lesions. Fifty four histological
specimens were obtained from 32 patients, all of whom had had
preceding normal bronchoscopies. Twenty four of 28 patients with

malignancy were diagnosed by Tru-Cut biopsy (86% sensitivity),
and two patients with benign disease (one tuberculosis, one benign
fibrosis). Of six patients with "negative" Tru-Cut biopsies malig-
nancy was later confirmed in four patients, the lesion being smaller
than 2 cm in three of them. A final diagnosis was not possible in two
patients. The complication rate was 3% (two pneumothoraces not
requiring treatment and one small haemoptysis). Malignant tumour
cell type was predicted from the histology specimen in 96% of
patients and all biopsies were performed under either radiographic
screening, ultrasonographic control, or both, with an 18 gauge
needle. The overall diagnostic accuracy of 86%, complication rate
of 3o, and malignant cell typing in 96% compares very favourably
with rates in published series of cutting and aspiration biopsies
(Mehner et al. Am J Surg 1978;138:151-6; Harrison et al. Thorax
1984;39:493-9; McEvoy et al. Cancer 1983;51:2321-6; Lalli et al.
Radiology 1978;127:35-40) These data also show that non-contribu-
tory histological material should be regarded not as reassuring but
as representing an unsuccessful investigation, provided clinical sus-
picions of malignancy remain. This study suggests that Tru-Cut, if
performed under controlled conditions, can be a safe and diagnosti-
cally rewarding technique.

Early experience with video assisted thoracoscopic lung
biopsy

PS WONG, P GOLDSTRAW, D KAPiAN Royal Brompton National Heart
and Lung Hospital, London In many cases of diffuse lung disease,
high resolution computed tomography (HRCT) has obviated the
need for open lung biopsy. In patients needing histological confir-
mation of the diagnosis, HRCT provides guidance to the site most
likely to yield satisfactory histological material. Six men and three
women of median age 47 (range 37-63) years underwent video
assisted thoracoscopic lung biopsy (VTLB) for localised and diffuse
lung disease. Four patients underwent flexible bronchoscopy and
transbronchial biopsy which failed to provide diagnosis. All patients
underwent HRCT before VTLB. All procedures were performed
under general anaesthesia with double lumen intubation. A 2 cm
stab incision was made over the sixth intercostal space at the mid-
axillary line which allowed the introduction of a thoracoscope for
inspection of the entire hemithorax. A further two operating ports
were than made for manipulation and instrumentation. The site and
number of lung biopsies were determined depending on the macro-
scopic appearance of the area of the lung specified on HRCT.
Biopsy material was sufficient for diagnosis in all patients. All
patients required parenteral opiate analgesia overnight and subse-
quently oral analgesia. Chest drains were removed on the first post-
operative day. Postoperative hospital stay ranged from two to 14
days (median and mode three days). There were no postoperative
complications. One patient required readmission for inadequate
pain control. We conclude that video assisted thoracoscopic lung
biopsy provides full access to the hemithorax through a minimally
invasive route. Coupled with HRCT, VTLB allows biopsy speci-
mens to be taken from representative areas of the lung with high
diagnostic yield.

Videothoracoscopic surgery in the treatment of spontaneous
pneumothorax

DA WALLER, J FORTY, Y YORUK, JH DARK, GN MORRITT Freeman
Hospital, Newcastle upon Tyne We report our initial experience
with a new technique in the treatment of spontaneous pneumotho-
rax which offers the advantages of a minimally invasive approach. In
25 consecutive patients, videothoracoscopic surgery was possible in
24 (18 men, six women) of median age 38 (range 16-83) years. The
surgical indication was recurrent pneumothorax in 15 and persistent
primary pneumothorax in nine; the median duration of air leak was
16 (range 5-28) days. Surgical procedures, performed under video
control via three 1 cm incisions included apical parietal pleurectomy
plus stapled bullectomy in 16, pleurectomy alone in six, and bullec-
tomy alone in two. Median operating time was 53 (range 35-120)
minutes. Median postoperative drainage lasted 48 (range 24-384)
hours, and discharge was at a median of 3-5 (range 2-18) days after
surgery. At current median follow up of 107 (range 34-179) days
three patients have required revisional surgery for recurrent pneu-
mothorax. Videothoracoscopic surgery is an effective treatment of
spontaneous pneumothorax which has advantages over thoracotomy
in terms of reduced postoperative discomfort and shorter hospital
stay.
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Pneumothorax and minimal access thoracic surgery

RG BERRISFORD, RJ DONNELLY, RD PAGE Cardiothoracic Centre,
Liverpool Definitive surgical treatment of spontaneous pneumo-
thorax requires thoracotomy with pleurectomy or pleural abrasion.
Morbidity from thoracotomy is offset by a low recurrence rate.
Minimal access thoracic surgical techniques now offer an alternative
definitive treatment. We describe minimal access techniques used to
treat pneumothorax. Twenty eight patients (19 men, nine women)
of mean age 24 5 (range 14-62) years and mean forced vital capaci-
ty 4-0 (range 17-5 7) 1 referred for surgical treatment of pneumo-
thorax underwent 34 minimal access operations. Thirteen patients
were smokers. Most patients (n = 25) had two or more previous
spontaneous pneumothoraces. Three had single spontaneous pneu-
mothoraces refractory to intercostal tube drainage, two of whom
had cystic fibrosis and one severe rheumatoid disease. Procedures
were: unilateral pleurectomy (n = 21), staggered bilateral pleurec-
tomy (n = 2), simultaneous bilateral pleurectomy (n = 3), bullec-
tomy (n = 1), and suturing of air leak (n = 2). Parietal pleurectomy
(n = 31) was performed under one lung anaesthesia. Three 2 cm
incisions along the sixth intercostal space provided surgical access.
Under videothoracoscopic vision, the parietal pleura was stripped
from the chest wall from apex to diaphragm with long curved artery
forceps. Small bullae were found in seven patients. One to three
applications of the Endo-GIA 30 stapler were used to exclude these
areas of lung. Suture of air leak without pleurectomy (n = 2) was
performed with long needle holders and 4/0 Vicryl; knots were
thrown outside the chest and tied with a knot pusher. Bullectomy
alone (n = 1) was performed with three applications of the Endo-
GIA 30. Median operating time was 75 (IQR 55-90, range 45-160)
minutes. Apical and basal drains were inserted through two of the
incisions at the end of the procedure. All basal drains were removed
on the first postoperative day. Postoperative blood loss was 0-350
ml. All apical drains were removed on the second day except two
which drained air for two and nine days. One patient required open
thoracotomy for prolonged air leak and one patient required
drainage for three months for a coexisting empyema. Median hospi-
tal stay was four (IQR 3-5, range 2-22) days. Follow up (0-12
months) revealed one recurrent pneumothorax requiring intercostal
drainage.

Video assisted thoracoscopic treatment of spontaneous
pneumothorax

YM LEE, P KALLIS, ER TOWNSEND, SW FOUNTAIN Department of
Thoracic Surgery, Harefield Hospital, Middlesex Video assisted
thoracoscopic surgery has enabled a number of procedures formerly
requiring open thoracotomy to be treated by minimally invasive
means. Recurrence rates after treatment of spontaneous pneumo-
thorax range from less than 1% after open operation to 39% after
blind or thoracoscopic pleurodesis. We describe a technique, which,
in the short term, appears to combine the advantages of both
methods. Ten patients, all male, with a mean age of 30 5 years were
admitted for surgical treatment of recurrent or persistent sponta-
neous pneumothorax. Under general anaesthesia with double lumen
tube endotracheal intubation, telescopic inspection of the lung was
carried out through a 1 cm stab incision. With the use of two further
stab incisions, blebs or areas of scarring were grasped, stapled and
excised. Tetracycline, 1/g dissolved in 20 ml 1% lignocaine, was
then instilled into the pleural cavity under direct vision as a fine
spray. There were no complications. All patients were discharged
with fully inflated lungs. Postoperative stay ranged from two to
seven (mean 3 8) days. No postoperative opiate analgesia was used
in two patients and in all others the requirement was substantially
less than following open operation. There have been no recurrences
(mean follow up, 9-8 weeks). This early experience shows that video
assisted thoracoscopic surgery can be used safely and successfully to
treat simple pneumothorax and, if long term follow up confirms
these results, it should become the treatment of choice, particularly
in young patients.

Synchronous primary lung cancers: prevalence in surgical
material and clinical implications

FA CAREY, SC DONNELLY, WS WALKER, EWJ CAMERON, D LAMB

Departments of Pathology, Respiratory Medicine and Thoracic Surgery,
University of Edinburgh, Edinburgh The prevalence of synchronous
primary lung neoplasms in surgical resection specimens was
assessed for the years 1979-85. Synchronous tumours were defined

by the presence of more than one tumour mass in the lung; by dif-
ferences in histological subtype; by having separate bronchial origins
or by differences in flow cytometric DNA stemlines, or both.
Nineteen (2%) of 1029 patients presenting for surgical resection in
the study period were found to have more than one primary lung
cancer. These patients did not differ in age, sex, or smoking history
from the general population presenting for surgery for lung cancer.
The overall prognosis was poor (mean survival 27 months) but was
significantly better for patients with synchronous squamous carcino-
mas (mean survival 49 months; p < 0 01). We conclude that the
detection of synchronous primary carcinomas in patients presenting
for surgery for lung cancer is associated with a poor prognosis,
except in those cases having tumours only of squamous histology.

Evaluation of extrathoracic metastatic disease in potentially
resectable non-small cell bronchogenic carcinoma: implica-
tions for staging

ILN GOMERSALL, KA DUNCAN, J WEIR, J CAIRNS, RR JEFFREY Aberdeen
Royal Infirmary, Aberdeen The detection of extrathoracic disease is
an important part of the staging process of non-small cell carcino-
ma. There has been much debate about whether imaging should be
performed routinely or restricted to patients with clinical or labora-
tory indicators of metastases. The purpose of this study was to
examine the clinical and financial consequences of a routine
radionuclide bone scan (RBS), abdominal ultrasonography, and
computed tomography (CT) of the brain with contrast. In a retro-

spective study of 1063 consecutive patients with bronchogenic car-

cinoma, after initial assessment by clinical examination, chest CT
and bronchoscopy, 337 patients with potentially operable non-small
cell carcinoma were identified. RBS showed skeletal involvement in
12-8%, abdominal ultrasonography revealed liver metastases in
4-2%, and CT of the brain revealed brain metastases in 6-3%.
These staging results were validated with follow up data over at least
two years. A comparison of screening results with clinical or labora-
tory indicators was performed. The presence of bone or neurologi-
cal symptoms significantly increased the chance of extrathoracic
spread, unlike the presence of abnormal liver function tests.

Unsuspected metastatic disease in asymptomatic patients was iden-
tified by all three imaging modalities. This suggests that to reliably
avoid thoracotomies in patients with extrathoracic spread routine
screening should be performed, but this approach implies consider-
able financial expense. An economic evaluation revealed that a

routine RBS is financially attractive, and abdominal ultrasonogra-
phy is financially balanced. Routine brain CT is not financially indi-
cated in asymptomatic patients.

Endoscopic carbon dioxide (CO,) laser resection in the treat-
ment of inoperable tracheobronchial obstruction

DA WALR, A GOWER, Y YORUK, GN MORRiTT Freeman Hospital,
Newcastle upon Tyne Between March 1984 and December 1991
152 patients (92 men, 60 women, mean age 63 years) underwent
290 procedures involving CO, laser resection of an obstructing
tracheobronchial lesion. Presenting symptoms included dyspnoea in
80%, stridor in 40%, and haemoptysis in 30%. In 143 patients there
was an inoperable tracheobronchial tumour whilst in the other nine
there was a benign stenosis. The site of the treated lesion included
83 in a main bronchus, 13 in a lobar bronchus, 50 in the trachea
(14 upper, 36 lower), and 11 at the carina. All resections were per-
formed under general anaesthesia with a rigid bronchoscope.
Subjective improvement was obtained in 85% on bronchoscopic
assessment and 89% of patients reported symptomatic improve-
ment. Postoperative pulmonary function testing in 103 patients
showed an overall improvement of 30% in forced expiratory volume
in one second (FEVy), 6% in forced vital capacity (FVC), and 22%
in peak expiratory flow rate (PEF). There was no operative mortali-
ty; three patients died within 24 hours of surgery and the 30 day
mortality rate was 18%. Complications included major haemor-
rhage in five, bronchial perforation in two, and postoperative respi-
ratory distress requiring mechanical ventilation in five. At a mean
follow up of 18-3 months the mean overall postoperative survival
from all malignant lesions was 8-6 months; in patients receiving
postoperative external beam radiotherapy it was 14 months and in
those receiving no adjuvant therapy 4-7 months. CO2 laser resection
is a safe, effective palliation of tracheobronchial obstruction and
compares favourably with other modalities. Adjuvant radiotherapy is
beneficial.
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Preoperative exercise testing for predicting morbidity after
lung resection

MARIE GUIDON, MICHELE LONG, SHANE O'NEILL Departments of
Physiotherapy and Respiratory Medicine, Beaumont Hospital, Dublin 9
Patient selection criteria for thoracotomy remain controversial in the
face of an operative mortality of 2-7%. This study sought to deter-
mine the value of preoperative exercise testing in identifying patients
at risk for postoperative cardiopulmonary complications in compari-
son with other commonly used parameters such as spirometric val-
ues and single breath transfer factor for carbon monoxide (TLcO).
Thirty one patients undergoing thoracotomy had standard resting
pulmonary function studies and an incremental treadmill based
exercise test to their maximal oxygen uptake (Vo2max) or symp-
tom limited maximal level. Cardiopulmonary complications (within
30 days postoperatively) developed in 11 patients (lobar atelectasis
1, pneumonia 7, cardiac arrhythmia 6), including one who died
(persistent bronchopleural fistula and respiratory failure). There was
a significant difference (p < 0 05) between the group of patients
experiencing complications and the uncomplicated group for % pre-
dicted TLCO (56-4 (14) v 69-7 (16)) and Vo2max (21-8 (4) v 24-8
(3) ml/kg/min). There were no significant differences between the
groups in other functional parameters, including FEV, (2-08 (58) 1
(72-4 (14)% pred) v 2-15 (0-51) 1 (79 3 (15)%)). It is concluded
that TLcO and Vo,max are comparable predictors for morbidity
after lung resection. The results of this study fail to substantiate the
need for exercise testing in the preoperative evaluation of patients
undergoing thoracotomy.

Gastrostomy feeding in cystic fibrosis patients with severe
lung disease

S POOLE, M LOMBARD, AE GIMSON, M HODSON, D WESTABY Royal
Brompton National Heart and Lung Hospital, Charing Cross Hospital,
and King's College Hospital, London Malnutrition is a very common
problem in cystic fibrosis and many patients with severe lung dis-
ease cannot achieve an adequate oral energy intake to match
increased requirements. For these patients supplementary feeding is
necessary. In our experience with severely ill cystic fibrosis patients,
some of whom are awaiting heart-lung transplantation, nasogastric
feeding has not been well tolerated for long term nutritional support
so a gastrostomy tube inserted percutaneously under endoscopic
control, under local anaesthesia, was our chosen route of adminis-
tration. Twenty eight cystic fibrosis patients, 18 female and 10
male, mean age 22-8 years, had a gastrostomy tube inserted for noc-
tumal feeds. All patients were malnourished with BMI below 18
and had severe lung disease (FEV, 21% predicted, FVC 33% pre-
dicted). Fifteen patients had been accepted on to the programme
for heart-lung transplantation and an improvement in nutritional
status prior to surgery was essential. All patients were monitored for
weight gain and change in lung function. Twenty four patients
requiring pancreatic enzyme supplementation received an elemental
preparation. The four patients who did not have malabsorption
received a whole protein feed of a maximum volume of 1000 ml
providing 1-5-2-0 kcal/ml, depending on individual patient toler-
ance. The results are presented on 18 patients who have received
gastrostomy feeds for at least six months. All patients gained
weight-6-29 (0-6-10-8) kg (n = 18) at six months and 6-81 (1-6-
12-0) kg (n = 1 1) at 12 months. There was no significant change in
lung function. Gastrostomy feeding is well tolerated and acceptable
for long term use in cystic fibrosis patients with severe lung disease.

Outcome of pregnancy in cystic fibrosis

FP EDENBOROUGH, DL SMITH, DE STABLEFORTH Adult Cystic
Fibrosis Unit, East Birmingham Hospital, Birmingham With many
cystic fibrosis patients surviving into adulthood, pregnancy is now
becoming an important management issue. Early experience was of
high matemal and perinatal morbidity and mortality (Cohen et al.
Ann Intern Med 1983;99:596). More recently pregnancy has been
shown to be well tolerated in selected patients (Canny et al. Obstet
Gynecol 1991;77:850). We have reviewed the outcome of six preg-
nancies in five patients of mean age 21 (range 15-25) years by retro-
spective review of medical and obstetric notes over the past 10
years. In five pregnancies in four patients lung function retumed
towards pre-pregnant values within one year of delivery (%FEV,, 87
(73-98), %FVC 96 (84-100). In a fifth patient, with the worst initial
lung function (%FEV,, 63, %FVC 79), successful delivery was fol-
lowed by clinical deterioration and death three months later. All six

mothers had pancreatic insufficiency. Three were chronically
colonised with Pseudomonas aeruginosa. Four pregnancies were
planned and all mothers received counselling but declined prenatal
diagnosis. All pregnancies were carried successfully to term (39 (36-
42) weeks) producing live healthy infants (three female) of mean
birth weight 3-2 (2 5-4 0) kg, all with Apgar scores of 10 at 5 min-
utes. None of the infants had a positive sweat test response and all
remain well, the oldest now being 10 years. In our small series of
patients with good lung function, pregnancy was well tolerated and
resulted in no clinical deterioration. Details of best clinical status of
surviving mothers during the year before and after delivery are
shown in the table below.

Before After

% predicted FEV, 87 (73-98) 78 (68-91)
% predicted FVC 96 (84-108) 93 (73-104)
% IBW 96 (90-107) 98 (82-118)

Mucociliary clearance and potential difference: effects of
amiloride on the nose

PG MIDDLETON, EWFW ALTON, DM GEDDES Ion Transport
Laboratory, National Heart and Lung Institute, London Nebulised
amiloride has previously been shown to improve pulmonary
mucociliary clearance and lessen lung function decline in some
patients with cystic fibrosis (N Engl J7 Med 1990;322:1189). More
recently, however, it has been shown (Thorax, in press) that the
addition of amiloride to conventional therapy does not improve
either mucociliary clearance or lessen lung function decline in cystic
fibrosis patients. We therefore investigated whether amiloride could
improve mucociliary clearance in the nose, which has physiological
and histological similarities to the tracheal and bronchial epi-
thelium, but is less affected by mucopurulent secretions. Nasal
mucociliary clearance was measured in 12 normal and 12 cystic
fibrosis subjects using the saccharin clearance time (SCT). In the
normal subjects baseline tests performed on two successive days
showed times of 568 and 627 seconds (p = NS). Repeat tests fol-
lowing either amiloride (1 mM in saline) or diluent (saline) showed
significant decreases to 466 and 458 seconds respectively, but there
was no difference between the two nebulised agents. In the cystic
fibrosis subjects SCT after saline was 959 and after amiloride was
786 seconds (p = NS). SCT was significantly (p < 0 01) slower
after saline in the cystic fibrosis subjects compared with normals. To
confirm drug delivery we measured nasal potential difference (PD)
following a single nebulisation of amiloride or diluent in eight of the
cystic fibrosis subjects. PD dropped from -46-3 to - 19-2 mV at 5
minutes (p < 0 001), slowly increasing (more negative) over the
next hour to -38-5 mV at 60 minutes (p < 0 01). In conclusion,
saline significantly increases mucociliary clearance in the normal
subjects; despite evidence of adequate deposition, amiloride does
not appear to affect mucociliary clearance more than saline in either
CF or normal subjects.

Effects of acute administration of nebulised amiloride on
pulmonary mucociliary clearance in patients with cystic
fibrosis

A GRAHAM, C PAGE, SHL THOMAS, EWFW ALTON, M O'DOHERTY, DM
GEDDES Royal Brompton National Heart and Lung Hospital and St
Thomas's Hospital, London Airway epithelial sodium absorption is
elevated 2-3 fold in cystic fibrosis. Inhibition of sodium absorption
using the sodium channel blocker amiloride may increase the depth
of the airway surface liquid and therefore improve mucociliary clear-
ance (MCC) in cystic fibrosis. In this study the effects of a single
dose of nebulised amiloride on MCC have been compared with the
effects of placebo. Pulmonary MCC was studied by measuring the
clearance of inhaled 99Tc labelled human serum albumin (HSA) at
one minute intervals over a two hour period. A further scan was per-
formed 24 hours later to estimate alveolar deposition. MCC scans
were performed on two occasions one week apart. Amiloride 4-5 ml
(3-8 mM in 0-13% sodium chloride solution) or placebo (0-13%
sodium chloride solution) was administered using an ultrasonic neb-
uliser immediately prior to inhalation of radioaerosol on each occa-
sion. The solution used was allocated in random order on a double
blind basis. Seven clinically stable male patients with cystic fibrosis
volunteered for the study. Mean (SE) age was 21-6 (10) years,
forced expiratory volume in one second (FEV,) 45% (9%) of pre-
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dicted and forced vital capacity (FVC) 63% (11%) of predicted.
Initial radioaerosol deposition (penetration index) and percentage
alveolar deposition were not different between the amiloride and
placebo studies. No significant difference was found between the
two studies in the percentage tracheobronchial clearance of
radioaerosol at any time point during the two hour period. Thus no
improvement in pulmonary MCC following nebulised amiloride
was detected.

Effect of cyclic AMP on slowing of human ciliary beat by the
Pseudomonas aeruginosa toxins pyocyanin, rhamnolipid and
1-hydroxyphenazine

K KANTHAKUMAR, DR CUNDELL, K TSANG, GW TAYLOR, PJ COLE, R
WILSON Host Defence Unit, Royal Brompton National Heart and
Lung Institute and Department of Clinical Pharmacology, Royal
Postgraduate Medical School, London Pyocyanin (Pyo), 1-hydroxy-
phenazine (1-HP), and rhamnolipid (RL) are toxins produced by
Pseudomonas aeruginosa which slow human ciliary beat and slow tra-
cheal mucus transport in guinea pig in vivo. Pyo is a redox com-
pound which can generate free radicals, 1-HP is a mitochondrial
poison, and RL is a haemolysin. We have investigated the effect of
Pyo, 1-HP, and RL on intracellular ATP levels, and the influence of
the cyclic AMP analogue dibutyryl cAMP on toxin induced slowing
of ciliary beat frequency (CBF). Human nasal epithelium was
obtained by direct brushing of the inferior nasal turbinate and CBF
was measured using a photometric technique. Levels of intracellular
ATP were measured by a quantitative spectrophotometric kit.
Treatment of epithelium with dibutyryl cAMP alone had no effect
on CBF or intracellular ATP levels (table). We conclude that the
three pseudomonas ciliotoxins reduce intracellular ATP. Dibutyryl
cAMP protects against toxin mediated CBF slowing and fall in
intracellular ATP. Pseudomonas ciliotoxins may act via a common
cAMP dependent pathway, or cAMP may protect cells against their
effects by an indirect mechanism.

% decrease %ofall of % decrease
% slowing in toxin intra- in toxin

Toxin ofCBF at effect CBF cellular effect ATP
concentration 4 h cf by dibutyryl ATP at 2 h by dibutyryl
( ig/ml) control cAMP cf control cAMP

Pyo (20) 58 (4-3) 84* (5-1) 62 (4 2) 47* (I 1-2)
RL (100) 44 (5 6) 36* (4 2) 88 (2 5) 32* (7-6)
1-HP (20) 22 (2-7) 43* (6-8) 72 (3 0) 34* (5-2)

Results are mean (n = 6) (SE). *p < 0 05.

Pyocyanin from Pseudomonas aeruginosa reduces mucus
transport in an isolated bovine trachea preparation

PJ WILLS, K KAMTHAKUMAR, PJ COLE, R WILSON Host Defence Unit,
Royal Brompton National Heart and Lung Institute, London Pyocyanin
is a phenazine pigment which is present in the sputum of patients
colonised by Pseudomonas aeruginosa. We have previously shown
that pyocyanin perturbs human respiratory epithelium in vitro and
slows tracheal mucus transport in the guinea pig in vivo. In order to
test the efficacy of pharmacological agents that inhibit pyocyanin
slowing of ciliary beat in vitro, we have developed a bovine tracheal
organ culture model to measure mucociliary transport in vitro.
Bovine tracheas were obtained within one hour of death and dissect-
ed into portions 8 x 3 cm. Tissue was kept in phosphate buffered
saline (PBS), pH 7 0, with antibiotic/antimycotic solution at 4'C
until the experiment was commenced. The tracheal preparations
retained the ability to transport applied mucus at rates of 10-30
mm/min for several days. Mucus velocity was measured in a humid-
ified chamber at 37'C by making six successive measurements of the
distance travelled by 5 ,ul of mucus (overlaid by a 1 mm piece of alu-
minium foil) from a distance of 1 cm from the cut (distal) end.
Tracheal preparations were washed in PBS and incubated at 37'C
in either PBS alone or PBS containing 100 pg/ml pyocyanin (n = 6).
Measurements of mucociliary transport were made at 2, 4, 6, and
8 h. Transport of mucus by control tracheas in PBS was unchanged
during the eight hour experiment. In contrast, mucus transport in
the preparations incubated with pyocyanin slowed mucus velocity
by 12-5% (7 5%) (2 h), 23-3% (7 0%) (4 h), 60-6% (3 7%) (6 h),
and 63% (4-1%) (8 h) compared with control values at those time
points. We conclude that pyocyanin slows mucociliary transport in

this novel bovine trachea model and the effect of pharmacological
agents on this effect can now be tested.

Effects of erythromycin on the production of chemo-
attractants by Pseudomonas aeruginosa culture filtrates

DR CUNDELL, E TANAKA, KWT TSANG, F KUZE, PJ COLE, R WILSON
Host Defence Unit, Royal Brompton National Heart and Lung Institute,
London, and Department of Infection and Inflammation, Chest Disease
Research Institute, Kyoto University, J7apan Pseudomonas aeruginosa
(PA) infections are associated with an exuberant chronic inflamma-
tory response of neutrophils attracted into the lung by both endoge-
nous and bacterial derived chemotactic factors. Release of protein-
ase enzymes and toxic oxygen radicals are thought to be involved in
pathogenesis of lung damage in these patients. Although ery-
thromycin (E) does not have antibacterial activity against PA it has
been suggested that its long term use in chronic bronchial sepsis
may be beneficial. We investigated the effect of E on PA production
of chemotactic factors. PA was cultured in medium 199 in the pres-
ence or absence of 0 5 or 5-0 lug E/ml and samples removed at 18,
24, 36, and 48 h. These were centrifuged and filtered (0-2 ,um) to
produce bacteria free culture filtrates. Neutrophil attractant activity
was assessed, using the modified Boyden technique, in response to
1:10 and 1:100 dilutions of the culture filtrates in Hanks' balanced
salt solution (HBSS) buffered with 30 mM HEPES to pH 7-4.
Results were expressed as a percentage of those occurring in
response to the chemotactic factor N-formyl-methionyl-leucyl-
phenylalanine (FMLP; 10 I M). PA was found to produce
chemoattractant activity that increased with time from 18
(17-1% (0 95%)) to 48 h (99-6% (2 6%)), and showed maximal
effect at a 1:10 dilution. This activity was significantly inhibited at
24, 36 and 48 h by both 0 5 and 5 0 pg/ml of E (p < 0 05) (% fall in
activity at 24 h: 30 9 (2-9) and 21 7 (3-6); 36 h: 34-7 (4 7) and 19 6
(3-9); 48 h: 49-2 (1-3) and 44-1 (4-9) respectively). Treatment with
erythromycin may reduce neutrophil mediated tissue damage during
PA infection by inhibiting the generation of neutrophil attractant
factors.

Effects of erythromycin on production of factors by
Pseudomonas aeruginosa that are toxic to epithelium

E TANAKA, K KANTHAKUMAR, KWT TSANG, F KUZE, PJ COLE, R WIL-
SON Host Defence Unit, Royal Brompton National Heart and Lung
Institute, London, and Department of Infection and Inflammation, Chest
Disease Research Institute, Kyoto University, Jtapan The lungs of
patients with cystic fibrosis and bronchiectasis are frequently
colonised by Pseudomonas aeruginosa (PA). Previous clinical studies
have suggested that, although erythromycin (E) has no antibacterial
activity against PA, long term treatment with this antibiotic may be
beneficial. We have studied the effects of filtrates (0-2 lim) obtained
by culture of PA in medium 199 for 24 h with or without E on
human nasal epithelium. Ciliary beat frequency (CBF) was mea-
sured and epithelium structure assessed at 10 sites at one hour
intervals for four hours. Five sealed microscope coverslip slide
preparations were constructed for each experiment (n = 6): medium
199 alone (control), PA culture filtrate, filtrates of PA cultured with
0 5, 5, and 20 mg/l (four doses of 5 mg/l given over 24 h) of E.
Culture filtrates of PA slowed CBF to 40-8% of controls at 4 h;
epithelial disruption and ciliary dyskinesia were observed at 3 h. E
(0-5 mg/I) did not protect against slowing of CBF or epithelial dis-
ruption. E (5 mg/I) reduced slowing of CBF by 17% (p < 0-05) and
reduced the number of sites with epithelial disruption by 33-4%
(p < 0-05). E at 20 mg/l given in four pulses of 5 mg/l reduced slow-
ing by 31 2% (p < 0 05) and protected against the cytotoxicity by
30 0% (p < 0-05). E (20 mg/l) alone had no effect on CBF and did
not cause epithelial disruption. Addition of E 20 mg/l to culture fil-
trates obtained with no antibiotics did not reduce CBF slowing or
epithelial disruption. We conclude that clinically relevant concentra-
tions of erythromycin reduce production of factors toxic to epi-
thelium by PA. These findings may be clinically relevant.

Interaction of Haemophilus influenzae with human respira-
tory mucosa in an organ culture model with an air mucosal
interphase

KWT TSANG, A RUTMAN, K KANTHAKUMAR, DR CL'NDEIL, PJ COLE, R
WILSON Host Defence Unit, Royal Bromlpton National Heart and
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Lung Institute, London Non-typable Haemophilus influenzae
(NTHi) is a common respiratory pathogen. Previous studies of
NTHi interactions with the respiratory mucosa have been per-
formed with tissue immersed in liquid medium containing bacteria,
and were therefore not physiological. We have developed a new
organ culture model with an air mucosal interphase. Well ciliated
adenoid tissue was dissected into 3 x 3 mm' squares and placed on
a strip of filter paper that had both of its ends immersed in minimal
essential medium. The mucosal surface was inoculated with
3.8 (2 3) x 104 NTHi and incubated at 37'C with 5%
CO, in a humidified atmosphere for 24 hours. Organ cultures were
fixed for transmission and scanning electron microscopy (TEM,
SEM) assessment. TEM (n = 6) showed the infected organ cultures
had mild but significant mucosal damage (p < 0 05) compared with
control uninfected tissue. SEM cultures (n = 6) were analysed by a
morphometric technique. This showed that NTHi was associated
with mucus (50-4 (4-5)o of area), extruded cells and cell debris
(44 8 (110)>o) and unciliated epithelium (51-0 (11-9)%) rather
than ciliated epithelium (13-3 (2-7)o). Bacterial clusters associated
with ciliated epithelium were located at the ciliary tips (81%) or the
ciliary base (19%) but not the ciliary shaft. In unciliated epithelium
bacterial clusters were associated with the peripheral regions (94%)
more frequently than the central regions (8%) of cells. Individual
bacteria were found to be in direct contact to form clusters. Single
bacteria were uncommon. We conclude that NTHi infection of this
novel organ culture shows a preferential association of NTHi to
mucus, unciliated cells, and cell debris.

Ciliary disorientation: a possible variant of primary ciliary
dyskinesia

A RUTMAN, P CULLINAN, M WOODHEAD, PJ COLE, R WILSON Host
Defence Unit, Royal Brompton National Heart and Lung Institute,
London Patients with primary ciliary dyskinesia (PCD) classically
have situs inversus, chronic sinusitis and bronchiectasis. The diag-
nosis is usually confirmed by observing abnormal ciliary movement,
slowed ciliary beat frequency (CBF), and associated ultrastructural
abnormalities of the ciliary axoneme. Very recently a possible vari-
ant of PCD (N EnglJI Med 1990;323:1681) was described in which
the CBF was a little slower than the normal range but the main
abnormal finding was random ciliary orientation. We report two
cases (1M, IF; 13 and 37 y) who presented with the clinical fea-
tures of PCD and absent nasal mucociliary clearance, in whom
repeated biopsies of the nasal epithelium showed normal CBF, and
normal ciliarv ultrastructure by transmission electron microscopy
(TEM). Ciliary orientation was examined by TEM using an
Improvision image analysis system running on an Apple Mackintosh
II-fx computer. Areas were chosen with a minimum of 10 cross sec-
tions of cilia originating from a single cell, in which the central pairs
of tubules could clearly be seen. For comparison, cilia were exam-
ined in 82 cells taken from 10 healthy individuals. In the 10 controls
the angles of ciliary orientations within each cell were less widely
dispersed than in the two patients; the mean standard deviation of
the angles in 82 normal cells was 10-44' (95% confidence interval
9 99-10-89'), whereas in 18 cells of the first subject was 22 27'
(18 64-25 90°) and in 20 cells in the second subject was 21 92'. We
propose that cilia can be structurally normal bv TEM and have a
normal CBF but at the same time lack efficacy because the direction
of their beating is disorientated.

Inhibition of the respiratory burst of neutrophils by
Streptococcus pneumoniae: role of pneumolysin

FE I'ERRY, CJ ELSON, TJ MITCHEILL, JR CAETERAI-L Department of
Pathology and Microbiology, Bristol University; Respiratory Department,
Bristol Royal Infirniary; and Department of Microbiology, University of
Leicester Previous work in our laboratories has shown that S pneu-
nloniae inhibit both spontaneous superoxide production by neutro-
phils and that stimulated by phorbol myristate acetate (PMA; Perry
et al. Thorax 1991;46:743P). Pneumolysin is a toxin produced by
the pneumococcus which has a variety of effects on host cells,
including inhibition of the neutrophil respiratory burst. We have
therefore investigated the role of pneumolysin in the inhibition we
have observed. Two approaches were undertaken. First, the ability
of S pneumionhiae lacking a functional pneumolysin gene to inhibit
PMA stimulated superoxide production was investigated. Log phase
pneumolysin negative (ply-) S pneunmoniae was able to inhibit super-

oxide (0, ) production (neutrophils + PMA 3-34 (0-24) nmol
0o /90 min, neutrophils + PMA + ply- S pneumoniae 2 63 (0 32)
nmol, p < 0 05 n = 3), as were their autolysis phase supernatants
(neutrophils + PMA 4-44 (0 37) nmol 02 , neutrophils + PMA +
ply- supe. 3-32 (0-32) nmol, p < 0 05, n = 4). Second, the effect of
pneumolysin immune rabbit serum on the inhibitory activity of type
1 and type 14 S pneumoniae was assessed. Log phase type 1 or type
14 S pneumoniae or autolysis phase supernatants were incubated for
one hour either alone, with 1:100 normal rabbit serum (NRS), or
with 1: 100 pneumolysin immune serum (PnIS) before use.
Pneumolysin immune serum did not significantly reduce the inhibi-
tion caused by log phase S pneumoniae neutrophils + PMA 3 13
(0-06) nmol 02 /90 min, neutrophils + PMA + S pneumoniae 2-62
(0 16) nmol, neutrophils + PMA + S pneumoniae + NRS 2-84
(0 14), neutrophils + PMA + S pneumoniae + PnIS 2 80 (0 20)
nmol, n = 4). Similarly, PnIS did not abrogate the inhibition caused
by autolysis phase supematants (neutrophils + PMA 4 09 (0-81)
nmol 02 190 min, neutrophils + PMA + supernatant 3 04 (0 88),
neutrophils + PMA + supematant + NRS 3 00 (0 77), neutrophils
+ PMA + supematant + PnIS 3-10 (0-71) nmol, n = 4). These
results show that the inhibitory activity that we have reported for
type 1 and type 14 S pneumoniae is not attributable to pneumolysin
and that S pneumoniae produces an inhibitory factor other than
pneumolysin.

Hyperimmunoglobulinaemia E syndrome (HIE) treated with
growth colony stimulating factor (G-CSF)

MK HARRIS, DS KUMARARATNE, D HONEYBOURNE Thoracic Medicine,
Dudley Road Hospital, Birmingham HIE consists of recurrent bac-
terial infections of the skin and sinopulmonary tract, chronic
eczema, and a serum IgE above 2000 kU/l. Sweat test responses are
normal but neutrophil chemotaxis is impaired. Our patient, a 23
year old male, had since childhood had recurrent ear and chest
infections with admissions for staphylococcal, pneumococcal (Pn)
and haemophilus (Ha) pneumonia complicated by abscess forma-
tion and cystic bronchiectasis. Testing has revealed normal lympho-
cyte markers and neutrophil oxidative function, but poor neutrophil
chemotaxis and functional antibody deficiency for Pn/Ha antigens.
Despite pooled human replacement immunoglobulin, long term
H, blockade and antibiotic prophylaxis, recurrent infection with
progressive symptomatic lung damage occurred. To reduce infective
exacerbations, we attempted further immunomodulation with daily,
self administered G-CSF in our patient with this syndrome and test-
ed his neutrophil function before and during treatment. G-CSF
stimulates mature neutrophil function and their production.
Treatment at 033ig/kg/day induced a rise from 14-7 to 26-1 in the
NP count three weeks after start of treatment when the neutrophil
function was retested (table below). During six months prior to G-
CSF the patient was hospitalised 72 days; the treatment of the last
six months has resulted in just 10 days, although this may have been
effected partly by seasonal variation. Despite a lack of improvement
in neutrophil chemotaxis, stimulation of mature neutrophil oxida-
tion over the last six months was associated with a reduction in
infective exacerbations.

% Control

Before After Corrected

Chemilum- Luminol 86 987 556
inescence Luminol+PMA 2142 6096 3433
oxidation Lucigenin 110 13862 7807

Lucigenin+PMA 855 3588 2021

Polarisation No stimulus 49 86
chemotaxis 1 10 control 67 64

1/10 patient 64 63
10 FMLP 70 69

Trends in consultations and prescriptions for obstructive air-
ways disease in the Netherlands

AIMJ WEVER, J WEVER-HESS Department of Respiratory Medicine, Red
Cross Hospital, The Hague, The Netherlands Previous statistics from
The Netherlands showed that in the 1980s the greatest problem for
asthma occurred in the age group 0-4 y (increase in hospital admis-
sions) and for chronic obstructive lung disease (COPD) in the
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>65 v age group (increase in mortality and hospital admissions).
For the purpose of this study the Institute of Medical Statistics, the
Hague, provided national data on consultations and prescriptions in
those having ambulatory care for asthma and COPD combined bv
age group (0-4, 5-39, 40-64, and > 65 v) and doctor's category (GP
and specialist (SP)) over the period 1981-90. The consultations
were subdivided into first and repeat (1981: GP 42'%, 58o; SP
Iho,, 89%o). The prescriptions were subdivided into (A) fi.
agonists, anticholinergics, ketotifen, xanthines, cromoglvcate,
inhaled steroids, oral steroids; (B) antibiotics; and (C) the remain-
der (1981 A, B, and C: GP 25%, 34%0, and 41°/; SP 66%, 5%, and
28o). Age specific rates 1000 persons/year were calculated. The
rates for first consultations remained steadv in all age groups, point-
ing to a stable incidence of obstructive airways disease in the last
decade. Rates for repeat consultations showed an increase in the
0-4 v age group (GP: +350%, SP: +82%o) and a decrease in the 40-
64 v age group (GP: - 27'%, SP: - 20%). Prescription rates rose for
fi agonists as well as for anticholinergics in most age groups and a
substantial increase occurred for inhaled steroids in all age groups.
These trends, in particular occurring in the 0-4 v and > 65 y age
groups, were for the GP counterbalanced bv decreasing trends in
the prescriptions of xanthines and the remainder, pointing to a shift
towards a more rational treatment by the GP. For the SP, however,
thev resulted in a concurrent increase in total prescription rate
(overall: +47'S). In addition, the ratio of prescription rate to consul-
tation rate also increased in all age groups, not only for the anti-
inflammatorv drugs but also for the bronchodilators. Overall ratios
are given in the table below. In conclusion, these data point to a
stable incidence and an improvement in care. Together with the
previous findings on mortality and hospital admissions thev also
suggest an increase in morbidity from obstructive airways disease in
the Netherlands, especially in the voung and the old.

Anti-intflannatorv drugs Bronchodilators

1981 1990 1981 1990

GP 0 06 0 17 0 27 0-34
SP 0 30 0 55 0 54 0-83

Cigarette smoking and the susceptibility to microscopic
emphysema

Ml GIt.I.OOLY, D LAM\1B Departnment of Pathology, University of
Edinbuirgh Aledical School, Editnbuirgh Pulmonarv emphysema
involves the abnormal enlargement of airspaces distal to the termi-
nal bronchiole. Airspace size can be assessed indirectly by measur-

ing the airspace wall surface area per unit volume of lung tissue
(AWUV). In a recent study of 38 lifelong non-smokers, we estab-
lished the limits of normality of AWIUV with advancing age using
the 95% prediction limits for the AWUV/age relationship (Gillooly,
Lamb. Thorax 1993;48:in press). The aims of this study were to
examine the AWUV/age relationship in smokers, and to assess the
effects of daily cigarette consumption on the incidence of micro-
scopic emphysema. AWUV (mm/mm') was measured on tissue
sections from 125 lung specimens obtained from smoking subjects
(95 males, 30 females; age range 33-85 y; mean age 61-1 y).
AWIUV was measured with the fast interval processor (FIP) auto-
mated scanning system (Gillooly et al. 7 Clitn Pathol

1991;44:1007-1). The mean AWUV was calculated for each speci-
men and plotted against the subject's age. AWUV values below the
limits of normalitv were considered to represent microscopically
assessed emphysema (MAE). The number of cigarettes smoked
each day were documented for 97 of the smokers, and these were

divided into three subgroups (1 = 1-19 cigslday; 2 = 20-29
cigs/day; 3 = 30+ cigs/day). Mean AWUV decreased with advancing
age, but only 26% of the smokers had MAE. Of the smokers with
AWUV within the normal range, the AWUVWage relationship was

similar to that found previouslv in non-smokers (NS:
AWUV = 23-1-0-09 AGE); S: AWUV = 22-9-0-096 AGE). Thus
AW'UV values did not tend to be towards the lower limit of normal-
ity in these cases. Neither the incidence nor the severity of MAE
were increased with increased daily cigarette consumption. We con-

clude that a proportion of smokers develop MAE, and the remain-
der appear not to be susceptible to this pattern of emphvsema,
regardless of the number of cigarettes smoked daily.

Collateral ventilation in emphysema

NW ,MORREL.L,T1 BIGGS, WXA SEEID Departmzenit of Aledicinie, Charizng
Cross anid Westmihnister Medical School, Lonidon Resistance to collater-
al flow of gas is high in the normal lung but may be lower in emphy-
sema. However, the contribution of collateral ventilation to gas
exchange remains unclear. We have previously shown that collateral
ventilation is extremely limited in normal subjects and cannot pre-
serve alveolar gas tensions following experimental airway occlusion
(Morrell et al. Thorax 1992;47:211P). The present study assesses
the role and magnitude of collateral ventilation in patients with
emphysema. Twelve healthy volunteers with normal lung function
and five patients with emphvsema, diagnosed on the basis of clini-
cal, lung function, and computed tomographic evidence, underwent
fibreoptic bronchoscopy under local anaesthesia. A balloon tip
catheter was passed through the bronchoscope, and placed in a
selected segmental bronchus. The balloon was then inflated to com-
pletelv occlude the bronchus. Respiratory gas tensions were sampled
continuously via the lumen of the catheter from beyond the balloon
by a mass spectrometer. Subjects breathed air until the occlusion
was established and then switched to 79% helium/21% oxygen; the
helium concentration was measured in the obstructed lung. In both
normal subjects and patients the mean Po, within occluded seg-
ments was similar: 45-4 (SE 1-8) and 44-7 (3 6) mm Hg respective-
ly. The mean Pco, within occluded segments was lower in patients
(40-1 (1-9) mm Hg) than in normal subjects (46-4 (1-3) mm Hg)
(p < 0-01), probably because of hyperventilation rather than collat-
eral ventilation, since end tidal Pco, was also lower in patients. The
mean rate of rise of helium concentration in occluded segments was
much greater in patients (10 1 (2-6)%/min v 0-8 (0-3)%/min,
p < 0 005). In patients there was a significant positive correlation
between the rate of rise of helium concentration and the final
Po, within an occluded segment (r = 0-89; p < 0-001). We conclude
that collateral ventilation occurs to a much greater extent in the
emphysematous than in the normal lung and may serve to improve
alveolar oxygenation in this condition.

Proteinuria in chronic obstructive lung disease (COLD)

R 'WIIKINSON, JS MILLEDGE, M LANDON Northwick Park Hospital
and Medical Research Council Clinical Research Centre, Harrow The
pathophysiology of cor pulmonale is incompletely understood.
Pressure overload of the right ventricle has been challenged as a
hypothesis. Several lines of evidence point to derangement of renal
function. The ability to handle a water load is affected and EDTA
clearance is reduced. Renal glomerular size is increased. We decided
to investigate the incidence and selectivity of proteinuria in patients
with COLD. A heterogeneous group of inpatients with COLD,
eight with and 12 without clinical and ECG evidence of cor pul-
monale, were compared with non-smoking, healthy age and sex
matched controls recruited from among hospital volunteers.
Pulmonary function and arterial blood gases, and urinary creatinine,
microalbumin, L-;-glutamyltransferase (;-GTF), N-acetyl-fl-D-glu-
cosaminidase (NAG) and lysozyme were measured. There was no
glvcosuria or haematuria. Expressed /mmol creatinine, the excretion
of microalbumin (12-21 (1-69) mg), ;-GTF (4107 (388) pU), and
NAG (9612 (76) jIU) were significantly higher in the COLD group
(t = 3-6, 4-1, 4-1 respectively, p = 0-001 in all cases). However,
there was a wide scatter of values and results for half the patients fell
within the normal reference range. There was no significant loss of
lysozyme in either group. There was a highly significant relation
between ;'-GTF and NAG values (p = 0-001) but not between these
enzymes and microalbumin. Neither age, FEV, FVC, FEV,/FVC,
nor Pco2 affected the results but Pco2 was related to micro-
albumin (p = 0-01), ;-GTF (p = 0-001), and NAG (p = 0-001).
Present smokers had higher levels of ;'-GTF (p = 0 02) but not
microalbumin. The patients with clinical evidence of cor pulmonale
did not form a distinct subgroup. An association between hypercap-
nia and renal function has been noted before. These patients had
changes in both glomerular and tubular function, which mav be as a
result of high Pco,. The presence of microalbumin and the absence
of lysozyme suggests a change in glomerular permeability. The
enzvmuria may reflect chronic hypoxic tubular damage, increased
renal mass, or smoking history. Hypercapnia may have an important
pathophysiological role in the development of renal glomerular
impairment, which in turn may relate to the genesis of oedema,
itself a clinical marker of poor prognosis.
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Effects of hypoxia on hormonal balance in chronic obstruc-
tive lung disease (COLD)

K SWARSKI, D MORRISON, P SIME, M LEE, W MACNEE Units of
Respiratory Medicine and Clinical Pharmacology, Department of
Medicine, University of Edinburgh Oedema often presents during
acute exacerbations in patients with COLD. The mechanism is
unclear, but may involve complex interactions between changes in
blood gas values and hormonal balance. Preliminary results suggest
that acute hypoxia in normal subjects causes a fall in urinary
dopamine (Skwarski et al. Am Rev Respir Dis 199 1;143:A542). We
therefore studied hormonal balance and urinary dopamine in acute
exacerbations of COLD with particular reference to blood gas val-
ues in the presence of oedema. We studied 16 patients presenting
with an exacerbation of COLD (67 (SD 4) years, FEV1 0-6 (0-2)1,
Pao2 7-0 (1 1) kPa; Paco2 6-2 (1-2) kPa, H+ ion 36-9 (3-9) nmol/l,
breathing air). Seven out of 16 had oedema, 7/16 had hypercapnia,
and four had both. Those with oedema had significantly higher
Paco2 (6-5 (1-2) kPa) than those without oedema (5 9 (1-7) kPa,
p < 0 05), but similar levels of Paco2 and H+ ion. There was a trend
for plasma renin, aldosterone, ANP and urinary dopamine to be ele-
vated in those with compared with those without oedema. Those
with hypercapnia had a significantly higher urinary dopamine out-
put (243 (SE) 51 ng/ml/h than those with no CO2 reten-
tion (115 (30) ng/ml/h, p < 0 05). Indeed there was a significant
correlation between urinary dopamine output and Paco2 during the
breathing of air (r = 0 73, p < 0 05), but not between urinary
dopamine output and Paco2. Breathing oxygen (2 1/min by nasal
prongs) for 90 min immediately following admission did not signifi-
cantly change ANP, renin aldosterone or urinary dopamine output,
but did increase urinary sodium significantly (air 31 (6) nmol/l, oxy-
gen 39 (8) nmol/l, p < 0 02). Plasma ANP (air) correlated signifi-
cantly with both plasma renin and aldosterone (r = 0 92-0 95,
p < 0-01). In six patients restudied when stable after their exacerba-
tion (n = 6) there was a significant fall in urinary dopamine output
(acute 177 (43), stable 80 (14) mg/ml/h, p < 0 05). Thus hypercap-
nia during acute exacerbations of COLD is associated with an
increase in urinary dopamine output, which may serve to protect
against the reduction in renal blood flow which is known to occur
in patients with COLD and oedema. Together with raised ANP
levels this effect may help to prevent the development of oedema
in patients with acute exacerbations of COLD. [This work was
supported by the British Heart Foundation.]

Effect of an outpatient nutritional support programme in
malnourished patients with chronic obstructive lung disease

MK SRIDHAR, A GALLOWAY, R CARTER, MEJ LEAN, SW BANHAM
Departments of Respiratory Medicine and Human Nutrition and
Dietetics, Royal Infirmary, Glasgow We evaluated a simple out-
patient programme of nutritional support in 12 (9M, 3F; mean age
60-7 years) malnourished (<90% ideal body weight) COLD
patients. FEV, maximal oxygen uptake on exercise (Vo,max), static
inspiratory and expiratory mouth pressures (Pimax and PEmax),
body weight, height, triceps skinfold thickness (TSF), and mid arm
muscle circumference (MAMC) were measured before and after a
four month period of outpatient oral nutritional support. Patients
were advised by a dietitian on increasing their daily caloric intake to
at least 30% above their resting energy expenditure (estimated by a
ventilated hood). Three patients withdrew from the study (two
owing to intolerance of oral supplements and one due to an acute
exacerbation). There was no change in the nutritional status or
other measures after four months of refeeding in the nine remaining
patients, who were clinically stable and whose results are given in
the table below (mean (SE)). Studies that demonstrate improved
respiratory muscle function in malnourished COLD patients have
involved intensive, closely monitored refeeding techniques with sig-
nificant cost implications (Fitting JW (editorial). Thorax
1992;47:141-3). Our pilot study suggests that achieving weight gain
and improving lung function by means of simple and sustainable
nutritional programmes may be more difficult.

Before supplement After supplement

Body weight (kg) 49-5 (3 9) 50-2 (4.2)
TSF (mm) 4 9 (6 5) 4-9 (7-1)
MAMC (cm) 11-2 (1-7) 112 (1.9)
FEVy (litres) 0-98 (0 11) 1 00 (0-14)
V02max (1/min) 0-70 (0-10) 0-70 (0-10)
PI + PEmax (cm) 147-7 (13-1) 148-8 (13-6)

Does performance on the shuttle walking test produce a
symptom limited mmal oxygen uptake?

SJ SINGH, MDL MORGAN, PA BARDSLEY, AE HARDMAN Department of
Respiratory Medicine, Glenfield General Hospital, Leicester, and
Department of Physical Education and Sports Science, Loughborough
University The shuttle walking test is a reproducible field exercise
test of disability in patients with chronic airflow limitation (CAL).
We examined the relationship between Vo,max on a conventional
treadmill test and on the shuttle walking test. To measure ambula-
tory Vo, we used a portable oxygen analyser (Oxylog, PK Morgan)
adapting the system to use a mouthpiece (Hans Rudolph 1410)
rather than a facemask. Seven patients with stable CAL were
recruited (five male, mean (SD) FEV, 1-24 (0 48) 1, age
62-8 (7-8) y). Each patient made three visits to the hospital. The
first allowed a practice shuttle and treadmill walking test. The tread-
mill test was an incremental symptom limited exercise test; expired
air was collected into Douglas bags. During the second shuttle walk-
ing test patients carried the Oxylog and data logger in a backpack
(4-1 kg). Mean Vo,max on the treadmill was 12-9 ml min-m kg-',
and on the shuttle test 11 1 ml min-' kg-'. These values were
strongly related (rho = 0-86) and not significantly different
(p < 0 05). Mean differences (95% CI) were 1-8 (-0-9 to 4 5) ml
min-' kg-'. Comparison of ventilation (BTPS) revealed no signifi-
cant difference (p < 0 05). Both exercise tests provoked an incre-
mental increase of Vo, and ventilation. Borg breathlessness ratings
for the two tests are not significantly different. Overall the results
indicate that the shuttle walking test provokes a similar maximal
physiological and subjective response to a traditional treadmill test.

Routine outpatient oximetry screening of patients with very
poor spirometric indices

MNA AL-KHOFFASH, S SCHOLEY, MD PEAKE Chest Unit, Pontefract
General Infirmary, Pontefract, West Yorkshire Over a period of eight
months all patients routinely attending our respiratory outpatient
clinics whose FEVy was less than 10 litre and who were not already
on long term oxygen therapy (LTOT) had their oxygen saturation
(Sao2) measured at rest by pulse oximetry. The great majority had a
diagnosis of chronic obstructive airways disease; most of the rest
had severe asthma and there were a few with restrictive lung dis-
eases. In those where the Sao2 was <95% arterial blood gases were
measured. In total 408 measurements of Sao2 were made on 255
different patients, whose mean FEVy was 0-78 1 (SD 0-16). The
median Sao2 of this group was 96% (range 82-100%). On 91 occa-
sions in 64 patients the Sao, was <95%. The mean
FEV1 of this group was 0-68 (0-17) 1; (p < 0-00001 compared with
the whole group). In this subgroup of 64 patients the median Sao,
was 92% (range 82-94%). The mean Pao2 was 8-06 kPa (range
4-67-8-40 kPa). On 34 occasions a Pao2 < 8-0 kPa was found and
as a result nine new patients have been started on LTOT. A group
of more than 20 patients has been placed under more regular obser-
vation and most will probably require LTOT. Screening of Sao2
routinely in patients with very poor spirometry seems a simple and
useful routine procedure with a significant clinical yield.

Accuracy of the Biox 3700 pulse oximeter in induced
hypotension

HR KHALIL, KA GUNAWARDENA, AHS SALEH Riyadh Military Hospital,
Riyadh, Saudi Arabia The accuracy of the Ohmeda Biox 3700 pulse
oximeter (Biox) at low perfusion pressures was evaluated in 37
patients undergoing middle ear surgery under induced hypotension.
The radial artery was cannulated in all, and sodium nitroprusside
was given to lower the mean blood pressure (MBP). The arterial
oxygen saturation measurement given by the Biox (SpO2) was com-
pared with the saturation obtained by direct arterial sampling (Sao,)
analysed on an IL-282 co-oximeter and an ABL-2 blood gas
analyser. Blood samples were taken prior to induction of hypoten-
sion and every 15 minutes thereafter till recovery. One hundred and
forty four readings were available for comparison in the MBP range
35-117 mm Hg (66 at MBP <50 and 78 at MBP >50); Sao, range
82-5-99-9%. Overall the Biox underestimated the Sao, by 0-95%
compared with the IL-282 and 1-24% compared with
the ABL-2 (95% limits -0-69 to - 1-21 and -0 95 to - 1-52 re-
spectively). The influence of MBP on Spo2 was analysed by
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(i) comparing the mean difference between Spo, and Sao2 at MBP

<50 and >, 50 mm Hg (unpaired t tests), and (ii) by comparing the

mean differences between SPo2 and Sao2 at seven levels of MBP

(analysis of variance). Neither analysis showed any statistically sig-
nificant influence of MBP on the difference between SP02 and Sao2.
We conclude that the Biox performs accurately in induced hypo-

tension up to a MBP of around 35 mm Hg within the SaO2 range of

around 80-100%.

Evaluation of a new screening device for obstructive sleep

apnoea (OSA)

S LAUNOIS, A BROWN, J CUARTAS, F MARCHAND, L GARMA Units des

Troubles du Sommeil, Hopital Pitgi Salphtriere, 7S013 Paris, France

Selection of patients for polysomnography (PSG) relies mostly on

the number of apnoeas and hypopnoeas and oxygen desaturations.

Few devices can estimate sleep fragmentation as well as respiratory

disturbance index (RDI). The Densa Pneumograph is a new

portable screening device for OSA which records ribcage and

abdomen movements, airflow by means of nasal and oral thermis-

tors and oxygen saturation and calculates thoracoabdominal phase

angle, a measurement of thoracoabdominal asychrony. Automatic

scoring provides the number of respiratory events per hour of

recording (DSI) and overnight trend of Sao2 and the number

of rapid drops in phase angle per hour of recording (DIP/h). We

have evaluated this device, using an algorithm based on flow, chest

wall displacement and oximetry. We hypothesised that arousals

would be accompanied by rapid decrease in phase angle and com-

pared DIP/h and the number of arousals per hour of sleep (Arl). We

compared overnight or daytime polysomnography (PSG) and Densa

Pneumograph monitoring (DSM) in 31 patients. Twenty-six

patients underwent PSG for suspicion of OSA and five for other

reasons. DSM and PSG were obtained simultaneously. Twenty

patients with an RDI of 0 or more per hour were considered to

have OSA (mean RDI 39-8 (23-0)/h). In the group of patients who

did not have OSA mean RDI was 1-3 (1-4)/h. A 3% threshold for

the oxygen desaturation was used to define respiratory events.

Correlation between RDI and DSI was high (r = 0-88, p = 00001).

Twenty-six out of 31 patients were classified in the same category

(OSA or not OSA) on the basis of DSM or PSG. DIP/h correlated

well with Arl (n = 24, r = 0-76, p < 0-0001). In conclusion, the

Densa Pneumograph allows screening of OSA patients and provides

an estimation of sleep fragmentation as well as respiratory event

detection. Its value in screening patients with high upper airway

resistance syndrome will be investigated.

Autonomic function in patients with obstructive sleep apnoea

BE WILLIAMS, NJ All, JR STRADLING Osler Chest Unit, Churchill

Hospital, Oxford Abnormalities of autonomic function have been

reported in patients with obstructive sleep apnoea (OSA). We com-

pared the results of standard autonomic function testing in two

groups of subjects: (1) 10 patients with OSA, six of them untreated

and four treated with CPAP (combined mean age 51 y, body mass

index (BMI) 35, and >4% Sao, dip rate 36/h); (2) six control sub-

jects (mean age 47 y, BMI 30, and >4% Sao, dip rate <5/h). Heart

rate (HR) changes were measured during four different tests of

autonomic function, 10 second Valsalva manoeuvre (VM), 10 sec-

ond Muieller manoeuvre (MM), 10 second apnoea at end expiration

(AP) and 40 second diving reflex (DR) (cold face technique: Heath

and Downey. Clin Sci 1990;78: 139). Both groups showed a signifi-

cant increase in HR during VM and this was significantly greater for

the control than the OSA group (unpaired t test, p < 0-05). The

OSA group, but not the controls, showed a significant fall in HR

during AP (p < 0-05). OSA patients appear to have a blunted HR

response to VM. This may be due to repeated episodes of hypox-

aemia and hypertension. However, in contrast the HR response to

AP is preserved or even enhanced in these patients, as observed by

others (Andreas et aL. Eur RespirJ7 1992;5:853).

Fasting blood lipid and insulin levels in OSA patients, snor-

ers, and matched controls

RJO DAVIES, R TURNER,' JR STRADLING Osler Chest Unit, Churchill

Hospital, Oxford Obstructive sleep apnoea (OSA) and snoring are

associated with coronary heart disease. It is uncertain if this associa-

tion is causal or due to confounding variables such as obesity and

smoking. To assess whether OSA or snoring independently elevate

fasting lipid or insulin levels, venous fasting total cholesterol, triglyc-

eride, very low density lipoprotein, low density lipoprotein, high

density lipoprotein, and insulin were measured in 15 untreated OSA

patients and 18 snorers. Each of these subjects was individually

matched with a control of the same sex, age ± 10%, body mass

index ± 15%, and similar smoking and driniking habits. This pro-

duced study groups which did not differ by any of these variables.

Fasting venous blood samples were collected at 6.30 am following

polysomnography, and analysed blind with regard to the subject's

respiratory status. The OSA patients were then treated with nasal

continuous positive airway pressure. In 10 of these subjects lipid

and insulin levels were measured again after more than three

months' treatment. Lipid and insulin levels were also remeasured in

the controls matched with these 10 subjects. The end points were

compared with paired t tests. There was no difference in any of the

end points when the untreated OSA patients and the snorers were

compared with their matched controls (p > 0-25 for all compar-

isons), and none of the indices changed when OSA was corrected

with nasal continuous positive airway pressure (p > 0-25 for all

comparisons). Patients with obstructive sleep apnoea or snoring do

not have fasting hyperlipidaemia or hyperinsulinaemia when com-

pared with carefully matched controls.

ANP and BNP concentrations during intravenous saline infu-

sion in cor puhmonale

W SHEEDY, AG STEWART, AHl MORICE Department of Medicine, Royal

Hallamshire Hospital, University of Sheffield Little information exists

on the release of brain natriuretic peptide (BNP) in man. We have

assessed the effect of volume overload in patients with cor pul-

monale and GOAD on plasma BNP and atrial natriuretic peptide

(ANP) levels. Patients with cor pulmonale (n=7) as judged clinically

by the presence of peripheral oedema and control patients (n=6)

who suffered from hypoxaemic chronic obstructive airways disease

(GOAD) with no history of oedema were chosen for this study.

T'hey were infused with 2-7% (3N) saline over 60 minutes at a rate

of 0 1 mllkg/min. Blood samples were taken 30 minutes before the

infusion started and at time zero (start of infusion), 60, 120, 180

and 240 minutes thereafter. Samples were then spun down and the

plasma aspirated and stored at 20'C until assayed for ANP and

BNP levels We have previously described a rapid increase in ANP

levels in response to volume load due to ANPM release from

stored atrial myocytes (figure below). This study also illustrates how

BNP levels increase in response to volume overload but this effect

was delayed, suggesting that synthesis of BNP is required prior to

release.

ANP and BNP Lev'els during and after a

60 minute saline infusion

0 30 60 90 120 150 180 210 240

Time (minutes)

Mean % change in heart rate

Group VM MN AP DR

OSA +9-2 + 0.9 -5.7 -5-3
Control +15-5 -0-8 + 1-6 -5-7
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Renal and aortic haemodynamics in cor pulmonale: low dose
dopamine and oxygen therapy compared

TQ HOWES, CR DEANE, J MOXHAM, SV BAUDOUIN Departments of
Thoracic Medicine and Medical Engineering and Physics, King's College
School of Medicine and Dentistry, London A reduction in renal blood
flow has been widely reported in cor pulmonale (Richens and
Howard. Clin Sci 1982;62:155-9). We have previously reported an

increase in renal blood flow with oxygen therapy in hypoxaemic
patients with chronic obstructive airways disease (COAD)
(Baudouin et al. Thorax 1992;47:550-554). Dopamine is a selective
renal vasodilator when infused at low doses and could improve renal
blood flow in cor pulmonale. We have compared its effect on renal
and aortic haemodynamics in nine hypoxaemic COAD patients with
cor pulmonale (FEV, <1-0 1, FEV,/FVC <50%, Pao2 8-5 kPa).
Renal and aortic haemodynamics were assessed using colour flow
Doppler ultrasound, recording Tamx and Vmax from the kidney
and Vmax from the aorta. We have previously validated this tech-
nique as a measure of changes in renal blood flow (Howes et al. Eur
Clin Invest 1992;22:A29). Patients breathed room air or oxygen to

elevate Sao2 to above 90%. Transcutaneous Po2 and Pco,
were monitored. Dopamine was infused at 2 ,g/kg/min. Mean (SE)
Pao2 was 8-4 (0 27) kPa and PaCo2 5-4 (0-49) kPa with air and with
oxygen Pao2 = 17-7 (3-1) kPa and PaCO2 = 5-1 (0 89) kPa. There
was no significant change in aortic flows (table) with °2 or dopa-
mine (p = 0 77). Low dose dopamine has a comparable vasodilator
action to O, in hypoxaemic COAD patients with cor pulmonale.

Baseline Dopamine(DA) Oxygen DA+Oxygen

Renal velocity (mns ')
n = 9 n = 9 n = 9 n =5

Tamx 0 25 (0 09) 0 30 (0 08)* 0 33 (0-09)* 0 30 (0 05)*
Vmax 0.48 (0.07) 0-59 (0.09)* 0 59 (0.09)* 0.55 (020)*

Aortic velocity (ms ')
n=4 n=4 n=4

Vmax 0-54 (0 09) 0 56 (0-06) 0-45 (0 23)

*p < 0 01 v baseline.

Effect of venesection on overnight oxygen saturation in
patients with chronic obstructive lung disease and secondary
polycythaemia

S .MATSIKO, GE PACKE, JG DOUGLAS, S WATT Chest Clinic, City
Hospital, Aberdeen Venesection has been shown to improve exer-
cise capacity and well being in patients with polycythaemia associat-
ed with chronic obstructive lung disease (COLD). A feature of such
patients is worsening hypoxaemia during sleep. Little is known
about the effect of venesection on noctural oxygen saturation
(Sao,) in these patients. Seven patients with COLD (one male, six
female), cor pulmonale, and polycythaemia were studied. Their
mean (SD) age was 64 (8) years and mean FEV, was 700
(17) ml. All were admitted to hospital and had overnight monitoring
of Sao,. The following day one unit of blood was removed with
simultaneous infusion of 500 ml of Dextran 40. Sao2 was mea-
sured again the next night. The results are shown in the table below.
After venesection two subjects showed a marked improvement in
baseline overnight Sao, and substantially fewer falls in Sao2. Modest
improvements were seen in two other patients. In the remaining
three patients there was little change in Sao2 on consecutive nights.
In some patients with COLD and secondary polycythaemia the
beneficial effects of venesection may be partly due to a reduction in
nocturnal hypoxaemia.

Bejore After
venesection venesection

Haematocrit ('Y,) 54 (2) 50 (4)*
Six minute walk (m) 215 (108) 237 (1 14)*
Pao, (kPa) 6 2 (0 6) 6-7 (0.5)*
Paco, (kPa) 6 9 (1-0) 6-2 (0.9)*

*p < 005 (paired t test)

A review of domiciliary oxygen in Scotland

D MORRISON, K SKWARSKI, W MACNEE Unit of Respiratory Medicine,
Department ofMedicine, City Hospital, Edinburgh Long term oxygen
therapy (LTOT) prolongs survival in patients with chronic obstruc-
tive airways disease (COAD) (Medical Research Council. Lancet
1981). Survival is related to Ppa <29 mm Hg, Pao2 >5-6 kPa and
FEV, >0-351 at prescription (Skwarski. Chest 1991). In October
1989 LTOT became prescribable in Scotland only by respiratory
physicians via the Common Services Agency. Up to July 1991 576
oxygen concentrators had been prescribed in Scotland (M:F
284:292). Health board catchment populations and numbers of
concentrators prescribed show some discrepancies. During this peri-
od 199 patients died. Mean daily usage was 13-9 (SD 7 5) hours,
with 48% of patients taking LTOT for <15 hours each day. In a
preliminary review of 232 case notes (age 65 (10) years, 25%
>70 years, M:F 109:123), LTOT was prescribed for COAD in
90%. Fifty-two percent fitted the relative Scottish Home and Health
Department (SHHD) criteria (FEV, <1-5 1 and Pao2 <7.3 kPa) at
initial assessment (FEVI 0 7 (0 4) 1, VC 1-6 (0 7) 1; Pao2 on air 6-5
(1-2) kPa, Paco2 6-6 (1-6) kPa; with oxygen 1-4 1/min, Pao2 9 1
(1-9) kPa, Paco2 7-2 (1-6) kPa). Half of this group were clinically
unstable or smoking. Patients also fell outside the SHHD criteria as
a result of their FEV, in 12%, their Pao2 in 27%, and both in 9%.
In 40% neither spirometry nor arterial blood gas (ABG) measure-
ments were done. Where performed FEV, was <1-5 1 in 96% and
Pao2 <7.3 kPa in 74%. Only 42% of these measurements were
made during clinical stability. The follow up rate was high (92%)
but only 32% had repeated ABG measurement breathing air or oxy-
gen. In 21% measured breathing oxygen Pao2 was <8 kPa. Over this
period expenditure on cylinder oxygen in Scotland was £2-6m. This
contrasts with expenditure on the oxygen concentrator service of
£400 000. This review highlights the problems associated with the
prescription of long term oxygen therapy in Scotland. [This work
was supported by the Scottish Home and Health Department.]

Reproducibility of an uncorrected analysis of 99mTc DTPA
lung clearance in smokers and non-smokers

D MORRISON, W MacNEE Unit of Respiratory Medicine, Department of
Medicine (RIE), City Hospital, Edinburgh The clearance of inhaled
99-Tc DTPA from airspace to blood has been used to assess epithe-
lial permeability. Significantly increased clearance has been shown
in smokers. However, the validity of this technique in the assess-
ment of an intervention depends on its reproducibility. Different
background corrections have been used in the analysis of 99mTc
DTPA clearance curves and these are a source of variation. We have
therefore studied the reproducibility of 99mTc DTPA lung clearance
using a standard analysis uncorrected for background activity. Six
non-smokers (FEV, 4-4 (SD 0-7) 1; carboxyhaemoglobin (CoHb)
1 1 (0 4)%) and five smokers (FEVy 2-5 (1 1), p < 0-01; CoHb
2-4 (1-8)%, p < 0-01) were studied on two occasions over variable
time intervals (1-30 weeks). In order to avoid the acute effects of
smoking, the five smokers were asked to abstain for 12 hours.
Nebulised '9mTc DTPA solution was inhaled for two minutes (mass
median aerodynamic diameter 0 59 (0 04) (mean (SD) ,uM, median
(geometric SD) tidal volume 1 79 (0-14),uM). Clearance was
analysed during the first seven minutes following the curve peak on
a semi-logarithmic plot after decay correction (Rinderknecht et al
Am Rev Respir Dis 1980). The rate of decline (k, % per minute) was
significantly greater in smokers (S) than non-smokers (non-S) for
each lung (S: k right 3 0 (2 2)% per minute, k left 3-2 (2 3), non-S:
k right 0-9 (0 4), p < 0-05, k left 0-8 (0-5), p < 0-05). No significant
free pertechnetate was detected in the nebuliser residuum (0%) or
in urine (007%), n = 3. The absolute change in clearance between
study 1 and 2 was calculated (S: k right 1-3 (mean), 0 9-3 3 (range),
k left 0-5, 0-1-4; non-S: k right 0-2, 0-01-0-5, NS, k left 0-15,
0-0 4, NS. There was no significant difference between smokers
and non-smokers. This simple analysis of "9-Tc DTPA lung clear-
ance demonstrates an increase in smokers and is sufficiently repro-
ducible over time to study the effect of an intervention.

1987 Liverpool LTOT study patients: reassessment at 5 years

IMJ WALSHAW, N CARROLL, CC EVANS, CRK HIND Cardiothoracic
Centre, Liverpool In 1987 we assessed 61 Liverpool patients using
LTOT via an oxygen concentrator (BMJ 1988;297:1030-2). We
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have reassessed the 19 survivors in their homes using their own

LTOT equipment. Nine of the original 33 who fulfilled the DHSS
criteria ("qualifiers") were still alive, as were 10 of the original 28
"non-qualifiers" (9/33 v 10/28, 72 0-18, NS). Comparison of the sur-

viving and dead "qualifiers" showed no difference in resting
Pao,, FEV, , FVC, or daily amount of LTOT used or prescribed.
The dead "qualifiers" did, however, have a lower Hb and PCV (14-9
g/dl and 45-2% v 16-6 and 50-1, p < 0 05). As a group the surviving
qualifiers were still hypoxaemic (mean Pao, 6-62 kPa v 6-37 in 1987,
NS). There was no change in resting Paco, (mean 7-74 kPa v 7-25
in 1987) or FEV, (mean 0-491 v 0 59), but FVC had fallen (mean
0 981 v 1 42, p < 0 02). There was also a fall in Hb (mean 14-1 g/dl
v 16 6, p < 0 005) and PCV (mean 42-4% v 50-1%, p < 0-01).
There was no difference in the amount of oxygen prescribed
(hours/day or flow rates), but oxygen use as assessed by meter read-
ings had increased (mean 1895 h/day v 13-8, p < 0-01). Four were

smoking in 1987 (compared with three of the dead qualifiers, i! 2-3,
p = NS), and three continued to do so. As a group, the surviving
non-qualifiers had no change in blood gases, although one patient is
now significantly hypoxaemic (Pao, 6-1 kPa). There was no fall in
spirometric indices, but a small fall in Hb (mean 13-1 g/dl v 14 7,
p < 0-001) and no change in PCV. As in the qualifying survivors, use

of oxygen increased (mean 17-6 hours/day v 12-1, p < 0-05). These
results show no significant differences in mortality between the 1987
LTOT qualifiers and non-qualifiers. Among the qualifiers, resting
Pao, and spirometric indices did not predict survival, but a higher
Hb and PCV which subsequently fell was a good prognostic indica-
tor. Cessation of smoking did not appear to aid survival.

Survey of the assessment for and the effectiveness of LTOT
given by oxygen concentrator in a rural health district

S SAWYER, PF JENKINS, BDW HARRISON Department of Respiratory
Medicine, West Norwich Hospital, Norwich There are 82 patients in
the Norwich Health District receiving long term domiciliary oxygen

via oxygen concentrators. We have attempted to assess (1) who rec-

ommended LTOT, (2) the diagnosis, (3) what assessment was made
before the recommendation, and (4) in how many the prescription of
oxygen raised oxygen saturation to 90% or more. Fifty four patients
were visited at home by a respiratory care nurse. Twenty eight
patients were unavailable for reasons including: no answer to repeat-
ed telephone calls; not on the telephone; inconvenient for the
patient. Of those seen, 48 had had oxygen recommended by one of
the two respiratory physicians in Norwich and six by one geriatrician
and two general physicians. Of those unavailable for Sao, assess-

ment, 17 had had oxygen recommended by a local chest physician
and 11 by other doctors (chest physician or surgeon in another dis-
trict 4; local geriatrician 2; paediatrician 2; GP 2; general physician
1). Of the 54 patients, 30 had chronic obstructive lung disease, 7
bronchiectasis, and 4 each pulmonary fibrosis or old tuberculosis
with or without thoracoplasty, (3 asthma, 2 cor pulmonale and one

each obesity, hypoventilation, sarcoid, pneumonectomy and
Huntingdon's chorea). All patients assessed by chest physicians had
stable hypoxaemia with resting Pao2 <8 kPa on at least two occa-

sions and all had been admitted to determine what flow of oxygen

was required to raise their Pao2 to 8 kPa or more. Only three of the
remaining six had been assessed in this way. Forty six of the fifty
four had a domiciliary Sao, with oxygen via their concentrator for at
least 30 minutes 90% (90-99%). Eight had an Sao, of 74-84%
and two of them have died. T'his study demonstrates the feasibility
and value of checking Sao2 in the home with the patients using their
oxygen as prescribed. This essential monitoring could and should be
performed by a respiratory care nurse visiting patients prescribed
oxygen concentrators as part of the contract agreed by concentrator
suppliers.

Long term oxygen therapy (LTOT): patient acceptability and
compliance

LJ RESTRICK, EA PAUL, GM BRAID, P CULLINAN, J MOORE-GILLON,
JA WEDZICHA Departments of Thoracic Medicine and Epidemiology,
London Chest Hospital, and Department of Respiratory Medicine, St.
Bartholomew's Hospital, London By comparison with previous stud-
ies we have found increased adherence to the DoH guidelines for Lhe
prescription of LTOT in our study, on the basis of home assess-

ments, of 176/180 (95M, 85F) patients using an oxygen concentra-
tor in East London (Thorax 1992;47:222P). Questionnaires and

concentrator meter readings were used to determine patient accept-

ability of and compliance with LTOT. Mean (range) age was 67
(28-87) years. Only 16 patients had a reason other than breathless-
ness for restricted mobility and 97 were able to go outdoors. Of the
137 who were breathless walking in the home, 65 went outside and
39 were breathless while talking. Forty patients (23%) had portable
oxygen but only 22 used it to go outdoors. One hundred and sixty
four patients found LTOT helpful although 17 said they had diffi-
culty achieving the hours prescribed. Forty seven patients did not

always wear the cannulae/mask when the concentrator was switched
on (non-use). The median (range) period of non-use of LTOT in
these 47 was 2 (0 5-23) hours. Overall stated daily use by patients
(adjusted for non-use) was 16 (0-24) hours and recorded use (from
meter readings, taking account of nights away from home and non-

use) was 15 (0-24) hours. Seventy four percent of patients had
recorded use >12 hours but 34% two hours less than stated. Thirty
five patients (20%) had problems with LTOT-concentrator related:
noise (27), sleep disturbance (1); cannulae/mask/tubing related:
restricted movement (5), nasal discomfort (4), ear discomfort (2),
and embarrassment (2). Patients with problems were no less compli-
ant with LTOT and Sao, was adequately corrected (mean (SD) on

oxygen 94 7 (2 9)%). LTOT is acceptable to and well tolerated by
the majority of patients. The improvement in compliance with
LTOT, by comparison with previous studies, may be due to better
communication between prescribers and patients. We suggest that
problems with LTOT would be further reduced by a national home
respiratory care programme.

Nocturnal compliance with low flow oxygen therapy: com-

parison of nasal cannulae and face masks

R COSTELLO, WT MCNICHOLAS Respiratory Department, St Vincent's
Hospital, Dublin Hypoxaemia tends to increase during sleep and
therefore correction is particularly important at night. We prospec-

tively compared nocturnal compliance with low flow oxygen therapy
in a group of 100 sequential inpatients prescribed oxygen by face
mask or nasal cannulae. All patients were being treated for acute

respiratory conditions, and the route of oxygen delivery was decided
by the attending clinicians, independent of the investigators.
Clinical details were recorded on all patients. The nursing staff
made a half hourly record between midnight and 8 am of the posi-
tion of the oxygen device, replacing it if necessary, and also made a

visual assessment of sleep quality. The results are shown in the table
below. The compliance with face mask was very poor in confused
patients (average 3-8 replacements/night). These data indicate that
nocturnal low flow oxygen therapy should routinely be given by
nasal cannula, unless a specific indication necessitates a face mask.

Face mask Cannulae Significance

Number 49 51
Age (SD) 75 (14) 71 (11-3) NS
Sex (male%) 22 (45%) 27 (53%) NS
Pao, (kPa) 8 6 (2-3) 9-4 (2 1) NS
Paco, (kPa) 4 98 (1 0) 5-37 (1-1) NS
Confusion 12 (25%) 5 (8%) 0-03
Slept well 26 (53%) 30 (59%) NS
LTOT 0 4 (8%)
Replacements of device per night

2-3 (2-9) 0-8 (1 3) <0 001
Replacements excluding confused and LTOT patients

1 6 (1 9) 0-8 (1 3) 0 02

LTOT-long term oxygen therapy; slept well-slept throughout the night.

New monitoring device to assess compliance with domiciliary
oxygen therapy in respiratory failure

GD PHIILIPS, A CUMMIN, J WARD, V NEWEY, D RITCHIE, K HARRISON,
IP WILLIAMS, FJC MILLARD Departments of Thoracic Medicine and
Medical Physics, St. George's Hospital, London, and Departnment of
Chest Medicine, St Albans City Hospital, St Albans Domiciliary long
term oxygen therapy (LTOT), used for at least 15 hours per day,
has been shown to improve survival in patients with chronic
obstructive airways disease and respiratory failure (Ann Intern Med
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1980;93:391-8; Lancet 1981;i:681-5). Prescriptions for home oxy-
gen, particularly oxygen concentrators, cost £18 million per year
(Health Trends 1991;23:166-7) and are increasing. Compliance with
LTOT is currently assessed by means of a clock incorporated into
the concentrator, but patients may turn the unit on without wearing
the delivery system. We have developed a small, portable, battery
operated device which uses skin contact plastic electrodes to record
the time for which nasal cannulae are worn. In this study we have
applied the device to examine LTOT compliance and compared the
results with those obtained from the concentrator clock. In a prelim-
inary validation study of 15 hospitalised patients there was a close
correlation (r = 0 99, p < 0 005) between observed and measured
oxygen usage-that is, the monitoring device gave a true record of
how long the nasal cannulae were worn. Subsequently, 41 patients
(19 male, mean age 69 y) were studied at home for one week.
According to the clock the mean (range) daily duration of oxygen
usage was 18 h (7-5-24 h) whereas that measured by the monitor
was only 12 h (1-4-23-2 h) and the correlation between the two
measurements was not significant (r = 0 27). We conclude that
patient compliance with LTOT is often poor and that the concen-
trator clock is an unreliable method of measuring oxygen usage.
Previous studies using this method may have overestimated the
daily duration of oxygen therapy required to improve mortality in
patients with respiratory failure.

Provision of supplemental oxygen therapy on commercial
aircraft

AOC JOHNSON, RL PAGE Respiratory Unit, Killingbeck Hospital, Leeds
Commercial aircraft are not pressurised to sea level and passengers
may be exposed to a cabin altitude of 2000 to 2500 m. This can
result in profound hypoxaemia in patients with impaired gas
exchange. Oxygen therapy is recommended if arterial oxygen ten-
sion falls below 7-2 kPa. We surveyed 37 major airlines to assess
their requirements for providing in flight oxygen supplementation.
Fifteen airlines, including 10 national airlines, replied. All airlines
will carry passengers who require oxygen but one airline will only
carry one such passenger per aircraft and another has restrictions on
the number of cylinders. Eleven (73%) require a doctor's letter or a
medical fitness for air travel form (MEDA or MEDIF). When asked
what information they require, all airlines said that they needed to
know the duration of oxygen therapy (continuous or intermittent).
Ninety-three percent ask for a flow rate but none ask by what deliv-
ery device (that is, mask or cannulae). All airlines will provide a
delivery device but this may be a fixed concentration mask (40%) or
a standard mask (60%). Thirty-three percent will also provide nasal
cannulae if required. Only 33% will allow the passengers to bring
their own device but passengers are advised to check in advance that
connections will fit. Only two airlines (13%) allow passengers to use
their own cylinders. Seven airlines (47%) will not provide oxygen at
stopover points, so other arrangements must be made. Six airlines
(40%) make no extra charge, four others charge C40 or less, three
charge 50-100% of the fare, and two charge an unspecified amount.
Increasing numbers of patients with chronic respiratory diseases are
taking holidays abroad and may seek medical advice before flying.
If physiological assessment indicates a need for supplemental oxy-
gen during flight, it is useful to know what information the airline
requires in order to provide oxygen. That airlines request a flow rate
without stipulating what sort of mask is to be used can cause
confusion. If the concentration of oxygen required is critical (for
example, in those with marked carbon dioxide retention) it may be
preferable to provide the patient with a mask to use on the aircraft.
Patients will be interested to know of the large variation in extra
cost.

Comparison of continuous positive airway pressure (CPAP)
and nasal intermittent positive pressure ventilation, using
pressure support and a volume cycled flow generator

MW ELLIOTT, R AQUILINA, AK SIMONDS Royal Brompton National
Heart and Lung Hospital, London The aims of non-invasive ventila-
tion include the correction of hypoventilation and unloading inspi-
ratory muscles. Volume cycled flow generators (VCFG), inspiratory
pressure support (IPS), and CPAP have all been used via face and
nasal masks. These modes of ventilatory assistance have been
compared in 11 stable outpatients with chronic obstructive lung dis-
ease or chest wall disease in terms of their effects on ventilation,

inspiratory muscle effort, and oxygen saturation (Sao,) during
wakefulness. There were no clinically significant differences
between the VCFG and inspiratory pressure support. Compared
with spontaneous ventilation, mean (SD) inspiratory muscle effort
decreased (VCFG -539 (239) cm H,0/1/min, p < 0-001; IPS
- 537 (254) cm H20/l/min p < 0-001). Tidal volume was increased
(VCFG +0-17 (0 09) 1, p = 0-001; IPS +0-31 (0-28) 1, p = 0-005)
and respiratory rate reduced (VCFG - 3 0 (3-8) bpm, p = 0-02;
IPS -6-6 (4-8), p = 0-001); but only the VCFG increased minute
ventilation significantly (+1-6 (2 2) 1/min, p = 0 04). Sao, increased
(VCFG +4.0 (2 6)%, p = 0-003; IPS +3 0 (2 6)%, p = 0 003).
During CPAP ventilation was unaffected, but inspiratory muscle
effort fell by a lesser degree (- 162 (193) cm H2O/l/min, p = 0-03)
than with other modes of ventilatory support (AOVO F = 30-8,
p < 0-001) and Sao, was worse than during spontaneous ventilation
(- 2-0 (1 -8)%, p = 0 007). We concluded that in awake, stable out-
patients acclimatised to nasal ventilation there were no clinically sig-
nificant differences between VCFG and IPS, but CPAP was less
effective. These actions may differ during sleep.

Ambulatory multiparametric cough recording

P MUNYARD, RB LOGAN-SINCAIR, CM BUSST, A BUSH Department of
Paediatrics and Biomedical Engineering, Royal Brompton National
Heart and Lung Hospital, London Cough is an important symptom of
any respiratory disease, and in childhood asthma is the most com-
mon presenting symptom (7 AUlergy Clin Immunol 1985;75:197).
Diary cards have been shown to be "unreliable and inconsistent" for
recording nocturnal cough (Arch Dis Child 1985;60:473-74). To
provide objective data on cough we have developed an ambulatory
solid state recording system which records electrocardiogram, heart
rate, multidimensional movement activity, preprocessed cough
EMG, and audio signals. Over 48 consecutive hours of data can be
recorded, and the cough frequency can be related to time, heart rate
and activity. When compared with conventional audio tape record-
ings (n = 7) for periods up to three hours there was no statistically
significant difference, and the proportional agreement was 90-107%
(method of Bland and Altman, Lancet 1986;i:307-10). We obtained
recordings on 48 normal schoolchildren recorded for 24 hours.
Results (mean (range)) are shown in the table below. In conclusion,
we have developed a means of continuously recording cough in
ambulatory children, and for the first time can start to answer the
question, how much do normal children cough?

Children Cough episodes

No PH or FH of asthma (n = 33) 12 (1-40)
FH but no PH of asthma (n = 9) 21 (7-61)
Past history of asthma (n = 6) 13 (3-24)

PH-personal history; FH-family history.

Validity of a cold air enhanced exercise test in a community
based asthma survey

TK NINAN, G RUSSELL University ofAberdeen Parental reporting of
exercise induced respiratory symptoms were validated against
bronchial hyperreactivity (a fall in FEV, > 10% at 5, 10, or 15 min-
utes) following a six minute exercise challenge. The children exer-
cised on a bicycle ergometer while breathing cold air (±2'C) till the
heart rate was 90% of the age predicted maximum. Six hundred and
seven (71-3%) children with respiratory symptoms and 135 (75%)
control children identified from a cohort of 3942 primary school
children attended a specialist clinic for a detailed respiratory ques-
tionnaire and pulmonary function testing. One in four children were
invited to take part in an exercise challenge test. One hundred and
twenty eight (75 2%) symptomatic and 26 (73 2%) control children
took part in the exercise challenge. The median age, median height,
weight and pre-exercise FEV, were not significantly different in the
two groups studied. Bronchial hyperreactivity (BHR) was identified
in 15 (11-7%) symptomatic children and one (3 8%) control child.
Frequent wheeze and breathlessness (>five episodes in the last year)
were identified in at least 60% of the children with BHR. The par-
ents of 13 (86 7%) children with BHR were aware that their chil-
dren had asthma and were on regular prophylactic treatment.
Treatment with bronchodilators, frequent wheeze, shortness of
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breath and awareness of the diagnosis of asthma were significant
(p < 0 001) discriminant factors for BHR and identified 89-3% of
the population studied. A cold air enhanced exercise test was not
useful for identifying children with mild symptoms. Parental report-
ing of exercise induced symptoms was not borne out on exercise
testing in the laboratory.

Trends in the medical care of asthma in childhood: Croydon
1978 and 1991

HR ANDERSON, BK BUTLAND, KM PAINE, DP STRACHAN Departnent
of Putblic Health Sciences, St George's Hospital Medical School, London
In 1978 a screening survey followed by home interviews with the
parents of a community sample of 284 children aged 8-9 with
wheezing illness found evidence of substantial undertreatment and
underdiagnosis. In 1991 the survey was repeated among 299 chil-
dren. The 12 month period prevalence of wheezing increased from
11l1% to 12-8% and the proportion diagnosed as asthmatic
increased from 31 % to 61 %. The proportions reporting consump-
tion of any antiasthmatic drug in the three months before interview
rose from 26% to 57%. The increase was most marked for agonist
bronchodilators (19-55%) and steroids (2-17%), with no change in
xanthine drugs (3-2%) and a fall in cromoglycate (16-6%). These
trends were most marked among children with the lowest level of
school absence. Children with more than 10 days' school absence in
1991 were more likely to have a diagnosis of asthma (43-71%), and
this diagnosis remained strongly associated with treatment. Children
with morbidity in the past month were more likely in 1991 than in
1978 to have taken treatment over the same period (54-69%) but
were less likely to be taking preventive drugs (37-28%). The great-
est increase between the surveys was in the treatment of those with-
out recent symptoms. The main trends in utilisation were an

increase in GP consultations, casualty visits, and hospital admis-
sions and a fall in GP home visits and in use of a chemist. There
was no change in outpatient use. The results show that there have
been marked changes in the quantity and pattern of medical care,
which are partly associated with increased levels of symptoms. The
increase in treatment associated with mild or absent symptoms
could indicate either a lower threshold of treatment or greater effica-
cy, or both.

Trends in the morbidity and disability of wheezy children
(Croydon 1978-91)

BK BUTLAND, HR ANDERSON, KM PAINE, DP STRACHAN Department

of Puiblic Health Sciences, St George's Hospital Medical School, London
Two identical screening surveys of wheezing illness in school chil-
dren aged 8-9 were undertaken in the London Borough of Croydon
in 1978 and 1991. The 12 month period prevalence of wheeze rose

from 11 1% to 12.8% but there was no evidence of an increase in
the frequency of attacks (BMJ3 1992;304:819-20). Home based
interviews were conducted with the parents of wheezy children in
both surveys (n = 284 and n = 299 respectively). The proportion
reporting any wheeze in the month prior to interview nearly dou-
bled, from 32% in 1978 to 59% in 1991. For night waking a similar
increase was observed (11%-23%). For the 12 month period prior
to interview increases for any wheeze and night waking were 88% to
95% and 41% to 59% respectively. In contrast, the proportion
reporting a severe speech limiting attack in the one month and 12
month periods prior to interview decreased marginally (4%-2% and
12%-9% respectively). There was little change in the percentage
reporting a limiting effect of wheeze on their child's activities in the
12 months prior to interview (37%-35%). The proportion reporting
absence from school due to wheeze in the same period also changed
little, falling slightly from 64% to 59%. However, the proportion of
children absent for more than 10 days decreased (30% to 18%). A
higher proportion of children went swimming (78%-96%) and took
part in lessons outside school that involved physical activity (11%-
20%). The proportion of parents preferring their child to avoid
certain activities also dropped, from 16% to 8%. These trends indi-
cate that, although there is an increase in the prevalence of recent
symptoms of asthma, including night waking, the impact in terms of
disability and severe episodes has changed little. This may reflect
the effect of increased levels of treatment, epidemiological changes
in the spectrum of morbidity, or the reporting behaviour of parents.

Prevalence of recurrent respiratory symptoms in 8-9 year

olds

CVE POWELL, RA PRIMHAK University Department of Paediatrics,
Children's Hospital Sheffield The prevalence of recurrent respiratory
symptoms in 8-9 year olds was assessed using a standardised
parental questionnaire containing core questions. The question-
naires were distributed via all 131 primary schools in the Sheffield
region. 4617 out of 5421 (85 2%) questionnaires were returned.
The parental reported cumulative prevalence of wheezing was

29 9%. The point prevalence of a diagnosis of asthma was 10-3%
(474/4617) although 17-9% of children had been labelled asthmatic
at some time. At least 8% of children not diagnosed as asthmatic
had symptoms suggestive of the diagnosis. The period prevalence
(%) of respiratory symptoms in the last 12 months is shown in the
table below. There is a high morbidity in those children with a cur-

rent diagnosis of asthma, suggesting that undertreatment is still
common. A further 8% of children have symptoms compatible with
a diagnosis of asthma, suggesting underdiagnosis. These results give
further support to the hypothesis that the prevalence of childhood
asthma is increasing.

Current Not known
diagnosis to have

Symptom Total of asthma asthma

Wheeze 16-6 85-2 8-2
More than 4 attacks 6-9 49-5 1-7

of wheezing
Sleep disturbed by 4-7 30 3 1-6

wheeze >1 night/week
Severe wheeze 2-9 22-7 0-6
Night cough >1 a week 7-8 30 9 4 9
Exercise induced cough 3-7 24-5 1*3

or wheeze most times

Values are percentages.

Audit of diagnosis ofasthma in children

GENERAL PRACTITIONERS IN ASTHMA GROUP (GPIAG) Principal inves-
tigator: M LEVY 32a Prestwood Avenue, Kenton, Middlesex Delayed
diagnosis of childhood asthma was shown in 1984 (Levy, Bell. BMJ
1984;289:1115-6). We audited the diagnosis of asthmatic children
born in 1981 (n = 1120) and 1986 (n = 1278) in three groups of gen-
eral practitioners: (a) the GPIAG-a special interest asthma group;
(b) GPs in Brent and Harrow; and (c) GPs in Barnet. The main out-
comes studied were prevalence, number of consultations, time taken,
and age at diagnosis. The Kolmogorov-Smirnov test (KS) was used
to test differences between the distributions (SPSS/PC V4 0). The
prevalence of diagnosed asthma increased while the age at diagnosis
and time to diagnose asthma were reduced significantly in each
group. The age at diagnosis was significantly lower in those children
registered in the practice from birth (p < 0 001). Five per cent of
patients audited were currently prescribed asthma prophylaxis. It is
concluded that the prevalence of diagnosed asthma increased, the
time taken and the age at diagnosis was significantly reduced in all
three groups in the two cohorts studied.

Brent and Harrow Barnet GPIAC

Patients/practices 660/47 211/19 1527/82

Prevalence 1981 9% 7-7% 8-7%
Prevalence 1986 11-3% 8 4% 10-2%
Age (y) diagnosis
Born1981:med 5.9 5.5 5-6

(IQR) (3 2-8-5) (3 5-8 4) (3 6-8-3)
Born 1986: med 3-2 3-5 3-1

(IQR) (2-4-4) (1-9-4-2) (1-9-4-4)
p (KS) <0 001 <0-001 <0-001

Time (y) to diagnose
Born 1981: med 2-9 2-7 3-6

(IQR) (0 9-5 9) (0 9-5-4) (1-8-6)
Born 1986: med 1-8 1-1 1-8

(IQR) (0-8-3) (0-5-2-6) (0 7-3 2)
p (KS) <0-001 <0 01 <0-001
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Peak flow guidelines for admission and discharge of children
with asthma

MRH TAYILOR N'ational Children 's Hospital anid Tinlity College,
DI)blinl A two part study of all children attending the casualty
department over an eight month period because of asthma was per-
formed. Data were analysed for all children 4-75 years and older in
part 1 of the study. Guidelines for admission and discharge based
on peak expiratorv flow (PEF) readings were drawn up and applied
in part 2 of the study. Introduction of guidelines was followed by a
reduction in the proportion of children admitted with a PEF > 40%
expected after casualty treatment from 43% to 26% (part 1 44/101,
part 2 38/145; p = 0 0069). For a PEF >60'o expected the admis-
sion rate fell from 23% to 5%S (part 1 12!52, part 2 4/80;
p = 0 0046). There was no change in the reattendance rate. PEF
can play a valuable part in the management of asthma in a casualty
department, provided their appropriate normal values and guide-
lines are supplied. If this is done the number of unnecessarv admis-
sions can be reduced.

School experience of children with cystic fibrosis: teachers'
viewpoint

B /ORI IT H, C EISiER, 1) BOWYER, J HILI FR City' Hospital, Nottinghani
and Departmiient of Psychology, Exeter While much research litera-
ture points to difficulties in school for children with chronic condi-
tions, few studies have been concerned specifically with the
consequences of cystic fibrosis. The present study is an attempt to
document the school experiences of children with cystic fibrosis, as
reported by teachers. There were three related aims: (a) to ascertain
academic progress, practical difficulties, attendance and coping at
school, and the restrictions imposed; (b) to identify teachers' per-
ceived level of information and its source, any special concerns, and
their actual knowledge of cystic fibrosis; (c) to relate children's per-
ceived competence and behaviour to their clinical status. Seventy-
nine children with cystic fibrosis aged 7-16 were invited to take part
in the study. Forty-nine agreed and data were collected on 42 chil-
dren 21 boys and 21 girls with a mean age of 11 5 (SD 2 5). Non-
participants were slightly older but otherwise not significantly
different. The teachers who knew the children best completed the
questionnaires. The majority of children were making good progress
at school and teachers on average rated their achievement as "good"
or "verv good." A minority had sports restrictions, most commonly
in outdoor games. Generally teachers rated their coping abilities,
their behavioural conduct and their social acceptance as "very
good" or "good." This was positively correlated with age. The
median number of days absent from school in the month prior to
completion of the questionnaire was 0 (range 0-15). Overall, the
most common reason for absence was a hospital appointment.
Forty-eight per cent of children had special arrangements organised
in the school, usually for medication and physiotherapy. Sixty-eight
per cent of the teachers felt that they were not well informed about
cystic fibrosis, which was confirmed by the knowledge question-
naire. The majority had information from parents, just over a third
from school nurses, and only 19' from the hospital. Children with
cystic fibrosis are well adjusted to school life. Information on cystic
fibrosis for teachers should be provided sensitively for individual
cystic fibrosis patients.

Cystic fibrosis in children from ethnic minorities in the West
Midlands

DA SPENCER, IP ARNDON, S BUND)EY, NM VENKATARAMAN, PH W'ELLER
Cystic Fibrosis Unit, Birniinghani Children 's Hospital, anid Departnient
ovf Clinical Genietics, Birniinghanm Maternity Hospital, Birminghani
Although cystic fibrosis has been described in most racial groups, it
is often perceived as being excessively rare in other than white
Europeans. Seventeen children with cystic fibrosis who were not of
white European extraction were identified in the West Midlands,
comprising 14 of Asian origin, two mixed Afro-Caribbean/white
European, and one mixed Asian/white European. Clinical data were
available for 16 patients and were compared with data on the 498
white European children recorded in the West Midlands cystic
fibrosis register. Age at diagnosis for the whole group was log nor-
mally distributed. The mean age at diagnosis was lower in the white
European patients (mean 1-56 v 1 71 years), although this differ-
ence was not statistically significant for the whole group (SE differ-
ence 0-81, p > 0 1). However, it was clear that in five cases with
typical clinical features the diagnosis had been delayed because of

the child's racial origin (mean age 4 92 years, SE difference 1 13,
p = 0 003), and in five others the diagnosis was obvious (two sib-
lings with cystic fibrosis, three with meconium ileus). Parents of one
Asian patient were first cousins, and lesser degrees of consanguinity
were present in seven other cases. Two Asian patients were homozy-
gous for the A508 mutation, one of whose parents were second
cousins; the others were apparently unrelated. Two children of
mixed race were heterozygous for the AF508 mutation, but no
mutation could be identified in the remaining patients. As the inci-
dence of cystic fibrosis in the West Midlands is 1:3050, and 11 Yo of
total births are Asians, the overall incidence of cystic fibrosis within
the whole Asian population may be approximately four times less
than that in the indigenous population. Cultural differences in atti-
tudes to the disease need to be appreciated in the management of
these patients and their families. These findings need to be consid-
ered in the planning of any mass population screening programmes
for cystic fibrosis.

Influence of race on respiratory compliance in newborn
infants

Z MUKHTAR, PS RABBEYFE, M GAPPA, K COSTEILOE, J STOCKS Portex

Anaesthesia, Intensive Therapy, and Respiratory Medicine Unit,
Institute of Child Health, and Departnient of Neonatal Medicine,
Homnerton Hospital, London While it is recognised that race is an
important determinant of pulmonary function in adults, limited
data exist for infants. This may confound interpretation of lung
function results from sick non-Caucasian infants. The aim of this
study was to compare total respiratory system compliance (Crs) and
the strength of the Hering Breuer Reflex (HBR) in newborn Afro-
Caribbean and Caucasian infants. To date, successful measure-
ments using the airway occlusion technique (Dezateux et al. Manual
of Infant Lung Function Testing 1991; ISBN 0 9518956 0 5;
Rabbette et al. J Appl Physiol 199 1;71:474-80) have been achieved
in 15 full term Afro-Caribbean infants during the first three days of
life and 15 Caucasian infants matched for sex, birth weight, postna-
tal and gestational age, and maternal smoking during pregnancy.
Results are summarised in the table below. Although 25 infants will
be required in each group to obtain sufficient power to draw firm
conclusions, these preliminary findings suggest that there is no sig-
nificant difference between Afro-Caribbean and Caucasian full term
infants with respect to Crs and HBR during the first week of life.
[This study was supported by the Foundation for the Study of
Infant Deaths.]

Caucasian Afro-Caribbean
Mean (SD) Mean (SD)

Crs (ml/kPa) 38 (9) 41 (9)
HBR ('Y,) 96 (24) 90 (30)

Effect of age on the fall in cardiac output and stroke volume
caused by positive end expiratory airway pressure

JB CLOUGH, AW DUNCAN, PD SLY Princess Margaret Hospital for
Children, Perth, Westeni A ustralia Clinical observation suggests that
small children may be more resistant to the decreases in cardiac out-
put (CO) and stroke volume (SV) which can result from positive
pressure ventilation (PPV). The aims of this study were to quantify
the effect of airway pressure on CO and SV and to determine
whether these changes were age related. Twenty eight children aged
7 weeks to 13-4 years undergoing anaesthesia were studied. After
intubation and paralysis continuous airway pressures of 0, 5, 10 and
15 cm H2O were applied sequentially in random order for 20 sec-
onds and SV and CO were measured at each pressure using a Ving-
Med SD- 100 continuous wave Doppler unit. The operator was
blind to the pressure applied. Results for both CO and SV were
examined using a general linear model, which included airway pres-
sure and age as continuous variables. CO and SV decreased with
increasing airway pressure, p = 0 001. Mean fall (SD) at 15 cm
H,O in CO was 15-6Yo (8.97%) and in SV 15-8% (9.250%). The
magnitude of the fall in SV increased with increasing age (p = 0-02).
There was a trend for the fall in CO to increase with increasing age
(p = 0-06). Further studies on both children with normal and
abnormal hearts and lungs are needed to elucidate the mechanisms
responsible for the age effect demonstrated in this study.
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Incremental investigation of cardiorespiratory sleep disor-
ders using a portable computer aided monitoring system
(CARDAS) in infants and children

P JOHNSON, DC ANDREWS, P SANDS, A THOMSON Departments of
Obstetrics and Pediatrics; John Radcliffe Hospital, Oxford Sleep relat-
ed cardiorespiratory disorders are common in infancy and child-
hood. However, their presentation is very variable (compared with
that of adults), largely because major progressive maturational
changes in sleep state organisation and cardiorespiratory control
influence signs and symptoms. Many nights' recording may be
required to establish the nature of the disorder and its most effective
management. In particular, hypoventilation and partial airway
obstruction can cause hypoxaemia without obvious disturbance. In
the course of extensive testing of a portable computer aided moni-
toring system, CARDAS, measurable disturbances of breathing (fre-
quency, variability, and sound), and/or sleep patterns (activity) were
found to be consistent features. As a result: (1) Initial screening is
achieved with a simple sensor mattress (non-contact), from which
breathing, body movements and sound are recorded (unsupervised)
and analysed. (2) The addition of oximetry, ECG, chest and
abdominal excursion may be used, when indicated from (1), to
define most cardiorespiratory disorders during sleep. (3) In a minor-
ity of patients (for example, suspected seizures) EEG sleep montage
and other neurophysiological variables can be added. All systems
use flexible, easily used, preprogrammed display, record and analy-
sis that can be used by non-specialist staff (in the home or hospital).
This incremental strategy provides a practical, low-cost, precision
approach to the identification and management of sleep cardiorespi-
ratory disorders in infants and children. Its use under "unsuper-
vised" non-specialist conditions is to be evaluated.

Tumour necrosis factor alpha is stored in the mast cell gran-
ule and upregulated by stem cell factor

PS THOMAS, RE SCHRECK, T LEVINE, SC LAZARUS Cardiovascular
Research Institute, University of California at San Francisco, California
Tumour necrosis factor alpha (TNFa) is a potent cytokine known
to be released by macrophages, concerned in the inflammatory reac-
tion, which has also been associated with the mast cell. We hypothe-
sised that the mast cell may constitutively contain TNFa available
for release on activation, and that its regulation may be controlled
by stem cell factor, which is known to upregulate other preformed
mast cell mediators, such as histamine and proteoglycan. Stable,
transformed, canine mastocytoma cells were studied, which were
grown both subcutaneously in the nude, athymic mouse and in
vitro. Electron microscopic immunocytochemistry was used to
localise TNFa at the subcellular level. Cells were prepared by high
pressure cryopreservation followed by freeze substitution with osmi-
um tetroxide and acetone, and infiltrated with LR white resin. Thin
sections were incubated with anti-TNFa antibody followed by
mouse anti-rabbit antibody, and a final incubation with gold conju-
gated goat anti-rabbit antibody. Specific gold staining was seen over
the granules of the mast cells. Mast cells maintained by in vitro cul-
ture were stimulated by the addition of stem cell factor and harvest-
ed at 4, 8, 24, 48, and 72 hours later for RNA extraction. Northern
analysis showed a rise in the signal for TNFa mRNA at 72 hours.
Evidence of protein upregulation was therefore sought and a rise in
TNFa protein was detected at 96 hours by immunoblot and by
immunocytochemistry after long term culture in the presence of
SCF. We therefore conclude that TNFa is constitutively expressed
in these mast cells and that it can be controlled by the presence of
stem cell factor.

Effect of haemofiltration on circulating cytokines in children
undergoing cardiopulmonary bypass: a preliminary study

L ARMSTRONG, N MOAT, J VAN DER LINDEN, JCR LINCOLN, J WEST-
WICK, AB MILLAR Schools of Postgraduate Medicine and Pharmacy
and Pharmacology, University of Bath and Royal Brompton National
Heart and Lung Hospital, London Pulmonary dysfunction still
occurs following cardiopulmonary bypass (CPB) and remains a
major cause of morbidity and mortality especially in the paediatric
age group. This is consequent upon the so called systemic inflam-
matory response to CPB with an increase in inflammatory media-
tors. Haemofiltration (HF) may be able to attenuate the effects of
this response by elimination of some or all of these mediators. We
undertook a prospective randomised study to investigate the effect
of HF on plasma levels of TNF-alpha, IL-6, and IL-8 in 18 infants

and children undergoing deep hypothermic CPB. Serial plasma
samples were taken before, during, and up to 24 hours post CPB.
TNF-alpha was assayed in the plasma samples using a specific
bioassay (WEHI cell line). IL-6 and IL-8 were detected by using
highly specific ELISAs. In all cases there was an increase in TNF-
alpha, reaching a maximum post CPB of 0 31 (0 57) IU/ml in those
haemofiltered and 6-98 (20 4) IU/ml in those not haemofiltered.
There were wide variations in these levels but at all time points
TNF-alpha was lower in those patients who were haemofiltered.
IL-6 levels increased in 15 of the 18 subjects after CPB
(0 03 to >2 ng/ml) but there were no consistent differences with
HF. IL-8 was detected in 12 patients, seven of whom had
HF (1-12-3-24 ng/ml). We conclude that TNF-alpha and IL-6 are
induced by CPB and may contribute to the systemic inflammatory
response in this condition. By contrast, IL-8 production was vari-
able in relation both to CPB and to HF. This preliminary study sug-
gests a potential role for HF in altering cytokine production in
response to CPB.

Local modulation of mononuclear phagocyte function: evalu-
ation using a novel assay for single cell mediator release

P PANTEIJDIS, AM SOUTHCOTT, RM DU BOIS Royal Brompton
National Heat and Lung Hospital, London Traditional methods of
evaluation of cytokine production by cells from patients with fibros-
ing lung diseases have used either suspension or monolayer cultures
of cells. These methods require relatively large numbers of cells
which are subject to the paracrine effects of secreted products other
than the cytokine of interest. To overcome these problems we have
utilised a reverse haemolytic plaque assay (RHPA) to visualise
cytokine product by single cells obtained from peripheral blood and
bronchoalveolar lavage in the presence or absence of stimulatory
signals. The cells of interest are cultured in monolayers of protein-A
coated sheep red blood cells (sRBC) with and without stimulation,
and with a polyclonal antibody directed against the cytokine of
interest. Secretory product is visualised by lysis of sRBC associated
cytokine/anticytokine complexes using complement. In this study
peripheral blood and lung mononuclear cells from patients with sys-
temic sclerosis and sarcoidosis were shown to spontaneously secrete
TNF-alpha, a cytokine which may play a critical role in fibrosing
lung disease through its effects on inflammatory cells especially
endothelial cell adhesion molecule expression, fibroblast mitogene-
sis, and neutrophil activation. In paired studies, lung mononuclear
cell TNF-alpha secretion was greater than that from autologous
blood mononuclear cells in 6/7 instances (p . 0-05): LPS stimula-
tion enhanced TNF-alpha secretion by both lung and peripheral
blood mononuclear cells (lung > blood, p < 0 05). By allowing sin-
gle cell evaluation in monolayers containing <200 inflammatory
cells, this technique avoids paracrine stimulatory influences and
may, in association with immunocytochemistry, define more pre-
cisely the relationship between cell phenotype and function.

Phagolysosome fusion by human pulmonary alveolar macro-
phages: comparison ofsmokers and non-smokers

R COSTELLO, RGW WATSON, HP REDMOND, SJ O'NEILL Department of
Respiratory Medicine, Beaumont Hospital, Dublin Phagolysosome
fusion (PL) is a crucial component of antimicrobial host defence
mechanisms. Human alveolar macrophage (AM) PL fusion has not
been evaluated previously. A novel assay of neutrophil PL fusion
following phagocytosis of Candida albicans (Ca) revealed that up to
40% of neutrophil PL products maintain contact with the extracel-
lular environment, forming incompletely sealed vacuoles (Cech P,
Lehrer R. Blood 1984;64:147-51). We have adopted this assay to
investigate PL fusion by human AMs harvested by bronchoalveolar
lavage of smokers (n = 3) and non-smokers (n = 3) following inocu-
lation with opsonised Ca. The cells were plated onto Labtec cham-
ber slides at a concentration of 1 x 107. Heat killed Ca were
opsonised with human serum at a concentration of 1 X 107 with
human autologous AB serum at a ratio of 10% v/v for 30 min and
were incubated AMs, (pathogen:phagocyte ratio 1:1) for varying
periods, up to two hours, at 37°C. The cells were then treated with
a solution of 4 mmol/l n-ethylmaleimide and 0-001% methylene
blue for 15 minutes and washed, and 40 yeast associated cells were
counted by light microscopy. Cells with blue coloured particles,
having contact with the external milieu, stained blue (unsealed vac-
uole), while those vacuoles having no external contact (sealed vac-
uole) remained unstained, appearing white with a halo (table
below). We conclude that (1) approximately 40% of PLs formed by
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human AMs challenged with opsonised Ca are unsealed, a propor-

tion similar to that seen with neutrophils; (2) this process is not
influenced by cigarette smoking.

Sealed Unsealed No of
n vacuole (%) vacuole((%) Calcell

Smokers 3 61 4 (8 5) 38-6 (8) 2-91 (1-6)
Non-smokers 3 58 3 (7.2) 41-7 (7 3) 2-15 (1-05)

Values are means (SD).

Synthesis of cathepsin B precursor by human bronchial
epithelial cells in vitro

D BURNETT, RJ SAPSFORD, JL DEVALIA, RJ DAVIES, RA STOCKLEY, DJ

BUTTLE General Hospital, Birmingham; Strangeways Research
Laboratories, Cambridge; and St Bartholomew's Hospital, London
Cathepsin B is a cysteine proteinase which can degrade several con-

nective tissue proteins and has the potential to contribute to lung
tissue damage. Cathepsin B is synthesised by macrophages and
fibroblasts, in which it is processed to a 40 kDa inactive procathep-
sin B and thence to the active, 28 kDa, alkaline unstable lysosomal
form. The enzyme is present in mucoid secretions as inactive 40
kDa procathepsin B, which can be processed by neutrophil elastase
to an active, alkaline stable 38 kDa truncated proenzyme, which is
similar to the enzyme present in purulent secretions (Biochem
1991;276:325). The cellular origin of this enzyme has not been
determined. We have located, by immunohistochemistry, cathepsin
B in bronchial epithelium and studied the molecular form of the
enzyme in these cells. Epithelial cells cultured from human
bronchus were maintained in serum free medium for 48 hours with
"3S methionine and cell lysates immunoadsorbed with anticathepsin
B prior to analysis by SDS polyacrylamide gel electrophoresis (SDS-
PAGE). Autoradiography showed the presence of newly synthesised
40 kDa procathepsin B but no lysosomal form was detected.
Conditioned medium from epithelial cultures was also harvested
and incubated with buffer or neutrophil elastase (0-02-20 lig/ml) for
one hour, before addition of 1251 Tyr-Ala-diazomethylketone, a pep-

tide that binds covalently to cathepsin B. The mixtures were sub-
jected to SDS-PAGE and autoradiographed. Control conditioned
media showed a predominant cathepsin B form of 40 kDa which
diminished progressively after preincubation with elastase. This was

associated with increased expression of a 38 kDa band consistent
with the active form in lung secretions. These results suggest that
the cathepsin B in lung secretions originates from epithelial cells as

procathepsin B and is active in purulent secretions because of extra-

cellular processing by other proteinases, including neutrophil elastase.

Dissociation between neutrophil migration and metabolic
activity in lobar pneumonia and bronchiectasis

HA JONES, S SRISKANDAN, CG RHODES, AM PETERS, NB PRIDE, C

HASLETI Departments of Medicine and Diagnostic Radiology, Royal
Postgraduate Medical School and Medical Research Council Cyclotron
Unit, Hammersmith Hospital, London, and Respiratory Medicine Unit,
City Hospital, Edinburgh The activity of inflammatory cells was

measured in vivo in patients with either acute lobar pneumonia or

bronchiectasis positron emission tomography (PET), following the
intravenous injection of "F labelled fluorodeoxyglucose ("FDG).
Neutrophil migration was measured by gamma scintigraphy follow-
ing the intravenous injection of "'In labelled neutrophils. Four stud-
ies were carried out on patients with lobar pneumonia at different
times following onset of symptoms. Four patients with bronchiecta-
sis were studied at a time when their symptoms were stable. In each
PET study 16 sequential images of "FDG radioactivity were

acquired during a 60 minute scan following the injection of 3 mCl
of "FDG. Regions of interest (ROIs) drawn round the affected area

in lobar pneumonia allowed calculation of the rates of uptake of
"FDG. The ROIs for the bronchiectasis studies were drawn around
regions defined as abnormal following examination of the white cell
scans. Rate of uptake of "FDG (min ') was calculated from Patlak
plots in which tissue/plasma count ratio (x 10 4) was plotted against
the integral of plasma counts/plasma counts to obtain a slope, which
is normally in the range 3-8. Patients with lobar pneumonia demon-
strate no migratory signal at time of presentation, but showed a

localised increase in rate of uptake of "FDG, diminishing with time

following admission ("FDG slopes being 148, 124, 76, and 28 at 4,
7, 13, and 22 days after onset of symptoms). In contrast, patients

with bronchiectasis demonstrated continuing neutrophil migration
with no significant increase in "8FDG uptake in the affected region,
slopes ranging from 3 to 7. These results show that the migratory
behaviour of neutrophils is distinct from the increased glucose
requirements of the inflammatory cells during the "metabolic
burst," which appears to be a post-migratory event in human lobar
pneumonia. No increase in metabolic activity of the migrated cells
was detected in bronchiectasis.

Promotion of neutrophil apoptosis by inhibitors of protein
synthesis

MKB WHYTE, LC MEAGHER, A LEE, C HASLETT Department of
Medicine (Respiratoty Division), Hammersmith Hospital, London, and
Department of Respiratory Medicine, City Hospital, Edinburgh
Apoptosis in the neutrophil leads to down regulation of functional
abilities and to recognition and phagocytosis by macrophages.
Apoptosis is characterised by intemucleosomal DNA fragmentation,
indicative of endogenous endonuclease activity. It is not known
whether the endogenous endonuclease is synthesised immediately
prior to the onset of apoptosis or is already present within the cell
but inactive. We have attempted to elucidate this question using
inhibitors of protein and RNA synthesis. Neutrophils were separat-
ed from peripheral blood and incubated at 37°C for eight hours in
the presence or absence of cycloheximide (CX, 50 ;rM), a protein
synthesis inhibitor, or actinomycin D (AD, 1 IiM), which inhibits
RNA synthesis. After eight hours the percentage of neutrophil pop-
ulations that had undergone apoptosis was determined by morpho-
logical criteria and confirmed by electrophoretic analysis of DNA
fragmentation patterns. Inhibition of new protein synthesis was con-
firmed by I'S methionine biosynthetic labelling. In the presence of
CX apoptosis was increased to 945 (296)% (mean (SD), n = 5) and
with AD to 905 (18)% (n = 4) of parallel control populations. We
demonstrated that this modulation of apoptosis was reflected in pre-
dicted functional changes that is, neutrophil shape change was
reduced (CX treated cells 40-7 (14-9)% and AD treated cells 35-5
(11 3)% of control populations), and macrophage neutrophil recog-
nition and phagocytosis increased (CX treated cells 1088 (597)%
and AD treated cells 859 (253)% of controls). SDS-PAGE analysis
of "5S methionine labelled neutrophils revealed specific alterations in
polypeptide bands in association with apoptosis. These results sug-
gest that (1) protein synthesis is not an immediate prerequisite for
apoptosis and (2) these compounds may be inhibiting the synthesis
of an inhibitor of the endogenous endonuclease.

Relation of the formyl peptide receptors to neutrophil func-
tion and emphysema

RA GRANT, C LLEWELLYN-JONES, SL. HILIL, RA STOCKILEY General
Hospital, Birmingham Although it is generally accepted that the
balance between proteinases and antiproteinases is central to the
pathogenesis of emphysema the mechanisms involved in the
absence of a, antitrypsin deficiency are unknown. We have shown
that neutrophils from emphysema patients show an enhanced
chemotactic response and degranulation compared with control
subjects (Burnett et al. Lancet 1987;ii:1043-6.). Although this may
explain the disease the mechanism was not clarified. Since both
chemotaxis and degranulation are receptor mediated events we have
assessed the formyl peptide receptors on neutrophils from healthy
subjects and those with emphysema, using the ligand F, nleu-leu-
phe-nleu-tyr-lys, and compared the results with neutrophil function.
The within batch variation of the assay was 8.90/o (n = 4) and recep-
tor numbers varied widely from 138 x 10'/cell to 363 x 10' in 1
normal subjects (mean 225 (SE 21) x 103). Receptor numbers
showed a positive correlation with chemotactic response measured
independently (r = 0-61; p < 0 025). Similarly the receptor numbers
correlated with the effect of formyl peptides on degranulation;
whether expressed as the absolute or the 00 increase above baseline
(r = 0-51, p < 0 05; and r = 0-53, p < 0-05 respectively). Studies in
patients with emphysema (n = 13) confirmed that the chemotactic
response of their neutrophils to formyl peptides (27 9 (1-32)
cells/high powered field) was greater than for 11 age matched con-
trols (18 2 (1 0), p < 0 01). In addition the patients had more
formyl peptide receptors/cell (mean 513 (72 8) x 10') than the
respective control subjects (332-9 (59 2) p < 0-015). These results
suggest that chemotactic response and degranulation are at least
partly dependent on the numbers of receptors expressed by the
cells. Increased receptor expression may be an important factor in
the susceptibility of subjects to develop destructive lung disease.
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Cadmium induced inhibition of fibroblast procoliagen pro-
duction in vitro resulting from decreased synthesis and
increased intracellular degradation

RC CHAMBERS, RJ MCANULTY, A SHOCK, JS CAMPA, AJ NEWMAN-

TAYLOR, GJ LAURENT Biochemistry Unit and Department of
Occupational and Environmental Medicine, National Heart and Lung
Institute, London Chronic exposure to cadmium fumes has been
shown to cause emphysema, a disease characterised by extensive
derangement of lung connective tissue. We have previously reported
that cadmium chloride (CdCl2) selectively inhibits both fibroblast
procollagen production and proliferation in vitro. The aim of this
study was to elucidate the mechanism for the decrease in procolla-
gen production by assessing the effects of non-toxic doses of CdCl2
on procollagen synthesis and degradation. Fibroblasts were cultured
in the presence of CdCl2 over 24 hours. Hydroxyproline in intact
procollagen and in low molecular weight degradation products was
measured as an index of procollagen synthesis and intracellular
degradation, using a reverse phase HPLC method established in our
laboratory (McAnulty et al. Biochim Biophys Acta 1991). In the pres-
ence of CdCl2 procollagen production was inhibited by 25 (3)% and
50 (2)% (p < 001) at 5 and 1O uM respectively. This decrease
could be largely attributed to inhibition of procollagen synthesis
with values reduced by 18 (3)% and 38 (4)% (p < 0 01) at 5 and 10
pM respectively. Procollagen degradation expressed as a proportion
of total synthesis was increased from 29 (2)% for control cells to 37
(2)% (p < 005) and 43 (2)% (p < 0-01) for cells exposed to 5 and
10 pM CdCl2 respectively. We estimate that 25% of the cadmium
induced decrease in procollagen production at the 10,uM dose
could be attributed to the increase in intracellular degradation. In
conclusion, inhibition of procollagen production by cadmium was
due to decreased synthesis and increased degradation. [This work
was supported by the Health and Safety Executive.]

Fibroblast growth factors in the lungs of patients with
systemic sclerosis

AD CAMBREY, NK HARRISON, R DUBOIS, CM BLACK, GJ LAURENT, RJ
MCANULTY Biochemistry and Interstitial Lung Disease Units, National
Heart and Lung Institute and Royal Free Hospital, London Patients
with systemic sclerosis (SSc) often develop fibrosing alveolitis. The
pathogenesis of this condition is poorly understood but endothelial
cell injury and repair is an early feature, accompanied by inflamma-
tion and oedema. Mediators released as a result of this may then
activate fibroblasts, leading to fibrosis. We have previously shown
that bronchoalveolar lavage fluid (BALF) from these patients con-
tains increased levels of mitogenic activity for fibroblasts in vitro
compared with controls. The aim of this study is to determine
whether insulin like growth factor 1 (IGF-1), endothelin 1 (ET-1),
and platelet derived growth factor (PDGF) contributed to this
increased activity. BALF was centrifuged and the cell free super-
natant concentrated 10 fold by ultrafiltration. Levels of IGF-1, ET-
1, and PDGF were measured by radioimmunoassay and expressed
as mean (SE). Levels of IGF-1 were greater (p < 0-02) in patients
with SSc (35-8 (2 9) ng/mg albumin) than in controls (23-2 (2-7)
ng/mg albumin). ET-1 levels in BALF from patients with SSc were
4-26 (0 36) ng/mg albumin, which was a 2 fold increase (p < 001)
above control levels (1-63 (0 08) ng/mg albumin). Furthermore,
neutralising antibodies to IGF-1 and ET-1 partially inhibited the
BALF induced fibroblast replication. We were unable to detect
PDGF in BALF from SSc patients or controls either by RIA or neu-
tralising antibodies. These results suggest that release of IGF-1 and
ET-1 may represent a mechanism for subsequent events in the
pathogenesis of SSc, including fibroblast activation. [This work was
supported by the Wellcome Trust.]

ICAM-1 expression in fibrosing alveolitis associated with
systemic sclerosis

AM SOUTHCOTT, S LORIMER, AU WELLS, PK JEFFERY, RM DUBOIS
Thoracic Medicine and Department of Lung Pathology, National Heart
and Lung Institute, London Fibrosing alveolitis in systemic sclerosis
(FA-SSc) is characterised by the accumulation of large numbers
of inflammatory cells within the lung. Intercellular adhesion mole-
cule-1 (ICAM-1) is implicated in the recruitment of inflammatory
cells to disease sites and thus we speculated that ICAM-1 may have
a role in the pathogenesis of FA-SSc. We examined ICAM-1
expression by immunohistochemistry (IHC) and Northern analysis
of ICAM-1 mRNA. Open lung biopsy (OLB) specimens from 13

patients with FA-SSc and peripheral unaffected areas of lung from
six subjects undergoing lung resection for tumour were analysed by
IHC using a mouse monoclonal anti ICAM-1 antibody and visu-
alised using an alkaline phosphatase anti-alkaline phosphatase
method with light microscopy. Staining was graded semiquantita-
tively according to the percentage of alveolar epithelium stained
(0-25%, 25-50%, 50-75%, > 75%). All intact alveoli were counted
in triplicate for presence or absence of ICAM-1 positivity. Total
RNA was extracted from OLB specimens from six patients with FA-
SSc and peripheral lung from five patients undergoing tumour
resection. ICAM-1 mRNA expression was assessed by Northern
analysis using a 1-74 kb cDNA probe and laser densitometry of
autoradiographs. Eleven of 13 FA-SSc and all six controls showed
that >75% of the length of the alveolar epithelial surface stained
positively for ICAM-1 96-3 (6 0)% (mean (SD)) of FA-SSc alveoli
and 99 9 (0 2)% of control alveoli stained positively for ICAM-1.
Two of six FA-SSc and four of five controls expressed ICAM-1
mRNA. The degrees of expression were not significantly different.
ICAM-1 is expressed in normal lung and FA-SSc with no upregula-
tion in FA-SSc. We conclude that the normal lung is a site of active
recruitment of inflammatory cells and that upregulation of other
adhesion molecules or cell associated ligands on inflammatory cells
may be more relevant determinants of inflammatory cell recruit-
ment in FA-SSc.

Production of fibroblast chemoattractants by endothelial
cells exposed to hypoxia: role for endothelin-1

KE DAWES, AJ PEACOCK, AJ GRAY, GJ LAURENT Biochemistry Unit,
National Heart and Lung Institute, London and Department of
Respiratory Medicine, Western Infirmary, Glasgow Hypoxia causes
pulmonary vasoconstriction, which is associated with marked
remodelling of the pulmonary arteries. We hypothesised that the
potent vasoconstrictor endothelin 1 (Et-1), secreted by endothelial
cells, may stimulate the remodelling process. It has been shown that
Et-1 is capable of stimulating the growth and chemotaxis of fibro-
blasts (Peacock et al. Am Rev Respir Dis 1990;141:A189). Hypoxic
conditioned media, from cultured endothelial cells, was shown to
contain elevated levels of Et-1 and to stimulate fibroblast chemo-
taxis (Peacock et al. Am Rev Respir Dis 1991;143:A378). The
chemotactic activity of both normoxic and hypoxic conditioned
media was measured using modified Boyden chambers. Hypoxic
conditioned media caused more chemotaxis than media from nor-
moxic cells (45 (SD 6) cells/field v 26 (4 5) cells/field, p < 0-001);
control: 9 (2) cells/field. The addition of antibody to Et-1 signifi-
cantly reduced chemotaxis in both cases (24 (5) cells/field and 19
(3 5) cells/field, p < 0-001 respectively). Gel filtration chromatogra-
phy was used to fractionate hypoxic conditioned media and the frac-
tions collected were tested for Et-1 concentration by
radioimmunoassay and chemotactic activity. A low molecular
weight fraction (3 kDa) containing a high concentration of Et-I
(300 pg/ml) was found to stimulate fibroblast migration (48-5 (2)
cells/field; control 12 (4) cells/field) and this activity could be
decreased by the addition of Et-1 antibody (32 (2) cells/field, p <
0-001). These data suggest that Et-1 contributes to the chemotactic
activity of endothelial cell conditioned media.

Circulating levels of the adhesion molecules ICAM-1, ELAM-
1 and VCAM-1 are not altered by allergen challenge

KM O'SHAUGHNESSY, K PANKAJ, CT DOLLERY Departments of Clinical
Pharmacology, Medicine and Rheumatology, Royal Postgraduate
Medical School, London Cell surface adhesion glycoproteins are
thought to play an important part in the accumulation of granulo-
cytes at sites of inflammation. Blockade of these molecules has, for
example, been shown to reduce allergen-induced airway inflamma-
tion in primates (7 Clin Invest 199 1;88:1407). Recent work has also
demonstrated that circulating isoforms of these molecules are
detectable, which may provide useful markers of inflammation
(Lancet 1991;338:83). In the study reported here we have measured
the circulating levels of three of these adhesion molecules, ICAM-1,
ELAM-1, and VCAM-1, in subjects with mild asthma before and
after allergen challenge. Nine atopic asthmatics (mean age 25-6 (SE
42); six female; FEVy >90% predicted; on inhaled4,6 agonists only)
were recruited after showing both early and late phase responses to
aerosolised allergen (house dust or grass pollen as appropriate). On
a separate study day, subjects were given a further allergen chal-
lenge, to which all subjects showed a dual response with mean
maximum falls in FEV, of 38-8 (6-5) and 36-3 (4 9) % respectively
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for the early and late phases. Venous blood samples were also col-
lected 30 minutes before and 10 hours after allergen challenge. The
serum was then stored at -20°C until assayed for circulating ICAM-
1, ELAM-1, and VCAM-1 using a two epitope "sandwich" enzyme
linked immunoassay (ELISA). The reference values for circulating
levels of these three adhesion molecules, based on a population of
150 normal volunteers, are: ICAM-1 28-5 (2 3); ELAM-1 59 3
(3 2); VCAM-1 6-6 (0 4) (all as ELISA units/ml). The preallergen
values for circulating ICAM-1, ELAM-1, and VCAM-1 in the asth-
matic subjects were 54-3 (13-8), 75-5 (11-9), and 9 9 (0 8) units/ml
respectively. None of these values was significantly different from
the reference values (p > 0 05). After allergen challenge the corre-
sponding values for the circulating adhesion molecules were 52-1
(13-8), 74 0 (13-8) and 10-2 (0 8) units/ml. There were no signifi-
cant differences between the preallergen and postallergen levels.
The circulating levels of these adhesion molecules do not appear to
provide a useful marker of allergen induced airway inflammation in
asthmatic subjects.

Influence of circadian rhythms on ciliary beat frequency
(CBF) ofhuman bronchial epithelial celis (HBEC) in vitro

C RUSZNAK, RJ SAPSFORD, JL DEVALIA, RJ DAVIES Department of
Respiratory Medicine, St Bartholomew's Hospital, London Although
circadian rhythms have been shown to influence several physico-
chemical processes in eukaryotic cells, little is known about the
influence of these rhythms on CBF, which has an important role in
mucociliary clearance in vivo. We have cultured HBEC from surgi-
cal explants in vitro and (1) measured the CBF of these cells over a
period of three days and (2) correlated changes in CBF with release
of cAMP into the culture medium over a period of 24 hours. All
experiments were commenced at the same time on each day and
CBF was measured at several time points by a modification of the
analogue contrast enhancement technique. The microscopic image
of the ciliary motion of HBEC was recorded by use of a video cam-
era and the videotape then analysed for CBF by an observer blinded
to the experimental protocol. Analysis of CBF over a period of three
days revealed a cyclical pattern and demonstrated that this was max-
imal at 12 noon each day (mean (SE) 10-44 (011) Hz). Detailed
analysis of changes in CBF over periods of 24 hours confirmed this
and further demonstrated that, in contrast, the CBF was maximally
attenuated at 4 am each day (mean (SE) 7-2 (0 07) Hz, p < 0 001).
cAMP released into the culture medium also followed a biphasic
pattern and demonstrated that an increase or a decrease in the
amount of cAMP released into the medium corresponded with a
concomitant increase or attenuation in the CBF. These findings
suggest that both the ciliary activity and the release of cAMP from
HBEC may be influenced by diurnal rhythms.

Effect of nitrogen dioxide (NO2) on human bronchial epi-
thelial cell (HBEC)) permeability and synthesis of GM-CSF
and IL-8 in vitro

JL DEVALIA, C RUSZNAK, RJ SAPSFORD, M CALDERON, RJ DAVIES
Department of Respiratory Medicine, St Bartholomew's Hospital,
London Although studies of NO, inhalation have suggested that
this agent may have a role in the development of airway disease, the
mechanisms remain unclear. We have cultured HBEC in vitro and
investigated the effect of six hours' exposure to several concentra-
tions of NO, on paracellular epithelial permeability, as assessed by
movement of radiolabelled bovine serum albumin (14C BSA) across
HBEC grown on microporous membranes, and the synthesis of
cytokines such as GM-CSF and IL-8, assayed by ELISA, by these
cells. NO, induced significant movement of 14C BSA across HBEC
and led to 12-4 (0 9)%, 12-77 (1-1)%, and 216 (1-6)% 14C BSA
(p < 0-001) after exposure to 100, 400, and 800 ppb NO2 respec-
tively. In contrast, transport across control HBEC, exposed to 5%
CO2 in air, was found to be 4 0 (0 4)%. NO2 also induced signifi-
cant synthesis of both GM-CSF and IL-8. Exposure of HBEC to
400 and 800 ppb NO2 released 0 44 (0 01) (p < 0 01) and 0-29
(0 06) pg (p < 0 05) GM-CSF/,ug cellular protein respectively com-
pared with 0 13 (0 05) pg GM-CSF/,ug cellular protein released
from control HBEC. Exposure to 400 ppb NO, also led to release of
22-3 (3 7) pg IL-8/ug cellular protein, compared with 11-2 (1-7) pg
IL-8/,ug cellular protein released from control HBEC (p < 0-01).
These studies suggest that exposure to NO,, at concentrations
found at the kerb side in heavy traffic conditions, may lead to
increased bronchial epithelial permeability and subsequent inflam-
mation through release of one or more cytokines.

Effect of histamine on permeability of human bronchial
epithelial cell monolayers in vitro

RJ SAPSFORD, JL DEVALIA, M CALDERON, RJ DAVIES Department of
Respiratory Medicine, St Bartholomew's Hospital, London We have
previously demonstrated that exposure to 0 5-20 0 ,uM histamine
for 15 minutes leads to significant widening of both intermediate
junctional complexes and desmosomes in cultured human bronchial
epithelial cells in vitro and that this effect can be abrogated by pre-
treatment of the cultures for 20 minutes with 10 mM pyrilamine but
not 1 mM tiotidine. The effects at the tight junctions, however,
were not readily demonstrable in these studies owing to technical
difficulties in processing by electron microscopy. In order to study
the effect of histamine at the tight junctions we have grown human
bronchial epithelial cell monolayers (HBECM) to confluency on
microporous membranes and investigated the effect of 0 1-10-0 ,M
histamine on (1) the movement of radiolabelled bovine serum albu-
min (14C BSA) and 14C mannitol across these monolayers, and (2)
changes in electrical resistance of the HBECM. Movement of 14C
BSA across control HBECM was found to be 8-2 (0 8)% of total
after 24 hours incubation and was not significantly different from
9-4 (0 4)% 14C BSA transported across HBECM incubated with
100 ,M histamine. In contrast, movement of 14C mannitol across
the HBECM after four hours and 24 hours was significantly greater
in HBECM incubated with 10 O,M histamine (26-4 (2 7)% and
77-7 (1-9)% respectively) compared with movement observed in
control HBECM (19-6 (1-3)% and 68-8 (2 2)% respectively).
Exposure to histamine at all concentrations significantly increased
the resistance of HBECM, however, between 0 5 and 4 0 hours.
These studies suggest that histamine does not directly influence
bronchial epithelial permeability in vitro.

Failure of leukotriene D, to alter airway responsiveness to
histamine in normal subjects

C COMPTON, R MURDOCH, J UPWARD, K HOWLAND, P GEORGIOU,
K FELL Clinical Pharmacology Unit, SmithKline Beecham
Pharmaceuticals, Harlow Controversy exists about whether
bronchoprovocation with the peptidoleukotrienes LTC4, LTD4, and
LTE4 increases airway responsiveness. The effect of repeated LTD4
challenges on airway responsiveness to histamine (His) and the
reproducibility of LTD4 challenge either within a single day or over
a period of days were investigated in a randomised, single blind,
placebo controlled study (approved by independent ethics commit-
tee) in healthy subjects. In part I 12 volunteers (aged 23-40 years)
received three or four challenges, either on a single day at two hour
intervals, or as single challenges on days 1, 3, 7 and 14. In part II
six subjects (aged 21-48 years) received an LTD, challenge on three
occasions (T = 0, 4 and 8 h); these were preceded and followed
by a His challenge (T = - 24 and T = +24 h). LTD4 (2 x 10-7 to 2
x 104 M) and His (0-25-32 mg/ml) were delivered according to the
method of Cockcroft. The principal end point recorded was
PC40V,O.p Part I: There was less than 1 (0 5 loglo) dilution difference
in PC,0 values recorded. There was no evidence of increased
responsiveness, tachyphylaxis, or of diurnal variation in response to
LTD,. Part II: His responsiveness did not vary by more than one
doubling dilution after repeated LTD4 challenge in five of six sub-
jects. A four fold reduction in His PC40 was observed in one subject
but this was not accompanied by any symptoms. Reproducibility of
less than 0 5 log10 dilution with respect to LTD4 was observed in
four subjects. A 1-5 log10 fold dilution change was observed between
challenges in a further subject. For the sixth subject PEF70 failed to
return to baseline before the + 4 and + 8 h challenges; hence these
challenges were not performed. We conclude that repeated
leukotriene challenges did not induce tachyphylaxis, were well toler-
ated and reproducible, and did not produce a consistent change in
bronchial responsiveness to His in normal subjects.

Transient increase in airway hyperresponsiveness to hista-
mine induced by inhaled bradykinin in asthma
R POLOSA, K RAJAKULASINGAM, S BRITTEN, ST HOLGATE Institute of
Respiratory Diseases, University of Catania, Sicily, and Medicine 1,
University of Southampton Bronchial hyperreactivity (BHR) is cur-
rently believed to be a key pathophysiological feature of asthma,
which may result from the complex interplay between inflammatory
cells and proinflammatory mediators. Bradykinin (BK) is a naturally
occurring nonapeptide which is reported to possess many pharma-
cological actions pertinent to the pathogenesis of bronchial asthma.
However, it is not known whether BK is able to induce BHR in
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asthma. We therefore set out to look in more detail at the changes in
airway calibre and in bronchial reactivity to inhaled histamine, after
a single inhalation with BK and methacholine (placebo) in a double
blind randomised study of nine subjects with stable asthma.
Subjects were studied on two study periods separated by at least two
weeks. On the first day of each study period subjects inhaled either
the PC,,FEV, BK or placebo (comprising the PC,OFEV, metha-
choline), changes in airway calibre being followed as FEVy and VpSO
at 3, 5, 10, 15, 30, 45, and 60 min, and then every hour for seven
hours. Airway responsiveness to histamine, expressed as PC20 FEV,
and PC40Vp30, was measured three and seven hours after inhaling the
agonists and PC2OFEV, then on days 1, 3, 7, and 14. Inhalation of
BK caused rapid bronchoconstriction that peaked at 2-5 min with
recovery occurring over 45-60 min. When compared with placebo,
no significant difference in histamine responsiveness was seen after
BK administration in terms of changes in PC20FEV, values. How-
ever, when airway responsiveness was measured as PC40Vp30 we were
able to show a significant increase in airway reactivity after BK at 3
and 7 h compared with that after the placebo (p < 0-01), the geo-
metric mean PC4V0p3o histamine value decreasing 3-2 and 19 fold
respectively. Our study demonstrates that inhaled bradykinin
induces a transient increase of BHR in asthmatic subjects, but was
evident only by using a more sensitive indicator of the changes in
bronchial reactivity.

Interactive effect of inhaled bradykinin with histamine and
PGD2 on airway calibre in bronchial asthma

K RAJAKULASINGAM, G GNANAKUMARAN, MK CHURCH, PH HOWARTH,
ST HOLGATE Immunopharmacology Group, University of Southamp-
ton Interaction among mediators such as bradykinin (BK), hista-
mine (H) and PGD2 may contribute to reduction in airways calibre
in asthma. Eight stable asthmatic subjects took part in a study to
investigate possible mediator interaction. The provocation doses of
H, BK, and PGD2 required to produce a 12-5% decrease in baseline
forced expiratory volume in one second (FEVI, PD,2.,) and to
extend the fall to 25% (PD25 12.5) were determined. On three subse-
quent occasions subjects inhaled either the PD12,5 BK plus vehicle or
vehicle plus the PD25125, of either H or PGD2, and FEV, was mea-
sured at regular time intervals up to 40 min. Predicted time course
curves were calculated from these results. On further two occasions
interactive time course studies were undertaken by getting the sub-
jects to inhale PD12.5 BK followed by the PD2, 1225 of either histamine
or PGD2. On a further three visits the time course of individual
mediators was studied. Inhalation of PC12 ,BK followed by
PC25 I23PGD2 induced a rapid onset of bronchoconstriction, FEV,
falling from the post-diluent value by a mean maximum of 31-39
(SE 3-34)% five minutes after challenge. This compares with a pre-
dicted drop in FEV, for the same combination of agonists of 25-65
(1-60)% at the same time point (p > 0 05). Inhalation of PC12.5BK
followed by PC25 12 5H resulted in decline of FEV, by a mean maxi-
mum of 24-45 (4 40)% from post-diluent value five minutes post-
challenge. When this was compared with the predicted additive
response for the combination of agonists there was no significant
difference (p > 0 05). Inhalation of PC,12,BK + PC,2, 25BK pro-
duced a mean maximum fall in FEV, 10 minutes after challenge.
While with both PGD2 and histamine, the maximum bronchocon-
striction occurred at five minutes after challenge. The mean (SE)
maximum falls in FEV, were 15 92 (2 78), 24-97 (6 49) and 24-92
(5 03)% for bradykinin, histamine, and PGD2 respectively (p = 0.05
after three minutes challenge). Thus, employing pharmacologically
active concentrations of inhaled bradykinin, histamine and PGD2,
which act through separate receptor mechanisms, we have been
unable to demonstrate any pharmacological interaction on airway
calibre in asthma.

Effect of inhaled frusemide on airways responses to
bradykinin and adenosine 5'-monophosphate in asthma

K RAJAKULASINGAM, R POLOSA, MK CHURCH, PH HOWARTH, ST HOL-
GATE Immunopharmacology Group, University of Southampton
Recent studies have shown that inhaled frusemide exerts a protec-
tive effect against various bronchoconstrictor stimuli in asthma. We
now have studied the effect of inhaled frusemide on bronchocon-
striction induced by inhaled bradykinin and adenosine 5'-
monophosphate (AMP). This study was conducted in a
randomised, placebo controlled and double blind fashion. Ten
atopic asthmatic subjects were pretreated with inhaled frusemide
(40 mg) or placebo for 10 min, 5 min before concentration-

response studies with nebulized AMP or bradykinin. On the open
visit days the provocative concentrations required to reduce forced
expiratory volume in one second (FEV,) by 20% from baseline
(PC20) for AMP and bradykinin were 14-37 (1-42-67-16) and 2-18
(0 36-5 85) mg/ml. There was a significant correlation between
baseline AMP and bradykinin PC20 values (r = 0 74, p = 0 007).
For AMP the geometric mean PC20 values following pretreatment
with inhaled frusemide and matched placebo were 80-97 (9 97 to
> 400 0) and 15-37 (1-1-104 6) mg/ml respectively (p = 0-001).
For bradykinin the geometric mean PC20 values following pretreat-
ment with inhaled frusemide and matched placebo were 10-02 (2-53
to > 16-0) and 1-92 (0-28-5-61) mg/ml respectively (p = 0-001).
Frusemide afforded 5-27 and 5-23 fold protection against AMP and
bradykinin induced bronchoconstriction respectively. Furthermore,
there was a significant correlation between protection afforded to
the airways against AMP and bradykinin (p = 0-02, r, = 0-65).
These data suggest that inhaled frusemide afforded similar protec-
tion against AMP and bradykinin induced bronchoconstriction,
which we postulate occurs by interfering with neural pathways acti-
vated by both stimuli.

Inhibition of stimulated inositol 1,4,5-triphosphate produc-
tion in bovine bronchial smooth muscle

JE NALLY, R MCCALL, LC YOUNG, MJO WAKELAM, JC MCGRATH, NC
THOMSON Institute of Physiology and Biochemistry Department,
University of Glasgow, Department of Respiratory Medicine, Western
Infirmary, Glasgow Methacholine (MCh) evokes a relatively
potent, concentration dependent contraction of bovine bronchial
rings. We have previously shown (Nally et al. Br J Pharmacol
1992;106:41P) that this contraction is associated with production of
inositol 1,4,5-triphosphate (I (1,4,5) P,). A number of bronchial
smooth muscle relaxants, including isoprenaline (which elevates
cAMP levels), sodium nitroprusside (SNP) (which elevates soluble
cGMP), and, in the presence of neuroendopeptidase inhibitors to
inhibit its metabolism, atrial natriuretic factor (ANP) (which ele-
vates particulate cGMP) can inhibit the contraction evoked by MCh
in this tissue (Hulks et al. Am Rev Respir Dis 143:A334; Nally et al.
Am Rev Respir Dis 1992;145:A374). The possibility that these relax-
ants attenuate the response to MCh by inhibiting the evoked pro-
duction of I(1,4,5)P3 has been investigated in the present study.
Pieces of bovine bronchi were placed in Krebs-Henseleit solution at
37°C and stimulated with MCh (3 x 104 M) in the presence or
absence of relaxants. The reaction was stopped and samples of the
homogenate were assayed for accumulation of I (1,4,5) P3. MCh
(3 x 10-4 M evoked a transient increase in levels of I (1,4,5) P3,
maximal at 5 s (mean increase 360%, n = 8; p < 0-001). A second
rise in 1(1,4,5) P, levels occurred at 60 s (mean increase 211%
(p < 0 05). Stimulated I (1,4,5) P3 levels were significantly atten-
uated (p < 0-001 in each case) in the presence of SNP (10-5 M,
99 9% inhibition at 5 s; 79 5% at 60 s), isoprenaline (10-' M,
82-2% inhibition at 5 s; 82-8% at 60 s), and, in the presence of the
neuroendopeptidase inhibitor, phosphoramidon (3-67 x 10-5 M),
ANP (10- M, 83-6% inhibition at 5 s; 80-5% at 60 s). ANP alone
was ineffective. Elevation of cAMP or cGMP (either particulate or
soluble) can attenuate MCh stimulated I (1,4,5) P3 levels. This may
be a mechanism underlying the inhibitory effect of these com-
pounds. [This work was supported by the Chest, Heart, and Stroke
Association (Scotland).]

Failure of dexamethasone to inhibit PAF induced broncho-
constriction and neutropenia

MJ IREDALE, MA HIGHAM, PW IND Department of Respiratory
Medicine, Royal Postgraduate Medical School, Hammersmith Hospital,
London Platelet activating factor (PAF) is a potent mediator of
inflammation. On inhalation it causes acute bronchoconstriction
and transient pulmonary neutrophil sequestration associated with a
reduction in circulating neutrophils. We have investigated the effect
of the anti-inflammatory agent dexamethasone (Dex) on PAF
induced effects in six normal subjects studied on two occasions at
least two weeks apart. Subjects (five male, mean age 34-5 years)
received, in a randomised, double blind fashion, either Dex 4 mg bd
or matched placebo (P) for two days before PAF challenge. On the
morning of each study day serum cortisol was measured and a final
dose of Dex or P was taken, four hours before inhalation of PAF (72
pig) from a Mefar dosimeter. Airway response was assessed by com-
puterised body plethysmography (sGaw) and spirometry (FEVy).
Neutrophil (N) counts were measured in blood samples taken from
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a forearm catheter before and over 30 min after PAF. Dex caused
significant suppression of morning cortisol (77 1 (-40-0-194-4)
nmol v 346-7 (215-6-477-7) nmol, mean (95% CI), p < 0 02).
Baseline sGaw and FEV, did not differ significantly between the two
study days. Dex caused a significant increase in baseline N (8-6
(6 4-10 9) x 109/1 v 4-1 (2 7-5 6) x 109/1, p < 0 01). PAF inhalation
caused a mean maximum fall in sGaw of 43-6 (19 0-68-3)% after P
and 43-7 (24 9-62 3)% after Dex (NS), and a mean maximum fall
in FEV, of 6-9 (-0-8-14-5)% after P and 6-7 (- 1-5-14-9)% after
Dex (NS). Mean maximum fall in N was 85-2 (71-9-98-5)% after P
and 73-5 (46-5-100-6)% after Dex (NS). Thirty minutes after PAF
N rebounded to 214-1 (73 0-355 2)% baseline after P and 123-4
(80-3-166-4)% baseline after Dex (p = 0 09). Dexamethasone did
not inhibit acute bronchoconstriction, transient flushing, or reduc-
tion in circulating N after PAF inhalation. The differential effect of
PAF on sGaw and FEV, suggests that airway narrowing is occurring
in more central airways.

Effect of dexamethasone on IL-8 gene expression induced by
tumour necrosis factor alpha (TNlFa) in human primary
cultured airway epithelial cells

OJ KWON, PD COLLINS, B AU, IM ADCOCK, M YACOUB, KF CHUNG, PJ
BARNES Departments of Thoracic Medicine, Applied Pharmacology,
and Cardiothoracic Surgery, National Heart and Lung Institute, London
Interleukin-8 (IL-8) is a novel neutrophil chemotactic factor
expressed by various cells, including human airway epithelial cells
(HAEC). Glucocorticoids have strong anti-inflammatory effects but
their mechanism of action is still unclear. This study was designed
to investigate the effect of dexamethasone (Dex) on IL-8 gene
expression induced by TNFcz and other cytokines in primary cul-
tured HAEC. HAEC were obtained from trachea or main bronchi
of heart and lung transplantation donors and were grown according
to the method of Wu. Accumulated IL-8 immunoreactivities were
measured with competitive radioimmunoassay in culture super-
natants. Northern blot analysis was performed using a 32p labelled
cDNA probe. TNFa (100 U/ml) and IL-if) (100 U/ml) significantly
increased IL-8 mRNA level and immunoreactivity, but IL-6 (20
U/ml) and lipopolysaccharide (20 ug/ml) did not. Dex suppressed
IL-8 gene expression and synthesis in both unstimulated and
cytokine stimulated cells. The increase in IL-8 mRNA level by
TNFcx showed a biphasic time course: an early initial peak at two
hours followed by a later sustained increase from eight hours, sug-
gesting that at least two different mechanisms might be involved in
this response. These results suggest that glucocorticoids, including
inhaled steroid, may exert their anti-inflammatory effect by interfer-
ing with IL-8 gene expression. [This work was supported by the
National Asthma Campaign.]

Restriction of endobronchial T cell Va gene usage in atopic
asthma

CM GELDER, MJ PETERS, BJ O'CONNOR, IM ADCOCK, PJ BARNES, KF

CHUNG, JFJ MORRISON. Department of Thoracic Medicine, National
Heart and Lung Institute, London, and Department of Medicine, Leeds
Infirmary, Leeds Atopic diseases affect 30-40% of the population
of industrialised countries. We have previously reported in the
peripheral blood of atopic and atopic asthmatic subjects a restriction
in the usage of the genes encoding the variable segment of the
alpha chain of the T cell antigen receptor. We have now examined
TCR Va gene usage in endobronchial biopsy obtained from six
asthmatic and six normal subjects. Endobronchial biopsy specimens
were obtained using a standard technique. The specimens were
placed in denaturing solution and snap frozen. RNA extraction was
performed using a simple modification of the method of
Chomczynski and Saachi (Anal Biochem 1987;162:156-9) using 5S
RNA as a carrier. Reverse transcription and PCR were as previously
described except that after 35 cycles a 1 microlitre aliquot of reac-
tion mixture was used as the substrate for the second 35 cycles.
PCR products were run on a 3% agarose gel containing ethidium
bromide and directly viewed under UV light. A mean of 4-8 TCR
Vol genes were used in atopic asthma patients compared with 11 1
in normals. This result was confirmed by the examination of four
lungs obtained from asthmatic organ donors, where a mean of 2-5
genes was found. These findings strengthen the evidence that the T
lymphocyte is of fundamental importance in the pathogenesis of
atopy and atopic asthma. [CMG is a Medical Research Council
training fellow.]

Paradoxical reduction in LTB4 generation by bronchoalveolar
lavage cells in asthma

U RESTRICK, AP SAMPSON, PJ PIPER, JF COSTELLO Department of
Thoracic Medicine, King's CoUlege School of Medicine, and Department
of Pharmacology, Hunterian Institute, Royal Colege of Surgeons,
London Leukotrienes (LTs) have a role in the bronchial inflamma-
tion characteristic of asthma; the capacity of bronchoalveolar cells to
generate LTs may therefore be altered in this disease. To test this
hypothesis we assessed LT synthesis in vitro in cells obtained by
bronchoalveolar lavage (BAL) (3 x 60 ml N saline at 37'C) in
seven subjects with mild atopic asthma using 1l2 agonists only
(6F;2M; mean age 23 (range 20-27) years), with mean (SD)
methacholine PC,, 1-32 (4 7) mg/ml and mean (SD) FEV, 3-4
(0 6) 1 and in nine non-smoker controls (5F;4M; three atopic; age
25 (20-32) years; FEV, 3-9 (0 9) 1). There were no significant dif-
ferences between the mean (SD) differential BAL cell counts of
asthmatics: 72 (13)% macrophages (AM), 26 (12)% lymphocytes
(L), 0 7 (0-6)% neutrophils (N) and 1-1 (0-8)% eosinophils (E) and
controls: 76 (12)% AM, 23 (12)% L, 0-9 (0-3)% N and 0 4 (0 3)%
E. Washed BAL cell aliquots were incubated in RPMI 1640 at
0-5 x 106 cells/ml for 0-30 minutes with 4puM calcium ionophore
(A23187) or for 10 minutes with 0-20 pM A23187. LTB, and
LTC4 were measured by radioimmunoassay. Significantly less LTB4
was generated within 30 minutes by cells from asthmatics (median
area under the curve (AUC) 92 (range 29-214) pg.min.cells) com-

pared with controls (442 (14-936)); p = 0-0343. With increasing
concentrations of A23187 to 20 pM significantly less LTB4 was

again generated by cells from asthmatics (AUC 64 (14-153) pg.,uM.
cells) compared with controls (277 (49-955)); p = 0-0149. There
were no differences in LTC4 generation, nor was there any relation-
ship between LTC4 and LTB4 generation. In conclusion, mixed
BAL cells, the majority of which are AM, have a reduced capacity to

generate LTB4 in asthmatic subjects. This may reflect migration of
monocytes into the lung, which have a lower capacity for LTB4
production. Alternatively, this may reflect an aging population of
AM or an altered phenotype of AM in asthma. It is not related to
altered production of LTC4.

Higher hay fever rates in urban than in rural areas in general
practice in the UK, 1981-90

E THOMAS, DM FLEMING, JG AYRES University of Birmingham;
Research Unit of the Royal College of General Practitioners, Harborne,
Birmingham; Chest Research Institute, East Birmingham Hospital,
Birmingham Recent reports have suggested that hay fever is
increasing, more so in urban areas, and air pollution has been impli-
cated in this effect. We used the weekly returns service (WRS) of
the research unit of the Royal College of General Practitioners to
examine whether UK hay fever new episode rates were increasing
and whether urban rates exceeded rural during 1981-90. The popu-
lation covered increased from 228 000 to 480 000 over this period,
allowance being made for this in the analysis. Rates were expressed
per 100 000 per week and as average annual rates, for all ages and
by age (0-4, 5-14, 15-44, 45-64, 65 +). The expected seasonal pat-
tern was observed although a continuous background rate (presum-
ably representing perennial rhinitis) was seen. Each year was thus
divided into a seasonal period (weeks 13-33) and the background
period (weeks 1-12 and 34-52/53) for analysis. Urban rates were

always higher than rural. Seasonal weekly rates over the period
were: urban 51-9/105 compared with rural 39-9/105 (p < 0-01).
Background rates were: urban 6-09 (SD 0-68)/105, rural 2-22 (SD
0 69)/105 (p < 0 001). For all ages combined there were no trends
in hay fever new episode rates with time, although there was a trend
to decline in the 0-4 age group, falling from 18/105 to 8-5/105 from
1981 to 1990. Rates increased significantly in the 65 + age group
(urban 6-3 to 9-8/105 rural 1-5 to 6-8/105 p < 0-01). We have shown
a significant positive effect of urbanisation on hay fever rates,
although patient consulting behaviour may be as important as an

effect of air pollution.

Domiciliary air filtration machines and symptoms and lung
function in atopic asthma

CJ WARBURTON, RMCL NIVEN, CAC PICKERING, AM FLETCHER North
West Lung Centre, Wythenshawe Hospital, Manchester Air filtration
units (AFUs) were placed in the living rooms of 12 atopic asthmatic
patients. The high efficiency particulate air (HEPA) filter compo-
nent of the AFU was inserted (active) and removed (passive) in a
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random double blind fashion at four to six weekly intervals. At the
end of a run in and two study periods each patient underwent
spirometry and seven of the 12 underwent histamine bronchial chal-
lenge testing. Visual analogue symptom scales for wheeze, chest
tightness, cough, phlegm production, and breathlessness were filled
in daily, along with an estimation of bronchodilator usage and the
presence or absence of nocturnal wakening. No differences in the
five symptom categories or bronchodilator usage could be demon-
strated. Nocturnal wakening occurred less commonly in the active
period than the run in period (mean (SD) wakenings per week 1-38
(2 32) run in, 0 70 (1-65) active; NS). There were no significant dif-
ferences in either the PD,OFEV, histamine or the histamine dose-
response function between the three study periods. Bronchial
reactivity decreased as the trial progressed in time (PD20 (umol)
0-27 run in, 0 35 active, 0-95 passive) but this difference could not
be explained in terms of a continuing benefit of the HEPA filter,
and suggests that this trend was not due to the AFUs. In summary,
the AFUs did not have any effect on symptom severity, spirometric
indices or bronchial reactivity in these patients with atopic asthma.

Fluticasone propionate versus budesonide in patients with
perennial allergic rhinitis

M ANDERSSON, R BERGLUND, A HAMMARLUND, I MALCUS, P OLSSON,
I-L SJOLIN, B SYNNERSTAD, L HEDBYS Departments ofENT in Lund,
Oskarshamn, Angelholm, Helsingborg, and Vastervik and Medical
Department of Astra Draco AB, Lund, Sweden In a randomised
multicentre study, 98 patients with perennial allergic rhinitis were
treated once daily with fluticasone propionate 200 ug (Flixonase,
Glaxo), budesonide 140 or 280 pg* (Rhinocort, Turbuhaler, Astra),
or a placebo for budesonide. It was a parallel group study consisting
of a two-week baseline and a six-week treatment. One patient dis-
continued owing to an adverse event (common cold, cough). Nasal
symptoms were recorded daily by the patients. In addition, they
made an overall assessment of the treatment after the study. A pre-
liminary statistical analysis of the combined nasal symptoms indicat-
ed that all active treatments were significantly better than placebo
(p < 0-01 for the two budesonide groups and p < 0-05 for fluticas-
one propionate). Total or substantial control over symptoms was
felt by 57% and 43% of the patients in the budesonide groups (280
and 140 ,ug respectively, compared with 42% in the fluticasone pro-
pionate group and 18% in the placebo group). No statistically sig-
nificant differences between active treatments were detected in any
variable, although there was generally a trend in favour of budes-
onide 280 ,ug. Adverse events reported were mild and few regardless
of treatment. No differences in 24 hour urinary cortisol were detect-
ed between the four treatments. In conclusion, this study showed
that budesonide and fluticasone propionate were effective and safe
in the treatment of perennial rhinitis. No difference in potency
between the two substances could be detected.

*Budesonide calculated from nominal doses 200 and 400 pg with a
deposition of 30% in the nasal adaptor.

Safety of fibreoptic bronchoscopy for research in patients
with moderate and severe chronic asthma

SP MATUSIEWICZ, PH BROWN, GK CROMPTON, AP GREENING
Respiratory Unit, Western General Hospital, Edinburgh Broncho-
scopic procedures have increased our understanding of asthma
immunopathology. While bronchoscopy, lavage (BAL) and mucosal
biopsy (Bx) have been shown to be safe, most studies have been in
subjects with relatively mild asthma. We have bronchoscoped (with
BAL and multiple mucosal biopsies) 18 patients with moderate or
severe asthma with chronic symptoms despite using high dose
inhaled (800-3200 pg/day) systemic steroids (mean age 47 years;
histamine PC20 <1 mg/ml; FEV, 67% pred). All were premedicated
with atropine, phenoperidine, midazolam, and nebulised (NEB)
salbutamol/ipratropium. Continuous nasal 02 was administered at
41/min. 02 saturation and ECG were monitored. Three doctors and
one bronchoscopy assistant were present. One procedure was aban-
doned on entering the trachea owing to acute, visible bronchocon-
striction associated with a fall in 02 saturation to 74%. The
remaining 17 patients tolerated the procedure well with no unto-
ward events. However, two patients developed transient pneumoni-
tis within 18 hours, at the site of BAL (both pyrexial; only one had
pleurisy and systemic upset). Patients showed a moderate fall in
FEV, immediately following the procedure.

Results are summarised in the table below.

Mean PreNEB PostNEB BAL Bx Postbronch

FEV, (1) 1-9 2-2 n/a n/a 1-5
%predFEV, 67 76 n/a n/a 52
O,sat(%) 96-9 93 4 93.4 94.4

Family patterns ofasthma

S ROSS ON BEHALF OF THE ABERDEEN WHEASE STUDY GROUP
Departments of Thoracic Medicine and Sociology, University ofAberdeen
Folklore, as well as more recent scientific evidence, has suggested
that asthma "runs in families", along with other allergic diseases,
such as hay fever and eczema. We have investigated the family his-
tories of three groups of subjects originally identified in a 1964
Medical Research Council/Medical Sociology Unit random commu-
nity survey of children in Aberdeen (Dawson et al. Lancet
1969;i:827-30) as having "asthma" (n = 78), "wheeze in the pres-
ence of upper respiratory tract infections" (n = 111), or no respira-
tory symptoms as children (n = 98) (the comparison group). Each
subject has recently been interviewed at age 34 40 years (Ross et
al. BMJ 1992;305:545-8). Of the subjects interviewed, 91% had
brothers or sisters (median 1, range 1-10), and 81% had children of
their own (median 2, range 1-5). Of the index subjects who had
asthma as children, 23% recalled that at least one parent had asth-
ma, compared with 16% of the "wheezy" and 10% of the compari-
son groups (X2 approaching significance, p = 0 06). Overall, 1%
recalled a parent with eczema and 3% recalled a parent with hay
fever: these results were similar for the three groups. Of the "asth-
matics" with siblings, 36% had at least one brother or sister with
asthma, compared with 11% of the "wheezy" and 15% of the com-
parison groups (p < 0-001). Of the "asthmatics" with children, 50%
had asthmatic children, compared with 33% of the "wheezy" and
21% of the comparison groups (p < 0-01). We also investigated hay
fever and eczema and found that, although significantly more of the
"asthmatic" group had suffered from hay fever (45% v 25% for
"wheezy" and 20% for comparison subjects, (p < 0-001)) or
eczema (37% v 19% for "wheezy" and 10% comparison subjects
(p < 0-001)), the family associations of hay fever and eczema were
not observed for the three original groups. There appear to be
strong associations between asthma and particular families, suggest-
ing that the recent controversial evidence for a genetic basis for
asthma should be further investigated. The evidence for a link with
other allergic diseases is less clear. [This work is supported by the
National Asthma Campaign and Allen and Hanburys Ltd.]

Diagnosis and prevalence ofasthma in general practice

TP MCCARTHY Hardwicke House, Sudbury, Suffoll Many consul-
tations for respiratory problems and many months may pass before
asthma is diagnosed (Levy M et al. BMJ 1984;289: 115-6), whereas
an interest in asthma in general practice shortens the time taken to
diagnose asthma. Recent studies suggest that the prevelance of asth-
ma is increasing (Burney PGJ et al. BMJ 1990;300:1306-10). I
examined the notes of all children born from 1977 to 1991 and
recorded these data by year of birth: (1) The number of respiratory
consultations between the first presentation suggestive of asthma
and the diagnosis. (2) The months between the first presentation
and the diagnosis. (3) The age at the time of the first presentation.
(4) The number of children diagnosed as asthmatic in relation to
the childhood population. During 1977-91 the mean time taken to
make a diagnosis of asthma fell steadily from 68 to three months.
The average age of first presentation fell from around 15 to five
months. The age at diagnosis of asthma fell steadily from around 86
to 10 months. The number of children diagnosed as asthmatic rose
to a peak in 1988, but show a steady decline over 1989-91. The
percentage of children diagnosed as asthmatic rose from 11 in 1977
to 48 in 1987 and now shows a decline over the past three years to a
level of 10 in 1991. There has been no significant change in the
practice childhood population over the years in question. In sum-
mary: (1) This practice has improved steadily over the past 15 years
both in the time and in the number of consultations needed to make
a diagnosis of asthma; (2) more surprisingly and contrary to findings
from recent studies, the prevalence of asthma in our practice child-
hood population appears to be falling.
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Recent trends in asthma mortality in young adults in the
Republic of Ireland

H SIN(INAIR, S ALIAXWRIGHT I, JS PRI HARi) Departments of Conuiininitv'
Health anid C'ilnicl Aledicinec, Tri)iitv College, Dnblinh Although asth-
ma is considered a treatable disease, reports from a number of
WVestern countries have noted an increase in asthma mortalitv since
the late 1970s. Particularly alarming is the apparent rise in asthma
in young adults. Mortality data for 1969-89 were examined to
determine if a similar secular trend had occurred in the Republic of
Ireland, where asthma death rates are among the highest in the
European community. The number of asthma deaths by age and sex
for each vear from 1969 to 1988 were extracted from published
mortality statistics and for the vears 1989-91 were obtained directlv
from the Central Statistics Office (Republic of Ireland). As in all
systems using the International Classification of Disease coding sys-
tem (ICD9, ICD8), deaths certified as due to bronchitis (unspeci-
fied) but with mention of asthma were not included in asthma
deaths before 1979 but were included thereafter. Population figures
were taken from the census of the Republic of Ireland for the years
1971, 1979, 1981, 1986, 1991, and intercensal estimates were
obtained directly from the Central Statistics Office. Crude and age
adjusted mortality rates were calculated for those aged 15-44 years.
Because of the small number of deaths it was necessary to calculate
standardised mortality ratios (SMRs) for five year intervals (six
years for the last interval, 1984-9). Confidence intervals (CI) were
determined for each SMR by the method of Morris and Gardner.
SMRs for males and females combined are shown in the table
below. There is as yet no evidence of an increase in asthma mortal-
itv in young Irish adults.

Yeap, SMR (95%, CI)

1969 73 1236 (978 1540)
1974--78 7903 (601 -102-8)
1979-83 99.0 (78 5-123 2)
1984-89 100 6 (850- 124 6)

Do changes in peak inspiratory flow occur with inspiration
through dry powder inhalers?

1) iAHN', B .\tMAKIN, 1) (GANDERTON, AB NItIIIAR Schools of Post-
gradniate Medicinte, Pharnmac atnd Phamniacologv, Uniiversity 0j Bath,
anid Department of Pharnmacology, Kinig's College, Londoni Dry pow-
der inhalers are increasinglv used as a method of drug deliverv to
subjects with obstructive lung disease. It has been suggested that an

inspiratory flow (IFR) of 28 1/min is required for these devices to be
effective (Pederson et al. Arch Dis Child 1990;65:308-19). Any
intrinsic resistance to inspiration within such a device could be criti-
cal for their effective use in the clinical setting. We have studied the
changes in PIF which occur with inspiration across a selection of
drv powder devices in 33 subjects with obstructive lung disease. PIF
was measured using a modified Compact II Vitalograph. Control
PIF was determined before and after its measurement through all of
the devices, which were studied in a random order. The devices
studied were the Turbohaler, Rotahaler, Spinhaler, and a

Boehringer-Ingelheim (BH) device. The results (table below) were

analysed only if the pre-test and post-test controls had values within
5'S) of the predicted difference. The subjects were divided on the
basis of % predicted FEV, into mild (>75)), moderate (40-75%)
and severe (<40%). We conclude that the intrinsic resistance of
powder inhalers may reduce the inspiratorv flow generated by sub-
jects with obstructive lung disease. We suggest that this should be
considered in the assessment of efficacy of these devices in clinical
practice.

Mean (SD) decrease in °o prediLcted PIF

Clinical category Mild Moderate Severe

Turbohaler 63 (10) 73 (8) 70 (11)
Rotahaler 37 (9) 36 (9) 32 (10)
BH 77 (7) 79 (8) 74 (8)
Spinhaler 53 (7) 56 (8) 53 (8)

Peak flow meters: do they influence morbidity and drug
usage in asthma?

IJ DOUGIAS, JS LEGGE, JAR FRIENI), N DRUNMMONI), 1'1' RUSSEILI,
.M ABI)DAIIA, I. OSMAN, FOR T-HI- ABERDEEN GRASSIC GROUIP Thoraci.
Medicine Unit, Cir) Hospital, Aberdeen, and Health Services Research
Unit, UniVersity of Aberdeen Peak flow meters have recently
become available on prescription for patients with asthma.
However, there are few studies to show their effect on clinical out-
come of hospital outpatients. In 1989, of 569 patients with asthma
and 20% reversibility attending our hospital clinics who had not
alreadv received a peak flow meter, 285 were randomised to
received a mini-Wright peak flow meter with some management
guidelines and 284 were actively not given meters. There were no
significant differences between these two groups at entrv. A further
232 patients who already possessed a peak flow meter were not
included in the study. The data were analysed by the statistical
package GLIM using a Poisson regression model. After 12 months
those who received a peak flow meter reported a higher number of
extra GP consultations for asthma than the others (ratio 1 22; 95)
confidence interval 1 01 to 1 48). Possession of a peak flo,s meter
was associated with increased bronchodilator usage among those
with poorer pulmonarv function and with increased oral steroid
usage in a small group assessed as particularly vulnerable to severe
episodes before entry to the study (ratio 2 06; 95% confidence inter-
val 1 07 to 3 94). There were, however, no differences between the
groups for other morbidity indices, such as night time disturbance
or hospital admission. These results suggest that peak flow meters
are most beneficial to those with poor pulmonary function and sev-
erer forms of asthma. They are of much less value in those with
milder forms of the disease. [The GRASSIC studv (Grampian
Asthma Study in Integrated Care) is funded by the Medical
Research Council.]

Asthma outpatient clinics: what do patients really want?

KJ MCINU1-YRE, AJ D)ORWAR.) Royal Alexandra Hospital, Paisley A
survey in a district general hospital asthma clinic was carried out
over 10 weeks to assess patients' understanding of their manage-
ment and views on the importance of various components of the
clinic visit. One hundred and fifty four subjects replied (87%
response), with an age range of 14-80 (mean 48) years: 60% were
female; 17% were first attenders. The average number of return vis-
its in the previous year was 3-76. Sixteen per cent of the patients
rarely see their general practitioner, yet 34% needed inpatient treat-
ment in the previous year. Seventeen per cent of patients smoked
cigarettes. Nearly all patients were taking inhaled steroids, 44
Serevent, and 34 oral theophyllines. Eighty-six per cent of patients
had peak flow (PEF) meters; 80% claimed to use them regularly
and 57% recorded the results and brought their charts with them to
the clinic. Seventy-seven (54%) were or had been taking oral
steroids in the last year. Twenty-one (27%) used management plans
based on PEF to start or increase their steroids, though most waited
to see their GP or attend the clinic before starting steroids. The
most helpful interventions (in order) were: spirometry, consulting
with the doctor, attending the clinic itself, and training of inhaler
technique by physiotherapist; while reading leaflets and talking to
other patients received a low rating. Patients obtained their informa-
tion from various sources. Females were more likely to get informa-
tion from nurses (p < 0-05), leaflets (p < 0-01), and the Asthma
Society (p < 0 05) than males. Manv of this cohort are educated
and use management plans but thie majority still rely on medical
intervention for exacerbations. Further patient education must be
carried out in this group.

Presentation and self management in acute asthma: a
prospective study in two districts

MIL LEVY, M ROBB, JI. BRADLEY, RJD WINTER Department of Medicinte,
Wellhouse NHS Truist, Barnet and Edgzvare General Hospitals We
prospectively studied the presentation and management of acute
asthma in 233 consecutive patients aged >7 years attending the
accident and emergency departments of three district general hospi-
tals. Data were obtained over two months from case records and
interviews completed in 133/156 consenting patients and 132 gener-
al practitioners. Most patients (186/233) went directlv to hospital
without attempting to contact their general practitioner (49% hold
asthma clinics). Peak expiratorv flow (PEF) was measured by

460



Proceedings of the British Thoracic Society

34/133 patients at the onset of symptoms. The median delay before
seeking help was 12 hours, with 97 patients (42%) presenting in the
six hours between 2000 and 0200 h. Presenting symptoms were
breathlessness (92%), cough (51%), disturbed sleep (61%), and
chest pain (42%). Self management was attempted in 93/133
patients before attendance: 86% had increased inhaled bron-
chodilators, 37% inhaled steroids, 11% oral steroids. 144/217
received nebulised bronchodilator drugs. Ninety-one per cent of
patients had PEF measured before and 81% after nebulised bron-
chodilator. At follow up interview 68 days after attendance (95%
confidence interval 64-71 days) 73/133 patients had symptoms and
42 (32%) were measuring peak flow, 66% having a diurnal variation
of > 15%. Prospective study using hospital case notes and patient-
general practitioner interview provides information about presenta-
tion, patient self-management and morbidity of acute asthma.
Further use of this protocol may provide information about the
effect of increased use of guided self management on asthma mor-
bidity.

Reducing hospital admissions through an asthma education
programme

LM OSMAN, M ABDALLA, IT RUSSELL, S ROSS, JAG BEATTIE,
N DRUMMOND, JAR FRIEND, JS LEGGE, JG DOUGLAS Centre for
Medical Education, University of Edinburgh; Health Services Research
Unit, University of Aberdeen; and Thoracic Medicine Unit, City
Hospital, Aberdeen During a year long trial comparing normal hos-
pital clinic care with GP shared care 801 patients were randomly
allotted either to continue conventional asthma education (control
group) or to receive in addition a personalised, booklet based, com-
puter generated education programme (education group). The edu-
cation programme consisted of four booklets mailed at monthly
intervals containing information specific to the patient's own med-
ication with a questionnaire to be returned for each booklet. The
education programme was taken by patients at different points dur-
ing the clinic care/shared care evaluation year. "Educated days" per
patient (number of days in evaluation year from receipt of first
booklet) showed significant positive effects with reduced hospital
admissions and lower morbidity and bronchodilator use by compar-
ison with the control group (Poisson regression model using
GLIM) see table below. These education effects did not differ
between clinic and GP shared care patients. We conclude that a
personalised booklet based educational intervention which allows
patient responses to guide provision of information can be effective
in improving patient management of asthma.

Fitted mean (95% CI)
Ratio of education

Outcomes Education Control to control mean
after I year group group (95% CI)

Hospital 0 11 0-21 0-53
admission (0-08, 0-16) (0-17, 0-27) (0 34, 0 82)

Bronchodilator 9 2 10-7 0-86
prescriptions (8-0, 10-7) (9-8, 11 9) (0-73, 100)

Average sleepless 1-6 2-1 0 75
nights/7 (1-3, 1-9) (1.9, 2-3) (0-61, 0 92)

Average days 3-6 6-3 0-56
limited activity/30 (2-1, 6-1) (4-9, 8-8) (0 32, 0 99)

Audit of undergraduate teaching on asthma management

H MOUDGIL, MF SUDLOW University Department of Medicine, Royal
Infirmary, Edinburgh A criterion based audit formatted on the
British Thoracic Society (BTS) guidelines on the management of
asthma (BMJr 1990;301:651, 791) was undertaken to assess teach-
ing to medical undergraduates, and was compared with perfor-
mance at one year follow up during preregistration. Sixty two
students (by examination answerscripts, final MB,ChB March
1991) and 31 of the original candidates (by telephone open ended
interview, March 1992) were asked a set question on management
of asthma, and responses were audited with permission from the
university; 81-25% (26/32) of the doctors contacted would respond
only in this way. Both groups demonstrated an adequate under-
standing of the key life threatening elements in asthma recognition
(clinical features: students' mean score 7 37, SD 1-26; doctors'
mean score 7-52, SD 116), objective measurements of severity, and

treatment (students' mean score 6-52, SD 1-23; doctors' mean
score 7 74, SD 1-34). Continued supervision of the acute patient
(10% v 52%, p = 0-000015) and repeated objective measurements
(61% v 77%, p = 0057) were more emphasised by the doctors.
Prescription of reducing doses of oral steroid on discharge (63% v
90%, p = 0 0034) and provision for further booster courses (50% v
65%, p = 0 074) were also more emphasised by the doctors,
although these remained uncertain about the regimens for reducing
steroids. There was a failure to consider educational factors, such as
self management plans based on peak flow recordings (students
37%, doctors 48%, p = 0-01), inhaler techniques (students 53%,
doctors 77%, p = 0-01), and advice to stop smoking (students 31%,
doctors 29%, p = 0-19). The preregistration doctors reflected more
experience, but only 58% (18/31) had ever heard of the BTS guide-
lines.

Midlands Thoracic Society (MTS) rare respiratory disease
registry

CFA PANTIN, J COHEN, C BEECH, JG AYRES ON BEHALF OF THE MTS
RESEARCH GROUP Since September 1988, the MTS has run a dis-
ease registry. Proposals for research projects which require more
cases than one centre can provide are submitted to the MTS
research group. When projects are approved, respondents to the
registry who are likely to see eligible cases are circulated with a short
protocol, including the definition of a case. The project is then
placed on the registry. At the end of each month, each respondent
receives a form asking them to report cases only for projects relevant
to their specialty. The monthly returns are collated and a list of rele-
vant cases sent to each project coordinator, who arranges further
data collection independently. The registry is managed by one sec-
retary, working 10 hours/month, using specially designed software.
In the 36 months to August 1992 the average monthly return of
forms was 83%. If respondents give no returns for three months
reminders are automatically sent. Projects on the registry are spo-
radic legionnaires' disease (on the registry from September 1988 to
October 1990; only eight cases reported), occupational asthma
(from September 1988; 573 cases, with two papers, nine abstracts
published), chronic bronchitis in non-smokers (from March 1990;
19 cases, two presentations), brittle asthma (from October 1991; 70
cases), and tuberculosis in health care workers (from October 1991;
seven cases, one abstract). In summer 1989, an outbreak of Q fever
(147 cases) was noted in Birmingham. Q fever was immediately
placed on the register (June-August 1989; six extra cases, four
papers, three abstracts), allowed the limits of the outbreak to be
mapped. The registry provides an efficient method of collecting
cases for research projects.

Aetiology of adult lower respiratory tract infections in the
community (CaLRTIs)

A COLVILLE, JT MACFARLANE, A GUION, RM MACFARLANE, DH ROSE
Respiratory Medicine and Radiology Departments, City Hospital;
Stenhouse Medical Centre; and Public Health Laboratory Service,
Nottingham Viral and atypical pathogens are generally thought to
be the cause of most CaLRTIs, in contrast to community acquired
pneumonia (CAP), where bacteria are more frequently implicated.
We studied 206 adults presenting to a six man GP surgery with
CaLRTI over 14 months. Investigations included (number collect-
ed) sputum Gram stain and culture (198), separate bacterial and
viral throat swabs (206), acute serology for viruses, legionella, and
atypical pathogens (206), follow up serology in 180, and testing of
sputum (197) and urine (206) for pneumococcal (PCA) and
chlamydia (sputum only) antigens. 110 pathogens were identified in
90/206 patients (44%), two pathogens being identified in 13
patients and three in three patients. Ninety two bacterial pathogens
included Strep pneumoniae in 62 (48 by PCA only), H influenzae in
16, M catarrhalis in four, haemolytic streptococci in four, H parain-
fluenzae in two, Staph aureus in two, Pseudomonas aeruginosa in one
and M malmoensii in one. There was one case of Mycoplasma pneu-
moniae and of Coxiella burnettii and 16 viral infections, including
influenza B (5), RSV (5), influenza A (4), adenovirus (1), and rhi-
novirus (1). We conclude that the pathogens causing adult
CaLRTIs are very similar to those causing more severe infection
and CAP, with bacteria, Strep pneumoniae being most common.
Antibiotic policies should therefore be similar. [This study was sup-
ported by the British Lung Foundation.]
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Adult lower respiratorytrac t infections(LRTI): which inves-
tigations are useful to GPs?

1T MACFARLANE, A COLVILLE, A GUION, R MACFARLANE, DH ROSE
Respiratory Medicine and Radiology, City Hospital; Stenhouse Medical
Centre; andPublic Health Laboratory Service, Nottingham We have
assessed the value of investigations in 206 adults presenting to their
GP with acute LTRI and treated with an antibiotic. Sputum Gram
stain revealed a predominant pathogen in 23/198 (12%) cases,
13 (56%) of which grew a compatible bacterial pathogen. Sputum
cultures were positive in 35/198 (18%), eight isolates being ampi-
cillin resistant. Pneumococcal antigen (PCA) was detected in 61
sputa, including all those from which Strep pneumoniae was isolated,
but in none of 206 urine samples tested. One or more bacterial
pathogens were identified in 37/119 (3 1%) of mucoid sputa com-
pared with 39/79 (49%) graded mucopurulent/purulent. Bacterial
throat swabs (TSs) produced 12 positive cultures, but only four
were considered pathogenic (haemolytic streptococci). Four viral
TSs were positive. Acute viral, atypical, and legionella serology
revealed a diagnostic titre in four cases, a further 11 becoming diag-
nostic on follow up testing. Early chest radiographs (180 cases)
revealed infection changes in 21 (24% of those with focal chest signs
compared with 7% with no focal signs) and other abnormalities in
38. We conclude that sputum appearance does not give an accurate
indication of bacterial infection and that PCA detection is a better
pointer to infection than sputum Gram stain. Other tests have a low
value yield to the GP, although 30% chest radiographs are abnor-
mal, particularly in those with focal chest signs. [This study was
supported by the British Lung Foundation.]

Incidence and outcome of adult lower respiratory tract infec-
tions in the community

JT MACFARLANE, A COLVILLE, A GUION, RM MACFARLANE, DH ROSE
Respiratory Medicine and Radiology Departments, City Hospital;
Stenhouse Medical Centre; andPublic Health Laboratory Service,
Nottingham All adults (age range 16-79 years) presenting over 14
months up to December 1991 to a sixman general practice (GP)
surgery with an acute community acquired lower respiratory tract
infection (CaLRTI) were studied. Four hundred and eighty cases
were identified from the relevant practice population of 11 253, giv-
ing an incidence of 37 LRTI cases/1000 adults/year. One hundred
and sixty five cases (74 males, mean age 62 years) were seen on
urgent home visits; 51-5% had focal chest signs on examination but
only four required direct hospital admission.The remaining 315
cases (145 males, mean age 46 years) were seen in the GP surgery,
50% having had symptoms for more than seven days. Sixty one per-
cent were in current employment, 33% were current smokers, 28%
had chronic lung disease, and 54% were in prior excellent health;
25% had focal chest signs. All patients received antibiotics (amoxy-
cillin in 80%). Two hundred and six attenders were followed by
using symptom diaries and a research nurse. Thirty five percent
took longer than seven days to return to normal activities, 24% had
up to four days off work, and 36% had one to seven days in bed.
Twenty six percent required to see the GP again because of unsatis-
factory improvement (64%), antibiotic side effects (9%), results of
investigations (13%), and other reasons (13%). We conclude that
adult CaLRTIs are common and produce appreciable morbidity,
and that current management strategies are inadequate. [This study
was supported by the British Lung Foundation.]

Initial antibiotic treatment for community acquired pneumo-
nia in south west England

CR SWINBURN Taunton and Somerset NHS Trust, Taunton Draft
BTS guidelines for the initial antibiotic treatment of community
acquired pneumonia (CAP) require assessment of the severity and
likely aetiology of the infection, together with the recognition and
significance of concurrent disease. These factors determine the
choice of antibiotics. In practice, these important assessments are
most likely to be made by junior medical staff, perhaps inexperi-
enced in this area. For this reason, an initial standard and effective
(in virtually all cases) treatment regimen may be an alternative
approach. This study reports current initial antibiotic practice in
respiratory firms in south west England. In 15/16 (94%) firms initial
antibiotic therapy was chosen and initiated by junior medical staff,
for most (87%) of whom the consultant had confidence in their
ability to assess severity correctly. Rather fewer consultants (53%)
felt their juniors could reliably predict the causative organism. The

great majority (69%) encouraged their juniors always to use the
same initial antibiotic regimen, invariably erythromycin with either
ampicillin or cefuroxime. The remainder had variable regimens
more akin to those recommended in the draft BTS guidelines. In
conclusion, it appears that most respiratory physicians in south west
England currently encourage a pragmatic approach to the treatment
of CAP. It remains to be seen whether or not their approach would
be altered following publication of the guidelines.

Swifter first antibioticadministration following pneumonia
audit

BRO'DRISCOLL, D DENNING, PC BARNES Hope Hospital, Salford
Community acquired pneumonia (CAP) leads to death in 5-25% of
hospitalised cases even though most causative organisms are suscep-
tible to antibiotic treatment. We report the effects of audit on the
timing of the first dose of antibiotic in patients withCAP admitted
to Salford acute hospitals unit. An initial audit of CAP in April-
November 1990 yielded 27 sets of case notes. Several deficiencies in
clinical assessment and management were observed and district
wide guidelines for pneumonia management were prepared and cir-
culated toall physicians.The mean interval between hospital arrival
and receipt of first antibiotic (Rx delay) was 6-9 hours (12 hours
when oral antibiotics were used (n = 10) compared with3-25 hours
for intravenous treatment (n = 14)). The new guidelines specified
that the first dose of antibiotic should be given intravenously by the
admitting doctor.The audit was repeated between June and
November 1991 (27 case notes).The mean Rx delay was 2-25
hours in the 22 cases where the first dose was intravenous and 4-25
hours in the five cases where the first dose was given orally (despite
the district guidelines).Thus the mean Rx delay was reduced by
62% from 6-9 hours in 1990 to 2-63 hours in 1991. We conclude
that district wide audit and treatment protocols canimprove the
management of pneumonia. We would also suggest that first doses
of antibiotics should be given parenterally as oral treatment leads to
extra delays.

Severe community acquired legionella pneumonia (CALP):
complications and outcome

RB HUBBARD, RM MATHUR,JT MACFARLANE Respiratory Medicine,

City Hospital, Nottingham CALP is the second commonest cause
of severe community acquired pneumonia, requiring intermittent
positive pressure ventilation (IPPV). We have examined the case
notes of 30 patients with CALP requiring IPPV. Mean age was 53
years (range 27-76) and 24 were male; eight died (27%, mean age
57 years). Preadmission antibiotics were used in 18 cases (in 12
cases a penicillin, erythromycin in only one). On admission 26
patients received erythromycin (eight died) and 15 rifampicin in
addition (five died); four received neither drug and survived. Mean
IPPV time was 15-9 days (range 2-41) for survivors and 14-1 days
(range 8-25) for non-survivors. Ten survivors required IPPV for
>14 days and six for >21 days. Acute renal failure needing dialysis
(ARF) developed in 13 (43%); five died (38%) and only one of the
eight survivors required further dialysis after discharge. Positive
inotropic drugs (PID) were used in 10 and six died. Only six
patients with ARF required PID; three died. Jaundice occurred in
11(37%) patients (seven died); nine of these received rifampicin
(seven with bilirubin >130 pmol/1). The excess bilirubin was largely
conjugated when measured (n = 3) and there was no consistent
hepatic or obstructive change in liver enzymes. Presence of jaundice
was not related to pre-existing liver disease or alcohol consumption.
We conclude that severe CALP has a relatively good outcome,
though it may require prolonged IPPV; ARF is common but
reversible in survivors and severe jaundice is commoner in those
receiving rifampicin.

Audit of hospital management of pneumonia (I)

R SLACK, M MCCABE, CE BUCKNALL, RDS STEVENSON, J WINTER

Royal Infirmary, Glasgow, and Kings Cross Hospital, Dundee
Retrospective analysis of 319 cases of pneumonia treated in hospital
over a calendar year was undertaken. The average age of the cohort
was 64 (SD 20) years and they spent an average 13 (SD 13) days in
hospital. One hundred and sixty (50%) had been in hospital within
two years of the index admission and 133 (42%) had a history of
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respiratory problems. A likely pathogen was identified in 55 (17%)
of cases-20 by blood culture (yield 20/156, 13%), 26 by sputum
culture (yield 26/98, 27%) and 11 by serology. Other investigations
done included sputum Gram stain in 32 cases (two positive) and
microscopy (50 cases) and culture (42 cases) for acid and alcohol
fast bacilli (all negative). Forty four patients (14%) had bron-
choscopy performed. The spectrum of causative organisms identi-
fied was similar to that in other series-bacterial 86%, viral 13%,
rickettsial 1%. The proportions of patients having recognised risk
factors were as follows: urea >7/mmol/I 15/269 (54%); diastolic
blood pressure < 60 mm Hg 61/305 (20%); respiratory rate >30
63/276 (23%); confusion noted 69/269 (26%); albumin < 35 g/l
109/214 (51 %). Seventy eight patients died in hospital (24%). This
survey of current hospital practice in a disparate group of patients
provides a background to local discussions on the rational assess-
ment and treatment of pneumonia, which is also informed by the
recently produced BTS guidelines on this subject.

Tuberculosis and poverty (U)

DPS SPENCE, J HOTCHKISS, CSD WnILLIAMS, PDO DAVIES Aintree Chest
Centre, Fazakerley Hospital; Tuberculosis Research Centre, Sefton
General Hospital; and Liverpool Public Health Laboratory, Liverpool
In a previous presentation to the British Thoracic Society (July
1992) we presented data showing a strong association between
tuberculosis and several indices of deprivation within the city of
Liverpool. The strongest association was with the Jarman index (r =
0-73), which assesses deprivation by a composite score: single par-
ent families, preschool age children, unemployment, pensioners liv-
ing alone, the unemployed and unskilled and ethnic minorities.
Multiple regression analysis showed that single parent family,
unskilled and pensioner were the best predictor variables. We have
investigated the association between the incidence of tuberculosis
and poverty, as measured by the Jarman score, for all metropolitan
districts in England for 1989. Rate of tuberculosis and Jarman index
were significantly correlated (r = 0 4) for the 27 districts. A stronger
correlation occurred between the percentage of people classified as
deprived (by the Jarman index) for each district and the rate of
tuberculosis (r = 0 66). However, those districts with the highest
levels of tuberculosis and deprivation (Oldham tuberculosis rate per
100 000 23 and deprived 36%; Wolverhampton 33 and 34%;
Bolton 41 and 22%) also had large numbers of ethnic minorities.
Thus a link between social deprivation and tuberculosis has been
shown in the metropolitan districts in England and Wales. The
social deprivation suffered by ethnic minorities may be a factor in
their high rates of tuberculosis. Longitudinal studies are required to
examine whether the link is causal. Tuberculosis may remain a
problem until the problems of social deprivation in our inner cities
are addressed.

Control oftuberculosis in NHS staff: West Midlands 1990-2

A BURGE, S KUMAR, C SKINNER Occupational Health Service and
Chest Research, Institute, East Birmingham Hospital NHS Trust Is
pre-employment chest radiography necessary in symptomless sub-
jects with grade 3 or 4 positive Heaf test responses? Does an annual
questionnaire help detect tuberculosis in at risk employees? To
answer these questions we have audited the screening procedure in
20 health districts in the West Midlands in 1990-2. Procedures are
in line with the 1990 code of practice (Subcommittee of the Joint
Tuberculosis Committee of the British Thoracic Society BMJ
1990;300:995-9) supplemented by an annual questionnaire to at
risk employees. Pre-employment Heaf testing in 8475 subjects
yielded 5-8% grade 3 and 2% grade 4 reactions. The percentage of
subjects with grade 3/4 reactions showed variation between districts
(for example, 16% in Bromsgrove, 2% in Wolverhampton) unex-
plained by ethnic variation. Chest radiographs in these 659 subjects
yielded 18 (2-7%) abnormal films but no active tuberculosis.
Annual questionnaires were returned from 3853 at risk employees.
Follow up of those reporting suspicious symptoms yielded no cases
of tuberculosis. We identified seven cases of tuberculosis (one doc-
tor, two theatre nurses, two geriatric nurses, one district nurse, and
one autopsy room technician) from occupational health records and
the Midland Thoracic Society rare diseases register. None had been
diagnosed through occupational surveillance and all had presented
symptomatically. We conclude that (a) there may be inconsistency
in Heaf test reading between districts, (b) pre-employment chest
radiography in symptomless subjects is unnecessary even in those
with grade 3/4 Heaf reactions; and (c) annual questionnaires for at
risk employees appear unproductive (as regards tuberculosis).

Mycobacterium bovis infection in south west Ireland 1983-91

TP COTTER, E O'SHAUGHNESSY, S SHEEHAN, B CRYAN, CP BREDIN
Departments of Respiratory Medicine and Microbiology, Cork Regional
Hospital, and University College, Cork A retrospective study of cases
of culture positive Mycobacterium bovis infection in man in the south
west of Ireland (counties Cork and Kerry, population 536 000)
from 1983 to 1991 inclusive compared epidemiological, clinical,
and microbiological aspects with those of M tuberculosis for the same
period. Twenty six cases ofM bovis were microbiologically proved, a
mean annual incidence of 0-54 per 100 000. A maximum of five
cases and a minimum of two cases occurred each year. There were
572 cases of M tuberculosis, a mean annual incidence of 13-34 per
100 000. The incidence ofM tuberculosis fell from 15-3 to 1 1-38 per
100 000 from 1983 to 1991. Fifty five per cent of M bovis cases
were pulmonary, a significantly smaller proportion than with M
tuberculosis (85%): p = 0-0001. The disease was associated with an
older mean age of patient than M tuberculosis (58-8 v 48-6 years, p =
0-02). Pulmonary sites were more likely to be smear positive than
extrapulmonary in M tuberculosis (62% v 24%, p = 0-0001). The
corresponding figure of 57% v 25% forM bovis did not reach statis-
tical significance. No rural-urban bias was noted for either disease.
Males exceeded females in M tuberculosis (62% v 38%, p = 0-0001)
and in M bovis infection (62% v 38%, NS). Bovine infection tuber-
culosis in humans is the most common of the mycobacteria other
than tuberculosis infections in our area. The lack of a rural-urban
bias in M bovis infection in our area may be explained by urban
migration in this older population. The older age of the M bovis
infected patients suggests that reactivation of disease is more impor-
tant than primary infection inM tuberculosis.

Circulating free radical activity (FRA) in patients undergoing
radiotherapy for non-small cell lung cancer: a preliminary
study

CIA JACK, MJ JACKSON, B COTTIER, JAH L1IThER, L DOUGLAS, CRK
HIND Royal Liverpool University Hospital, Liverpool Increased free
radical production is known to occur in several inflammatory lung
diseases (for example, fibrosing alveolitis). Free radicals are also
produced by radiotherapy and are thought to be responsible for
killing cancer cells by their action on DNA. Recognised complica-
tions of radiotherapy include the development of radiation pneu-
monitis (2-3 months after radiotherapy) and later pulmonary
fibrosis (after 6-12 months). Both of these features may also be
mediated by free radical damage. To study these questions further
we are following patients undergoing external radiotherapy for non-
small cell lung cancer by monitoring the circulating FRA, using the
diene conjugated isomer of linoleic acid (%MR) (Thorax
1989;44:347) (normal range 0-8-3 2). Serial serum samples have so
far been collected before and after radiotherapy in 31 patients
(23M, 8F, mean age 68, range 43-88 years). The mean follow up is
3-3 (range 0 2-10) months, during which 19/31 patients have died
(11 died within three months). Elevated serum %MR was found in
14/31 before radiotherapy, of whom 9/14 died within three months.
Following radiotherapy levels rose in 23/29, usually reaching a peak
seven days after the start of radiotherapy (mean peak %MR 3 7,
range 0-8-7-1). None of the three patients with elevated %MR who
were still alive after three months have developed radiation pneu-
monitis, and in all the %MR has fallen. These results suggest that
an elevated %MR at the start of radiotherapy is a bad prognostic
sign and may reflect tumour load. Radiotherapy is followed by a
temporary increase in FRA in the majority of patients, though none
of the study group has developed pneumonitis to date.

Evidence for circulating autoreactive antibodies in patients
with cryptogenic fibrosing alveolitis on the basis of Western
blotting

WAH WALLACE, S ROBERTS, SEM HOWIE, AP GREENING, D LAMB
Department of Pathology, Edinburgh University Medical School, and
Department of Respiratory Medicine, Western General Hospital,
Edinburgh Cryptogenic fibrosing alveolitis (CFA) is the most com-
mon form of interstitial lung disease (ILD) seen by chest physicians
and pathologists. The aetiology is unknown but the pattern of
inflammatory cell infiltrate and the presence of an associated gener-
alised dysregulation of the immune system (hypergammaglobuli-
naemia, circulating immune complexes and an association with the
collagen vascular disorders) has suggested an immunological patho-
genesis. In CFA, as in other ILDs, such as sarcoidosis, it is believed
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that a T lymphocyte mediated process is occurring but it is also
recognised that large numbers of B lymphocytes and plasma cells
may be present in the tissues, the role or roles of which are unclear.
In this context it is known that patients with sarcoidosis have circu-
lating autoreactive antibodies to T lymphocyte antigens but similar
studies in patients with CFA have been inconclusive. We have
screened the sera of nine patients with CFA (six cases proved by
open lung biopsy) and 10 healthy volunteers for autoreactive anti-
bodies, using lung protein extract run on 10% polyacrylamide gel
electrophoresis and Western blotting. Preliminary data have shown
autoreactive IgG antibodies to a c 80 kDa protein in all the CFA
patients but none of the controls. In addition, four cases showed
reaction with a c 120 kDa protein and a number of smaller frag-
ments, which may be degradation products. These data suggest that
there may be circulating autoreactive antibodies in patients with
CFA, although the nature of the antigen or antigens and their sig-
nificance is unknown.

Cryptogenic fibrosing alveolitis: a critical care dilemma

CK GUEST, KM SIM, CJ MORGAN, TW EVANS, BF KEOGH Adult
Intensive Care Unit, Royal Brompton National Heart and Lung
Hospital, London Patients with cryptogenic fibrosing alveolitis
(CFA) are referred infrequently to our unit for critical care manage-
ment. They typically present having had minimally impaired respi-
ratory function until immediately prior to referral. Management
therefore involves not only resuscitation but also identification and
treatment of any reversible cause for their unusually rapid deteriora-
tion. From January 1989 until July 1992 five patients (four male,
mean age 53 (range 45-67 years) were admitted with respiratory
failure: two after open lung biopsy and three following a decline in
exercise tolerance measured in days. All required mechanical venti-
lation with patterns set to limit barotrauma but maintain acceptable
gas exchange (mean first day values Pao, 9 kPa, Paco2 6-3 kPa, Fio2
0-8). Pyrexia and increased sputum production were noted in four
patients, all of whom underwent bronchoalveolar lavage, but no

causative organisms were identified. All received broad spectrum
antibiotics and methylprednisolone up to 1 g daily with no clinical
improvement. All five patients died, from unsupportable respiratory
failure. Three patients who following stabilisation exhibited levels of
pulmonary vascular resistance (PVR) >500 dyn s/cm' m2 died with-
in eight days, but two with PVR <280 were supported in single
organ failure for more than 40 days. Preventilation respiratory func-
tion testing revealed no indication of likely prognosis. These
patients were refractory to currently available therapy and had no

obvious reversible causes for their deterioration. From this small
group the absence of markedly elevated PVR may identify patients
who can be supported for several weeks, without alteration of the
outcome.

Familial cryptogenic fibrosing pleuritis with Fanconi's syn-
drome

JP HAYES, J WIGGINS, K WARD, F MULDOWNEY, MX FITZGERALD

Departments of Respiratory and Renal Medicine, St Vincent's Hospital
and University College Dublin, Dublin, Wexham Park Hospital, Slough
Cryptogenic bilateral fibrosing pleuritis has been previously
described (Br J Dis Chest 1988;82:186-93). The haplotype HIA
B44 was common to all four male patients. We describe two siblings
(brother and sister) with progressive fibrosing pleuritis associated
with Fanconi's syndrome. Another brother presented with
Fanconi's syndrome without pleural disease. The parents of the
children were second cousins. Serial lung function tests confirmed a

progressive restrictive disorder and computed tomography scans of
the thorax showed extensive bilateral pleural thickening with loss of
lung volume. The pleural histological appearances in the two

patients were identical, showing marked fibrosis with organising sur-

face fibrin and lymphocyte collection in the fibrofatty junction.
There was no clinical or pathological evidence of focal bacterial,
tuberculous, or fungal infection; autoimmune disorders; malignan-
cy; thromboembolic disease; or asbestos exposure. Bronchoalveolar
lavage differential cell counts were normal. In contrast to the previ-
ous report, the male sibling continued to deteriorate in spite of
pleural decortication and anti-inflammatory drugs, including pred-
nisolone, colchicine and penicillamine, and died two years after pre-
sentation. The female sibling continues to deteriorate but at a much

slower rate. In both siblings HLA typing was Al, B8, B44, BW4,
BW6, CW7, DR3, DR7, DRW52, DRW53, DQW2. We do not
know of any reported association between Fanconi's syndrome and
pleural disease. Although common in the general population, HLA
B44 may be important to the development of cryptogenic fibrosing
pleuritis.

Nature of pulmonary hypertension in advanced congestive
heart failure: effects of cardiac transplantation

R NAEIJE, A LIPSKI, M ABRAMOWICZ, P LEJEUNE, C MELOT, M ANTOINE,
JM DE SMET, JL LECLERC, G PRIMO Departments of Intensive Care and
Cardiac Surgery, Erasme University Hospital, Brussels, Belgium
Pulmonary hypertension associated with congestive heart failure
carries a risk of right ventricular failure after cardiac transplantation.
Few data, however, are available on the haemodynamic behaviour
of the pulmonary circulation in these patients. We therefore studied
mean pulmonary artery pressure (Ppa) minus pulmonary artery
occluded pressure (Paop) versus cardiac output (Q) relationships in
40 patients with congestive heart failure evaluated for orthotopic
cardiac transplantation. Ten of them were re-evaluated within the
first three days postoperatively and 11 of them one month postoper-
atively. Cardiac output was increased by physical exercise or (in the
early postoperative period) by an infusion of dobutamine.
Reversibility of pulmonary hypertension was tested by an infusion of
prostaglandin El. At preoperative evaluation Ppa, Paop and Q were

43 (SD 2) mm Hg, 29 (2) mm Hg and 3-4 (0 2) 1 min-' respectively
at rest, and 57 (2) mm Hg, 37 (1) mm Hg and 4-4 (0 2) 1 min-' at

exercise. The extrapolated pressure intercept of these two point
((Ppa - Paop): Q) plots was negative in 19 of the patients, suggest-
ing active exercise induced pulmonary vasoconstriction. In 18 other
patients, the extrapolated pressure intercept was positive, suggesting
that an increased closing pressure contributed to pulmonary hyper-
tension. However, transplantation was associated with proportional
decreases of Ppa and of Paop. On the other hand, (Ppa - Paop):
Q plots were displaced to equal or lower pressures and to higher
flows by prostaglandin E, before as well as after transplantation. We
conclude that in patients with congestive heart failure evaluated for
cardiac transplantation an increased pulmonary venous pressure
determines the severity of pulmonary hypertension more than a

reversible increase in closing pressure.

Non-invasive estimation of pulmonary vascular resistance by
stroke index measurement with an inert gas rebreathing
technique

RJ DURKIN, TW EVANS, SM WINTER Section of Pulmonary and Critical
Care Medicine, Norvalk Hospital, Nonvalk, Connecticut, and
Department of Thoracic Medicine, National Heart and Lung Institute
and Royal Brompton Heart and Lung Hospital, London Patients with
pulmonary hypertension have a cardiac limitation characterised by a

decreased resting stroke index (SI) and an inability to augment
stroke volume with exercise. This study tested the hypothesis that
the non-invasive estimation of SI at rest or with exercise can be used
to identify the presence and severity of pulmonary hypertension.
The argon-Freon inert gas rebreathing technique for measuring car-
diac output was used to estimate the SI in nine patients with pul-
monary hypertension due to either primary pulmonary hypertension
or seleroderma with pulmonary vascular disease and seven control
patients without pulmonary vascular disease. Non-invasive measure-

ments performed in the supine position were compared with inva-
sive measurements of pulmonary vascular resistance and cardiac
output. Inert gas estimation of cardiac output correlated well with
invasive cardiac output measurements (r = 0 96). The SI was signif-
icantly lower in the pulmonary hypertension group (23-1 ml/ml)
than in the control group (39-7 ml/m2, p < 0-01). A strong inverse
relationship between the SI and the pulmonary vascular resistance
index (PVRI) was seen with both rest (r = - 0 86) and exercise (r =
-0-91) in the pulmonary hypertension group. The equation ln
PVRIT= -0-8 xSI + 8-23 describes the relationship observed in

the pulmonary hypertension group between the resting SI and the
PVRI. Because the resting SI differentiated patients with pulmonary
hypertension from normal subjects and correlated with disease
severity, exercise measurements are not required. The inert gas test

may serve a useful role in the diagnosis and management of patients
with pulmonary hypertension.
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Effect of exercise on pulmonary blood flow following heart-
lung transplantation (HLT) and in normal subjects

D FISHWICK, T SMALL, E LOUGHNEY, J DARK, GJ GIBSON, PA CORRIS
Cardiopulmonary Transplant Unit and Sir William Leech Centre for
Lung Research, Freeman Hospital, Newcastle upon Tyne Patients
with denervated hearts following heart and lung transplantation
have been shown to have a reduced heart rate response to exercise
and reduced performance in a symptom limited progressive exercise
test. We were interested to compare changes in cardiac output fol-
lowing a short period of gentle exercise between a group of normal
subjects and a group of HLT recipients. All the HLT recipients had
been shown to have denervated hearts by standard autonomic test-
ing. Measurements were made before and after a step test for one
minute with steps every five seconds. Eleven normal volunteers
(mean age 31, range 26-44 years) and six patients following HLT
(mean age 32, range 18-40), at a mean of 18-3 months after trans-
plantation, underwent indirect assessment of cardiac output by esti-
mating effective pulmonary blood flow (Qp eff) by a single breath
soluble gas technique (acetylene and methane, SensorMedics
2200). An initial assessment was made at rest and again after a
minute of exercise. Each subject performed three periods of exer-
cise. Effective pulmonary blood flow was expressed in litres per
minute. There were no significant differences in the responses to
exercise in the two groups studied (table below). Despite cardiac
denervation, there was no difference in the increase in Qp eff
between normal subjects and HLT recipients after gentle exercise.

Mean (SD) Qp eff (7/min)

Pre-exercise Post-exercise

Normal (n = 11) 4 03 (0 68) 5-46 (1-08)
HLT (n = 6) 3-92 (1-07) 5-20 (1-52)

Acute pulmonary vasodilation does not predict a successful
response to long term vasodilation in severe pulmonary
hypertension (SPH)

AY BUTT, TW HIGENBOTTAM, G CREMONA, M TAKAO, C GLANVILLE, A

MCMAHON Papworth Hospital, Cambridge Long term infusion of
prostacyclin (PGI2) in SPH patients for whom alternative therapy is
not indicated progressively improves exercise tolerance and reduces
pulmonary vascular resistance (PVR) (Rubin et al. Ann Intern Med
1990;112:485-91). In patients with less severe disease calcium
channel blockers acting also as vasodilators can reduce PVR (Rich et
al. Circulation 1987;76:135-41). Vasodilators are generally given to
those patients showing an acute vasodilator response during right
heart catheterisation (Reeves et al. Am Rev Respir Dis
1986;134:342-6). We have questioned the need for an acute
vasodilator trial and report the results of the response to PGI2 in
relation to exercise tolerance after commencement of treatment with
PGI,. Right heart catheterisation was performed on 16 patients:
five male and 11 female (mean age 36-9 (SD 14) years) with SPH.
The majority of patients had primary pulmonary hypertension (n =

11), while others had thromboembolic disease (n = 4) and SPH due
to cryptogenic fibrosing alveolitis (n = 1*). Haemodynamic mea-

surements were taken at baseline and with PGI2 and patients were

grouped into responders (R) and non-responders (NR), depending
on the degree of drop in pulmonary vascular resistance, the target
value being 20%. Exercise tolerance was measured in all but one

patient* at baseline and after treatment with intravenous PGI2. The
results (mean (SE) values) are shown in the table below. There was
no significant difference in tolerance after treatment with PGI2
between responders and non-responders (p > 0 05). The absence
of an acute vasodilator response does not preclude a successful out-
come to long term treatment with PGI2 in severe pulmonary hyper-
tension.

PVR (RU) 12 min walk (m)

Before After Before After
Patients PGI, PGI2 % decrease PGI2 PGI2 % increase

R (n = 8) 23 (4) 16 (2) 29 (2-8) 277 (60) 495 (18) 155 (81)
NR (n = 8) 16 (1) 13 (1) 16 (1-2) 310 (63) 610 (75) 267 (164)

Diurnal variation ofpulmonary artery pressure in pulmonary
hypertension

JSR GIBBS, J SPARROW, C WRIGHT, H PURCELL, KM FOX, MH YACOUB
Royal Brompton National Heart and Lung Hospital, London In
patients with severe pulmonary hypertension, pulmonary artery
pressure (Ppa) is an important determinant of right ventricular
afterload and possibly prognosis. Ambulatory Ppa monitoring was
used to investigate the profile of Ppa in 11 pulmonary hypertensive
patients (seven patients with primary pulmonary hypertension, three
with Eisenmenger's syndrome and one with thromboembolic dis-
ease). These patients (mean age 37 years, range 16 5-54), who were
awaiting lung transplantation, underwent 24 h Ppa recordings with
a micromanometer tipped catheter incorporating an in vivo calibra-
tion system and with a digital recorder. The mean daytime Ppa (in
mm Hg (mean (SD)) was 104 (19)/50 (11) and night time
105 (23)/50 (12). Three patients with primary pulmonary hyperten-
sion had a significantly higher nocturnal Ppa (129/62) than daytime
Ppa (114/55). These patients showed a progressive rise in Ppa,
which was suprasystemic during the night. One of them died sud-
denly two weeks after investigation. Among the primary pulmonary
hypertensives the noctural change in Ppa (systolic range -3 to 23,
diastolic range -3 to 11 5 mm Hg) correlated with the Ppa differ-
ence between lying and standing during the day (systolic range 0 to
57, diastolic range 0 to 21 mm Hg) (r = 0-96) but not with the
duration of symptoms, exercise capacity, absolute Ppa or vasodilator
therapy. In conclusion, some patients with primary pulmonary
hypertension sustain large rises in right ventricular afterload at night
in association with suprasystemic Ppa. This finding, which may
reflect nocturnal changes in pulmonary blood flow and/or vasoreac-
tivity, may have adverse effects on ventricular function and cardiac
output. It may also have important consequences for patient man-
agement, in particular the urgency with which lung transplantation
should be performed.

Specific inhibition of hypoxic pulmonary vasoconstriction by
diphenyleneiodonium in vitro

TK ROGERS, OTG JONES, AH MORICE Department of Medicine,
University of Sheffield The NADPH oxidase inhibitor diphenyl-
eneiodonium (DPI) has been reported both to block neural dis-
charge from the carotid body in response to hypoxia and selectively
to inhibit acute hypoxic pulmonary vasoconstriction (HPV) in the
isolated rat lung. We have compared its effect on the tonic, second
phase of HPV, demonstrable in isolated small pulmonary arteries in
response to hypoxia, and on maximal prostaglandin F2, induced
vasoconstriction (PGV). Vessels were dissected and mounted as ring
preparations in the bath of an automated, small vessel myograph
(Cambustion Ltd). HPV was induced by exposing the vessels to
hypoxia after induction of resting tone with a low concentration (5
,uM) of PGF5O. When HPV or PGV had plateaued, either DPI or
DPI vehicle only was added to produce cumulative concentration-
relaxation curves, up to the maximum concentration tested of 3
pM. Values are given as percentages of maximum contraction with
standard error in parentheses. There was no significant inhibition of
PGV either by DPI (n = 7 vessels, -1 (6)%) or by DPI vehicle alone
(n = 7 vessels, 5 (3)%). While HPV was not significantly inhibited
by DPI vehicle (n = 14 vessels, 2(8)%) it was inhibited concentra-
tion dependently by DPI (n = 17 vessels, maximum relaxation
47(14)%). These data are consistent with a role for NADPH oxi-
dase in the triggering of hypoxic pulmonary vasoconstriction.

Variation in the sensitivity of hypoxic pulmonary vasocon-
striction to amlodipine according to phase and vessel size

PA WOODMANSEY, F ZHANG, KS CHANNER, AH MORICE University
Department of Medicine, Royal Hallamshire Hospital, Sheffield
Calcium antagonists inhibit hypoxic pulmonary vasoconstriction
(HPV). In myographic studies HPV is biphasic (Rogers and Morice,
Thorax 1992;47:892P). The sensitivity of these two contractile phas-
es to calcium antagonism is not known. We recently demonstrated a
differential action of the calcium antagonist amlodipine in large pul-
monary arteries (PA) and pulmonary resistance vessels (PRV)
(Woodmansey, et al. Thorax 1992;47:892P). Using a small vessel
myograph we have investigated the effect of amlodipine on in vitro
HPV in rat PA (mean internal diameter 0 95 mm) and PRV
(mean 0-25 mm) precontracted with prostaglandin F2,. Results are
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expressed as mean (SE) percentage of control contractions in the
table below. Amlodipine caused a potent and significant dose relat-
ed reduction in the first phase of HPV in PRV. Inhibition of late
phase HPV was smaller and unrelated to dose, as was the early
phase response in PA. The effect of amlodipine on late phase HPV
in PA was very variable at every dose, and not significantly different
from control, although the increase contraction at high dose is diffi-
cult to explain. These results suggest that the effect of calcium
antagonism on HPV is principally due to inhibition of the first phase
in PRV.

PRV (n = 7) PA (n = 8)

Drug Early Late Early Late
concentration HPV HPV HPV HPV

10-7 62(5) 76(11) 78(8) 56(15)
106 47(7)* 81(11) 88(8) 125(27)
10'- 34(5)* 77(12) 78(8) 177(46)

*p < 0 01 compared with control.

Inhibition of hypoxic vasoconstriction in pulmonary resis-
tance vessels by brain natriuretic peptide

TK ROGERS, AH MORICE Department of Medicine, University of
Sheffield Brain natriuretic peptide (BNP) is a hormone released
from ventricular myocardium. We have previously shown that the
closely related atrial natriuretic peptide (ANP) is a vasodilator of
prostaglandin (PGF2,) contracted pulmonary resistance vessels
(PRVs) and that this effect is increased by adaptation to chronic
hypoxia. Here we report the effect of BNP on PRVs contracted in
response to hypoxia. Vessels were dissected from chronically hypox-
ic (H) rats (after 15-22 days in a normobaric, hypoxic chamber)
and from littermate control (C) animals reared in the same room.
Littermate C and H vessels pairs were mounted as ring preparations
in the same organ bath of an automated, small vessel myograph
(Cambustion Ltd). HPV was induced by making vessels hypoxic
after induction of resting tone with a low concentration (5,M) of
PGF,, When the second phase ofHPV had plateaued (approximate-
ly one hour), BNP was added to produce cumulative concentration-
relaxation curves, up to the maximum concentration tested of 500
nM. Values are given as percentages of maximum contraction with
standard errors. BNP produced dose dependent relaxation of both
C and H vessels. Maximum relaxation was significantly greater in H
than C vessels: 64(9)% v 40(9)%, p < 0 05. The magnitude of
relaxation in the C and H vessels was very similar to that induced in
PGF2, contracted vessels by ANP, although BNP was approximately
10 times less potent.

baseline (mean (SE)) were compared in all studies by the Student's
paired t test. Results are shown in the table below. Intralipid signifi-
cantly reduced HPV. IM alone augmented HPV but failed to pre-
vent the lipid induced loss of HPV, which is therefore unlikely to be
mediated by prostaglandins. A reduction in HPV would explain the
fall in gas exchange and increased pulmonary shunt caused by lipid
infusions.

% rise in Ppa

Before After
Study (n) addition addition p

Control (5) 60 (6) 56 (4) >0 5
IL (7) 56 (3) 23 (3) <0 02
IM + saline (5) 26 (2) 38 (3) <0 05
IM + IL (5) 80 (3) 23 (3) <0 05

Preservation of the vascular response to hypoxia in the
ischaemic reperfused lung

M MESSENT, MJD GRIFFITHS, Tw EVANS Department of Thoracic
Medicine, National Heart and Lung Institute, London Ischaemia
reperfusion in myocardial studies is associated with a loss of vascu-
lar response to hypoxia with increased leak (Br J Pharmacol
1992;105:557-62). Acute lung injury is associated with loss of
hypoxic vasoconstriction (HPV) and increased leak (Pulmonary
Vascular Physiology and Pathophysiology 1989:403-56). We designed
a study to examine the effects of reperfusion on the vascular
responses of pulmonary vessels. In addition, the albumin escape
index was measured as an index of lung damage. The isolated,
blood perfused rat lung was used to study the effect of 0-5 h
ischaemia, which itself caused no increase in the albumin escape
index, followed by reperfusion for 0-25, 0 5, and 1 h on the albumin
escape index and HPV (3% 02.) Controls were subjected to 2 h per-
fusion only.) Results (n = 5 in all groups) are shown in the table
below. Reperfusion significantly increased the albumin escape index
after 0.5 h and at 1 h. However, there was no effect on the pul-
monary vascular response to hypoxia, in contrast to the effects of
reperfusion on the coronary circulation.

Reperfusion Albumin escape HPV (mean (SE)
time (h) index (mean (SE)) % change from baseline)

Control 0 54 (0-118) 2-98 (6 64)
0-25 0 943 (0 086)
0 5 1-405 (0.274)* 13-2 (4 63)
1 2-001 (0.305)* 15-63 (8 53)

*p < 0 05 v control.

Increase in nitric oxide (NO) in the expired air of innervated
pig lungs produced by hypoxia

Intralipid reduction of hypoxic pulmonary vasoconstriction
in the isolated rat lung

SV BAUDOUIN, M MESSENT, TW EVANS Department of Thoracic
Medicine, National Heart and Lung Institute, London Intravenous
fat emulsions reduce CO2 production in patients with respiratory
failure but may worsen pulmonary gas exchange by increasing the
intrapulmonary shunt fraction (Skie et al. Crit Care Med
1988;16:183-94). We have previously reported a reduction in the
pulmonary pressor response to angiotensin II (A-II) in the isolated
rat lung following the addition of intralipid [IL] (Baudouin et al
Thorax 1991 ;47:225P). We now extend our observations to the
effect of IL on the hypoxic pulmonary vasoconstrictor (HPV)
response. The isolated, blood perfused rat lung was used in four
separate experiments. In studies 1 and 2 the effects on HPV (3%
02) of 20 pl of 20% intralipid (composition: 54% linoleic acid, 26%
oleic acid, 24 pg/ml arachidonic acid) and saline control were com-

pared. In studies 3 and 4 the effect of pretreatment with
indomethacin (IM) (1 uM) before saline control or intralipid was

compared. Percentage rises in pulmonary artery pressure (Ppa) from

G CREMONA, M TAKAO, LW HALL, T HIGENBOTTAM Department of
Respiratory Physiology, Papworth Hospital, and Department of Clinical
Veterinary Medicine, Cambridge Pulmonary hypoxic vasoconstric-
tion in isolated organs is enhanced by inhibition of NO production
(Archer et al. Biochem Biophys Res Commun 1989). In order to
determine the effects of hypoxia on exhaled NO in intact animals we
measured the NO concentration in the exhaled air of mechanically
ventilated pigs (n = 4) during normoxia and hypoxia. The pigs,
weighing 45-60 kg and of either sex, were anaesthetised with sodi-
um pentobarbital (30 mg/kg). After intubation ventilation was car-
ried out with NO free gas (40% °2, 70% N2) at a tidal volume of
400-500 ml and with a frequency of 15 breaths/min. The exhaled
air was collected through a three way valve and NO concentration
was measured by chemiluminescence (model 42, Thermoelectron,
Warrington). The effects of hypoxia were investigated by ventilating
the lungs with gas mixtures containing 20%, 10%, and 5% 02 in N2
for five minutes. Arterial blood gases were measured to assess the
level of hypoxia. The mean (SE) baseline NO level was 1 (0 4) ppb.
Hypoxia (Pao2 < 5-5 kPa) increased exhaled NO to a mean of
2-3 (0-9) ppb (p = 0-03, Wilcoxon rank test) but did not increase
further with lower levels of oxygen tension.
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Derivation of nitric oxide (NO) in exhaled air from the pul-
monary vasculature in isolated saline perfused lungs

G CREMONA, M TAKAO, LW HAIL, TW HIGENBOT1AM Department of
Respiratory Physiology, Papworth Hospital, and Department of Clinical
Veterinary Medicine, Cambridge NO, an important regulator of vas-
cular resistance, has been detected in exhaled air of intact animals
(Gustafsson et al. Biochem Biophys Res Commun 1991;181:852-7).
To determine whether the source of NO is the pulmonary vascula-
ture, we studied the effects of intravascular inhibitors and stimulants
on expired NO concentration in isolated denervated pig lungs per-
fused with buffered Krebs-Henseleit solution, to which dextran (35
g/l) and albumin (5 g/l) were added. The lungs were obtained from
pigs anaesthetised with sodium pentobarbital (30 mg/kg) and killed
by exsanguination. Ventilation was carried out using NO free gas
(30% 02, 70% N,). The initial perfusate was discarded until the
lungs were free of blood and was then recirculated at constant flow
(1-5 1/min). Pulmonary artery pressure was measured by a transduc-
er through a side arm near the tip of the inflow cannula. NO was
measured from the exhaled air by chemiluminescence (model 42,
Thermoelectron, Warrington). Indomethacin (10-5M) was added to
inhibit prostacyclin synthesis. The effects of hypoxia were investigat-
ed by ventilating the lungs with 5% 0, in N2 for five minutes. After
preconstriction with UA46619 acetylcholine (Ach) (106) was
infused to stimulate NO release; N'-nitro-L-arginine methyl ester
(L-NAME) (10 4M) (n = 4) to inhibit NO production. In a separate
experiment autologous blood (haemoglobin 2 g/l) (n = 3) was

added to the perfusate. Mean (SE) baseline NO was 5-8 (1-8) ppb.
Hypoxia, L-NAME, and autologous blood all diminished NO in the
exhaled air (p < 0 05) and increased PVR (p < 0 05). UA46619
increased PVR but had no effect on exhaled NO. Ach reduced PVR
(p < 0-05) from preconstricted levels and increased NO (p < 0-05).
We conclude that exhaled NO is derived from pulmonary vascular
endothelium.

Calcitonin gene related peptide binding sites are localised on

pulmonary endothelium in rats but its dilator effect is not
nitric oxide or cyclooxygenase dependent

D BEE, D SPRINGALL, GR BARER, J POLAK Department of Medicine,
Royal Hallamshire Hospital, Sheffield, and Department of Histo-
chemistry, Royal Postgraduate Medical School, London Calcitonin
gene related peptide (CGRP) is present in lung endocrine cells in
rats and has been shown to dilate the pulmonary circulation in this
species (Springall et al. Pathol 1988;155:259-67; Barer and
Kapeller. Physiol, in press). We have now demonstrated, using '25I
CGRP in rat lung sections, that CGRP receptor binding sites are

localised on the endothelium of pulmonary and bronchial blood ves-

sels. We have therefore examined whether the pulmonary vasodila-
tor action of CGRP depends on either nitric oxide (NO) or a dilator
product of cyclooxygenase, either of which might be released from
the endothelium. After pentobarbitone anaesthesia (60 mg/kg intra-
peritoneally) isolated lungs were perfused with blood at normal pH
at constant flow (20 ml/min) at 38°C; they were ventilated with air
and 5% CO2 (normoxia) or 2% 0, and 5% CO2 (hypoxia). NO syn-

thase was inhibited with the L-arginine analogue L-NAME (100 pg)
and cyclooxygenase with meclofenamate (100 ,ug). Owing to the low
basal tone in the pulmonary vasculature, CGRP was tested during
preconstriction with hypoxia; since this peptide does not give
repeatable results in this preparation it was tested only after inhibi-
tion. CGRP caused a mean (SE) fall in pulmonary artery pressure

(Ppa) of 1-8 (0-3) mm Hg after L-NAME (n = 6) and a fall of
1-9 (0 2) mm Hg after meclofenamate (n = 9). These small absolute
reductions in pulmonary artery pressure (Ppa) represent a reduction
in the rise in Ppa caused by hypoxia-10-6 (2 0) and 24-0 (2 3)%
respectively. Thus the dilator action of CGRP does not depend on

either of these products of endothelial metabolism.

Role of nitric oxide in the pulmonary vascular responses to

endotoxin

MJD GRIFFITHS, M MESSENT, TW EVANS National Heart and Lung
Institute, London Vasodilation characterises the systemic vascular
response to sepsis, while increased pulmonary vascular resistance
may be a feature of sepsis and the adult respiratory distress syn-
drome (ARDS). It has been shown that nitric oxide synthase (NOS)
is induced by endotoxin (lipopolysaccharide, LPS) in the rat

thoracic aorta (Am Physiol 1990;259:H1038-43). Release of nitric
oxide from vascular smooth muscle may contribute to the impaired
response to vasoconstrictors seen in septic patients. Male Wistar rats
were treated intraperitoneally with LPS (20 mg/kg) or 1 ml saline
vehicle four hours before they were killed. Pulmonary arteries were
dissected and rings suspended in organ baths containing oxygenated
Krebs solution. Half of the rings had their endothelium removed
(E -) by abrasion, confirmed by failure to relax in response to
acetylcholine. After equilibration half were treated with the NOS
inhibitor nG-monomethyl-L-arginine 100 pM (L-N). Thus there
were four groups. Phenylephrine (PE) evoked concentration depen-
dent contraction of rings was recorded; results are shown as - log
EC50 (mean (SE) in the table below). L-N significantly increased the
response to PE in the LPS treated rings without endothelium, but
not those from the sham group. This suggests that NOS is induced
by LPS treatment in the smooth muscle of rat pulmonary artery.
[MG is a Wellcome clinical research fellow.]

(n = 6) E+ E+ and L-N E- E-and L-N

Sham 7-48 (0-05) 8-73 (0-15)* 8-22 (0-14) 8-38 (0 22)
LPS 7-11 (0 05) 8-29 (0-12)* 7-72 (0-13) 8-32 (0-07)*

*p < 0 05 E+/- v E+/V and L-N.

Does nitric oxide control low pulmonary vascular tone in the
rat?

C EMERY, GQI TENG Department of Medicine, University of Sheffield
Nitric oxide, an endothelial relaxant factor, may play an important
role in maintaining low pulmonary vascular resistance (PVR). We
reported earlier (Emery and Teng. Thorax 1992;47:891P) that
chronic treatment with a nitric oxide synthase inhibitor, L-NAME,
raised systemic blood pressure (BPsys) but not pulmonary artery
pressure (Ppa) in chronically hypoxic rats (CH). Here we report
results from normoxic animals and a further study in CH rats. Six
28 day old male Wistar rats were given L-NAME 300 ,ug/ml ad libi-
tum in the drinking water (CLN; about 7-5 mg/kg/day) for three
weeks; six controls drank water (CW). After anaesthesia BPsys and
Ppa were measured by direct catheterisation. BPsys was raised in
CLN (157 (SD 18-5) v 114 (7-6) mm Hg CW, p < 0 001) but Ppa
was low in three CLN rats (12-7(1-5) v 17-7 (2 7) mm Hg, n = 5
CW). Ventricular weights (right and left) were not increased. This
three week regime was also tested in CH rats (10% 02, normobaric
chamber). No enhancement of hypoxic pulmonary hypertension
was found (Ppa 31-3(1-5) 6 CHLN v 37-1(6-8) mm Hg 6 CHW),
although BPsys was raised (156(18-5) CHLN v 114(7-5) CHW,
p < 0-001). Treatment with higher dose L-NAME (25 mg/kg/day 10
days), did not raise Ppa in 3 C. PVR was calculated from the slope
of the pressure flow lines in isolated blood perfused rat lungs.
Although 2/4 CLN and 4/4 CHLN showed parallel displacement of
these lines, there was no evidence of raised PVR. Thus chronic L-
NAME treatment in rats, sufficient to cause systemic hypertension,
provides little evidence for nitric oxide control of pulmonary vascu-
lar tone in either normoxia or chronic hypoxia.

Effects of atrial natriuretic peptide and neutral endopepti-
dase 2411 inhibition on the resolution of pulmonary hyper-
tension in rats

L ZHAO, JMB HUGHES, RJD WINTER Department of Medicine
(Respiratory Division), Royal Postgraduate Medical School,
Hammersmith Hospital, London We have shown that inhibition of
neutral endopeptidase 24-11 (NE) augments the effect of atrial

Group Ppa SBP HR RVILV Hct TWPV

C 16-6 (0 3)t 150 (4) 333 (7) 28 (l)t 48 (l)t 2-3 (05)t
DO 25-4 (0 8)* 146 (8) 331 (5) 48 (2)* 62 (l)* 13-8 (1-2)*
D8C 19-1 (0.4)*t 136 (5) 327 (6) 36 (l)*t 52 (l)*t 8-5 (0 7)*t
D8NEI 19-8 (0.7)*t 145 (5) 330 (3) 37 (l)*t 52 (l)*t 8-2 (06)*t
D8ANP 18-0 (0 6)**t 139 (5) 320 (5) 37 (l)*t 51 (l)t 9 0 (0 7)*t
D15C 17-5 (0 5)t 141 (6) 325 (4) 32 (l)*t 47 (l)t 6-2 (0-7)*t
D15NEI 16-5 (0 7)t 131 (4) 320 (3) 33 (1)*t 47 (1)t 6-9 (0-8)*t
D15ANP 16-0 (0-6)t 136 (6) 325 (3) 33 (l)*-t 47 (1)t 7-1 (0Q7)*t
*p< 0-001, **p < 0-05 compared with normoxic controls; tp < 0-001 com-

pared with hypoxic group.
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natriuretic peptide (ANP) in the rat pulmonary circulation and that
inhibition of NE or infusion of ANP attenuates pulmonary vascular
remodelling (Am Rev Respir Dis 1991;144: 1342-46; Clin Sci
1991;81:379-85). We have examined whether NE inhibition (NEI,
UK 73,967, Pfizer, 5-4 mg/kg/day) or infusion of ANP (800 mg/rat)
can influence the resolution of pulmonary hypertension. Wistar rats
(200-250 g) were divided into eight groups: normoxic control (C);
seven day hypoxic (Fio2 10%, DO): eight or 15 days' recovery in air
treated with saline (D8C, D15C), ANP (D8ANP, D15ANP) or

NEI (D8NEI, D1 5NEI) by Alzet 2ML1 or 2ML2 osmotic

minipumps implanted into rats connected to the jugular vein.
Measurements of systemic blood pressure (SBP, mm Hg), heart
rate (HR), and pulmonary artery pressure (Ppa, mm Hg) were

made in anaesthetised animals. Right ventricular hypertrophy was

expressed by the ratio of right to left ventricular weight (RV:LV, %).
Microhaematocrit (Hct, %) was measured. Vascular remodelling
was assessed by counting the percentage of thick walled peripheral
vessels (TWPV, %). Results (mean (SE)) are given in the table. In
contrast to their effects on the development of pulmonary hyperten-
sion, ANP and NE inhibition have no effect on its resolution.
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