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THE PATHOLOGY OF EMPHYSEMA

J. GOUGH, M.D., F.C. Path.
Welsh National School of Medicine, Cardiff.

IN THIS Cardiff Symposium of the Postgraduate
Medical Journal, I should first explain why the
Pathology Department of the Welsh National
School of Medicine became interested in
emphysema as one of its main subjects for
research. It arose out of a study of thousands
of respiratory cripples in the coal mining
industry. In the early part of this century coal
miners were a healthy population apart from
accidents, but by the third decade it was
evident that respiratory disease of serious
proportions was arising. At first it was thought
that this was silicosis (Cummins and Sladden,
1930), affecting those miners who were exposed
to rock dust as well as to coal. It soon became
evident, however, that although there were
cases of silicosis in those who worked especially
on rock, there was a far higher incidence of
respiratory troubles in miners who worked on
the coal seams and in coal trimmers who load
coal into ships. The name "coal worker's
pneumoconiosis" was applied and is now
accepted in law. A study of the lungs of
miners showed that there are two quite separate
forms of pneumoconiosis (Gough, 1947). The
one is a massive fibrosis while the other consists
of discrete nodules of coal with comparatively
little fibrosis but which subsequently become
surrounded by a characteristic emphysema now
known as "focal dust emphysema". A tech-
nique was evolved to demonstrate this
emphysema more effectively. This is the whole
lung paper section method devised by Gough
and Wentworth (1957/58; 1960). It is carried
out on lungs fixed in expansion. The large
section method was next used for a study of
respiratory diseases of the general population
and it revealed (Gough, 1952) two fundamen-
tally different forms of emphysema. In the
one there was a selective involvement of the
centres of the lung lobules. This is known as
central or centrilobular emphysema. In the
other form there was no selection of the kind
of air spaces dilated and since this lesion was
not based on the lobule but often affected the
greater part of both lungs it was referred to

as generalised but this name was not sufficiently
precise and the condition is now known as
"'panacinar" or "panlobular". In view of the
common use of the terms lobule and acinus in
the classification of emphysema, it is necessary
to define them.

Anatomy
The Lobule (also called the secondary lobule
of Miller)
The lung lobule is the smallest component

which is bounded by fibrous tissue septa. This
is the definition given by the Basle Convention
and is used by anatomists, and is an important
anatomical structure for reference. The lobules
are 1-2 cm. in diameter. Their outlines are not
easily seen in some parts of the lungs but those
of us who have studied coal miners' lungs are
very familiar with the lobular structure because
in many miners the fibrous tissue septa become
impregnated with coal (Fig. 1). The lobules
tend to be pyramidal with their apices directed
towards the hilum. They have their own air
and blood supply and lymphatic drainage. They
are virtually miniature lungs, a feature which
becomes important in the correlation of
emphysema with disturbed function because
uneven functional capacity in different units or
parts of the lung is readily brought out by
function tests and a study of the pathology
shows that some lobules may be severely
affected while neighbouring ones may be
virtually normal.

The Acinus
It is much more difficult to define the acinus

because different authors have used this term
in. different ways. In classifying the different
types of emphysema a Ciba Foundation
Symposium (1959) used 'acinus' for the unit
of respiratory tissue distal to the terminal
bronchiole. All the components in the acinus
so defined bear alveoli. This acinus consists
of respiratory bronchioles, alveolar ducts,
alveolar sacs and alveoli. The Ciba Symposium
recommended that the classification of emphy-
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FIG. 1.-Lobules outlined by dust in the connective
tissue septa. In the centres of the lobules is an
early stage of focal dust emphysema. Air spaces
at the periphery of the lobules are intact. x2.3.

sema should be based on pathological anatomy
because respiratory function tests and radiology
are not sufficiently reliable to warrant a precise
classification at the present time. Function tests
do not distinguish the different varieties of
chronic non-specific obstructive lung diseases,
emphysema, bronchitis and asthma with
sufficient precision: improvements in this res-
pect, however, are developing and combined
radiological, functional and anatomical classi-
fications are appearing. It will be necessary,
however, to study large series of cases where
there is correlation of functional disturbance
in life with the pathological anatomy before
these classifications are acceptable. Limiting
the definition and classification, therefore,
strictly to pathology, the Ciba Symposium
proposed the following: -
"Emphysema is a condition of the lung

characterized by increase beyond the normal
in the size of air spaces distal to the terminal
bronchiole either from dilatation or from
destruction of their walls."
Emphysema can be diagnosed and classified

consistently only on preparations from lungs
distended and fixed before they are cut. The
simplest technique is intrabronchial infusion of
fixative. In some cases identification of the
anatomical origin of enlarged spaces may
require such techniques as the study of serial
sections, or stereoscopic microscopy of lung
slices.
The term emphysema is restricted to dilata-

tion of air spaces distal to the terminal
bronchiole in order to differentiate emphysema
from dilatations which include structures
proximal to the terminal bronchiole, as in
various forms of honeycomb lung.

1. Unselective distribution beyond the terminal
bronchiole (panacinar emphysema)
(a) Dilatation alone (e.g. compensatory

emphysema and emphysema due to
partial main bronchus obstruction).

(b) Destruction of the walls of air spaces
(panacinar destructive emphysema).

2. Selective distribution beyond the terminal
bronchiole.
(i) Predominantly affecting respiratory
bronchioles.
(a) Dilatation alone (e.g. focal emphysema

due to dust).
(b) Destruction of the walls of air spaces

(centrilobular emphysema).
(ii) Predominantly affecting alveolar ducts
and sacs.
(a) dilatation alone.
(b) destruction.

3. Irregular distribution beyond the terminal
bronchiole (irregular emphysema).
Of the five pathologists who took part in the

symposium one, Dr. L. McA. Reid, proposed
an alternative arrangement of the various types
of emphysema but all the pathologists were
agreed what the types are. The difference of
opinion was whether the precise anatomical
location should be the primary basis of the
classification, or whether destruction should be
the primary criterion. The following alternative
arrangement of the classification was proposed: -
1. Dilatation alone.

(a) Unselective distribution (compensatory
emphysema and emphysema due to
partial main bronchus obstruction).

(b) Selective distribution predominantly
affecting respiratory bronchioles (e.g.
focal emphysema due to dust).

2. Destruction of the walls of air spaces.
(a) Unselective distribution (panacinar des-

tructive emphysema).
(b) Selective distribution predominantly

affecting respiratory bronchioles (cen-
trilobular emphysema).

(c) Irregular distribution (irregular emphy-
sema).

Centrilobular Emphysema (Gough, 1952;
Leopold and Gough, 1957)

This is a common condition in the general
population. The centrilobular origin of emphy-
sematous spaces is best observed in lobules
which are not severely diseased. The changes
are destructive even in the smallest lesions, and
the ragged air spaces at the centre contrast
with the normal pattern of lung tissue. A
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FIG. 2.-Diagram of a lobule showing the characteris-
tics of centrilobular emphysema.
T.B.-Terminal bronchiole.
R.B. 1, 2 & 3-Three orders of respiratory
bronchioles. x3.5 approximately.

mulberry-like cluster of emphysematous spaces
develops (Fig. 2). The spaces become confluent
as they enlarge. Carbon in amounts common
in the lungs of town-dwellers is collected around
the spaces and in their partitions, thus helping
to delineate the lesion but dust is not an
essential component. The emphysematous
ciuster is marked off into loculi by partitions
which do not, however, form complete
separations. These partitions radiate from one
bronchiole which provides the airway to the
cluster. This bronchiole is called the "sup-
plying" bronchiole. Patent communications
between the bronchioles and the emphysematous
spaces are traceable in all lesions although the
calibre of these passages varies. The "sup-
plying" bronchioles show histological changes
of chronic inflammation and the inflammation
having extended peripherally, centrilobular
emphysema is one of the results due to breakage
of the walls of respiratory bronchioles. Such
peripheral extension of inflammation may occur
very irregularly in the lung so that unaffected

lobules are contiguous with lobules showing
centrilobular emphysema. Spread of inflam-
mation also leads to breakage of the partitions
radiating from respiratory bronchioles. In the
normal lung these partitions help keep open
the bronchioles to which they are attached.
Rupture of the partitions causes the bronchioles
to collapse during expiration thus producing
air trapping.
Panacinar (syn. panlobular emphysema.
Generalized emphysema)
The panacinar type is conveniently classified

into sub-groups. One appears to be an atrophic
process of unknown cause and this is called
primary. The other is commonly associated
with chronic bronchitis. Centrilobular and
panacinar emphysema often occur together in
lungs showing chronic bronchitis.

(a) Primary type
In this type the various air-containing spaces

in the acini enlarge, i.e. it is unselective and
affects respiratory bronchioles, alveolar ducts,
alveolar sacs and alveoli. Not only does the
lesion appear uniformly in the individual lobules
but it is a condition which often affects a
large part of both lungs. Commonly the whole
of both lungs show the condition. It is for this
reason that I preferred originally to call it
"generalized". It is a common disease in the
general population; not infrequently it is an
incidental finding and may be an exaggeration
of the ageing process, because from childhood
up to adult life the air spaces show a natural
increase in size. One suspects, however, that
it may not be a simple ageing process because
many old people, especially older women, show
no sign of it. This difference in the sex incidence
would seem to suggest that the emphysematous
changes seen in old people's lungs are more
associated with wear and tear and the effects
of disease rather than the mere passage of time.
It should be pointed out, however, that there
are senile changes in the lungs which lead to
reduced respiratory capacity but which are not
emphysema. These changes are thought to be
related to the physico-chemical changes in the
connective tissues. (See Ageinp of the Lung,
Ed. Cander, L., and Moyer, J. H., 1964).
(b) Panacinar emphysema associated with
chronic bronchitis
Some of the most severe cases of chronic

non-specific obstructive lung disease consist of
chronic bronchitis and panacinar emphysema
(Fig. 3). In these cases the inflammatory
changes extend to the smallest bronchioles and
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FIG. 3.-Panacinar (panlobular) emphysema. The
outline of the lobules are faint but distinguishable.
xl.6.

into the respiratory part of the lungs so that
many of the alveolar walls are thickened by
inflammatory cells and rupture of these walls
occurs. Destructive panacinar emphysema may
occur alone but is often accompanied by the
centrilobular type and in our fatal cases of
cor pulmonale we find this combination much
more common than destructive panacinar
alone.

(c) Unilateral and unilobar panacinar em-
physema
Emphysema of a panacinar kind may be

restricted to one lung or to one lobe. There
are two forms. One is neonatal, the newly
born child becoming severely dyspnoeic: air
is trapped in one lobe due to a defect in the
supplying bronchus. This lobe continues to
expand and compresses the remainder of the
lung and the contralateral lung. The disease
constitutes a surgical emergency. The defect
found in the bronchus in most cases is deficiency
of the bronchial cartilages so that the bronchus

is flaccid and collapses and acts as a valve.
Other defects, however, such as flap-like folds
in the bronchial wall occur and give rise to a
valve action. The second type of unilateral or
unilobar emphysema is discovered by routine
radiography, the affected part being hyperlucent.
These cases may be found in childhood or in
adult life. They are thought to be the result of
childhood infections rather than maldevelop-
ment, but in some of the cases that I have seen
the bronchi have been extremely flaccid
possibly due to developmental defect. In other
cases, however, there has been evidence of
severe chronic bronchiolitis. A good discussion
on a case of this disease is in Brit. med. J.,
1965, i, 708.

Focal dust emphysema
(a) Occupational

Simple pneumoconiosis of coal workers is a
focal disease. It is seen as black spots through-
out the lungs from microscopic size up to
5 mm. in diameter. These may be soft and
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indistinguishable by feel from the surrounding
lung or may be hard and felt as nodules,
depending on the amount of fibrosis. In relation
to both the soft and the hard foci the air spaces
become dilated up to 1 to 5 mm. diameter (Fig.
1). These black areas of emphysema constitute
the characteristic feature of the disease. Focal
dust emphysema is caused by atrophy of the
smooth muscle in the walls of the respiratory
bronchioles which are ensheathed in dust.
There is also greater inspiratory pull on the
bronchioles because of consolidation of the
vesicular tissues by dust (Heppleston, 1954).
When seen in large sections focal dust emphy-
sema is characteristically widespread and in
cases of severe disease, involves a high pro-
portion of all the lobules. In the affected lobules
one or several blackened areas of emphysema
are seen. Central parts of the lobules are more
affected than the tissue adjacent to the inter-
lobular septa. The disease starts as a dilatation
of respiratory bronchioles (Heppleston, 1954)
but destructive changes develop in the later
stages and completely disorganize the structure
within the lobules. Emphysema has been long
recognized as occurring around silicotic nodules,
but it appears especially pronounced in the
pneumoconiosis due to coal and other inert
dusts.

(b) Non-occupational-soot emphysema
It is necessary to distinguish centrilobular

emphysema due to bronchiolitis from focal dust
emphysema which can occur in the general
population exposed to atmospheres heavily
polluted with smoke and soot. This soot
emphysema is a lesser form of the focal dust
emphysema found in dusty occupations such
as coal mining. It may be due to associated
pollutants especially SO2 and NO2 rather than
the dust itself. Confusion has arisen in des-
criptions because the two forms of emphysema,
centrilobular emphysema and focal dust
emphysema, commence in centres of lobules.
The importance of distinguishing them is,
however, that the emphysema due to the dust
has less effect upon the respiratory function
than the centrilobular emphysema due to
bronchiolitis. Soot emphysema in the general
population is usually without functional dis-
turbance but severe dyspnoea and cor
pulmonale are common with bronchitic
centrilobular emphysema. The differences are
related to the initial destructive character of
the centrilobular lesion while focal dust
emphysema commences with a simple dilatation
of the air spaces and destruction occurs only

in the more advanced and severe industrial
cases.

Irregular Emphysema
In the Ciba classification the term "irregular"

is used for the kind of emphysema found in
the neighbourhood of scars. This is very
common especially in the upper parts of the
lungs in relation to healed areas of tuberculosis
but may arise from many inflammatory con-
ditions which lead to fibrosis. Contraction of
the fibrous tissue is regarded as the most
important cause of the emphysema but it is
highly probable that inflammatory destruction
is also a contributory cause. Sometimes these
localised emphysemas become bullous in type,
the supplying bronchi being partially obstructed.
Such bullae may have little disturbance on
lung function but, on the other hand, air
trapping may be so marked that there is
pressure on the surrounding lung.

Practical Application of the Ciba Classification
Pathologists have tried the practical use of

the Ciba classification and in the majority of
instances it is suitable provided that the lungs
have been fixed in expansion and examined
by such techniques as the whole lung paper
mounted sections of Gough and Wentworth,
or the barium impregnation method of Heard
(1958). Fixation by formalin fume has also
been successfully used in the study of
emphysema. Most of the types will fall into
the categories described above but in certain
instances the emphysema is so severe and
destructive in character that it is not possible
to say how it originated, i.e. whether it com-
menced as centrilobular or panacinar, or in
some other way, so that a class of "indeter-
minate" is necessary. Both centrilobular and
panacinar emphysemas may proceed to the
complete disintegration of the structure within
the lobule. One can speculate on the likely
nature in a particular case if the rest of the
lung is not so severely affected and if it shows
one or both the basic emphysema types. The
American Thoracic Society (1962) have
adopted the Ciba classification to a large extent
but they have limited the definition to include
destructive changes only and did not regard
simple over-expansion as a form of emphysema.
This leaves the pathologist in a quandary and
he would need to use another term such as the
classical one "pulmonum volumen auctum".
I think most pathologists would prefer to retain
over-distention as a form of emphysema rather
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GOUGH: Pathology of Emphysema
than separate it under the title "pulmonary
over-inflation" which is what the Americans
propose.

Relative Incidence of Types of Emphysema
In a series of 140 examples of emphysema

from the general population which Leopold
and I (1957) examined post mortem, we found
that in 65 there was panacinar emphysema
alone whereas in the remaining 75 there was
centrilobular in addition to panacinar
emphysema.

Thurlbeck (1963) examined 150 lungs at the
Harvard Medical School Department of
Pathology. They were from patients who had
died at the Massachusetts General Hospital,
Boston. 138 of the specimens had been
from unselected autopsies and 21 were of
"severe anatomic pulmonary emphysema". The
lungs had been fixed in expansion. He found
centrilobular emphysema, panacinar emphy-
sema, a destructive lesion commencing in the
alveolar ducts which he regarded as a variant
or a precursor of panacinar emphysema and
the irregular or scar type of emphysema but no
cases of focal dust emphysema. Thus he was
able to differentiate the types of emphysema
according to the Ciba classification. In the
unselected cases centrilobular emphysema alone
or dominant was present in 21.7%; panacinar
emphysema alone or dominant in 13.8%. In
the cases which were specially selected as severe
emphysema, centrilobular was pure or domi-
nant in 6, panacinar pure or dominant in 10,
mixed 3 and unclassifiable 3.

In an investigation at the Hammersmith
Hospital in London, Heard and Izukawa
(1964) found in a series of 50 lungs from con-
secutive autopsies, no evidence of any gross
difference in the patterns and incidence of
emphysema between London and our findings
in Cardiff. Centrilobular emphysema is com-
moner in these two capitals than in Boston.
Heard was careful to distinguish the focal dust
type of emphysema associated with deposition
of London dust. In order to distinguish this he
referred to it as "distensive", pointing out that
it is similar to the focal emphysema in coal
workers.

Emphysema and Cardiorespiratory Function
The relation of emphysema to cor pulmonale
When a series of cases of chronic non-specific

obstructive pulmonary disease is studied post
mortem there is no consistent relationship
between the severity of emphysema and the
development of cor pulmonale. Extensive

destructive emphysema means a proportional
loss of the capillary bed but it is evident that
the body can stand a very severe loss of this
kind without necessarily developing cor
pulmonale. In the series of cases mentioned
above, Leopold and I found that of the 75
cases in which there was centrilobular as well
as panacinar emphysema there was right vent-
ricular hypertrophy in 41 whereas in 65 cases
in which there was panacinar emphysema alone
right heart hypertrophy was present in only
nine. For this purpose we defined the right
ventricular hypertrophy as a thickness of 6 mm.
or more. Recently we have preferred to use
the weight of the right ventricle separated from
the rest of the heart taking 70 g. as normal.
Of Heard and Izukawa's 50 cases in London,
four had died of cor pulmonale and each of
these had severe emphysema which consisted
of both panacinar and centrilobular varieties
and each of these four patients had chronic
bronchitis. Wyatt, Fischer and Sweet (1962)
found hypertrophy of the right ventricle fre-
quently associated with generalised panacinar
emphysema but they used the low figure of
49 g. as the upper limit of the normal weight
of this ventricle.
Of the chronic bronchitis-emphysema com-

plex in Britain it would seem that the bronchitis,
or more accurately bronchiolitis is an impor-
tant component in the development of cor
pulmonale. Severe cases of chronic bronchitis
and bronchiolitis without significant emphysema
may die of cor pulmonale. Organic changes
in the blood vessels are not present with suffi-
cient consistency to be regarded as the major
cause of the pulmonary hypertension. Func-
tional disturbances, particularly hypoxia, have
to be invoked to explain the stress on the right
heart. In cases of severe panacinar emphysema
in which there is cor pulmonale I have fre-
quently found evidence of inflammation in the
bronchioles extending into the alveolar walls,
whereas the primary type of panacinar em-
physema, atrophy of the alveolar walls and
not inflammation, is the finding. In the inflam-
matory type of panacinar emphysema several
blocks of tissue need to be examined because
the inflammatory changes are not uniform
throughout the lung but related in patches to
the bronchiolitis whereas in other parts the
alveolar walls are thin.

Emphysema and airways obstruction

Emphysema is very commonly associated
with airways obstruction but these two terms
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should not be taken as synonyms. There is
now considerable evidence that airways
obstruction can occur with little or no em-
physema. This conclusion is based upon the
finding of instances of severe chronic bronchitis
with only very little destructive emphysema
(Gough and Leopold, 1962). Such individuals
may have been called emphysematous during
life because they had marked airways obstruc-
tion. Simpson, Heard and Laws (1963)
described three patients showing clinical and
physiological features of chronic obstructive
lung disease, though none showed radiological
evidence of emphysema by established criteria.
There was gross impairment of ventilatory
function but an insignificant degree of em-
physema was found at necropsy using special
methods of examination. These observations
were based on Heard's method of examining
the lungs post mortem and they agree with
my findings with paper mounted sections.
McNab, Grove and Nariman (1961) suggest

that study of the effects of exercise on arterial
oxygen saturation and on ventilation equivalent
for oxygen may show whether anatomical
emphysema is present or not. They found that
centrilobular emphysema was associated with
gross physiological defects. Bates and Christie
(1964) conclude that in the correlation of
structure and function in emphysema it is un-
fortunately true that the simplest ventilatory
tests are of little value in this regard, but they
feel that, in the majority of these patients, the
combination of careful history-taking, detailed
radiography and a complete assessment of
function enables the physician to build up a
fairly accurate picture of the probable morpho-
logical changes in the lungs.
The Lungs in Fatal Status Asthmaticus
Among the cases I studied of chronic lungdisease in the general population there were

some who had been diagnosed as asthma and
had died in status asthmaticus. These had been
seen by Dr. D. A. Williams during life and
diagnosed by him as typical asthma. In most
instances their lungs at autopsy did not show
destructive emphysema. The lungs from the
asthmatics were distended as is seen in drown-
ing and they showed the classical appearancesof plugging of the bronchi with dense mucus.
Histologically there was infiltration with eosino-
philes but, whereas in bronchitics there was
much destruction of the walls of the air spaces,in the asthmatics the emphysema was mainlysimple over-expansion.

Most of our fatal cases of asthma have
been in women. In 101 deaths from status
asthmaticus analysed by Dr. D. A. Williams,
two-thirds were females and this distribution
was found in all age groups. It might be argued
that the absence of destructive emphysema was
mainly due to the fact that most of the patients
were women but the same is true of some men
who died in status asthmaticus. Williams and
Leopold (1959) reported the autopsy findings
of 25 adults, 19 females and six male, all of
whom had died in status asthmaticus. The
lungs were examined in my department. The
average age of death was 56 years and ten
were over 60 years. The average duration of
asthma was 21 years, three were over 40 years,
yet in none of the female cases nor in four
out of six of the male cases was there any
destructive emphysema. Williams (1964) con-
siders that cigarette smoking accounts for the
higher incidence of destructive emphysema in
male asthmatics.
Of course, individuals who started with

asthma in childhood or later and subsequently
developed bronchitis had the pathological find-
ings of bronchitis. In localities where bronchitis
is very common, as in London with its polluted
atmosphere, cases of uncomplicated asthma
may be rarer. With the clean air in Cardiff we
do not have such difficulty in separating
"asthma" from chronic bronchitis. We can,
however, only be sure of the post mortem diag-
nosis of asthma if death is due to status
asthmaticus. If an asthmatic dies of a cause
other than asthma there may be no evidence
of asthmatic changes in the lungs.

Experimental Emphysema
Many attempts have been made to produce

emphysema in experimental animals. Because
of the view held for many years that the prime
cause of emphysema is obstruction to the air
flow most experiments have been based upon
this.view. Attempts at producing emphysema
by partial obstruction have, however, had
varying success. A summary of the earlier work
is given by Rasmussen and Adams (1942). They
themselves failed to produce emphysema in
dogs by over-distention simulating repeated
asthmatic attacks extending over several
months. It is significant, however, that one of
their dogs developed a spontaneous infection
of the lungs and in it emphysema developed
and the authors remarked that "It is most
suggestive that the factor of infection
when added to repeated over-distention
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is significant in the production of pulmonary
emphysema". Likewise Anderson and
colleagues (1964) failed to produce emphysema
in dogs by means of a Venturi valve in
the trachea but when they combined this
obstruction with the destructive effect of dilute
nitric acid, they produced emphysema. In-
cidentally they found that "retired" grey-
hounds had a significant degree of natural
emphysema. Wright and Kleinerman (1963)
produced experimental centrilobular emphy-
sema by exposing guinea pigs to nitrogen
dioxide. a common constituent in polluted
atmospheres. This same gas adsorbed on to
carbon also had a focal destructive effect on
the lungs of mice, (Boren, 1964). Centrilobular
emphysema has been produced in rats by
Gross, Babyak, Tolker, and Kaschak (1964)
by the action of papain. These various investi-
gations confirm our observation of the
vulnerability of the respiratory bronchioles
emphasizing the relationship of centrilobular
emphysema to external agents which would
include atmospheric pollutants as well as in-
fections. Anderson and colleagues (1964) using
paper-mounted sections, have found a close
correlation between centrilobular emphysema
and cigarette smoking but found no such
relationship between panacinar emphysema
and smoking.

Summary
For satisfactory post mortem study of em-

physema the lungs should be expanded to a
size approximating that present during life.
This is best done by formalin either in solution
or as a fume. The study is greatly enhanced
if whole lung sections mounted on paper by
the Gough and Wentworth technique, or im-
pregnated with barium sulphate, by Heard's
technique, is used. Two fundamentally differ-
ent anatomical forms of emphysema are seen,
centrilobular, a destructive lesion affecting
primarily the respiratory bronchioles and
panacinar (panlobular) in which all varieties
of air spaces in the lobule expand. One form
of the panacinar type consists of simple dilata-
tion while the other is destructive. Focal dust
emphysema is a specific variety seen most
frequently in coal workers. It is also centrilobu-
lar in position and commences with dilatation
of respiratory bronchioles but later may lead
to destruction of the walls of the air spaces.
A minor form of this disease occurs in the
general population in the form of soot emphy-
sema from polluted atmospheres.

The prevalent chronic non-specific obstructive
pulmonary disease in Britain frequently causes
cor pulmonale. The commonest finding in such
instances is a combination of chronic bronchitis
(including bronchiolitis) and centrilobular and
panacinar emphysema. In some instances the
bronchitis is accompanied by only panacinar
emphysema and in fewer instances bronchitis
is present with insignificant emphysema. This
emphasizes the importance of the bronchitic
component as a cause of pulmonary hyper-
tension in the bronchitis-emphysema complex.
The cor pulmonale is apparently not solely due
to reduction of the vascular bed and the
thickening of blood vessels, although these
undoubtedly contribute, but also to functional
disturbance, probably hypoxia. Preliminary
experimental work in animals confirms the
vulnerability to damage of the respiratory
bronchioles which has been observed in man.
Long standing primary spasmodic asthma, if
not complicated by bronchitis, does not usually
lead to destructive emphysema in non-smokers.
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