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Proceedings of the Thoracic Society
A spring meeting of the Thoracic Society was held on March 13 and 14 in the Meeting Room of the

Zoological Society, London. The meeting was composed of several symposia and some short papers.
Summaries follow.

USE OF HYPERBARIC OXYGEN

This symposium was convened and introduced by
R. S. BARCLAY.

R. S. BARCLAY said that the mortality from un-
treated congenital heart disease is high during the
first year of life, so that in many instances operation,
either palliative or curative, offers the only hope of
survival.

After the pioneering work of Boerema in
Amsterdam on hyperbaric oxygen, animal experiments
were performed at the Department of Surgery in
Glasgow under Sir Charles Illingworth. Using a com-
bination of hypothermia and hyperbaric oxygen at
2 atmospheres, the circulation was interrupted for
periods of up to 30 minutes at approximately 25'C.

This technique was applied to four infants who
were very ill with congenital heart disease, so far
without success.

It may be possible in the future to combine hypo-
thermia and hyperbaric oxygen at 3 or 4 atmospheres,
thereby increasing the safe period of circulatory
arrest.

J. H. HUTCHISON considered that the urgent require-
ment of the severely asphyxiated newborn infant is
that oxygen be introduced into the circulating blood
as quickly as possible. Conservative measures, such
as pharyngeal and nasal suction, facial oxygen, and
stimulants, frequently fail to initiate respiration in
such cases. Tracheal intubation and intermittent
positive pressure respiration are not devoid of risk
and are not always successful.
A trial of hyperbaric oxygen in the treatment of

apnoeic newborn infants who have failed to respond
to conservative methods of resuscitation was reported.
This was made with a perspex pressure chamber,
designed by the Vickers Group Research Establish-
ment, in which the maximum working pressure, using
pure oxygen, was 4 atmospheres absolute (45 lb. per
sq. in.). The physiological basis of the method is to
immerse the hypoxic infant in pure oxygen at 2-4
atmospheres of pressure when there will be a steep
gradient of 1,500-3,000 mm. Hg between the environ-
ment and the hypoxic plasma and tissue fluids. In
such circumstances there will be a considerable
increase in the oxygen diffusing into the circulating
blood via the mucous membranes and, probably, also
the skin. The oxygen will be taken up by the reduced
haemoglobin of the infant, and it is unlikely that there
will be sufficient to increase the oxygen tissue tensions
above those of a normal infant until respiration is

established. At that point decompression is fairly
rapidly carried out. Continuous electrocardiographic
and respiratory monitoring were often achieved during
the period of compression. The results were shown to
justify the conclusion that hyperbaric oxygen is likely
to be an effective method of treatment of severe
asphyxia neonatorum. No toxic effects had been
observed in any infant.
KENNETH BLOOR said that the amount of oxygen in

solution in water varies linearly with the absolute
pressure of oxygen and is roughly 0-3 ml./100 ml.
water/100 mm. Hg pressure. With increased oxygen
tensions of 2 or 3 atmospheres the absolute increase
in amount carried by the blood is small relative to
that carried by the haemoglobin, and the amount in
solution in the body water in general is unknown since
there are no reliable methods of measuring oxygen
tissue tensions at present. In normal people the
amount of oxygen available is modified by vasocon-
striction which occurs in many organs and is appar-
ently due to the direct effect of increased oxygen ten-
sion of the vessels and also by the depression of the
metabolic rate which also occurs in all tissues.
G. SMITH said that dogs at various body tempera-

tures underwent 10 minutes' ventilation with oxygen
at 1 or 2 atmospheres absolute. Thereafter complete
circulatory arrest was produced by inflow and outflow
clamping.

It was found that all animals withstood complete
circulatory arrest for the following times without
sequelae:

Time of Circulatory Arrest (min.)
Body Temp. ('C.)

02 at I A.T.A. 02 at 2 A.T.A.

37 5 8
27 20 30
20 30 40

These results suggest that preliminary hyperbaric
oxygenation affords significant added protection to
simple hypothermic circulatory arrest.

J. N. NORMAN considered that oxygen poisoning
may be due to a direct toxic action of high con-
centrations of oxygen on tissue enzyme systems. In
vitro experiments, which were presented, showed that
there is a linear depression in oxygen consumption of
liver homogenates as the tension of oxygen to which
they are exposed rises. If the temperature is reduced,
however, the poisoning effect is delayed. This can
either be said to indicate that hypothermia has a pro-
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tective effect against oxygen poisoning or that high
tensions of oxygen are required if hypothermic tissues
are to be adequately oxygenated.

A. B. M. TELFER said that direct measurements of
oxygen consumption in man breathing oxygen at high
pressures had not been made although metabolism
had been shown to be depressed both in experimental
animals and in isolated tissues. A study was in
progress comparing ventilation and oxygen consump-
tion at four different inspired oxygen tensions, using
normal and 2 atmospheres ambient pressure. In order
to make conditions which are comparable and repro-
ducible, the subjects were studied both at rest and
during exercise on a bicycle ergometer at different
and repeatable work loads.
The depression of exercise ventilation by oxygen

breathing was constantly found at 2 atmospheres but
not at 1 atmosphere. It was most marked during the
heaviest exercise.

VIRUSES AFFECTING THE RESPIRATORY TRACT

This symposium was convened by N. OSWALD and
introduced by CHRISTOPHER ANDREWES, who said that
knowledge had been accumulating rapidly of late
concerning the viruses which cause respiratory infec-
tions in man. Many of theEe can cause a whole range
of infections from the common cold to pneumonia,
and it is commonly impossible to determine which
virus is concerned from clinical data alone. Agents
concerned include influenza virus A. B, and C, para-
influenza virus types 1 to 4, 28 types of adenoviruses,
respiratory syncytial virus. Coxsackie A21, some other
enteroviruses and numerous serotypes of rhinoviruses
besides the Mvcoplasmea of atypical pneumonia and
the agent of psittacosis. If we are to make progress
in understanding and learning how to control these
infections, collaboration between clinic and laboratory
is necessary.

D. A. J. TYRRELL said that once a virus can be
grown in the laboratory it is possible to prove whether
or not it causes human disease by properly designed
clinical and laboratory studies on naturally occurring
cases and on experimentally inoculated volunteers.
Further field studies can reveal how much of various
types of disease is due to viruses of various sorts and
also something about the spread of viruses. The main
types of disease caused by the known viruses were
described. Specific immunity is apparently a very
important cause of resistance to infection with the
viruses.

J. O'H. TOBIN said that during 1962 and 1963
viruses were isolated from the throats of 3500 of
children admitted to hospital with upper and lower
respiratory infections, and from 20°, and 46% of
children admitted with tonsillitis and croup. Those
most commonly found were respiratory syncytial
virus, para-influenza virus types I and 3, adenoviruses,
and enteroviruses. Respiratory syncytial virus was
isolated from over 50% of babies under 1 year
adm.tted to hospital during the epidemics of bronchitis

and bronchiolitis which occur annually in the
Manchester area. It is by far the most common virus
regularly associated with respiratory disease, being
encountered more often than all the other viruses put
together.

LARVAL INFESTATION OF THE LUNG

MARTIN FALLON described a white man aged 54. a
resident in India, who developed a right middle lobe
pneumonitis which did not respond to antibiotic
therapy. As malignancy was suspected the middle lobe
was resected. The pathology showed an 'infarct-like'
appearance with areas of necrosis resembling tubercu-
losis. A branch of the pulmonary artery contained
'worms'; the identification of these has not yet been
established but probably rests between the larvae of
an ascarid and an adult filarial worm.
The blood count was normal and there was no

eosinophilia. Repeated examinations of the sputum
and faeces were negative for ova, cysts, larvae,
amoebae, and other intestinal parasites.

RESPIRATION FUNCTION BY X-RAY

R. KOURILSKY said that ventilatory function can
now be explored by the electronic method devised by
M. Marchal. Th_ variations of density cf X rays,
after penetration through the thorax, are recorded
during respiration by a system made of a photo-
electric cell. an electronic amplifier, and an electro-
magnetic galvanometer.
The ratios between inspiration and expiration, the

forced expiratory volume, and the vital capacity are
easily recorded for each lung simultaneously. Impair-
ments of bronchial air flow due to stenosis. bronchio-
lar obstruction, and trapping are readily demonstrated.
The correlation with bronchospirography is good.
The record of the pulsations of the peripheral
arterioles of the lung can be made with the densito-
metric method. A coefficient PV (index of pulsatility
vital capacity) is in good concordance with the per-
centage of oxygen consumption. Ventilation and
pulsations can also be simultaneously recorded in
limited areas of the lung with coefficient PV and the
electrocardiogram. The possible development and
applications of the method were discussed.

HAIR LACQUERS

C. S. DARKE reported the results of an epidemio-
logical survey of 598 women hairdressers. The study
was designed to see if a certain pattern of symptoms
could be recognized among the personnel of a wide
variety of hairdressing establishments in and around
Sheffield.
A 100 mm. chest radiograph and the F.E.V.1 and

the P.E.F.R. were made in each instance. The cases
of two individuals with abnormal radiographs were
discussed briefly. Observations on the size of hair
spray particles, the intensity and duration of exposure.
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and the previous and proposed animal experiments
were made. Consideration was given to the various
types of hair lacquers in current use.

RETURN TO WORK AFTER SURGERY FOR BRONCHIAL
CARCINOMA

Introduced by N. R. BARRETr, L. H. CAPEL and
Miss E. C. FLETCHER said that 198 men surgically
treated for carcinoma of the bronchus more than one
year previously were expected for routine follow-up
at the surgical clinics of the London Chest Hospital
during a 10 months' investigation. Of these, 166 men
were both willing and able to co-operate; 60% of
these were working when interviewed; 50% of all
who returned to work had done so by the fourth
month after operation and all by the twelfth month.
Return to work was a little sooner after lobectomy
than after pneumonectomy. Retirement after return
to work was more often due to age than to illness.
Of those who returned to work, 78% went back to the
same employer and 50% to the same position. Ventila-
tory capacity was on the average reduced by one half,
as would be expected from the operation. Within the
group, differences in ventilatory capacity were not
related to differences in capacity to work.

SURFACE ACTIVE AGENTS IN THE LUNGS

This sympesium was convened and introduced by
P. D. B. DAVIES.

R. E. PATTLE said that the lung is a porous organ
with a sharply curved internal surface, separated from
the blood by a highly permeable membrane. If there
were nothing to lower the surface tension, the lung
would collapse or transudation would occur. There is
a surface film of lipoprotein which lowers the surface
tension. This film lines the bubbles in the airway
froth in acute lung oedema. The surface film can be
inhibited by detergents; he demonstrated that a lung
contaminated with detergent collapses after inflation
and release. In the respiratory distress syndrome of
the newborn the lining film is missing; the lung
collapses again after each inflation. Transudation also
takes place, causing the 'hyaline membrane'. The
cause of the failure to form a lining film is unknown.
(See Pattle, R. E., Brit. med Bull., 19, 41 (1963), and
papers quoted therein.)
MARY ELLEN AVERY considered that hyaline

membrane disease remains a leading killer of liveborn
premature infants desp.te extensive studies in patho-
genesis and therapy, mostly in the last 15 years. The
predominant lesion is atelectasis, the basis for which
is an absence of the usual surface-active alveolar
lining layer, presumably a lipoprotein. Lacking the
material, on the basis of immaturity or inhibition, the
lungs collapse at end-expiration so that each breath
requires high pressures similar to those required for
the first breath after birth. The membrane forms
several hours after birth in the overdistended terminal
bronchioles and further reduces lung compliance.

Studies in animals suggest that pulmonary artery
occlusion, aspiration of fluid, carbon dioxide poison-
ing, or immaturity may all be associated with absence
of detectable surface active alveolar lining substances.
Which, if any, of these insults predisposes to the
disease in premature infants remains to be shown.
M. K. SYKES said that pulmonary dysfunction is of

importance to the anaesthetist during both the
operative and post-operative periods. Since anaes-
thetists are often responsible for mechanical assistance
to ventilation throughout the hospital, they are also
interested in the respiratory distress syndrome of the
newborn and in the various causes of pulmonary
dysfunction which may require treatment with
mechanical ventilators.

Both pulmonary oedema and atelectasis are
associated with a reduction in surfactant. In calves
developing pulmonary oedema after mitral valve re-
placement under cardiopulmonary bypass, there is a
marked reduction in surfactant as measured by Pattle's
technique. Bubbles present in the pulmonary oedema
fluid are, however, quite stable. Sutwick and Soloff
(1962) feel that the reduction in surfactant in
atelectatic areas of the lung is secondary to the
atelectasis.
The post-perfusion lung syndrome is also associated

with a reduction in surface tension lowering
properties of the alveolar lining layer. This may be a
causative factor in the production of the oedema and
haemorrhagic exudate noted in this condition. How-
ever, the reduction in surfactant seems to occur 16 to
24 hours after operation whereas changes in lung
function can be demonstrated immediately after
perfusion.

C. OGILVIE said that abnormal surface tension
forces predispose to the closure of air spaces during
expiration and pulmonary collapse. This leads to
reduced compliance, uneven ventilation and the
shunting of unoxygenated blood through the collapsed
areas. There are two groups of diseases in which theEe
events may occur. (1) Conditions in which the film
lining the air spaces loses the ability to reduce its
surface tension on contraction. This group, which
had been dealt with in greater detail by the previous
speakers. includes hyaline membrane disease, pul-
monary artery occlusion, and cardiopulmonary bypass
procedures. Certain 'therapeutic' inhalations and bi-
lateral vagotomy may prove to have a similar effect.
(2) Conditions restricting the mean radius of air spaces
within the lung thus increasing the 'mechanical advan-
tage' of surface tension. This group includes condi-
tions which limit the vital capacity, such as injuries
and deformities of the thoracic cage, the myo-neuro-
pathics, obesity, pleural effusion or thickening and
pulmonary congestion or oedema. In asthma also,
surface tension forces may predispose to complete
closure of airways during expiration.

AIR PURIFICATION

Introduced by P. ZORAB, R. E. TUFFLEY described
a simply operated portable air purifier which had been
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designed for use in the hospital and at home. It
should be of particular help to patients with chronic
airway obstruction who are susceptible to 'smog'.
The unit is the size of a hospital bed-side table and

can be fitted with a filter for removing smoke and
all particulate matter or one for removing sulphur
dioxide. It may be used as a recirculator in a small
room, or in a main ward by the outflow passing into
a tent over the bed.
When tested in artificially high atmospheres of

sulphur dioxide, air sampling showed that the unit
removed the gas in proportion to its concentration-
a two-bedded side ward reaching equilibrium in 45
minutes. In naturally occurring levels four-fifths of the
outside concentration of sulphur dioxide was removed.

THE MAINTENANCE OF CHEST WALL STABILITY

B. T. LE Roux said that the surgeon is faced with
the need to assist in the maintenance of stability of
the chest wall when stability has been disrupted by
accidental trauma or the chest wall has been mobilized
surgically, usually for correction of congenital
deformities such as pectus excavatum or in the
resection of rib tumours or pulmonary tumours which
have invaded the chest wall.

Flail chest has been managed in many ways over
the centuries. In Edinburgh, management by trache-
ostomy and intermittent positive pressure respiration
has been consistently successful. After correction of
funnel chest deformity, stability has been maintained
with a Steinmann's pin retained for six to eight weeks,
and this too has proved successful. Where the chest
wall has been excised, paradox has been completely
prevented by the use of a plate of acrylic resin similar
to that used for cranioplasty, and such a plate has
the additional advantage of being radio-translucent.

POST-OPERATIVE CEREBRAL DAMAGE

J. B. BRIERLEY described the neuropathology of
post-operative cerebral damage. With cardiac arrest
there is a diffuse destruction of neurones in the cortex,
Ammon's horns (hippocampi), cerebellum, and basal
ganglia. In the infant and young child there is marked
involvement of the lower brain stem nuclei.

In cases with severe cerebral oligaemia there is local-
ized necrosis in the grey and white matter at arterial
boundary zones in the cortex, basal ganglia, and
cerebellum. The pathology of moderate cerebral
oligaemia differs from that of cardiac arrest mainly
in that the cerebellar damage is greater and the
Ammon's horns are virtually intact.

Among 45 brains examined after open-heart surgery,
25 showed focal and 'geographical' lesions resembling
those due to severe oligaemia, but air embolism may
have been contributory; 4 showed the neuropathology
of cardiac arrest; 3 showed the neuropathology of
moderate oligaemia (both post-operative); 4 showed
minor embolic lesions; and 9 were normal.

B. G. B. LUCAS said that the commonest cause of
post-operative cerebral damage is intermittent
ischaemia during the surgical procedure. This is
usually due to poor cerebral perfusion as a result of
hypotension, which may be part ;of a gIeliberate
anaesthetic technique, but in cardiac surgery it is often
produced by surgical interference with the heart
itself. Repeated short periods of hypotension have a
cumulative effect.
The other causes are emboli or thrombi carried in

the circulation as a result of the operation. With
extracorporeal circulation, air and antifoam emboli
are a hazard and are very difficult to detect. Localizing
signs are seen occasionally with embolic conditions
but never with ischaemia.

J. M. K. SPALDING said that focal brain lesions may
occur from embolism or from direct interference with
carotid or vertebral arteries. The classical symptom-
atology results but carries a better prognosis than
when similar abnormalities occur after a spontaneous
'stroke'.
Widespread brain lesions may result from failure of

blood gas exchange, from circulatory failure or both.
The essential treatment is restoration and maintenance
of respiration and circulation. The value of corticoids
will be discussed. Prognosis is based on the clinical
picture, cerebrospinal fluid, and electroencephalogram.
Survivors include normal people, patients with mental
defect, ataxia, and spasticity, and those who remain
unconscious and dependent on artificial respiration.

H. R. S. HARLEY considered three aspects of
treatment of severe hypoxic damage to the
brain: cerebral venous drainage, ventilation, and
cerebral oedema. The cerebral veins communicate
directly with the right atrium, no valves intervening,
and are sensitive to pressure changes in the thorax,
right atrium, and superior vena cava.

Ventilatory obstruction embarrasses the cerebral
circulation and should be prevented by early tracheo-
stomy. Mechanical ventilation should operate at low
positive pressures; a negative phase is beneficial.

Cerebral oedema probably arises from swelling of
astrocytes, which lose their ability to nourish neurones
and maintain their barrier functions. Early body
cooling, perhaps also intravenous hydrocortisone,
suppresses this. Hypertonic agents withdraw cerebro-
spinal fluid from the cranium but are unable to
influence oedematous brain.
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