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the risk of pregnancy. On the other hand, a
woman with mild focal glomerular disease may
have two or three successful pregnancies under
supervision without apparent ill-effect. One can-
not be dogmatic about the outcome of any
particular pregnancy. At this stage, we have only
broad general principles to guide us. Diffuse
glomerular disease is more serious for mother
and foetus than focal glomerular disease. Hyper-
tension complicating renal disease may be a
serious development and if severe, may require
immediate termination of pregnancy. A preg-
nancy may be successful in spite of serious
impairment of renal function but further im-
pairment usually occurs during pregnancy and
this may be sudden and of very serious signi-
ficance for the mother.
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Research into bronchitis and emphysema

C. M. FLETCHER N. L. JONES E. J. M. CAMPBELL
Royal Postgraduate Medical School, London

DURING the first half of this century the chest
illness usually termed 'chronic bronchitis and
emphysema' did not receive the attention merited
by its high morbidity and mortality. When the
Postgraduate Medical School was set up in a
Municipal Hospital at Hammersmith it soon be-
came apparent that chronic airways obstruction
was responsible for a form of heart failure which
was not the rarity which it had appeared to be
to those whose view of medicine was confined
to cases admitted to undergraduate teaching hos-
pitals. The first British study of the haemo-
dynamics of this condition was published from
Hammersmith (Mounsey et al., 1952) and a
clinico-pathological conference held there of a
case of respiratory and cardiac failure in which
emphysema was not found at necropsy was re-
ported at the same time (Postgraduate Medical
Journal, 1951). Physiological techniques for the
study of disordered pulmonary function and tech-
niques for post-mortem examination of the lungs

in the inflated state were later developed (Heard,
1958) and laid the foundation of more recent in-
vestigations into the relationship between function
and structure, which have enabled definitions to
be clarified. A spate of epidemiological studies
of early disease were stimulated by the smog
of the late 1950s and early 1960s and have been
carried on in parallel with these clinical and
pathological studies of the later stages.

Epidemiologists, interested in comparative
studies, cannot use the clinician's unstandardized
methods of diagnosis (Cochrane, Chapman &
Oldham, 1951). To overcome this difficulty a
questionnaire on respiratory symptoms was de-
signed, and later tested by duplicate studies on a
group of Post Office workers. The errors en-
countered (Fairbairn, Wood & Fletcher, 1959)
enabled improvements to be made and led to
the production and publication of a standardized
questionnaire (M.R.C., 1960) which, during the
past 10 years, has had world-wide use and has
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been translated into at least twelve languages
(M.R.C., 1966a). The first survey in which the
questionnaire was used (Fletcher, Elmes & Fair-
bairn, 1959) showed that productive cough was
much more prevalent in men than in women,
chiefly due to differences in smoking habits.
There was a significant relationship between pro-
ductive cough (simple bronchitis), frequency of
chest illnesses (infective bronchitis) and impair-
ment of ventilatory capacity (obstructive bron-
chitis; M.R.C., 1965), and later surveys have
confirmed this finding. Some men were found
to have a severe degree of ventilatory impair-
ment without any symptoms. This late develop-
ment of symptoms makes it difficult for clinicians
to study early stages in the natural history of
bronchitis and emphysema.
The association between hypersecretion of

mucus, recurrent infection, and airways obstruc-
tion, observed both by epidemiologists and
clinicians, led to the hypothesis that the three
were causally related. Hypersecretion was thought
to encourage infection which damaged the
bronchi and lungs, thus causing obstructive bron-
chitis and emphysema (Fletcher, 1959). This
hypothesis is being tested by a prospective study
of some 900 working men. This has shown that
the rate of development of airways obstruction
is in fact unrelated either to sputum volume or
to frequency of chest infection (Fletcher et al.,
1967). It has also been found that the more
severe the airways obstruction, the faster it in-
creases. Thus, smokers who already have signi-
ficant obstruction appear to be at special risk of
disabling bronchitis. More detailed study of
those men who are developing airways obstruc-
tion but are still symptomless may help to
elucidate the nature of this early disease. Another
observation made in this study was a steady
decline in the severity and prevalence of simple
bronchitis, which may possibly be due to the
simultaneous decline in pollution of London air
which has followed the Clean Air Act.
Among clinicians it has always been thought

that while bronchitis, 'the English disease', was
the commonest clinical form of airways obstruc-
tion in England, emphysema was more prevalent
in the U.S.A. where bronchitis was rarely diag-
nosed. Comparative studies in the United King-
dom and the United States using standardized
techniques showed that while simple bronchitis
in smokers is only slightly more prevalent in
England, there is much more mucopurulent and
obstructive bronchitis, particularly in urban
areas (Reid et al., 1964; Holland et al., 1965).
This finding is compatible with the thirty-to-one
difference in bronchitis mortality between the
D

two countries. It is likely that air pollution may
combine with cigarette smoking in the causation
of chronic airways obstruction.
An opportunity to compare the apparently dif-

ferent incidence of the clinical forms of disease
was afforded by Dr Benjamin Burrows of the
University of Chicago who, in 1960, suggested
a co-operative study of patients attending his
'Emphysema' clinic and the Hammersmith Hos-
pital 'Bronchitis' clinic, in order to find the
extent to which such differences depended on
differing terminology, rather than on true dif-
ferences between the type of patient usually seen.
Standardized techniques were used to study fifty
patients in each clinic; a similar incidence of
cough and dyspnoea was found and the range of
pulmonary function abnormalities was also simi-
lar (Fletcher et al., 1964). Serial studies of the
same patients during the years following the
initial study have also shown a similar mortality
and progression of symptoms and functional ab-
normality (Jones et al., 1967a). The morbid
anatomical changes in patients who died were
also similar (Burrows et al., 1966).
The relative incidence of bronchitis and of

emphysema among patients with chronic airways
obstruction has been the subject of considerable
argument, which has been complicated by con-
fused terminology. A rational approach to stan-
dardized terminology was initiated by the CIBA
Symposium (1959) and there is now general
agreement that chronic bronchitis should be de-
fined in terms of bronchial hypersecretion
(M.R.C., 1965) and that the diagnosis of emphy-
sema should be based on morbid anatomical
criteria (W.H.O., 1961). Laws & Heard (1962), by
comparing inflated lung specimens with radio-
graphs of the same lungs during life, were able
to show that a reduction in the number and the
calibre of the peripheral pulmonary vessels in
the chest radiograph was associated with severe
emphysema. These findings were applied in a
detailed study of sixteen patients (Fletcher et al.,
1963). The total lung capacity and its subdivisions
were measured by a helium dilution technique
first described by McMichael (1939), gas ex-
change properties were measured by carbon
monoxide uptake, by analysis of arterial blood
gases and by rapid analysis of expired gases
using a mass spectrometer (West et al., 1957).
The patients were grouped according to the his-
tory of bronchitis and radiographic changes into
three groups-severe emphysema without bron-
chitis, chronic bronchitis with emphysema and
chronic bronchitis without emphysema. In the
first group alveolar distension and destruction
were reflected in an increased total lung capacity
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and impaired transfer of carbon monoxide, but
arterial blood gases were relatively normal and
right heart failure was not seen. These findings
contrasted with those in the third group; al-
though the total lung capacity and carbon
monoxide uptake were normal, hypercapnia and
hypoxaemia were common, ventilation-perfusion
abnormalities severe, and right heart failure fre-
quent. The second group, with bronchitis and
emphysema, were intermediate between the other
two groups. This study suggested clinical and
physiological criteria for the diagnosis of em-
physema which were applied to the larger series
of patients at Hammersmith and Chicago
(Burrows et al., 1964). X-ray changes of a sparse
attenuated peripheral vascular pattern, low car-
bon monoxide uptake and increased total lung
capacity were used as signs of emphysema (Type
A patients) and large sputum volumes, normal
CO uptake and total lung capacity, hypercapnia
and cor pulnonale to indicate chronic bronchitis
without significant emphysema (Type B patients).
Of the 100 patients in the co-operative London/
Chicago studies forty fulfilled Type A criteria
and twenty-five the criteria for Type B; the
remainder showed mixed or intermediate fea-
tures (Type X) (Jones et al., 1967a). Since the
proportion of these three types of patient was
similar in London and Chicago the Anglo-
American disparity of diagnosis was shown to
be largely semantic, but it remains probable that
the total amount of chronic respiratory disease
of all kinds is greater in the U.K. Necropsy
examination of the lungs of patients studied
fully in life have enabled the diagnostic criteria
for emphysema to be refined (Burrows et al.,
1966). It is now well recognized that most
patients with severe emphysema maintain normal
resting Pco2 and do not develop cor pulmonale
until late in their disease, and that many patients
with chronic hypercapnia and cor pulmonale are
found to have relatively little emphysema at
necropsy. The paradoxical finding of more severe
blood gas disturbances in the patients with
the less emphysematous lungs has been in-
vestigated by two studies of gas exchange dur-
ing exercise. Blood gas measurements showed
that an improvement in the distribution of ven-
tilation-blood flow ratios in the lung often oc-
curred when Type B patients exercised, whereas
little improvement was seen in Type A patients
(Jones, 1966). It has also been shown that gas
exchange assessed by CO transfer improves on
exercise in Type B but not in Type A patients
(Bedell & Ostiguy, 1967). This improvement is
presumably brought about by an increase in the
ventilation of areas which are poorly ventilated

at rest. The ventilatory response to carbon di-
oxide may be studied using a simple rebreathing
procedure (Clark, Clarke & Hughes, 1966) and
Clark (1967) has found that the response is
usually less in Type B than in Type A patients.
Although mechanical factors undoubtedly play a
part in the development of CO2 unresponsive-
ness, it is likely that other factors, such as the
relative absence of a hypoxic stimulus during
exercise, may also be important. Many studies
have emphasized the importance of studying
patients during exercise; Campbell (1967a), in a
recent review, has described an approach to the
investigation of effort intolerance, and em-
phasized the increased information which is ob-
tained from cardiovascular and pulmonary
measurements if they are made during exercise
instead of only in the resting state. A technique
for studying the integrated responses to exercise
of ventilation, gas exchange and cardiac output
has now been developed (Jones et al., 1967b),
which can be simply applied in patients to assess
functional abnormality, progress and the effect
of treatment. One important measure which is
obtained is the maximal ventilation in exercise,
which is often much higher in patients with
chronic airways obstruction than would be pre-
dicted from the simple tests of ventilatory capa-
city (Clark, Freedman & Campbell, 1967).
Once chronic airways obstruction is established

most patients show a gradual progression which
is, however, variable in its rapidity. Some patients
deteriorate very slowly indeed and this should
be remembered in assessing progress. The
greater rate of decline in the forced expiratory
volume in those most severely affected, as
observed in the early stages of the disease, has
also been found in patients with more severe
obstruction (Jones et al., 1967a). The fall in ven-
tilatory capacity was found to be correlated with
the progression of dyspnoea and the develop-
ment of CO2 retention. The same study showed
that mortality was mainly related to CO2 reten-
tion and was higher in Type B patients than in
Type A. Type B patients are more prone to
develop fluid retention and cor pulmonale.
McMichael (1948) was among the first to point
out that severe cor pulmonale may often occur
in patients who are later found to have little
or no emphysema.
When patients are referred to hospital on

account of recurrent infections or progressive
dyspnoea, airways obstruction is usually already
established. Stopping smoking may on rare
occasions lead to a dramatic improvement in
airways obstruction. Several studies have demon-
strated the beneficial effect of tetracycline
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(M.R.C., 1966b) and ampicillin (Ayliffe & Pride,
1962) in the treatment of bronchial infection.
Long-term tetracycline in a dose of 250 mg four
times daily does not prevent chest colds, but
reduces their duration (British Medical Journal,
1964); thus antibiotics are best used intermit-
tently rather than for prophylaxis. Broncho-
dilators either by aerosol or oral administration
are helpful. Treatment with steroids is occasion-
ally unexpectedly effective; as their value in
asthma is well known and as early studies sug-
gested that they are mainly useful in chronic
bronchitis with variable airways obstruction, we
hoped that it might be possible to predict which
patients would respond by measuring the bronchial
reaction to inhaled histamine aerosol, using a
body plethysmograph. The bronchial reactivity
of bronchitics was found to be intermediate be-
tween the marked reactivity of typical asthmatic
patients and normal subjects. No relation was
found between the histamine response and the
effect of a 2-week course of prednisolone in the
majority of bronchitic subjects, but the most
reactive subjects did show a response to steroids
(Fletcher, 1967).
An acute respiratory infection will often lead

to an increase in airways obstruction and ven-
tilatory failure, particularly in Type B patients.
On admission to hospital they are usually found
to be severely hypoxaemic (arterial Po2 25-
50 mmHg), hypercapnia being less severe (ar-
terial Pco2 60-80 mmHg) (McNicol & Camp-
bell, 1965). Treatment should aim at improving
hypoxaemia at least to a level of arterial
oxygenation which ensures an adequate tissue
oxygen supply (arterial 02 saturation of 70%),
without leading to a progressively increasing
Pco2 (Campbell, 1967b). High levels of oxygena-
tion will occasionally lead to severe hypercapnia
with rises of 30 mmHg or more in as many
minutes. More modest increases in the inspired
oxygen concentration, to 24% or 28%, increase
the inspired oxygen tension by 25-50 mmHg:
although not all this increase is passed on to
the arterial blood, arterial Po2 increases by at
least 10-30 mmHg usually without leading to
progressive hypercapnia. If CO2 tension does
increase, a limit is set on the extent of the rise,
for the oxygen tension will fall back to its
original level before CO2 has risen by more than
10-30 mmHg. Convenient methods for adminis-
tering controlled oxygen at high flows have been
developed by incorporating a venturi in a
disposable mask and in a small head-tent
(Campbell & Gebbie, 1966). Patients require in-
tensive nursing care, physiotherapy, and frequent
assessment in the early stages of treatment. Signs

of carbon dioxide retention are unreliable (Gross
& Hamilton, 1963) and it is best to depend
only on the patient's mental state and ability
to cough and raise sputum, together with fre-
quent measurement of mixed venous CO2 pres-
sure (Campbell & Howell, 1962). If, in spite
of careful controlled oxygen administration and
intensive attention, the CO2 pressure increases
and the mental state deteriorates stimulants, such
as nikethamide, are tried (McNicol et al., 1963);
these will often lead to an improvement in con-
sciousness which will allow the other measures
to be used more effectively. Assisted ventilation
is required probably in less than 10% of patients
(Campbell, 1967b) and is now usually performed
using an endotracheal tube rather than via a
tracheostomy.

Rehabilitation of these patients is improved if
they are fully assessed after recovery from
episodes of acute respiratory failure and are
seen two or three times a year in a special
clinic where facilities for the study of lung func-
tion exist. The management of a patient whose
lung function is not as bad as his symptoms
suggest is different from that of a patient who,
despite severe respiratory failure, minimizes his
symptoms.

Conclusion
Two or three decades ago the problem of

chronic airways obstruction was largely ignored.
A patient with chronic cough, sputum or wheez-
ing who became persistently breathless was said
to have emphysema and this was thought to carry
a grave prognosis. It has now been shown that
it is the patient with severe obstruction without
emphysema who has the worst outlook, though
with modern management he may survive several
episodes of oedematous cor pulmonale. The fun-
damental principles underlying the application
of physiological techniques to clinical problems
which were pioneered by John McMichael have
been central to the role of the Royal Post-
graduate Medical School in its contribution to
these changing concepts.
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