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Preface to the Fourth Edition

“At first glance the lungs may seem uncomplicated, but many wise men have gone astray in their
labyrinths.” These words were written by the late Dr A. A. Liebow in his original foreword to the first
edition of this book and they remain as true today. The author would like to pay tribute to the memory
of Dr Liebow whose many original contributions to lung pathology will serve as his memorial. Also the
author owed much to Dr Liebow for his help and encouragement over many years. -

Pathology, in common with all branches of science, is for ever changing as new concepts of dlsease
and new techniques are developed and applied. From being largely concerned with descriptions of
morphological changes in diseased organs, it is becoming increasingly concerned with trying to
understand how such changes occur. The development of immunology, molecular biology, enzyme
chemistry and the application of newer physical methods of examination such as electron microscopy
and dust particle analysis are rapidly changing some of the older concepts of disease. Nevertheless, the
value of careful and thoughtful macroscopic and microscopic examination still remain the basic
techniques in pathology. Some of the results of the application of the newer techniques are included in
this text.

In this fourth edition the subject matter in every chapter has been re-examined, altered, elaborated or
deleted, and several newly recognized diseases have been included. Pathology, the study of disease,
should not be limited to a narrow description of structural changes, but should of necessity include
consideration of all relevant matter concerned with the condition. Although the main emphasis is still
placed upon the structural changes, many such changes result from disordered physiology and the
physiology of the lungs need ever to be considered.

Inearlier editions pulmonary tuberculosis was not included, as its pathology had been so thoroughly
and well described in earlier years when it was still 2 major scourge in developed nations. The recession
of'its former importance in such countries, however, has tended to obscure the fact that it still remains
one of the foremost diseases when the world is considered as a whole. For this reason an outline of the
pathology of pulmonary tuberculosis has now been included. The bacterial pneumonias now include
pneumonias caused by the Legionella group of micro-organisms.

The realization of the importance of immunology as a factor in many pulmonary diseases such as
interstitial alveolar fibrosis and the angeitic disorders is better realized. Also the relationship of
lymphomatous conditions to disordered immunological states is still but dimly appreciated. The
importance of natural or induced immunodepression as a cause of opportunist fungal, parasitic and
viral diseases has led to a great increase in such diseases. Neoplastic disorders such as Kaposi sarcoma
spreading to the lungs, which formerly was only seen in African children, is now seen in
immunodepressant states in adults.

About sixty new illustrations have been added to illustrate both new diseases and to improve upon
earlier pictures.

Theauthor would again like to acknowledge the continuing help with both material and illustrations
that he has received from many pathologists and friends throughout the world without which this book

xiii



X1v PREFACE TO THE FOURTH EDITION
would not have been possible. He would also like to thank Professor K. Porter for providing both the
opportunity and facilities to enable him to continue working after retirement at St Mary’s Hospital
Medical School, thus enabling this edition to be completed. Yet again without the continuing support
and encouragement of my wife this fourth edition would never have been attempted, and the unfailing
courtesy and help of my publishers has again made the task so much casier.

London, 1984 H. SPENCER
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CHAPTER 1

Embrvology of the Lung

A KNOWLEDGE of the development of the lung and

of its vascular supply and drainage is es-ential if

the many congenital abnormalities occurring in
the organ are to be understood.

Intrauterine Development

The respiratory anlage or laryngo-tracheal
groove first appears as a median. ventral groove
in the floor of the gut caudal to the pharyngcal
pouches at about the 3-0 mm (20 somite stage). 24
days after ovulation. At this stage of growth the
oesophagus and stomach have not yet differ-
entiated and the laryngo-tracheal depression lies
just proximal to the liver diverticulum.

As development proceeds the larynx and
trachea grow as a ventral diverticulum in a caudal

direction, separated from the foregut by a spur of

entoderm and later by mesenchyme which grows
between the two structures. The ingrowth of the
mesenchyme, which surrounds the foregut.
commences at the distal end of the tracheal bud
and spreads cranially to where the two structures
join at the distal part of the pharynx.

The caudal end of the trachea divides into two
bronchial buds at about the 5-0 mm (4th week)
stage and each of these proceeds to form the main
(primary) bronchi. The further growth of the
bronchi is asymmetric, the right being the larger
as it grows caudally and dorsally. whilst the left
assumes a more horizontal position. Each main
bronchus and its branches end in flask-shaped
swellings. The right bronchus first buds a ventral
branch, which is soon followed by a lateral
division situated more proximally, which is
destined to become the eparterial bronchus.

By the 8-10 mm (3235 days) stage, the buds of
the lobar (sccondary) bronchi haveappeared. and
each bud with its surrounding mesenchyme will
later form a lobe of the lung. A further burst of
rapid growth during the 9- 11 mm (35-45 days)
stage leads to the formation of the segmental and
subsegmental bronchial buds (Boyden. 1955a).
Al this stage the developing lung buds have
become well separated  ventrally from  the
clongating oesophagus due to the ingrowth of
investing mesenchyme. From this time onwiairds
the lungs gradually grow and assume thetr rdult
form. but the main bronchi supplying the fower
lobes remain the axial continuations o the
original main bronchi. All the bronchy ore
branches of the primary bronchus up to the
S0 mm (12 weeks) stage (Fig. |1). Uhe further
development of the segmental and subscenmientad
bronchi was described by Bucher and Reud
(1961a) and the ensuing account is hased fnroeiy
on their observations. They found that the pericad
of greatest growth in the subscgmental broncin
took place during the 50-120 mm (i2th-iath
weeks) stage when about 70 per cent af the vull-
term bronchial tree was formed . They coun
number of ¢pithelialized branches arising 1 cach
of the eighteen segmental broncin counting
distally, but selected for dectailed examination
certain of the largest axial bronchi. Soime of the
bronchiselected for such examination were found
initially to run outwards to the pleural surtace
whereupon they bent at right angles to contince
their further course and branching. lying
subjacent and parallel to the pleural surface. In
the upper right and left anterior axillary
segmental bronchi they found on average 17 and
18 branches respectively. In the medial bronchus

cdiingeg
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THE LUNG

FiG. 1.1. Developing lung 20 mm stage showing bronchial tubes but as yet no attempt to form alveolar tissue. x 40. S

supplying the right middle lobe they found an
average of 23 branches and in the left lingula
bronchus 22 branches. In the anterior basal
bronchiin both lower lobes there were on average
19 branches, and 21 along the posterior basal
bronchi. The number of branches arising from the
middle lobe bronchi was in close agreement with
the figure quoted by Boyden and Tompsett (1962)
in a full-term infant, thus proving that little
further development of the bronchi occurs after
the end of the 16th week of foetal life.

Boyden (1955a) had earlier found that up to
about the 56 mm (12th week) stage, one to five
more post-segmental branches were present on
average along the axial bronchi in the right than
the left lung, but after about the 70 mm (14th
week) stage little difference in growth rate
occurred. This finding was confirmed by Bucher
and Reid (1961a). Although the burst of
bronchial growth activity that occurs during the
40-120 mm (10-16 weeks) stage involves all
segments of the lungs, the growth rate may not be
uniform, and is normally greatest in the lower

lobe basal segments as the general growth of both
lungs proceeds more in a caudal than cephalic
direction. This tendency to greater continued
growth in the caudal parts of the lungs resultsin a
greater number of branches along the segmental
bronchi in the lower lobes in full-term infants.

By 16 weeks the number of bronchial
generations in the lower lobes may exceed the
number found in the adult lung. This excess of
distal air passages later becomes transformed into
alveolated tissues.

Until the 150 mm (18th week) stage the lung
consists only of branching bronchi surrounded by
mesenchyme and it shows no differentiation into
alveolar tissue before about the 180 mm (20
weeks) stage (Fig. 1.2).

After the 180 mm (20th week) stage the number
of fully epithelialized segmental bronchial
branches may appear to decrease as some of the
most distal air passages begin to partly lose their
light visible epithelium following capillary
ingrowth and conversion of the tubes into partly
epithelialized, partly alveolated respiratory
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Fi1G. 1.2. A slightly later stage of pulmonary development 60 mm stage showing more extensive branching of the bronchial tubes
but still no attempt to form alveoli. x 40.

bronchioles. During the 180-300 mm (20-24th
weeks) stage the most distal air passages end in
clumps of cells which begin to cannulate to form
alveoli (Fig. 1.4). After the 300 mm (24 weeks)
stage the terminal bronchioles develop up to four
generations of smooth non-alveolated bron-
chioles destined later to become respiratory
bronchioles. Each generation of these future
respiratory bronchioles gives rise to two or three
branches. The most distal generation of
respiratory bronchioles terminate in two clusters
of very thin-walled saccules which are the
precursors and immature forms of future alveoli
(Boyden, 1972). The distal generations of
respiratory bronchioles are themselves lined by
flattened epithelium and were referred to by
Boyden (1967) as transitional ducts. The alveolar
saccules at the time of birth further subdivide into
four lobules and immature shallow depressions
appear in their walls which are very primitive
alveoli. The knob-like clumps of cells forming the
saccules resemble acini as they cannulate, and
were referred to as pneumoneres by Farber and

PLI-B

Wilson (1933). Although the saccules are very
immature respiratory structures they suffice for
adequate gasexchange in many prematurely born
infants.

Coincident with the first appearance of the
alveoli the lung septa begin to appear (Reid and
Rubino, 1959). The septa are best developed
benedth the sharp margins and apices of the lungs
but do not isolate one portion of lung from
another as they are only incomplete septa. As
Boyden (1955b) and Reid (1954) showed, the
pleural fissures between lobes are very variable
and are often incomplete, often failing to extend
to the hilum. Communication between lobes may
therefore occur and may account for translobar
spread of pneumonia in adult life. A distinct
sheath forms around the larger bronchi and
vessels central to the lobules.

The development of the lung saccules (acini) is
accompanied by considerable vascular pro-
liferation throughout the growing lung and the
newly formed alveoli are invaded by capillaries.
The developing alveolar epithelial lining attenu-
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F1G. 1.3. Developing lung from a 10 cm long foetus (14 weeks old). x 100.

ates and appears to be partly disrupted by the
underlying capillaries (Fig. 1:5). This appearance
led to the erroneous -Conclusion reached by
Barnard and Day (1937) that there was no
continuous alveolar epithelial lining. The further
intrauterine -development of the lung leads to
further attenuation of the alveolar epithelium
untilat full-term only a few alveolar epithelial cell
nuclei are still visible lying in spaces between the
alveolar capillaries. After birth the respiratory
movements lead to still further thinning of the
- cytoplasm of the alveolar epithelium which
assumes its post-natal inconspicuous appear-

* ~ance. The existence:of such alveolar epithelial

cells in normal postnatal lung was finally proved

by Low (1953) following the introduction of the

electron microscope. The mode of growth of
alveoli both in utero and after birth is uncertain.
Loosli and Potter (1951) considered they grew as
a result of septal division within existing saccules.
Macklin (1936b), however, regarded alveoli as
being analogous to interstitial emphysematous
spaces in which the lung mesenchyme split and
allowed the capillaries to come into intimate
contact with fluid and later air contained in the
alveolar spaces.

In the adult lung the number of segmental
bronchial branches along axial bronchi may



EMBRYOLOGY OF THE LUNG

o

F1G. 1.4. Foetal Jung between 22 and 25 weeks of age. Note the development of rudimentary alveolar ducts and the beginning of
alveolar development. x 100 H and E

again increase compared with the number found
in the full-term infant. This has been attributed by
both Engel (1947) and Bucher and Reid (1961a)
to conversion once again of respiratory bron-
chioles into fully epithelialized terminal bron-
chioles during childhood. This process was
observed by Willson (1928) to occur in mice. and
by Bremer (1935) incats. Boyden (1965), as stated
previously, however, believed the reverse process
occurs, namely that terminal bronchioles are
converted into respiratory bronchioles. The
further course of post-natal lung growth is
considered separately. The mode of bronchial
division is still disputed, some regarding all
growth as proceeding from the growing tip,
others considering that lateral branching takes
place proximal to the tip. According to Arey
(1946), both methods occur. The failure of
bronchial growth is responsible for the absence of
lobes, segments or smaller volumes of lung in the
future organ, and its cessation at an early stage
can be responsible for the later development of
congenital bronchiectasis.

The evolution of the asymmetric adult
bronchial pattern has excited much interest, butis
probably caused by the laevo-rotation of the

heart, and the persistence of the left dorsal aorta
and fourth left aortic arch to form the arch of the
aorta. In aquatic mammals with a central heart.
such as the cetacea and pinnipedia, the iungs
exhibitasymmetrical pattern and in hippopotami
both lungs possess eparterial bronchi. Achy
(1880) considered that the left eparterial
bronchus had become suppressed in man. but
according to the migration theory, first pro-
pounded by Willach (1888), the bronchi were
originally arranged symmetrically but migrated
from their primary sites of origin from main
bronchi to become attached to branch bronchi.
Huntington (1920) strongly refutes this latter
view, adding “‘comparative anatomy if correctly
interpreted absolutely negatives the migratory
theory, and teaches that a branch budding from
any point of the bronchial tree develops at the site
of its first inception”.

The selection theory of bronchial development
maintains that the eventual size of the lung, and
therefore the growth of the bronchi. 1s ultimately
dependent on the amount of coelomic space
available to accommodate it. The later cessation
of branching along the axial segmental bronchiin
the lower lobes, referred to above, is probably due



