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Preface to the Second Edition

Since the first edition of this book in 1967, interest in sarcoidosis has
increased world-wide, leading to increasing numbers of published clinical,
epidemiological and laboratory studies, notably in immunology and in the
pathogenesis of granulomatous inflammation. A series of international con-
ferences which started as an informal gathering in London in. 1958 has
continued at approximately three-yearly intervals with increasing numbers
of participants and more formal organisation, and the proceedings of all but
the first have been published.

When the preparation of a second edition was suggested to me, I consi-
dered several questions. Is there still a place for a comprehensive, clinically-
orientated book on sarcoidosis? Although the reports of the international
conferences bring together research reports and some reviews of topics of
contemporary interest, they are useful principally to specialists in the sub-
ject; and, like the original papers scattered through many journals, are not
convenient sources of reference for clinicians. Continued enquiries about
the availability of the first edition long after it had gone out of print
suggested that it had provided such a source. I therefore concluded that a
second edition should be prepared, and then had to consider whether, as a
physician retired from academic and hospital appointments, I was the right
person to undertake the major task of incorporating in it the still-relevant
parts of the first edition, the considerable amount of new information that
had accumulated since 1967, and a conspectus of current studies. To meet
some of the difficulties implied by this question, I decided to seek the
collaboration of a colleague still actively engaged in clinical and laboratory
study of sarcoidosis as joint author, and was pleased when Donald Mitchell
consented to join me.

J.G.S.

Having agreed to collaborate, we agreed also that our principal objective
would continue to be to provide a comprehensive account of the complex
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clinico-pathological features of sarcoidosis which should be of value both to
clinicians concerned with the problems of individual patients, especially
those with unusual manifestations of the disease, and to investigators con-
cerned with the unsolved problems of pathogenesis and aetiology. We have
therefore maintained the general pattern of the first edition, in which
pathology, incidence, and clinical manifestations were described, with illus-
trative case-reports where appropriate, before immunology and aetiology
were discussed. The chapters dealing with these subjects retain only con-
densed summaries of those they replace, as more or less historical introduc-
tions to accounts of more recent work in these fields and of the position at
the time of writing.

We are aware that our views on some controversial points are not shared
by all; for instance on definition, on the propriety of adapting diagnostic
criteria to differing clinical manifestations, on the use of corticosteroids in
management, on the interpretations of the Kveim reaction, and on the need
for complete open-mindedness about possible causal agents. Nevertheless,
we have tried, as in the first edition, to keep clear the distinction between
observations and interpretations, and to present the arguments on controv-
ersial matters fairly. ,

We thank Bridget Rogers and Verrall Lyle who have typed the manuscript
and Neil Papworth for assistance in the reproduction of the chest radio-
graphs and histological microphotographs. Our publishers have been
extremely co-operative and we thank in particular Barry Shurlock and Peter
Altman for all their help.

J. G.S.
D.N. M.

Ciba-Geigy Pharmaceuticals have made a generous donation to support the
coloured illustrations in this book as a contribution to medical education,
and we gratefully acknowledge this help.



Preface to the First Edition

In 1937, Professor 1. Snapper, then Professor of Clinical Medicine at the
University of Amsterdam, gave two University of London lectures on
‘Pseudotuberculosis in Man’. The first of these summarised in masterly
fashion what was then known of the disease now generally called sarcoido-
sis. My interest in this disease dates from my attendance at these lectures,
and thus extends over more than a quarter of a century. During this time the
importance of the disease has been increasingly recognised in many parts of
the world, notably in Scandinavia, Holland, France, Germany and the
United States. Its varied manifestations brought it to the notice first of
dermatologists, then of physicians, ophthalmologists and radiologists; later
specialists in many fields of clinical medicine and surgery found occasional
examples of it; it has been found to have aspects of interest to biochemists
and immunologists; it is now frequently discovered in mass radiographic
surveys; and geographic variations in its incidence have attracted the atten-
tion of epidemiologists. Because of the wide interest which it has thus
excited, much has been written about it in both general and specialist
journals, and in many languages.

This book represents an attempt to provide a comprehensive account of
sarcoidosis by correlating my personal experience and views with the pub-
lished experience and views of others. Although my principal interest is in
diseases of the respiratory system, colleagues have over the years referred to
me patients with a variety of manifestations of sarcoidosis, and, of course,
those patients presenting with intrathoracic manifestations frequently have
extrathoracic changes also. Nevertheless, one individual can observe few
examples of the rarer manifestations of a disease, so that in describing these
[ have had to rely largely on reviews of scattered accounts of a single or a
few cases. Where my own experience has been more extensive, | have based
my account primarily upon it, and have referred to the work of others
principally to indicate differences both in objective experience and in subjec-
tive interpretation of that experience. In discussing the many controversial
uncertainties, notably those relating to aetiology, I have tried to present
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observations and interpretations separately. Thus T hope that — in what is
intended to be in the main a personal monograph — the reader will be able to
distinguish between those parts which are based upon personal experience
and those which are derivative, and to discern exactly what is the experience
upon which personal opinions are based.

Many people have helped directly or indirectly in the production of this
book. 1 am indebted to many physicians, both at the Brompton and
Hammersmith Hospitals and in hospitals, clinics and practices throughout
the country, who, knowing my interest in the disease, have referred patients
with sarcoidosis to me; and to my registrars and house physicians who, over
the years, have helped in the investigation and management of these
patients. Among the latter, Dr K. M. Citron, now, happily, my colleague on
the staff of the Brompton Hospital, must be mentioned specially for his
collaboration over many years. My colleagues in Departments of Pathology,
notably Dr K. F. W. Hinson, have been unfailingly helpful in allowing me
access to their histological preparations and in discussion of problems of
interpretation. My thanks are due similarly to my radiologist colleagues.
Mr P. J. Bishop, Librarian of the Institute of Diseases of the Chest, has given
me much valued bibliographical assistance and has been zealous in tracing
references not readily available even in the great medical libraries of Lon-
don. Most of the photomicrographs were made by Mr W. H. Brackenbury
of the Photomicrographic Unit, Pathology Department, Postgraduate
Medical School of London, the clinical photographs by Mr D. Kemp and
Mr A. Curd of the Photographic Department, Institute of Diseases of the
Chest, and the reproductions of many of the radiographs and some from
colour transparencies by the Department of Medical Photography, Royal
Marsden Hospital.

Finally, I owe a special debt of gratitude to my secretary, Miss Dorothy
Hunt, for devoted and untiring help, not only in the preparation of the
typescript but also in the tedious task of assembling case records, radio-
graphs and other material.

J.G.S.



Chapter 1

Historical Survey

The earliest published reports of cases that can be accepted retrospectively
into the diagnostic category now called sarcoidosis related to patients
presenting with skin eruptions of several types. The concept of sarcoidosis
as a systemic disease arose from recognition that these eruptions had a
common histological pattern, and were accompanied by changes in internal
organs showing a similar pattern; and later that changes of this sort may
occur without skin involvement. Some of the names at first used for this
systemic disease were derived from those used for the skin eruptions
and others were eponyms, based upon claims for priority of description
(Scadding, 1981a).

LUPUS PERNIO

In February 1889, Ernest Besnier, (Fig. 1.1), then the leading French der-
matologist, showed a man aged 34 with lesions on the face and upper limbs
‘of a type incompletely known and described’ at a meeting at the Hopital St
Louis, Paris, and the case-report was subsequently published in Annales de
Dermatologie et de Syphiligraphie. The patient was a cooper, working in
the open air and exposed to the weather. His mother had died of pulmonary
tuberculosis. The disease had started ten years earlier in the cold winter of
1879-80 with changes in the ears, which later ulcerated, though in this first
report this ulceration is mentioned only briefly. After three years, a red
swelling appeared on the nose, at first localized and gradually extending,
and swellings attributed to synovitis of the tendon-sheaths of the fingers
appeared on the backs of the hands. Both the patient and wax models of the
earlier appearances were shown at the meeting. The nose was described as
twice its normal volume, of purplish-red colour and shiny surface, with
shallow erosions in front of the nostrils. The affected parts were not anal-
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Figure 1.1 Ernest Besnier, 1831-1909.

gesic, and were not cold. In the hands there was, in addition to the swellings
attributed to synovitis, purplish-red discolouration of several fingers, and
dystrophic changes in the nails of the swollen little and ring fingers of the
right hand. Epitrochlear lymph-nodes, but no others, were palpable, and no
evidence of involvement of internal organs was found. Besnier described the
eruption on the face as ‘une variété de lupus erythémateux a forme
d’érytheme pernio ou d’asphyxie locale’, and proposed the name ‘lupus
pernio’ for it. He regarded it as close to, but not identical with, the chilblain
lupus (‘lupus-engelure’) of Hutchinson. These various combinations of
‘lupus’, which at that time would generally have been taken to refer to lupus
vulgaris, with ‘pernio’, ‘chilblain’ and ‘engelure’ all meaning the same in
different languages, are obviously liable to cause confusion. Case-reports by
Hutchinson in his Smaller Atlas of Illustrations of Clinical Surgery (1895)
show that he used the term ‘chilblain lupus’ for eruptions which he thought
resulted from the combined effects of the factors causing lupus with those
causing chilblains; he distinguished this from lupus erythematosus, which
he illustrated separately.
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Besnier made no histological studies; but the condition to which he gave
the name lupus pernio presents a very distinctive clinical appearance, and in
1892 Tenneson reported a case which had been studied histologically.
Quinquaud described the histology of this case as follows: ‘an excessive
predominance of epithelioid cells and a great rarity of giant cells ... In
summary, these lesions are those of a lupus, but a lupus with special
histological characteristics, which can be defined anatomically: lupus of
myxomatous and oedematous type’. He stated that a guinea-pig had been
inoculated; at the time of the report, the animal was not yet dead, but its
tuberculin reaction was positive. It is tantalizing that the fate of that
guinea-pig does not seem to have been made generally known.

The published reports of Besnier’s and Tenneson’s cases were not illus-
trated; but wax models of the appearance of their patients were used to
illustrate lupus pernio in an atlas of skin diseases, edited by Besnier and
published in Paris in 1895-97, and translated into English and edited by
Pringle (1897). Plate XXXV of this Atlas shows the appearance of the nose
in Besnier’s patient over a period of nine years, and of the hand at a single
time. The ulceration of the ears mentioned briefly in the earlier report, is
emphasized; it led to considerable loss of tissue, but unfortunately was not
illustrated. In his commentary, Besnier expressed the opinion that lupus
pernio is an infiltrating tuberculosis, and that ‘in certain regions it invariably
ulcerates’. It seems clear from this that Besnier regarded lupus pernio as a
variant of lupus vulgaris. Plate XVIII evidently refers to Tenneson’s 1892
case, which was that of a 46 year old woman with a purplish-red swelling
over the nose and cheeks, similar eruptions on the arms, and swellings of the
dorsal aspects of the hands and of some fingers, with trophic changes in
nails. The description of the histology in this report differs somewhat from
the 1892 account, omitting reference to ‘myxomatous and oedematous’
features: it refers only to ‘common nodules of tuberculous lupus. Many of
them have spontaneously developed into cicatricial tissue’. In an editorial
commentary, Pringle stated that Hutchinson had expressed the view that
these lesions were those of lupus vulgaris in tissues made vulnerable by
weak peripheral circulation, though (rather unaccountably) different from
those which he had described as chilblain lupus.

Both Besnier and Tenneson seem to have regarded the eruptions in their
cases as unusual forms of the then very prevalent lupus vulgaris, and Besnier
certainly labelled the changes in the hands tuberculous synovitis. In view of
certain discordant features, notably the ulceration of the ears in Besnier’s
case, it is arguable whether the diagnosis of sarcoidosis can be regarded as
established for either of them. But Besnier’s description of lupus pernio cer-
tainly drew attention to a pattern of skin involvement subsequently shown
to occur in the disease now called sarcoidosis. Neither Besnier nor Tenneson
made any further observations contributing to knowledge of this disease.
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‘MORTIMER’S MALADY’

‘Mortimer’s malady’ was described by Jonathan Hutchinson (Fig. 1.2) of
London in 1898. He used this name for the disease because ‘the first and as
yet the most marked example’ of it which he had observed was ‘that of a
very respectable elderly woman named Mortimer’. She was 65 years old,
and her skin disease had been present about a year. It consisted of separate
patches in groups on her cheeks and on the backs of the upper arms. The
patches were symmetrical but rather larger and more abundant on the left
cheek and right arm than on the opposite parts. They were raised and well
defined, of dusky red colour and rather soft. There was no ulceration or
pustulation, but some showed slight scaling. There was no scarring, though
some of the patches had depressed centres. Six months later, the patches had
increased in number and size. The lobule of the right ear was affected, and
the nose ‘was much swollen across the bridge, but without any implication
of the skin, presenting a thick, soft tumour’. This description suggests that
the eruption included elements resembling both Besnier’s lupus pernio and
the ‘multiple sarcoids’ described by Boeck in the following year; but unfor-
tunately, no histological evidence was obtained. Hutchinson recorded that
when biopsy was suggested, the patient did not return to see him for two
years. In the same paper, Hutchinson described one other case in a man
aged about 45 which he regarded as of the same disease, and two others
about whose identity with Mortimer’s malady he felt less certain. He
thought that Mortimer’s malady ‘may not improbably be a tuberculous

Figure 1.2 Jonathan Hutchinson, 1828—-1913.
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affection and one of the lupus family, but if so it differs widely from all
other forms of lupus, both in its features and its course’. Because of this, he
suggested the name ‘lupus vulgaris multiplex non-ulcerans et non-serpigin-
osus’. He later recorded that Mrs Mortimer died five years after the appear-
ance of the eruption after a brief illness with abdominal pain and swelling,
found at necropsy to be due to enlarged para-aortic and mesenteric lymph-
nodes, histology of which showed only ‘hyperplasia of normal gland-tissue’.

‘MULTIPLE BENIGN SARKOIDS’

In 1899, Caesar Boeck (Fig. 1.3) of Christiania (Oslo) described the case of
a policeman, aged 36, who had scattered spots and patches on the skin,
appearing first on the brow and later spreading to affect the scalp, the face,
the back of the trunk, the extensor surfaces of the arms, the back of one
thigh and the lower legs. Over the right patella, there was irregular infiltra-
tion in and around an old scar. The patches were slightly elevated and could
be felt as well-defined nodules and infiltrations. The smaller ones were of a
uniform yellow-brown colour, sometimes slightly scaling. Larger ones
showed a slight central depression of bluish-red tint, so that in the largest

Figure 1.3  Caesar Boeck, 1845-1917.
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the centre appeared atrophic with a network of dilated capillaries, sur-
rounded by a narrow raised border. Plate Il of Boeck’s original paper shows
the lesions on the back and trunk of his patient; the appearance is very
similar to that of the skin of the patient shown in Fig. 7.3. Boeck noted in his
patient that the cubital (epitrochlear) lymph-nodes were ‘enormously
swollen’, the axillary nodes enlarged but not so much, the cervical nodes
very little, and the femoral nodes ‘so enlarged as to be visible when the
patient stood upright’. He removed two skin nodules for histological
examination, one recent, the other more advanced. He found ‘through the
whole depth of the corium from the papillary layer to the limits of the
subcutaneous tissue, sharply circumscribed foci of a new growth’, whose
‘cells were of the type of epithelioid connective-tissue cells . . . The nuclei
were sometimes multiple . . . In a few instances I found true giant cells of the
sarcomatous type. Mitosis was scarcely anywhere to be detected’. He
thought that most of these foci developed in the perivascular lymph spaces,
but some from the corium, independent of the vessels. The outer epidermis
and skin appendages were little affected. Boeck mentioned that he had seen
one other similar case in Norway, and discussed the resemblance of his two
cases to those previously described by Jonathan Hutchinson as Mortimer’s
malady. He proposed the name ‘multiple benign sarkoid of the skin’ for the
disease observed in his two cases, regarding the condition as a new growth
which ‘might be described as perivascular sarcomatoid tissue built up by
excessively rapid proliferation of epithelioid connective-tissue cells in the
perivascular lymph spaces’. Although this interpretation of this histology is
now known to be incorrect, Boeck was clearly the first to describe not only
the skin lesion of the disease now generally called sarcoidosis and its
histology, but also involvement of lymph-nodes. By 1905 he had revised his
opinion both about the nature of the disease and about nomenclature. He
explained that he had suggested the name sarcoid to indicate in a general
way the connective-tissue origin of the lesions; but that later, on the strength
of the discovery of acid-fast bacilli in the nasal mucosa of one patient, and
of other evidence, he had concluded that the disease was ‘a bacillary
infectious disease, which is either identical with tuberculosis or closely
related to it’, and therefore preferred the term ‘lupoid’. Because of the
benign nature of the process and because the infiltration always developed
in small distinct miliary foci, he proposed the name ‘benign miliary lupoid’.
By 1916 he had recognized the identity of Besnier’s lupus pernio with
benign miliary lupoid, and the occurrence of a very chronic affection of the
lungs and of changes in bone and in conjunctiva, as well as of the previously
mentioned manifestations in this disease.

Boeck’s first patient with skin sarcoids died at the age of 80 from a
hypernephroma with metastases; Danbolt (1947) published an account of
the necropsy, at which no remaining evidence of sarcoidosis could be found.



Historical Survey

‘LIVID PAPILLARY PSORIASIS’

In a paper entitled ‘Hutchinson-Boeck’s disease’, Hunter (1936) suggested
that a case first seen by Hutchinson in 1869 and described in 1877 in his
Hlustrations of Clinical Surgery may have been one of the same condition as
he subsequently described as Mortimer’s malady, and most subsequent
accounts of the history of sarcoidosis have accepted this as the first recorded
case. Hutchinson headed his account of this case ‘Anomalous Disease of
Skin of Fingers, etc. (Papillary psoriasis?)’, with the page heading ‘Case of
Livid Papillary Psoriasis’. The illustration shows the hand of a man aged 58,
with large livid patches of induration on the middle finger, in the cleft
between the middle and ring fingers and on the dorsum of the hand. These
were raised and smooth — though with some dry scaling — of irregular shape,
with abrupt margins, not tender and of purple colour. Similar patches but
with less thickening were present on the front of the left tibia. The patient
was otherwise in good health, apart from gout. Although the description
seems compatible with the suggestion that this was a sarcoid infiltration of
the skin, the illustration, about which Hutchinson remarked that the artist
had not been very successful in representing the peculiarities described,
would not immediately suggest this diagnosis. Hutchinson stated that in
1869 he had seen in the University Museum in Oslo a drawing showing a
precisely similar condition on the hand of a Swedish sailor who was a
patient of Professor Boeck. At first sight it might appear that this case may
have been one of those later described by Caesar Boeck, but the Boeck
whose clinic Hutchinson visited in 1869 must have been Carl William who
died in 1875 and was uncle of Caesar. This incident therefore provides no
connection between Hutchinson’s case published in 1875 and Boeck’s
benign sarkoid. Hutchinson’s patient had gout and died from kidney
disease, and Hutchinson referred to him in a discussion of eruptions associ-
ated with gout, published in a paper which followed immediately that in
which he described Mortimer’s malady. It is thus clear that Hutchinson
himself did not at any time identify this as a case of Mortimer’s malady,
and the grounds for making this identification retrospectively seem
tenuous.

SUBCUTANEOUS SARCOIDS

In 1906, Darier and Roussy described the cases of five healthy middle-aged
women with subcutaneous nodules, most frequently on the trunk, but
sometimes on the limbs. In four of these, nodules were removed for biopsy,
and a histological appearance similar to that of Boeck’s sarcoids of the skin
was found. Darier and Roussy therefore regarded the lesions in their cases
as subcutaneous sarcoids.
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INVOLVEMENT OF INTERNAL ORGANS

As noted above, Boeck early recognized that the lungs, lymph-nodes, nasal
mucosa, eyes and other organs might show changes in patients with
cutaneous sarcoids, and further evidence about these manifestations was
soon published.

BONES

In 1904, Karl Kreibich, later Professor of Dermatology in Prague, but then
working in Vienna, described cystic changes in the bones of the hands in
connection with lupus pernio. His paper was based upon four cases, and is
illustrated by an excellently reproduced radiograph of the hands of one of
them; the histology of the skin was studied in another. In 1910, Rieder of
Munich reported a condition which he interpreted as chronic osteomyelitis
of several fingers in two cases of lupus pernio, and this paper also is
illustrated by very clear radiographs. These bones changes were described
again in two cases in 1920 by Jungling, under the title ‘ostitis tuberculosa
multiplex cystica’. He thought the condition tuberculous; he mentioned
Rieder’s paper in a footnote, but seems to have been unaware of Kreibich’s
paper at this time. Later (1928) he recognized the close association of this
condition with lupus pernio and Boeck’s sarcoids, and described the histol-
ogy and the detailed radiology. Jiingling’s name has been rather widely
associated with these changes in the bones of the hands and feet, but there is
no doubt that Kreibich has priority. Not only was his paper published 14
years before Jingling’s first paper, but it was based upon twice as many
cases, in one of which histological evidence was obtained and he clearly
recognized the association with lupus pernio. Danbolt (1958) claimed prior-
ity for a case described by Kienbock in 1902; but this was in a paper on the
radiology of syphilitic disease of the bones of the extremities, and although
the published radiograph and the observations that the skin over the
affected digits was red, tense and swollen and that a red swelling appeared
over the bridge of the nose leave little doubt that this was indeed a case of
lupus pernio with bone changes, Kienbéck certainly thought that it was due
to syphilis, on the basis of a history of infection five years eatlier.

EYES

Although Boeck had mentioned involvement of the conjunctiva, and other
early authors noted iritis accompanying sarcoids of the skin (Schumacher,
1909), the frequency of ocular involvement was not recognised for a long
time. In 1909, Heerfordt of Copenhagen described under the title ‘febris
uveo-parotidea subchronica’ a syndrome of enlargement of parotid and
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sometimes other salivary glands, chronic or subacute uveitis, and in many
cases paresis of cerebral nerves, especially the facial. Heerfordt inclined to
the view that this was a chronic form of mumps, but later the discovery of a
tuberculoid histological pattern led to the suggestion that the disease should
be named uveo-parotid tuberculosis or pseudo-tuberculosis. It was not until
1936 that Dutch and later French authors showed that this syndrome is a
manifestation of sarcoidosis (Bruins Slot, 1936; Pautrier, 1937; Bruins Slot
et al., 1938). This conclusion was based on the finding of the typical
histological pattern in the parotid glands and in other tissues and of clinic-
ally evident involvement of other organs, including the skin, lymph-nodes
and lungs in patients with this syndrome. It is now generally recognized that
while the full Heerfordt syndrome is rare, uveitis and other ocular changes
are frequent in sarcoidosis (Chapter 8).

GENERALIZED GRANULOMATOSIS

In 1915, Kuznitsky and Bittorf of Breslau described the case of a man, aged
27, with Boeck’s sarcoids on the legs and subcutaneous nodules on the
arms, biopsy of lesions from both these sites showing the typical histology;
he also had an enlarged spleen, enlargement of superficial lymph-nodes,
slight albuminuria and cylindruria, and lung changes demonstrable both
clinically and radiologically. He did not react to tuberculin, and no tubercle
bacilli were found in the sputum. They considered that in this case the
internal organs were involved by the same disease-process as was causing
Boeck’s sarcoid in the skin, and that this constituted a hitherto unrecog-
nized disease of the internal organs, especially the lungs.

In 1914, Jorgen Schaumann (Fig. 1.4) of Stockholm wrote a prize essay
on lupus pernio, in which he expressed the view that Besniet’s lupus pernio
and Boeck’s multiple benign sarcoids or miliary benign lupoids were mani-
festations of the same disease; that this disease might involve also the
lymph-nodes, the mucosa of the nose, the tonsils, the benes of the hands and
the lungs; and that all these manifestations where characterized by a histolo-
gical pattern which he summarized as ‘a tuberculoid granulomatous pro-
cess, presenting minimal phenomena of exudative type, and an exclusively
proliferative character’. He suggested that since this disease appeared to
involve predominantly the lymphatic system, it should be called lymphogra-
nulomatosis benigna. In this essay, which does not appear to have been
published until 1934, he described and illustrated, accompanying lupus
pernio, radiographic changes in the bones of the toes and in the lungs, and
typical histological changes in skin, lymph-nodes and tonsils. He pointed
out that the skin changes should not be considered the cardinal and unique
symptom of the disease, and that it was possible that the disease might
sometimes affect only the lymph-nodes and internal organs, without causing

9
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Figure 1.4 J6rgen Schaumann, 1879-1953.

any skin changes. In a long series of later papers, published from 1917
onwards, he produced clinical evidence in favour of these views. In. 1936, he
expressed the opinion that lymphogranulomatosis benigna is a generalized
disease, without or with skin manifestations, in all probability of a tubercu-
lous nature, that may cause death by destruction of the haemopoietic appar-
atus, by localization in vital organs or by the effect on the heart of the
increased resistance to its work caused by the pulmonary lesions, but more
often by the supervention of a classical tuberculosis.

LOFGREN’S SYNDROME

About 1940, Scandinavian physicians noted that bilateral hilar lymph-node
enlargement, with or without erythema nodosum, might be associated with
sarcoidosis. In 1946, Sven Lofgren of Stockholm confirmed this association
certainly for six and probably for nine more of a series of 212 cases of
erythema nodosum; and in 1953 he showed clearly that the ‘bilateral hilar
lymphoma syndrome’ represented an early stage of sarcoidosis (Chapter 3).
This was a most important contribution, for the discovery of bilateral hilar
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lymph-node enlargement by routine radiography is now one of the most
frequent ways in which sarcoidosis is discovered.

OTHER MANIFESTATIONS

In addition to the organs already mentioned, almost every tissue in the body
has been reported to have been involved. The central nervous system and
the heart are especially important though rare sites of localization, about
which knowledge has accumulated largely through the publication of clin-
ical and pathological case-reports. There are important changes in
immunological reactivity, and in some cases in calcium metabolism, both of
which have special characteristics. Interest in sarcoidosis has stimulated
much investigation of the pathogenesis of granuloma formation, and many
attempts have been made to isolate a causal agent from patients with
sarcoidosis. In spite of these efforts, the aetiology of sarcoidosis remains
obscure.

THE KVEIM REACTION

In 1941, Kveim, working in Danbolt’s department of dermatology in Oslo,
observed the development of slowly developing nodules having the histo-
logy of sarcoids at the site of intradermal injection of a suspension of tissue
particles from a sarcoid lymph-node in patients with sarcoidosis. This
reaction has been extensively investigated both as a possible diagnostic test,
notably by Siltzbach of New York, and in relation to its implications for the
pathogenesis of sarcoidosis (Chapter 21).

NOMENCLATURE

While ideas about sarcoidosis were developing, many names were suggested
and used both for individual manifestations and syndromes and for the
general disease of which they appeared to be partial expressions. Many of
these have been eponymous, and in the past this has led, as is not unusual, to
much pointless controversy about priority. The names of Besnier, Boeck,
Schaumann, Hutchinson and Tenneson have been applied eponymously to
the general disease, singly or in various combinations of two or three. Of
these, only Boeck and Schaumann developed the concept of a systemic
disease. Besnier was the first to describe one of the skin manifestations,
lupus pernio, but did not describe the histology or anything beyond an
affection of the skin. Tenneson was the first to report the histology of this
condition. Hutchinson described the skin lesions later described by Boeck as
multiple benign sarcoids, but made no histological studies. Boeck not only
made histological studies, but continued his interest in the disease for many
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years, perceived the identity of skin sarcoids and lupus pernio, and recog-
nized several of the non-cutaneous manifestations. Schaumann insisted
upon the general character of the disease, and was the first to suggest that
the skin changes might be an incidental and not a necessary event in its
evolution; his prolonged studies of it added greatly to the understanding of
its course and of its morbid anatomy.

Among non-eponymous names, Schaumann’s ‘lymphogranulomatosis
benigna’ has already been mentioned. He suggested this to indicate the
general character of the disease, and its tendency to localize in the reticulo-
endothelial system, and to contrast it with ‘lymphogranulomatosis maligna’
or Hodgkin’s disease. The latter implication — that the disease is essentially
one of the reticulo-endothelial system, having certain analogies with
Hodgkin’s disease but following a benign course — carries with it certain
corollaries which are at least doubtful, and possibly for this reason the name
was not generally adopted. It is perhaps ironic that ‘sarcoid’ has entered into
general use. It was introduced by Boeck on a mistaken first impression from
the histology that the skin lesion he described was a tumour of the connec-
tive tissue, and was later abandoned by him. But although the word sar-
coidosis is reduced to nonsense by strict etymological examination (cagé-
flesh), it might also be interpreted rather more freely as denoting a disease
characterized by histological changes similar to those found in Boeck’s
benign sarcoids of the skin. Moreover, the impossibility of reading etymolo-
gical sense into it may have a compensating advantage, in that it frees the
word from unwanted aetiological implications.

The name ‘sarcoidosis’ is now used to refer to a systemic disease. Two
sorts of observations led to the concept that a number of eponymous
syndromes and affections of the skin and other organs, apparently unrelated
at the time of their first description, should be regarded as manifestations of
the same systemic disease. First, in clinical practice cases were found in
which two or more of the syndromes were associated with each other,
sometimes in incomplete forms. And second, a common histological pattern
was found in all affected tissues, and even, when opportunity for more
complete histological study presented itself, in some organs not presenting
clinical symptoms or signs. In the next two chapters we shall therefore
consider the pathology more fully, and then examine the problem of the
definition of a disease in general and of sarcoidosis in particular.



Chapter 2

Pathology

The histological pattern that characterizes sarcoidosis can be described
briefly as a non-caseating tuberculoid granulomatosis. Granulomatosis is
here defined as a chronic inflammatory response in which cells of the
mononuclear phagocyte series are prominent, usually forming focal aggre-
gations (Williams and Williams, 1983). When these are well-marked, they
are recognizable as tubercles. Knowledge of this sort of inflammation
started from the study of the disease which owes its name, tuberculosis, to
the recognition of the tubercle as its distinctive morbid-anatomical charac-
teristic, but since Koch discovered its causal agent, it has been definable, and
now is generally defined, aetiologically. In the following discussions, the
word ‘tubercle’ is used in its original morbid-anatomical sense, without
aetiological implications.

THE TUBERCLE

Early studies of the tubercle which develops in response to mycobacterial
infection were reviewed by Rich (1951). It is composed characteristically of
epithelioid cells, which are mononuclear phagocytes modified by enlarge-
ment both of cytoplasm and of nucleus, the latter becoming pale because its
chromatin does not increase proportionately. A rather unconvincing resem-
blance of this modified macrophage to an epithelial cell gave rise to a gen-
erally used term ‘epithelioid cell’ to refer to it. A tubercle consists of a more
or less well defined group of epithelioid cells, together with variable num-
bers of multinucleate giant cells. The typical giant cell of the tubercle is the
Langhans type, with nuclei in an arc or a circle around a central granular
zone, but the foreign-body type, with nuclei scattered through the cyto-
plasm, may also be seen. Variable numbers of lymphocytes may be found
within the tubercle, especially at its periphery, and non-granulomatous
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chronic inflammatory cell infiltration of varying extent usually surrounds it.
In mycobacterial tuberculosis the centre of a tubercle or of a coalescent
group of tubercles may undergo necrosis without autolysis, resulting in
caseation. In spite of much investigation, the factors determining the
development of tubercles in response to mycobacterial infection remain
incompletely known. While certain lipid fractions of mycobacteria stimulate
their formation, the quantity required to produce this effect is far greater
than that which would be contained in any number of bacilli likely to be
present in the tissues. The development of tubercles does not depend upon
the virulence of the bacilli, nor upon the susceptibility or hypersensitivity of
the host. Studies of experimental granulomas, reviewed below (p. 28), and
of the cellular immunology of granulomatous diseases (Chapter 20, p. 442)
have thrown light upon the cellular processes leading to granuloma forma-
tion, but knowledge of the factors which underlie variability between indi-
viduals in cellular response to mycobacterial infection remains incomplete.

Tubercles occur most typically as the leading histopathological feature of
tuberculosis and other diseases caused by mycobacteria, including leprosy;
they also occur in a number of fungal diseases, including histoplasmosis,
coccidioidomycosis, blastomycosis and cryptococcosis, as a less prominent
feature in some other bacterial diseases, including brucellosis, tularaemia,
syphilis and lymphogranuloma inguinale, and in some metazoal infesta-
tions, such as schistosomiasis. They may also be part of the histopathology
of some diseases of unknown cause, such as Wegener’s granulomatosis and
related diseases, vasculitides, cryptogenic eosinophilic pneumonia, and
primary biliary cirrhosis. But in these, granulomas are part only of a
complex picture, rarely have the characteristics of a fully-formed tubercle,
and may not be prominent. In sarcoidosis, however, epithelioid cell tuber-
cles without caseation constitute the essential element of the histological
pattern.

THE TUBERCULOID GRANULOMA OF SARCOIDOSIS

The distinction between the epithelioid-cell tubercles of sarcoidosis and
those of mycobacterial tuberculosis and of the other diseases in which
tubercles may occur consists in the different relative prominence of various
features. The sarcoid tubercle (Fig. 2.1) is characterized by the well-defined
appearance of the rounded collection of large epithelioid cells with pale-
staining nuclei within the tissue in which it occurs, by the sparsity of
lymphocytes at its centre though a variable number are present peripherally,
and by the absence of caseation. None of these by itself is distinctive. In
mycobacterial tuberculosis, tubercles at a distance from a caseating focus
may show an identical appearance. Even the absence of caseation may
reflect a difference of degree rather than an absolute criterion of differentia-
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Figure 2.1 Sarcoidosis of lymph-node. H&E. (a) x 20 (b) X 176. This is the
characteristic pattern of discrete non-caseating epitheloid cell tubercles.



Figure 2.2 Central granular necrosis in sarcoidosis of lymph-node. Note also
giant cells H&E. % 140.

Figure 2.3 Giant cells in lymph-node sarcoidosis. H & E. x 100.
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tion, for in the centres of a few tubercles in some typical cases of sarcoidosis
eosinophilic granular necrosis, not amounting to actual caseation, may be
seen (Fig. 2.2). It is distinguishable from caseation by the persistence of an
intact reticulum, demonstrable by silver staining methods; but again this
distinction is not absolute. Giant cells are variable in number in tubercles of
all sorts, including those of sarcoidosis (Fig. 2.3), and their frequency does
not discriminate between the various diseases in which tubercles may be
found histologically. In sarcoidosis, certain inclusion bodies may be present
in them. Among these, the conchoidal inclusion of Schaumann and crystal-
line inclusions are more frequent in sarcoidosis than in some other diseases,
but they do not constitute a distinguishing characteristic. They are discussed
below.

Sarcoid tubercles may resolve completely and leave no detectable residue.
They may remain in a pre-fibrotic phase capable of resolution for many
years. This is immediately evident in skin sarcoids, many of which even-
tually disappear completely; even large infiltrations, e.g. of the lupus pernio
type, may subside after many years leaving remarkably little scarring (Chap-
ter 7). If they do not resolve, they eventually become converted into a rather
characteristic sort of hyaline collagen, which sometimes constitutes exten-
sive featureless masses of avascular acellular fibrous tissue. In tissues in

Figure 2.4 Hyaline fibrosis in sarcoidosis of lymph-node. H & E. X 140.
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which this process is advancing, there may be some surviving isolated
sarcoid tubercles, singly or in small groups, often with the sclerotic process
starting at their peripheries, and separated from each other by broad tracts
of featureless fibrous tissue (Fig. 2.4). While this sort of dense scarring is a
constant finding in sclerosing sarcoidosis, it does not provide an absolute
criterion of discrimination from mycobacterial tuberculosis, for it may
occur in lesions undoubtedly caused by mycobacterial infection.

There is thus no way in which the histological study of tissue from a single
site will permit sarcoidosis to be distinguished with certainty from other
diseases in which tubercles can develop; even though a biopsy (e.g. of an
extensively involved lymph-node) showing all the essential features and
some or all of those which are frequently present strongly supports a
diagnosis which seems likely on other grounds. The additional feature
which distinguishes sarcoidosis from all the other diseases is the presence of
the characteristic ‘sarcoid’ pattern in all affected organs. Early studies of the
histology of sarcoidosis by light microscopy agreed about the widespread
uniformity of the changes (Pinner, 1938; Pautrier, 1940; Ricker and Clark,
1949; Longcope and Freiman, 1952; Thomson, 1958). Thus, Longcope and
Freiman (1952) reporting on their experiences at the Johns Hopkins and
Massachusetts General Hospitals stated:

The microscopical appearance of the lesions of sarcoidosis reproduces itself
over and over with a regularity which has been aptly termed ‘monotonous’.
Although the skin and lymph-nodes have been the tissues most exhaustively
studied, there is abundant evidence to indicate that the fundamental character
of the lesion is the same wherever it occurs. In its most characteristic form, it
consists of a collection of large palely staining cells with fairly well-defined
boundaries which vary from polyhedral to fusiform configuration. The cyto-
plasm is abundant, slightly granular or homogeneous and sometimes
vacuolated. The nuclei are prominent, delicately reticulated and oval, elon-
gated or convoluted. Since there is usually little or no peripheral cuff of
non-specific inflammatory cells such as is commonly noted about tuberculous
granulomata, these cell clusters tend to stand out in bold relief against such
tissue backgrounds as the deeply-staining pulp of lymph-nodes, or appear as
inlays between the collagen fibres of the skin. The epithelioid cells in the
smaller lesions have no particular pattern, but in larger foci there is often some
tendency to whorl formation or concentric arrangement. Some of the cells in
such lesions are larger than others and contain several nuclei. Occasionally the
central portions of the lesions undergo a form of granular necrosis staining
pink with eosin and dark blue with Malloy’s phosphotungstic acid-
haematoxylin. A few nuclear fragments can occasionally be seen in such areas.
This form of necrosis is spotty, rarely involving more than a few scattered
lesions and strictly limited to the central portions of the granulomatous foci. It
1s usually readily distinguishable from true caseation.

And Thomson (1958), studying patients seen in London, summarized the
findings as follows:
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The histological appearances of sarcoidosis remain characteristically similar in
all the body tissues, so that a description of one such area of involvement is
exactly mirrored in any other tissue. The essential histological features are the
focal collections of epithelioid cells, usually arranged in spherical fashion and
surrounded by a variable, but frequently scanty, rim of lymphocytes. These
epithelioid cells have pale staining, vesicular nuclei, with pink staining cyto-
plasm and clearly demarcated cell boundaries. Additional histological features
may be present; there are frequently giant cells of either the foreign body or
Langhans’ type; a variety of inclusions may be visible within these giant cells
but they are in no way pathognomonic of sarcoidosis; foci of necrosis may
also be present in the epithelioid cell aggregations. This necrosis is never a
conspicuous feature; and when present it is confined to the centres of the
epithelioid foci and is of the fibrinoid type.

The fibrinoid necrosis that may be seen in sarcoid granulomas was
described in detail by Ricker and Clark (1949). It occurs in the centres of
individual granulomas, especially where several have coalesced. Affected
areas are strongly eosinophilic, fibrillar and acellular apart from a few
lymphocytes. Silver staining shows a persistent reticulin pattern though its
integrity may be doubtful in border-line cases. Zettergren (1954) found such
changes to be more frequent in sarcoidosis known to be of recent onset.
Evidence of this sort of necrosis was found in 35% of 300 cases of sarcoido-
sis from which material was available in the US Army Institute of Pathology
(Ricker and Clark, 1949); in 6% of mediastinal lymph-nodes removed for
biopsy from patients with sarcoidosis by Carlens et al. (1974), who noted
that all those with necrosis had presented with a febrile illness; and in open
lung biopsies from sarcoidosis patients in 39% of 43 cases by Carrington et
al. (1976) and in 7.7% of 127 by Rosen et al. (1979).

It is now evident that the early descriptions of the histology of sarcoidosis
over-emphasized the uniformity of the appearances, probably because they
were based mainly upon post-mortem examinations. Biopsy studies,
especially of mediastinal lymph-nodes and lungs, frequently show differing
patterns of diffuse cellular changes formed granulomas, and fibrosis co-
existing (Fig. 2.5). Whether these mixed patterns are due to successive
episodes of inception, maturation and resolution or hyalinization of tuber-
cles, or to varying rates of evolution towards these end-points in different
parts of a process beginning synchronously may be difficult to determine.

Although the mature sarcoid tubercle characteristically shows limited
lymphocytic infiltration only at its periphery, there are two groups of cases
in which diffuse inflammatory changes are prominent.

The first consists of cases in which there is conspicuous diffuse cellular
infiltration in the vicinity of granulomas in affected organs. Such changes
have been observed especially in the lungs and in the meninges; these are
considered in Chapters 6 and 14. Rosen et al. (1978) found that in open
lung biopsies from patients with sarcoidosis, non-granulomatous inflamma-
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Figure 2.5 Supraclavicular lymph-node from a woman who had had
sarcoidosis for six years. H & E. (a) x 16, showing both cellular and
halinizing granulomas. (b) X 72, showing cellular granulomas.(c) X 72,
showing hyaline fibrosis and remnants of granulomas.



Pathology

tion tended to be prominent in those at an early stage of the disease,
suggesting that changes of this sort antedate the development of granulo-
mas. This is concordant with what is known from experimental studies of
the development of granulomas (p. 28), and with studies of pulmonary sar-
coidosis by the technique of broncho-alveolar lavage (Chapter 20, p. 433).
But the great variability from case to case in the amount of diffuse cellular
infiltration accompanying granulomas suggests that factors at present
unelucidated determine in individual patients the rate of maturation of
granulomas and the duration of persistent pre-granulomatous cellular in-
filtration.

The second group consists of those cases which have erythema nodosum
and/or febrile arthropathy as an early manifestation. Neither of these mani-
festations shows, or evolves into, sarcoid-type tubercles. The erythema
nodosum has the usual histology of this eruption, and resolves spon-
taneously (Chapter 5); and the febrile arthropathy is also transient, with the
clinical features, and in the few cases in which it has been reported the
histological pattern, of a non-granulomatous inflammatory arthropathy
(Chapter 9). It is probable that the transient anterior uveitis that may occur
at a similar early stage of sarcoidosis is, in at least some cases, simply
inflammatory (Chapter 8). These well-defined manifestations affect only a
minority of patients with sarcoidosis, in whom presumably some special
factors not operative in the majority determine their occurrence.

Hyaline sclerosis is more likely to be seen and its extent is likely to be
greater in old-standing sarcoidosis, but it is not related constantly to the age
of sarcoid tubercles. Granulomas known to be of long duration may remain
cellular with little or no hyaline change, and evidently recent granulomas
may show it. Hyaline sclerosis usually starts at the periphery of the tubercle,
gradually replacing the epithelioid cells. Eventually large tracts of feature-
less hyaline sclerosis may be all that is left. This process is well seen in
lymph-nodes, which may come to consist of a large central zone of hyaline
sclerosis with a narrow rim of still recognizable sarcoid tubercles surround-
ing it (Fig. 2.6). Just as the pattern of the active sarcoid tubercles throughout
all organs is characteristically uniform, so is this type of sclerosis the
characteristic and universal pattern of scarring in sarcoidosis. Mylius and
Schiirmann, who published as early as 1929 a detailed account of the
pathology in two fatal cases, emphasized the importance of this form of
sclerosis in naming the histological pattern ‘universelle sklerosierende tuber-
kulose grosszellige Hyperplasie’. Teilum (1948) suggested that the hyaline
change in the late lesions of sarcoidosis was due to the deposit of a sub-
stance related to the globulins of the blood. He named this paramyloid,
although it does not take stains for amyloid. Obel and Lofgren (1964) found
that in sarcoid lymph-nodes hyaline was formed intracellularly in proliferat-
ing reticulo-endothelial cells around granulomas and in islands in the
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Figure 2.6 Extensive hyaline fibrosis in a sarcoid lymph-node. H & E. x 140.

lymphatic tissue; PAS-positive granules appeared in the cytoplasm and
coalesced into large homogeneous masses. The hyaline material resembled

. amyloid structurally, but was not metachromatic; it gave histochemical

reactions for muco- or glyco-protein.

Inclusion-bodies

Several sorts of inclusion have been described in the granulomas of sar-
coidosis. Two, crystalline inclusion-bodies and the conchoidal body of
Schaumann, occur more frequently in giant cells in sarcoidosis than in other
granulomatous diseases. Asteroids and cholesterol clefts may be seen in
sarcoid giant cells but are not especially frequent.

The crystalline inclusion consists of colourless doubly refractile crystal-
line material, varies in size from 1-20 u, and does not take up stains, except
that at the periphery it may take up stains for calcium and iron (Fig. 2.7).

Schaumann described the morphology and development of the con-
choidal or concentric inclusion-bodies which generally bear his name in
1941. The smallest are the size of a leucocyte, round or oval. At this stage
they are near one pole of a giant cell, single or in pairs, surrounded by a
strongly staining membrane, the rest of the inclusion being more or less
distinctly refringent. As they increase in size, they move to the centre of the



(b)

Figure 2.7 Crystalline inclusion-bodies. H & E. x 600. (a) normal light. (b)
by polarized light, showing birefringence.
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giant cells, the double outline becomes less distinct, and they appear to
consist of a number of concentric lamellae which are basophilic, staining
deeply with haematoxylin, and usually react positively to stains for calcium
and iron (Fig. 2.8). They may reach 100 u in diameter. They may persist
after disappearance of the giant cell, as residual evidence of a former
granuloma (Fig. 6.41).

Jones-Williams (1960) studied these two types of inclusion-body by histo-
chemistry and X-ray diffraction. He showed that the doubly refractile
crystalline inclusion was composed of calcium carbonate in the form of
calcite. He found crystals of this sort incorporated in 70% of Schaumann
conchoidal bodies. He concluded that the crystals formed the nidus around
which concentric layers of a calcium-impregnated protein complex were
laid down to produce the conchoidal body. The latter are deeply basophilic
and not doubly refractile.

Elongated crystals, soluble in lipid solvents and presumably consisting of
cholesterol esters, may be seen in the giant cells of sarcoid and of other
granulomas, including those of mycobacterial tuberculosis (Zaki, 1964) and
of farmers’ lung (Seal et al. 1968). Rosen et al. (1979) found them in 17% of
127 open lung biopsy samples from sarcoidosis patients. In paraffin-
embedded sections for light microscopy they appear as vacuoles. Zaki
(1964) found evidence that they, as well as calcite crystalline inclusions,
might be the nidus around which Schaumann conchoidal bodies could
develop.

Conchoidal bodies were described by Metchnikoff (1893) in gerbils
infected with tubercle bacilli, by Wells and Robb-Smith (1946) in natural

Figure 2.8 Schaumann conchoidal body, H & E. x 320.
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and experimental infections with the vole tubercle bacillus, and by Zaki
(1964) in cattle after subcutaneous injection of a tuberculosis vaccine. They
have been reported in man in lupus vulgaris (Gilchrist and Stokes, 1903), in
tuberculosis (Jones-Williams, 1960), in BCG vaccination scars (Zaki, 1964),
in beryllium granulomas (Grier et al. 1948; Williams, 1960), in giant-cell
granuloma of the pituitary (Doniach and Wright, 1951); and in lympho-
granuloma inguinale (Rich, 1951). Jones-Williams (1960) found that their
composition was the same whether they occurred in sarcoidosis, in chronic
beryllium disease or in tuberculosis. The concentric bodies observed by
Metchnikoff in tuberculous gerbils and by Wells and Robb-Smith in voles
could be shown to contain acid-fast bacilli at their centres, but no compara-
ble observation has been recorded in sarcoidosis.

It is evident that the frequency with which inclusion-bodies are found is
dependent upon the amount of tissue available and the thoroughness of
search. Nevertheless, there is evidence that crystalline and conchoidal inclu-
sions are more frequent in sarcoidosis and in chronic beryllium disease, with
a granulomatous histology closely resembling that of sarcoidosis, than in
other diseases. Jones-Williams (1960b) found crystals and/or conchoidal
bodies in 15 (88%) of 17 cases of sarcoidosis, and in 62% of 52 cases of
chronic beryllium disease, but in only 6% of 100 cases of tuberculosis.
Among the 15 cases of sarcoidosis with these inclusions, six had both types,
seven crystals only, and two conchoidal bodies only.

Although the asteroid inclusion-body is usually associated with the name
of Wolbach, who described it in ‘disseminated granulomatous lesions’ in
1911, it was described in 1905 by Lombardo, and later in the same year by
Winkler, in Boeck’s sarcoid. Wolbach’s report concerned ‘a new type of cell
inclusion’ in giant-cell granulomas found at necropsy in lymph-nodes,
spleen, liver and lung as incidental findings, death having been due to
unrelated causes. The inclusions consisted of a central mass, 2.3-3 u in
diameter with radiating straight or centred spinous projections, the whole
being 5-25 u in diameter. They were insoluble in acids or alkalis, and
did not stain with silver nitrate, with stains for fat or iron, by Weigert’s
method for elastic tissue or with iron-haematoxylin. With Mallory’s phos-
photungstic acid-haematoxylin they stained deep purple, as does fibrin. The
giant-cell granulomas in which the asteroids were found were described too
briefly to permit any conclusion about their nature. Hirsch (1935) studied
‘radial inclusions of giant cells’ found in ten necropsies and 26 surgical
specimens: the giant cells were in most instances part of a local granuloma
which was an incidental finding, in liver, lungs, spleen or lymph-nodes, in
the wall of dermoid cysts, in various scars, in chronic tuberculosis of the
lungs, and in goitres. Kay (1950) found typical asteroids in two out of four
cases of sarcoidosis of the spleen and Longcope and Freiman (1952) noted
that in sarcoidosis, asteroids occur with special frequency in extensively
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Figure 2.9 Asteroid inclusion body, H & E. X 480.

involved spleens. But they are not a special feature of sarcoidosis in general:
Ricker and Clark (1949) noted them in 2% of their 300 cases, and Rosen et
al. (1978) in 9% of open lung biopsy specimens showing sarcoidosis. A
small asteroid appears as a spherical structure with minute spicules inside a
vacuole in a giant cell, and stains pink with eosin; larger ones become star-
shaped (Fig. 2.9). Friedman (1944) was unable by histochemical methods
to determine the composition of asteroids in the spleen in sarcoidosis.
Jones-Williams and Williams (1967) suggested from ultrastructural studies
that asteroids might be composed in part of collagen fibrils but Cain and
Kraus (1977, 1980) have found evidence that they consist of non-collagenous
filamentous and microtubular material derived from the cytosphere.
Recently, a number of investigators have drawn attention to the occur-
rence in the lymph-nodes of patients with sarcoidosis, and other diseases of
minute yellow-brown bodies variously called spindle (Hamazaki, 1938),
spiral (Wesenberg, 1966), Hamazaki-Wesenberg (Baro and Butt, 1969),
curious (Carter et al., 1969) and yellow (Boyd and Valentine, 1970) bodies.
These range from 0.5-8 u in diameter, are yellow-brown in colour,
pleomorphic but tending to be oval or spindle-shaped, and histochemically
react like lipofuscin. They occur in lymph-nodes both outside and within
cells, usually outside granulomas and in the peripheral sinus area. Boyd and
Valentine (1970) found them in 15% of lymph-nodes removed for biopsy
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from various mainly peripheral sites. They noted that in sarcoid nodes, the
yellow bodies were found in parts unaffected by the granuloma. Doyle et al.
(1973) identified these bodies in lymph-nodes from seven of 47 cases of
sarcoidosis, and in six out of ten porta hepatis nodes removed at necropsy
from patients dying of causes other than sarcoidosis. Rosen et al. (1979)
found them in 15 of 36 lymph-nodes, mostly mediastinal, and two of 12
open lung biopsy specimens showing sarcoidosis, and in three of 26 non-
granulomatous mediastinal nodes. The nature of these structures remains
obscure. It has been suggested that they might be budding yeasts or L forms
of mycobacteria (Baro and Butt, 1969; Moscovic, 1978), but most
observers have concluded that they are giant lysosomes that have become
residual bodies (Sieracki and Fisher, 1973; Doyle et al., 1973; Vuletin and
Rosen, 1977) and are not specific for any disease.

Calcification

The hypercalcaemia that complicates a small proportion of cases of sar-
coidosis may lead to metastatic calcification in previously normal tissues,
such as kidneys, the pulps of digits, the conjunctiva and the cornea, and
ear-drums (Chapter 19). It was long thought that dystrophic calcification of
the chronic lesions of sarcoidosis was very rare. Until 1961, the only
references to such calcification were two isolated cases showing radiological
evidence of calcification in hilar lymph-nodes (Kerley and Twining, 1951;
Scadding, 1960b) and necropsy evidence of calcification in a localized
sarcoid deposit in the brain and in hilar lymph-nodes (Ross, 1955). In 1961,
Scadding reported that among 136 patients with intrathoracic sarcoidosis
followed for at least five years, calcification developed in seven; in both hilar
nodes and lung in three, in nodes only in two, and in lung only in two. In
none of the patients with this dystrophic calcification had there been evi-
dence of hypercalcaemia, and several in the same series who had hypercal-
caemia with metastatic calcification showed no evidence of dystrophic
calcification. Israel et al. (1961) observed the appearance of new calcifica-
tion in two of 256 patients; and Sommer (1967) referred to bilateral
calcification as a recognized occasional finding in the hilar lymph-nodes of
patients with long-standing sarcoidosis. In a case reported by Scadding
(1968) it was shown by serial biopsy that calcification had developed in the
hyaline connective tissue into which a sarcoid lymph-node had been trans-
formed; a persistent reticulin pattern in the calcified area indicated the
absence of caseous necrosis. After prolonged observation of 300 patients,
Scadding estimated that about 5% of patients with sarcoidosis involving
both lungs and hilar lymph-nodes would develop calcification. Calcification
in pulmonary and hilar lymph-node sarcoidosis is considered further in

Chapter 6.
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Pathogenesis of epithelioid and giant-cell granulomas

Tuberculoid granulomas are the characteristic contribution of cells of the
mononuclear phagocyte series to chronic inflammatory reactions. These
cells originate in the bone-marrow, circulate in the blood and enter the
tissues by amoeboid movement through capillary walls; in the tissues they
become macrophages (Van Furth, 1970). Cohn and Benson (1965) found
that in culture mouse peritoneal monocytes enlarged without cell-division,
developed large numbers of mitochondria and of granules staining with
neutral red and giving reactions for acid phosphatase, and showed increased
activity not only of this enzyme but also of S-glucoronidase and cathepsin;
they thus acquired the characteristics of mature macrophages. Sutton and
Weiss (1966) showed that chicken monocytes in culture acquired the ultra-
structural characteristics of macrophages in three days, and of epithelioid
cells in seven days, and that by 15 days multinucleate giant cells were
developing. Papadimitriou and Spector (1971) studied the experimental
development of epithelioid cells in mice. They found that macrophages
evolved into epithelioid cells if they were incubated without having under-
taken phagocytosis, if they had successfully completed phagocytosis, or if
they extruded ingested material by reverse pinocytosis. If they had ingested
but failed to digest BCG they did not become epithelioid. Epithelioid cells
did not phagocytose bacteria and contained no phagolysosomes, but took
up colloidal gold or polystyrene by pinocytosis. They showed acid phospha-
tase activity in endoplasmic reticulum and in lysosomes, synthesis of RNA
in nucleus and cytoplasm, and digestion of ingested protein. Their life-span
was normally 1 — 4 weeks, ending in death or in mitotic division into small
round cells maturing to macrophages.

It thus seems that when macrophages develop into epithelioid cells, they
show further increase in capacity for synthesis of enzymes which marked
their evolution from monocytes, while their phagocytic capacity diminishes
or is lost. In addition to acid phosphatase, cathepsin and §-glucuronidase,
noted above, stimulated macrophages have been shown to produce collage-
nase and elastase (Werb and Gordon, 1975 a and b), cytolytic factors
(Gallily and Ben-Ishay, 1975; Melsom et al., 1975) and, of special interest in
relation to sarcoidosis, lysozyme (Leake and Myrvik, 1971; Sorber et al.,
1974; McClelland and Van Furth, 1975; Carr et al., 1978) and angiotensin-
converting enzyme (Hinman et al. 1979). The experimental induction of
granulomas leads to increase in lysozyme levels locally and in the blood,
with evidence of secretory activity by cells in the granuloma. In rabbits,
Leake and Myrvik (1971) showed that intravenous injection of killed BCG
in oil led to change in morphology of lung macrophages to the epithelioid
pattern, with increased numbers of dense cytoplasmic granules and corres-
ponding increases in lysozyme content of cell extracts and of blood serum:;
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and Carr et al. (1978) studying granulomas induced in rats by BCG fol-
lowed by Freund’s complete adjuvant showed that levels of lysozyme
increased in blood and in lymph draining from the granulomatous lesion,
and that lysozyme was demonstrable by an immunocytochemical method in
macrophages in the established granuloma.

Multinucleate giant cells (MGC) develop by fusion of epithelioid cells.
Their numbers are variable, in both experimentally-induced and clinically
observed granulomas, and the factors concerned in their formation are
unclear. Mariano and Spector (1974) found that MGC appeared on cover-
slips inserted subcutaneously in mice after three days and rapidly increased
in number. Ultrastructural and kinetic studies showed that they developed
by progressive fusion of mononuclear cells rather than by mitosis without
cell division. Newly arrived macrophages appeared to fuse with older
macrophages which might show chromosome abnormalities; possibly the
older cells were recognized as effete by the newcomers. The life-span of
MGC was estimated at about six days. Most of the early MGC were of the
‘foreign body’ type with eccentrically grouped nuclei, the Langhans type
with peripherally distributed nuclei appearing later. On the other hand, Van
der Rhee et al. (1978) in similar studies in rats observed that the Langhans
type appeared first and seemed to develop into the foreign body type; the
distribution of nuclei varied with their number, tending to be peripheral in
cells with up to five, and aggregated eccentrically in those with 30 or more.
Papadimitriou (1976) in experiments on athymic mice concluded that MGC
are not thymus-dependent or thymus-derived. Warfel (1978) showed that in
rabbits sensitized with BCG lymphocytes incubated with BCG produced a
factor which stimulated alveolar or peritoneal macrophages from normal
rabbits to form large MGC in vitro.

Inflammatory granulomas experimentally induced by different agents
vary in rates of cell turnover by replacement from the circulation and by
mitotic division (Spector, 1969). Papadimitriou and Spector (1972) studied
three granulomas of differing cell kinetics. Reactions to carrageenan were
composed of stable long-lived macrophages with many vacuoles containing
material which appeared to be carrageenan. Reactions to Bacillus pertussis
vaccine showed a labile population of short-lived macrophages maintained
by recruitment of new cells from the circulation. Reactions to living myco-
bacteria (BCG) included after the first week three types of mononuclear
cells: young macrophages containing many phagolysosomes, residual
bodies and elongated electron-dense inclusions but few recognizable myco-
bacteria; and epithelioid cells, with prominent endoplasmic reticulum, en-
larged Golgi apparatus, many transport vesicles, and elaborate plasma-
lemma but no phagolysosomes. The life-span of cells in the mouse BCG
granuloma was estimated at 1—3 weeks. These observations indicate that in
the mouse, long-lived macrophages containing phagocytosed material are
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the hallmark of low-turnover granulomas, while epithelioid cells with
prominent biosynthetic function are characteristic of high-turnover granu-
lomas.

The ultrastructure of sarcoid granulomas

On electron microscopy (EM), the epithelioid cells of sarcoid granulomas
show an elaborate convoluted plasmalemma interdigitating with that of
adjacent cells, and abundant cytoplasm with variable amounts of endoplas-
mic reticulum (ER) and Golgi complexes, many mitochondria and lysoso-
mes but few, if any, phagocytic or pinocytotic vesicles. These appearances.
suggest a biosynthetic rather than a phagocytic function, and differ only in
detail from those of epithelioid cells in other granulomas, including those of
mycobacterial tuberculosis, chronic beryllium disease, Crohn’s disease and
farmer’s lung (Hirsch et al., 1967; Jones-Williams and Williams, 1967;
Wanstrup and Christiansen, 1967; Greenberg et al., 1970; Jones-Williams
et al., 1970, 1972, 1974; Bernaudin et al., 1975; Carr and Norris, 1977).

Jones-Williams et al. (1970, 1971) compared the EM appearances of
granulomas in a sarcoid spleen with those in non-caseating parts of two
tuberculous lymph-nodes. In both, they described two main types of cells,
which they designated A and B. Darker-staining A cells contained much
lamellar rough ER with cisternae filled with granular material, and moder-
ately abundant Golgi complexes, and irregular nuclei with nucleoli and
peripherally located chromatin. Lighter B cells had less organized ER, more
abundant Golgi complexes, many vesicles of variable size and shape, some
containing lightly-staining granular material, and nuclei of more regular
outline, having no nucleoli and diffusely-distributed chromatin. Some cells
with intermediate appearances, and a few very light stained cells, possibly
degenerate cells of type B, were seen. It was thought that A might be an
early, and B a later stage in the evolution of the epithelioid cell. A cells were
more numerous in the mycobacterial and B in the sarcoid granuloma. There
was little evidence of phagocytosis in either type of cell from either sort of
granuloma.

Carr and Norris (1977) found many electron-dense inclusions, presum-
ably lysosomes, in large epithelioid macrophages in sarcoid granulomas in
skin and in lymph-node. These had circular or elongated profiles, ranging
from 50-250 nm in minimum diameter and contained granules. In places
these were arranged in lines with a periodicity of about 8 nm, suggesting a
paracrystalline structure. In human macrophages from other sites similar
inclusions were seen, but usually lacked the paracrystalline internal arrange-
ment. Some sarcoid epithelioid cells contained vacuoles about 700 nm in
diameter resembling the pinocytic vesicles seen by Cohn and Benson (1965)
in mouse macrophages incubated in media containing foreign protein. Carr
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and Norris concluded that of all cells of the macrophage series, the epithe-
lioid cells of sarcoidosis have an ultrastructure most suggestive of a secre-
tory function.

Veien and Kobayasa (1980) studied the ultrastructure of five cutaneous
sarcoids in an active stage. Most of the infiltrating cells were of the epithe-
lioid type; about a quarter were classified as macrophages, and a variable
small proportion were lymphocytes. Among the epithelioid cells, three types
were distinguished. The most frequent type was characterized by well
developed granular ER with many ribosomes. The next most frequent type
had many lightly stained vesicles thought to be secondary lysosomes. The
least frequent was characterized by dense primary lysosomes. The few
MGC, amounting to only 1-2% of the cells, had the features of epithelioid
cells with many secondary lysosomes. Macrophages were often seen in close
contact with epithelioid cells. Most of the blood vessels within the granulo-
mas showed normal endothelial cells, though in a few the luminal surface
looked convoluted, with gaps between adjacent cells.

Spector (1975) concluded that the epithelioid and MGC lesions of
sarcoidosis are a high-turnover granuloma of macrophages and their
derivatives, analogous to that produced experimentally by BCG in mice.

Klockars and Selroos (1977) demonstrated lysozyme immunohisto-
chemically in some but not all epithelioid cell granulomas, free macrophages
and MGC in lymph-nodes and Kveim reaction papules of sarcoidosis
patients; the amount of specific staining was greater in active lesions, and
blood lysozyme levels seemed to vary with the probable amount of active
sarcoid tissue. Lobo et al. (1978) showed by an immunoperoxidase method
and EM that MGC and a few mononuclear cells in a sarcoid granuloma
contained lysozyme within cytoplasmic granules. Carr (1980) by similar
methods found that sarcoid MGC are rich in lysozyme, which is situated at
the centre of the syncytium in dense granules about 200 nm in diameter; the
ultrastructure suggested production as well as storage of lysozyme by the
MGC. As noted above, lysozyme has been found in cells of macrophage
origin in a wide variety of circumstances, and this finding is thus not
specially related to sarcoidosis; and proof that lysozyme is being secreted
awaits demonstration of the uptake of labelled precursor amino-acids
(McLelland and Van Furth, 1975), or of immunoreactive lysozyme in
endoplasmic reticulum.

There is evidence that angiotensin converting enzyme (ACE) is present in
the cells of the sarcoid granuloma in notably greater amount than in those
of other granulomas. Silverstein ez al. (1979) studied biopsies from lymph-
nodes, lungs, liver and skin of patients with sarcoidosis, and compared them
with tissue from patients with bacteriologically proved mycobacterial tuber-
culosis and ileal Crohn’s disease. In sarcoid granulomas, ACE was found by
an immunofluorescence method in epithelioid cells and MGC, mainly in the
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peripheral cells of a follicle, central cells often being unstained. This sug-
gested the possibility that the production of ACE might be induced in
peripheral cells by interaction with lymphocytes. By contrast ACE was not
found in the granulomas of the tuberculosis and Crohn’s disease patients.

The immunopathology of the sarcoid granuloma is considered in Chapter
20.

Organ involvement

The frequency of involvement of various organs is discussed individually in
the following chapters. In general, it can be expected to vary with the stage
of the disease, since there is good evidence that in the early active stage
widespread dissemination of granulomas in many organs commonly occurs,
causing few or no symptoms and resolving spontaneously in many cases.
The experience of morbid anatomists is unlikely to parallel that of clini-
cians, because some localizations, e.g. in the skin or eyes, are likely to cause
symptoms and are not in themselves liable to lead to death, while others,
e.g. in the lungs, heart and central nervous system may be fatal. Branson and
Park (1954) reviewed 117 cases with necropsy reports: the organs most
frequently found to be involved were lymph-nodes (78%), lungs (77%),
liver (67%), spleen (50%), heart (20%), skin (16%), central nervous system
(8%), kidney (7%), eyes and parotid glands (6%), thyroid gland (4%),
intestine (3%), stomach (3%), and pituitary gland (3%). Necropsy findings
are of course dependent upon the completeness of the examination and in
sarcoidosis especially upon whether macroscopically normal tissues are exam-
ined histologically. For instance, Schaumann used the tonsils as a source of
tissue for biopsy and found them to be frequently involved, but the tonsils
are seldom used for this purpose clinically, or routinely examined at necropsy.

Epithelial and endothelial surfaces are only rarely involved. In the skin,
sarcoid infiltration may impinge on the epidermis, but does not invade it;
and similarly in the respiratory mucosa, the epithelium usually remains
intact over an infiltrated submucosa, though it may show metaplastic
changes. For this reason, skin infiltrations rarely ulcerate, except from
trauma, and even large long-standing eruptions may resolve leaving little or
no scarring. Similarly, because the endothelial surfaces of serous membranes
are usually intact, serous effusions occur only rarely.

The distribution of sarcoid tubercles within organs varies from case to
case, for reasons that are unclear. Selective distribution may be an impor-
tant factor in determining the occurrence and nature of functional disturb-
ance; this will be discussed in relation to individual organs. An important
example is the occasional prominent involvement of blood-vessels, espec-
ially in lungs (Chapter 6), central nervous system (Chapter 14) and kidneys
(Chapter 19).
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Local ‘sarcoid’ reactions

Localized groups of epithelioid-cell tubercles of sarcoid type may be
observed in a variety of tissues as a response both to foreign bodies of
various sorts, and to such infiltrating processes as malignant disease and
Hodgkin’s disease.

Gardner (1937) showed that silica can stimulate the formation of tuber-
cles closely resembling those of sarcoidosis. There are many reports of
granulomas of this sort arising as a result of contamination of wounds of the
skin by siliceous material (German, 1940; Ayres et al. 1951), or by talc in
surgical procedures (Lichtman et al. 1946; Eiserman ez al. 1947; Gruenfeld,
1950). In the active stage of sarcoidosis, old scars may become infiltrated
with sarcoid tubercles. Lofgren et al. (1955) showed that such infiltrated
scars contain siliceous material, presumably introduced at the original
injury (Chapter 7, p. 197); and these infiltrations commonly wax and wane
with changing activity of the sarcoidosis. But Refvem (1954) found that
patients with sarcoidosis did not differ from other subjects in immediate
response to intradermal injection of siliceous material. Both normal subjects
and patients with sarcoidosis seem to vary widely in their liability to
produce such reactions, and the explanation for this inter-subject variation
in both groups remains obscure.

Sarcoid-type tubercles may be found in lymph-nodes draining an area
containing a malignant tumour (Nickerson, 1937; Nadel and Ackermann,
1950; Gherardi, 1950; Symmers, 1951; Gorton and Linell, 1957) or a
bronchial adenoma (Anderson, 1942; Symmers, 1951) and have been found
within an ovarian tumour (Schattenburg and Harris, 1946). Nadel and
Ackermann (1950) suggested that localized granulomas of this sort may be
a stromal reaction to a lipoid produced by the tumour and may depend
upon the response-pattern of the subject.

Similar granulomas have been found in association with Hodgkin’s dis-
ease and other lymphomas (Nickerson, 1937; Kadin et al. 1970; Brincker,
1972), both in lymph-nodes and other tissues affected by the lymphoma,
and in tissues not so affected. Kadin et al. performed multiple biopsies at
staging laparotomy in 185 patients with Hodgkin’s disease, and found
granulomatous reactions in 31 of them; of these, eight were in tissues
overtly affected by Hodgkin’s disease and 23 in tissues not so affected.
Among these 23, granulomas were found in liver in 17, in spleen in 17, and
in lymph-nodes in five. In no case was there clinical evidence of sarcoidosis,
but long-term follow-up was not reported. Brincker (1972) surveyed 1500
cases of malignant lymphoma and found epithelioid cell granulomas in 19.
Of these, five showed evidence of generalized sarcoidosis; the association of
sarcoidosis with other diseases, including lymphoma, is discussed in Chap-
ter 24. In the remaining 14, there was no clinical evidence of sarcoidosis
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during observation for periods up to seven years; granulomas were found in
tissues affected by lymphoma in 11, and in unaffected tissues in seven, both
showing granulomas in four. In ten of the 14, the lymphoma was classified
as Hodgkin’s disesase.

The histology of local sarcoid reactions may be indistinguishable from
that of generalized sarcoidosis, and may be so extensive within an affected
lymph-node as to be misleading (Fig 2.10). Diagnosis depends upon search
for evidence of granulomas at other sites, and for possible causes of a local
reaction.

Histological criteria for the diagnosis of sarcoidosis

The essential elements in the histology of sarcoidosis are epithelioid-cell
tubercles, well circumscribed within the surrounding tissue, with a variable
amount of lymphocytic infiltration peripherally. The tubercles show no
caseation, though there may be some central eosinophilic necrosis without
disruption of reticulin pattern. There is evidence that the number of lym-
phocytes is higher in the early stage of granuloma formation. In formed
tubercles, giant cells are found in variable numbers, but are not essential;

Figure 2.10 Lymph-node obtained by mediastinoscopy from a woman
aged 56, showing well-defined sarcoid-type granulomas. She died three
months later of anaplastic carcinoma of the bronchus; no granulomas were
found at necropsy in other lymph-nodes, lung, liver, spleen or mycocardium.
H&E. x 98.
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they may be of Langhans or foreign-body type, more commonly the former.
They may contain various sorts of inclusion-body; crystalline calcite inclu-
sions and Schaumann conchoidal bodies are more frequent in sarcoidosis
and in chronic beryllium disease than in other granulomatous diseases, but
may be difficult to find and of no specific significance. Clinical evidence
indicates that sarcoid tubercles may remain cellular and capable of resolu-
tion for considerable periods. If they do not resolve, they tend to become
converted into avascular almost acellular hyaline connective tissue, promin-
ence of which is characteristic of the late stages of sarcoidosis.

At necropsy, the findings of non-caseating epithelioid and giant-cell
granulomas and/or their hyalinized remnants as the principal morbid
change in scattered locations establishes the diagnosis of sarcoidosis beyond
reasonable doubt. Because sarcoid-type granulomas may be an element in
the histology of mycobacterial and some other infections and of some other
systemic diseases of known and unknown cause, and may occur as a local
reaction to foreign bodies or to tumours, the findings of such granulomas at
a single site is not in itself diagnostic, and the histology of biopsy material
should be reported in descriptive terms; in the presence of clinical, radio-
logical, immunological and other findings compatible with sarcoidosis,
together with failure to demonstrate agents known to cause granulomatous
diseases, it may be sufficient confirmation of a diagnosis of sarcoidosis.
Clinical diagnosis is considered in Chapter 26.
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Chapter 3
Definition

Names of diseases appear, at first sight, to refer to agents causing illness; but
analysis of the ways in which they are used in medical discourse shows that
they have several different sorts of factual implication. Thus the medical
concept ‘a disease’ is logically heterogeneous, though this is not generally
recognized (Scadding, 1959, 1963, 1972, 1981b; Campbell et al., 1979).
Historically, this heterogeneity has arisen because the characteristics by
which individual diseases have been defined have in many instances been
changed, explicitly or implicitly, with advances in knowledge. At first,
diseases could be characterized only by a distinctive combination of symp-
toms and signs, and thus were definable only in clinical-descriptive or
syndromal terms. If a disease so defined were found to be associated with a
specifiable disorder of structure or function, it tended to be redefined in
terms of this new knowledge, sometimes with a new name. And when a
cause of disease has been identified, causation generally displaces all other
criteria as the basis of definition. Consequently, current nosology includes
diseases defined in several different ways: by clinical description, by
specified disorders of structure or of function, and by cause. This analysis
leads to the general statement that in medical discourse the name of a
disease refers to the sum of the abnormal phenomena displayed by a group
of living organisms in association with a specified common characteristic by
which they differ from the norm for their species in such a way as to place
them at a biological disadvantage.

Definition, description and diagnostic criteria

When clinicians recognize a group of patients with symptoms and signs
which do not conform to the picture of any hitherto described disease,
definition initially can only be on the basis of clinical description. To be
accepted as being a case of the new disease, a patient must show a stated



Definition
combination of clinical symptoms and signs. As soon as knowledge has
advanced sufficiently to permit a workable definition to be based upon
criteria derived from a more objective field of study — anatomical or phy-
siological and eventually aetiological — such a definition may be adopted. A
definition based upon morbid anatomy or physiology will usually displace a
descriptive one, and one based upon aetiology is generally the most useful
when it becomes possible. The evolution of the definition of a disease as
knowledge advances is well exemplified by the history of our concept of
tuberculosis. At first, the various manifestations of the disease we now call
tuberculosis were described under various clinical-descriptive or eponymous
names — e.g. phthisis, tabes mesenterica, scrofula, Pott’s disease of the spine,
etc. — and between them there was at that time no obvious connection. The
researches of early morbid anatomists demonstrated the tubercle as the
common pathological basis of these, and led to the use of the word tubercu-
losis, which at this stage had a morbid anatomical connotation. Then the
cause of tuberculosis was demonstrated by Koch, and the name tuberculo-
sis, by origin morbid anatomical, was transferred to a disease now defined
aetiologically.

At each stage in the development of knowledge, the most appropriate and
useful defining characteristics must be chosen. The demonstration of these
will indicate beyond doubt that a given example falls into the defined group.
But they may not be easily observed directly in the living patient; in such
instances, findings that can conveniently be sought clinically and that have
been shown to be correlated with the defining characteristic may be adopted
as diagnostic criteria, and accepted as indirect evidence of its presence. This
is often so even for diseases defined aetiologically; for example, although the
most satisfactory definition of influenza is ‘the disease caused by the influ-
enza virus’, we may quite legitimately make this diagnosis without actually
isolating the virus, relying upon indirect evidence from serological tests, or
even, during an epidemic, upon clinical evidence onty.

When the defining characteristics have been decided, cases in which it has
been established, by various means, that they are present should be studied
to establish the total description of the disease. This, of course, will include
everything that can be discovered about the defined group by all methods of
study. While reference to features of inconstant occurrence has no place in a
definition — where it serves no useful function, and indeed tends to blur
what should be precise — it is essential to a complete description, which
should include where possible an estimate of the frequency of all the more
important features.

There are thus clear distinctions between defining characteristics, which
are those by which, given opportunities of the appropriate type of study, it
can be decided beyond doubt whether a case belongs to the defined group;
description, which is a summary of established knowledge about the defined
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group; and diagnostic criteria, which are the considerations upon which a
probable diagnosis may be based in practice, and may include characteris-
tics ascertained by any method of study. They will consist of features
derived from the total description of the disease which have been found to
discriminate between it and other diseases. Only for a disease which is
defined on a clinical or syndromal basis will the defining characteristics be
an obligatory part of the clinical diagnostic criteria, though even here they
will not always be the whole of the possible diagnostic criteria. Whether or
not the demonstration of the causative agent is included in the clinical
diagnostic criteria of a disease defined aetiologically will depend usually
upon the ease with which it can be demonstrated. For diseases defined on
other bases — especially morbid anatomical — clinical diagnostic criteria will
often be derived in large part from data obtained from methods of study
other than that upon which the definition is based. These may give results
only partially discriminatory from other diseases, so that their diagnostic
significance can be expressed only in terms of probability.

For a disease with a clinical or syndromal definition, we must be prepared
to find inconstant morbid anatomy and physiology, and possibly various
aetiological factors; and the observed facts about these will be included in
the total description of the disease. For a disease with an anatomical
definition we shall have, a priori, a uniform morbid anatomy, but must be
prepared for variability in clinical, functional, and aetiological findings.
Sometimes a group defined in one of these fields of study will be found to
have specifically distinctive features in another field. We shall no doubt be
pleased by this, for it will simplify the problem, especially if a disease
defined on some other basis is found to have a specific aetiology, so that
it can be redefined actiologically; but we have no right to expect such
convenient findings.

Application of the principles of definition of diseases to sarcoidosis

The foregoing discussion will have made it clear that a definition of sar-
coidosis must be a statement of the observations which would lead
unequivocally to the diagnosis of sarcoidosis. It is not necessary that these
observations should be of a sort that can in practice be made in every case;
the definition states the method by which in principle certainty might be
reached.

The accounts of the history and pathology of sarcoidosis in Chapters 1
and 2 show that at first the disease now called by this name consisted of a
number of independently described manifestations in various tissues and
organs; and that the observations which led to these being grouped together
as one disease were that two or more of them were frequently observed
together in various combinations in the same patient, and that they had a
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common histological pattern which was present in all affected organs. We
have therefore in the histological pattern the unifying feature of the concept
sarcoidosis. Although this pattern observed in a single site is not pathogno-
monig, its presence in all of a variety of affected tissues forms a workable
basis for a definition. It will be recalled that all those who have studied the
pathology of sarcoidosis have commented on the presence of a relatively
narrow range of histological changes throughout affected tissues; and there-
fore this constitutes the most specific criterion available at present as a
defining characteristic of this disease. No difficulty arises over local tissue
reactions having a similar histology if it is specified that for the ultimate
establishment of the diagnosis of sarcoidosis it is necessary that the defined
changes must be present in all affected organs. Since there is no agreement
concerning the aetiology of sarcoidosis, nor indeed whether sarcoidosis is an
aetiologically homogeneous group, no reference to aetiology can be made in
the definition. Even the statement that aetiology is unknown should not be
included in the definition, for such a statement not only would result in the
abolition of the disease as defined if the aetiology becomes completely
known, but also makes it difficult to examine in an unbiassed way at least
two tenable hypotheses. One of these is that sarcoidosis represents a possi-
ble reaction to more than one external inciting agent. For if this hypothesis
were true, and one of the external agents were discovered, the cases shown
to be caused by this agent would be excluded by definition from the
category sarcoidosis; if a second and a third were discovered, the cases
associated with these also would be excluded, until all that was left of
sarcoidosis would be those cases which were caused by some other as yet
undetected agent, together, probably, with some cases which were really
due to one of the identified agents but in which it happened not to have been
demonstrated. The other important hypothesis which the inclusion of this
statement in the definition excludes from consideration is that sarcoidosis
may represent an unusual reaction to an agent or agents already known and
normally causing a well-recognized disease, but difficult to demonstrate in
the unusual manifestation sarcoidosis. For if this hypothesis were true, it
would be expected that the agent would be isolated from only a minority of
cases; either this finding would be rejected as an error in the laboratory or
elsewhere or explained as due to the supervention of a new disease, or the
case would be excluded by definition from the category sarcoidosis. It is of
course permissible to state, after the definition has been formulated, that
there is at present no general agreement about the aetiology of the disease so
defined; but to include this as part of the definition is to fall into a grave
error of logic, by introducing as an axiom a proposition which, in addition
to excluding a priori some hypotheses which should be the subject of
empirical inquiry, may confidently be expected to be controverted in course
of time.
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Some suggested definitions

The definition suggested by the United States National Research Council
(quoted by Ricker and Clark, 1949) was:

Sarcoidosis is a disease of unknown aetiology. Pathologically it is character-
ized by the presence in any organ or tissue of epithelioid-cell tubercles with
inconspicuous or no necrosis and by the frequent presence of refractile or
apparently calcified bodies in the giant cells of the tubercles. The characteristic
lesions may be replaced by fibrosis, hyalinization, or both. Clinically, the
lesions may be widely disseminated. The tissues most frequently involved are
lymph-nodes, lungs, skin, eyes, and bones, particularly of the extremities. The
clinical course usually is chronic with minimal or no constitutional symptoms;
however, there may be acute phases, characterized by a general reaction with
malaise and fever. There may be signs and symptoms referable to the tissues
and organs involved. The intracutaneous tuberculin test is frequently negative;
the plasma globulins are often increased. The outcome may be clinical recov-
ery with radiographic evidence of residue, or impairment of function of organs
involved, or a continued chronic course of the disease.

The only definite and clear part of this definition is that dealing with the
morbid histology, and here the essential requirement that the changes must
be present in all of several affected organs or tissues is omitted. The latter
part of the ‘definition’ is entirely permissive, and thus blurs rather than
sharpens; it is really part of a description of the disease rather than a
definition. In fact, Ricker and Clark in their study adopted histological
criteria of diagnosis:

As this study progressed, there emerged a histologic pattern which was
adopted as the criterion for pathological diagnosis. Most of this material has
been selected on the basis of these histologic features. Discrete epithelioid
granulomas make up the lesions . . . (They) tend to occur in clusters or ‘crops’
of tubercles of the same type of development, resulting in a pattern best
described as monotonous.

At the second International Conference on Sarcoidosis in 1960, an
attempt was made to improve on this; but the difficulty of definition was
such that it was concluded that ‘a short descriptive paragraph would be
more meaningful than a definition’. At the seventh conference in 1975, the
matter was reconsidered, and a slightly amended ‘description’ of sarcoidosis
in lieu of a formal definition was accepted (James et al. 1976b):

Sarcoidosis is a multisystem granulomatous disorder of unknown etiology,
most commonly affecting young adults and presenting most frequently with
bilateral hilar lymphadenopathy, pulmonary infiltration, skin or eye lesions.
The diagnosis is established most securely when clinicoradiographic findings
are supported by histological evidence of widespread non-caseating epithe-
lioid-cell granulomas in more than one organ or a positive Kveim-Siltzbath
skin-test. Immunological features are depression of delayed-type hypersensi-
tivity suggesting impaired cell-mediated immunity and raised or abnormal
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immunoglobulins. There may also be hypercalciuria, with or without hyper-
calcaemia. The course and prognosis may correlate with the mode of onset.
An acute onset with erythema nodosum heralds a self-limiting course and
spontaneous resolution, whereas an insidious onset may be followed by
relentless, progressive fibrosis. Corticosteroids relieve symptoms and suppress
inflammation and granuloma formation.

Although this statement seeks to disarm criticism by not claiming to be a
definition, it is intended to stand in place of one, and must be judged by its
aptness for this purpose. One of the few unequivocal statements in it is that
sarcoidosis is of unknown cause, which entails the logical difficulties in the
study of causation noted above. It lists clinical and other features that may
occur. It includes one statement, concerning cell-mediated immunity (as
opposed to hypersensitivity), that is probably incorrect. It provides no
indication of the way in which, in the final analysis, agreement might be
reached in a case over which informed observers disagree. It fails to recog-
nize that the difficulties of a histological definition can be avoided by the
addition of a proviso that changes of the specified type must be widely
disseminated.

What observations would in fact be accepted by all or nearly all informed
observers as conclusive of a diagnosis of sarcoidosis in a doubtful case? The
answer to this question seems to us to be the demonstration, either by
multiple biopsies or at necropsy, in all of several affected organs, of non-
caseating epithelioid and giant-cell granulomas, the changes leading to their
formation, or their hyalinized remnants. This histological pattern, then,
although we may be able to demonstrate it unequivocally only in some
cases, must be our defining characteristic; a clinical diagnosis of sarcoidosis
is a statement of belief that, if we had the opportunity of looking, we should
find widespread changes of this type.

Recommended definition
The following definition is therefore recommended:

Sarcoidosis is a disease characterized by the formation in all of several affected
organs or tissues of epithelioid-cell tubercles, without caseation though fibri-
noid necrosis may be present at the centres of a few, proceeding either to
resolution or to conversion into hyaline fibrous tissue.

Explanatory notes may be added to this definition, but not as part of it,
that the organs most frequently involved are the lymph-nodes, lungs, liver,
spleen, skin, eyes, small bones of the hands and feet and salivary glands,
though every organ and tissue, with the possible exception of the adrenal
gland, has been reported to be involved; that cell-mediated hypersensitivity
reactions may be depressed, though in some other respects T-cells are
hyperactive; and that no single specific causal agent has yet been identified.
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This definition offers the possibility of attaining certainty in the diagnosis
of sarcoidosis, even though such certainty can be attained only by a com-
plete necropsy or by an impracticably large number of biopsies. In practice,
sufficient knowledge has accumulated about clinical, radiological, immuno-
logical and biochemical aspects of cases in which acceptable evidence has
been available that they conform to this definition to permit the formulation
of diagnostic criteria applicable to the more frequent modes of clinical
presentation. These will be discussed when the various clinical manifesta-
tions have been described. Some combinations of clinical, radiological and
other features, especially if several organs or systems are involved, are so
characteristic that they justify a clinical diagnosis of sarcoidosis with little
risk of error; and in such instances even this small risk may be eliminated by
the observation of a typical histological pattern in tissue removed for biopsy
from a single site. In other cases, with less characteristic features, biopsy
from a single site, even though it shows a typical pattern, may be insufficient
to establish the diagnosis beyond doubt. In general the amount of histolo-
gical evidence required to support a clinical diagnosis varies inversely with
the confidence with which the clinical picture in the individual case is
recognized.



Chapter 4

Prevalence, Incidence and Modes of
Presentation

There are several reasons why it is difficult to ascertain the number of cases
of sarcoidosis in a community. One of these is that since many cases are
discovered at screening examinations and follow an asymptomatic course to
resolution, it is certain that in the general community many individuals must
pass through the whole course of the disease without consulting a doctor.
Another is that clinical diagnosis is in some cases a matter of judgement, and
it cannot be assumed that standards of diagnosis are uniform. Even death
notifications are difficult to interpret, since most of the deaths which result,
wholly or in part, from sarcoidosis occur many years after the active stage of
the disease, at which time there may be little that is specific in the clinical
picture; and thus it is probable that at least some deaths from the late results
of sarcoidosis are notified under some other diagnostic label. And finally,
the clinical manifestations of sarcoidosis are so various that a patient may
come under medical care in various ways. He may come under the care of a
respiratory physician because of the discovery of abnormalities in the chest
radiograph at a routine examination, or in the investigation of respiratory
symptoms; of a general physician because of erythema nodosum or febrile
arthropathy, or with symptoms associated with hypercalcaemia; or of a
dermatologist, an ophthalmologist, or more rarely a neurologist, a cardiol-
ogist, an endocrinologist, or a gastro-enterologist because of symptoms
referable to the appropriate system. Information available about prevalence
and incidence can be interpreted only after consideration of the ways in
which patients with sarcoidosis come under medical care, and of the
proportions showing symptoms referable to various localizations of the
disease.
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Prevalence, Incidence and Modes of Presentation

FIRST REASONS FOR SEEKING MEDICAL ADVICE

Table 4.1 lists some of the more frequent ways in which sarcoidosis
becomes apparent, and indicates the proportions of patients in some pub-
lished series who presented in these ways. Many reports of large series list
manifestations observed at any time during the course, but relatively few
refer separately to presenting features. The distribution of these is likely to
be affected by the way a series is collected. Of those upon which Table 4.1 is
based, Scadding’s consisted of 275 consecutive patients under the care of
one of us over a 20 year period; the BITA (1969) study aimed to collect
information about all patients diagnosed over a period of five years in four
defined areas; and the international study of Siltzbach et al. (1974) assem-
bled information supplied retrospectively from five cities. In view of these
differing origins, the general similarity in proportions presenting with ocu-
lar changes and with skin sarcoids is notable, and contrasts with the wide
differences for erythema nodosum. The BTTA study, to which all specialists
who might be concerned with patients with sarcoidosis contributed, listed
the less common as well as the more usual modes of onset.

Pulmonary and/or hilar lymph-node changes

These changes are the most frequent first overt evidences of sarcoidosis.
They may be discovered either by radiography of apparently healthy indi-
viduals, or in patients presenting with respiratory symptoms. The relative
frequency of these will evidently be affected by the frequency of screening
procedures in the relevant populations, as well as by any differences that
there may be between populations in liability to symptomatic as opposed to
asymptomatic pulmonary sarcoidosis. In common with other manifesta-
tions of sarcoidosis, lung changes tend to be more florid in black patients;
the high proportion of patients in the Los Angeles series presenting with
respiratory symptoms is probably attributable largely to this factor. Israel
and Sones (1958), reviewing 160 patients in Philadelphia, of whom 86%
were black, found that only 11% were symptom-free, while 72% had
symptoms referable to the respiratory system, such as cough, dyspnoea,
chest pain or haemoptysis. By contrast, there were much higher proportions
of symptomless cases in the BTTA (1969) study, in which all were white,
and in Scadding’s series in which nearly all were white.

Erythema nodosum

In most European series, the next most frequent presentation was with
erythema nodosum or febrile arthropathy, or both of these, with bilaterally
enlarged hilar lymph-nodes. This syndrome, which Lofgren (1953) demon-
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Prevalence, Incidence and Modes of Presentation

strated to be a frequent early manifestation of sarcoidosis, is discussed in
Chapter 5. Reports of its frequency vary greatly, especially among early
studies. It was reported in 25% of patients in Stockholm by Lofgren and
Stavenow (1961); in 11 and 14% respectively of two series in London by
Smellie and Hoyle (1960) and by Scadding and in only 2% of the predomi-
nantly black Philadelphia series of Israel and Sones (1958). A similar rela-
tive incidence of erythema nodosum was observed in association with
primary tuberculosis in Scandinavia, England and Philadelphia when this
infection was common (Chapter 5, p. 74), and it may be that populations
vary in liability to erythema nodosum, irrespective of precipitating agents.
Erythema nodosum occurs in a higher proportion of women than of men
with sarcoidosis, though the relative excess among women varies. Where
febrile arthropathy without erythema nodosum is recorded separately, there
is a considerable excess among men. In Scadding’s series, 4.2% of men
presented with febrile arthropathy (without erythema nodosum) and 6.7%
with constitutional symptoms (malaise, fever, loss of weight), as compared
with 1.3 and 1.9% of women; and among men with erythema nodosum, the
eruption was in some cases inconspicuous and atypical. It seems likely that
though an acute onset with fever and constitutional symptoms occurs in a
similar proportion of cases in both sexes, erythema nodosum accompanies
these symptoms in a higher proportion of women.

The proportions of patients presenting with various manifestations are
likely to be affected by the way a series is collected; there will certainly be
fewer with eye or skin changes in a series derived from mass radiographic
surveys than in one with a considerable input from an ophthalmological or
dermatological department. Similar considerations apply even more
strongly to the rarer clinical presentations. Of the studies upon which
Tables 4.1 and 4.2 are based, the BITTA (1969) survey of four areas, to
which all specialists to whom patients with sarcoidosis might be referred
contributed, probably gives the most reliable estimate of the relative fre-
quency of the various ways in which patients with sarcoidosis first came to
medical notice.

Among the individuals presenting with symptomless hilar lymph-node
and/or pulmonary sarcoidosis, discovered radiographically, an important
proportion remain symptom-free and show spontaneous resolution. It is
evident, therefore, that many people must go through the entire course of
this sort of sarcoidosis undetected. Hagestrand and Linell (1964) reviewed
6706 necropsies in Malmé, Sweden, over a five year period, 1957-62, and
found non-caseating granulomas in several locations in lymph-nodes, lungs,
liver or spleen, sufficient to justify a diagnosis of sarcoidosis, in 43 cases. In
only three was sarcoidosis the cause of death; in the remaining 40, the
causes of death were those commonly found, predominantly malignant
tumours and cardiovascular disease, the presumed sarcoidosis being an
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incidental finding. Local sarcoid reactions to malignant disease were found
in 14 cases, and distinguished from generalized sarcoidosis. The prevalence
of histological evidence of sarcoidosis at necropsy was 0.64%, ten times the
prevalence of evidence of sarcoidosis in mass radiographic surveys in the
same area.

During the variable course of sarcoidosis, clinical evidence of involvement
of many organs may appear, and some organs are more often evidently
affected in the later than in the earlier stages. The proportions of cases in a
number of published series reported to show various manifestations at any
time are summarized in Table 4.2. The figures are certainly dependent upon
the duration of observation, the assiduity of investigation, and for some
features — e.g. enlargement of the liver — the subjective judgement of the
observer.

PREVALENCE AND INCIDENCE

The main sources of information about numbers of cases of sarcoidosis in a
community are screening examinations and diagnostic records of hospitals
and clinics. Mass radiographic surveys, useful in tuberculosis control pro-
grammes in some epidemiological situations, have been the source of some
estimates of the prevalence of sarcoidosis. Hospital and clinic records pro-
vide information about numbers of diagnoses of sarcoidosis; the frequency
of this event in a community can be deduced only if all such records for a
defined population can be surveyed. Information from mass radiography
and from diagnostic records may be affected by varying diagnostic stan-
dards in routine services. A few studies of the incidence of sarcoidosis have
sought to apply uniform standards by central review of records.

Mass radiography

Since a high proportion of cases of sarcoidosis show intrathoracic changes,
and these generally present characteristic appearances, mass radiographic
surveys give some indication of the relative frequency of sarcoidosis in
different populations. Most of the information available from this source
dates from the time when mass radiography was widely used as a tuberculo-
sis case-finding procedure. Policy in the use of this procedure varied. In
some areas — e.g. in Scandinavia — the objective was to examine entire
populations within certain age-limits; in others, mass radiography was used
selectively in groups thought to be themselves at special risk, or to constitute
a special risk to others, in surveys at places of work, or in ad hoc campaigns
in areas of high prevalence. Evidently, surveys designed to cover whole
populations are likely to give the most reliable indication of the prevalence
of sarcoidosis. Variations in the figures obtained from different sorts of
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survey are illustrated by the findings in England and Wales, where the
number of persons per 100 000 examined by mass radiography units in
1959 and found to have abnormalities interpreted as sarcoidosis was 13.8 in
men and 19.8 in women, with the highest prevalence in both sexes in the
age-group 25-34 years (Ministry of Health Report, 1960) . Among those
who attended in response to general publicity, the rates among men and
women were 14.4 and 19.6 respectively; among those referred by family
doctors, they were 74.0 and 96.8; and among those examined in surveys in
factories and offices, they were 9.7 and 11.8. Probably the latter were the
nearest approach to a representative sample of a population group, not
including a disproportionate number of individuals with symptoms. Rather
similar figures for the proportions of mass radiographic examinations show-
ing evidence of sarcoidosis were reported in the years 1962—65 (Hall et al.,
1969). In Great Britain, the nearest approach to surveys of entire popula-
tions within defined areas has been provided by mass radiographic cam-
paigns. In Liverpool, changes attributed to sarcoidosis were found in nine
per 100 000 examinations in such a campaign in 1959 (Semple, 1959). In
surveys in Scotland in which nearly 70% of the selected populations were
examined, such changes were found in six per 100 000 in 1957, and five per
100 000 in 1958 (McGregor, 1961).

Widely differing figures for the prevalence of sarcoidosis based upon mass
radiographic data have been reported from other countries (Bauer and
Lofgren, 1964; Levinsky et al., 1976). Some of the findings reported at an
international conference in 1963 are summarized in Table 4.3. As noted
above, some of the differences are attributable to differing policies in the use
of mass radiography, and different diagnostic standards probably are
another factor. Perhaps the most interesting differences are those between
and within the Scandinavian countries, where both policy and diagnostic
standards were similar. In Sweden, surveys in 1945-53 covering between 70
and 98% of the population in selected areas showed 55 cases of intrathor-
acic sarcoidosis per 100 000 persons over the age of ten years, with a wide
variation, six to 137, between areas; and in 1953—60, in another selection of
areas, including some of those previously surveyed, 64 per 100 000,
varying between 16 and 72 (Bauer and Wijkstrom, 1964). Considerably
lower figures have been reported from neighbouring countries. Ridderwold
(1964) stated that in Norway in 1954—358, new cases of sarcoidosis were
found in 13.1 and 14.4 per 100 000 examinations in men and women
respectively, and Selroos (1969) that in Finland the rates for the two sexes
combined ranged from 2.3-16.7 per 100 000 in different areas. In Czecho-
slovakia, Levinsky et al. (1976) reported that the number of cases of sar-
coidosis found in mass radiographic surveys ranged from less than ten to
more than 40 per 100 000 in different areas, and commented that the wide
differences between the figures reported from some neighbouring areas
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raised doubt whether these corresponded to real differences. In Italy, Blasi et
al. (1974) found that mass radiography revealed 14.9 cases of sarcoidosis
per 100 000 examinations in five northern cities, and only 1.3 in four more
southerly cities. There is some evidence that in general the prevalence is
lower in southern than in northern Europe; Zapatero (1970) stated that in
Spain mass radiography revealed only 0.04 cases of sarcoidosis per
100 000. The contributions of differences in diagnostic criteria and in
survey procedures to these widely varying reports of radiographic preva-
lence are unknown.

In the Wellington area of New Zealand, MacKay et al. (1964) found
evidence of sarcoidosis in 19.4 per 100 000 mass radiographic examina-
tions in the years 1952-57, and in 28.4 per 100 000 in 1958-62; the
prevalence was slightly higher in women than in men.

Routine radiography of occupational groups provides further informa-
tion. Schénholzer (1947) reported that in the Swiss Army, 13 per 100 000
examinations showed changes interpreted as due to sarcoidosis; and Buss
and Dérken (1975) that in the West German Army, 28 cases of presumed
sarcoidosis were found per 100 000 in routine examinations at induction
and at yearly intervals during the years 1965-69.

Data derived from diagnostic records

The other principal sources of data concerning the prevalence and incidence
of sarcoidosis are defined populations for which records of disability and
death are available in sufficient detail, and with sufficient completeness, and
in which it can be assumed that reasonably uniform diagnostic standards
have been applied.

In the United States Army, Cooch (1961) reviewed the incidence of
sarcoidosis for the years 1953—56 on the basis of records of disability and
death. The mean number of cases arising per 100000 mean strength per
year was 11. The highest rate was in the age group 25-29 years. Officers
had a slightly lower rate than other ranks, but this may have been due to
selection of officers by rigorous medical standards. The rates for blacks were
much higher than those for others, averaging 16 times those for all others,
the large majority of European origin. Those born in the south-eastern
states had about five times the rate of those born in other parts of the United
States; the interpretation of this is discussed below. Figures for the United
States Navy showing a rather lower rate but similar trends in other respects
were reported by Gundelfinger and Britten (1961). The higher mean rate
reported in these surveys in the United States than in that of Horwitz in
Denmark, noted below, could well be due to two factors; the age distribu-
tion of army and navy personnel, which includes the group most liable to
sarcoidosis, and the high incidence in blacks in the United States.
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In the British Army, Coni (1968) reviewed sarcoidosis over the ten year
period 1954—63. The annual incidence of diagnosed sarcoidosis in this
predominantly male population was 2.3 per 100 000, with a peak of 5.6 in
the age-group 25-29.

In Denmark, Horwitz (1961) estimated the annual incidence of sarcoido-
sis from the data for the years 1934—7 reported to the Danish Tuberculosis
Index by chest clinics throughout the country. The mean annual rate was
5.5 per 100 000; the incidence was uniform except for a great part of
Jutland, where it was about three times as high as elsewhere. From 1962
until 1971, a central register of sarcoidosis was maintained (Horwitz et al.,
1967; Horwitz, 1971; Fog and Wilbek (1974); Romer (1977).) During this
time, 2563 cases were reported, 1295 in men and 1268 in women, with an
average annual incidence of five per 100 000, ranging between four and
eight in different years. There was a wide variation between counties, from
1-16 per 100 000. Part of this was due to higher rates in counties that were
subjected to mass radiographic screening, in which the rate averaged 14.
The peak incidence was in the ages grouped around 25 years, with a second
smaller ‘hump’ of increased incidence, more evident in women in late
middle age. Reomer (1967) found that nearly one-third of patients dis-
covered in an intensive study of one area were not recorded on the central
register, and noted that many of the unnotified patients were treated in
general medical departments for the more severe manifestations of the
disease. In this intensively studied area, the annual incidence averaged 10.8
per 100 000.

In Finland, Selroos (1969, 1974) reported that in 12 areas in which all
sarcoidosis cases were registered, irrespective of the mode of detection, the
annual incidence of new cases between 1961 and 1967 ranged from 3-12
per 100 000, with a mean value of 5.3; no case was detected below the age
of 15, and if the number of cases was related to the population over the age
15, the incidence was 6.8 per 100 000. For the period 1968-70, the mean
annual incidence was 7.5 per 100 000, or 10.2 per 100 000 over the age of
15. There was a higher incidence among women, who constituted 62.4% of
new cases, and the excess was principally due to large numbers of cases in
older women, the highest incidence being between 50 and 59 years, with
considerable numbers in those over 60 years. Thirty per cent of patients
were found in mass radiographic surveys, and the remainder because of
symptoms.

In Great Britain, an intensive comparative study of four contrasted areas
was undertaken by the British Thoracic and Tuberculosis Association
(1969) during the five-year period 1961-66. Since it is well established that
an unknown but probably considerable number of individuals go through
the entire course of sarcoidosis to resolution without symptoms or overt
signs, it is impossible to determine the ‘true’ incidence of sarcoidosis: indeed
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this concept is virtually undefinable. The events recorded in this survey were
therefore diagnoses of sarcoidosis. All clinicians in the selected areas were
asked to submit to a central panel reports of all cases in which sarcoidosis
was diagnosed or suspected. The diagnostic opinion of this panel, reached in
some cases after a period of observation, was accepted for the purpose of
the survey, in order to ensure that comparisons between dreas would be
valid. The findings are summarized in Figs 4.1 and 4.2. The annual inci-
dence increased from north to south, the range being wider in men, from 2.1
per 100 000 in the most northerly area to 4.1 in the most southerly, than in
women, among whom it was 3.5—4.5. Accordingly the female/male ratio of
annual incidence was 1.1 in the south and increased to 1.72 in the north.
The peak incidence in all areas and both sexes was in the age group 25-34
years. One of the four areas, around Sheffield, is heavily industrialized; the
age and sex distribution in this area differed from that in all others in several
respects. In other areas, the higher incidence among women was largely
attributable to a small rise in incidence in women past the age of 45. In
Sheffield, there were very few cases in women or men over the age of 45,
and there was an exceptionally high incidence among younger women in the
15-24 year age group. The four areas had few recent immigrants, and all
the cases of sarcoidosis occurred in persons of Caucasian stock. Variations
in incidence showed no correlations with occupational factors, afforesta-
tion, or tuberculosis rates. An account of the ways in which patients in this
survey came to light is included in Table 4.1. The only notable difference
between areas was in the incidence of erythema nodosum; whereas in North
East Scotland and in Cornwall, this occurred as in most other studies, about
twice as frequently in women as in men, in Sheffield and East Anglia it
occurred with almost equal frequency in the two sexes. This study, in which
exceptional efforts were made to ascertain all cases and to apply uniform
diagnostic standards within defined areas of a small country, showed impor-
tant differences in age-and sex-distribution between these areas. The differ-
ing incidence in older women is especially noteworthy, in view of the
findings in Finland, noted above, of an exceptional incidence in older
women in that country. The occurrence of these differences within one
country, in areas with few recent immigrants, suggests that they are likely to
be due to environmental rather than to genetic factors.

In the Irish Republic, Cummiskey and Dean (1979) estimated from
records of mass radiography and hospital admissions for the year 1973 that
the annual incidence of new cases was 8.9 per 100 000. Mass radiography
discovered 27% of known patients. The sex distribution was unusual, in
that there was a slight male excess; in both sexes the highest incidence was
in the decennium 20-29 years. Cummiskey and Dean suggested that the
higher incidence in Ireland than in Great Britain might account for the
disproportionate numbers of cases of sarcoidosis reported among Irish
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Figure 4.1 Annual incidences of new diagnoses of sarcoidosis in four areas of
Great Britain, 1961-1966 (British Thoracic and Tuberculosis Association,
1969). The figures are the annual rates per 100 000 for men and women.
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immigrants in mass radiographic surveys in London (Anderson et al., 1963a;
James and Brett, 1964; Hall et al., 1969), especially since many immigrants
are in the more susceptible age-group.

In Yugoslavia, Goldman et al. (1974) estimated the annual incidence of
sarcoidosis in two intensively studied areas in 1970 and 1971, using infor-
mation from all sources; in the area around Ljubljana in the west it was five,
and around Novi Sad in the east it was three per 100 000.

In Spain, Morera Prat et al. (1983) ascertained all confirmed diagnoses of
sarcoidosis during the year 1979 in the Barcelona area; this led to an
estimate of 1.2 new cases per 100 000 annually, contrasting with the
estimate of 0.04 derived from mass radiography in Spain by Zapatero
(1970).

In a survey of histologically confirmed cases in Italy, Mariani (1977)
confirmed the impression given by Blasi’s (1974) report based on mass
radiography that sarcoidosis is more prevalent in the northern than in the
southern parts of that country.

In the Cottbus district, with a population of 860 000, north of Dresden in
East Germany, Scharkoff (1977) reported that 1647 new cases of sarcoido-
sis were registered during the years 1961-19735, giving an annual incidence
of 13 per 100 000.

Megalif and Brencsone (1977) estimated that the annual incidence per
100 000 of diagnosed sarcoidosis in Latvia between 1958 and 1975 was
three in women and two in men. He noted that the female excess was in the
older age-groups, the small number of cases in the 10-19 year group
showing a 4—1 excess of males.

In Japan, the National Railways provide hospitals and out-patient clinics
for employees, and conduct annual radiographic surveys. Since 1961, a
register of sarcoidosis has been maintained, and the findings have been
reported by Hosoda et al. (1974) and Hiraga et al. (1974). Among 460 000
workers, of whom 97% are male, 66 cases were notified over ten years,
giving an annual incidence of 1.5 per 100 000. Most of the cases were found
by routine radiography, only 11 coming to light in other ways. The highest
incidence, 6.2, was in the 20—24 year age-group, and the lowest, 0.1, in the
35-39 group. Hosoda et al. (1974) combined these findings with those of
surveys of hospital records throughout Japan and of records of mass radio-
graphy of school children and students to review 2148 diagnosed cases in
Japan. Mass radiography is carried out yearly for nearly all school children
and students and 40% of the adult population; it was the means of dis-
covery of half the hospital cases. The highest incidence was in the 20-29
years age-group. For those with intrathoracic changes, the incidence in the
two sexes was similar, but among those with extrathoracic changes only,
women outnumbered men by 3:1. For patients from all three sources, the
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incidence was highest in the more northern parts of Japan. From hospital
records, the incidence in Hokkaido, the northernmost island, was six times
that in Kyushu, the southernmost; in mass radiographic surveys, the detec-
tion-rates were 4.8 per 100 000 in the city of Sapporo, Hokkaido, and 0.5
in two cities in Kyushu. Hiraga et al. (1977) described an exceptionally high
incidence in a central mountainous district of Hokkaido, with a female
predominance and affecting a generally older age-group than is usual, but
were unable to find any possible environmental or genetic explanation for it.

It is a common experience that for a long time after the detection in any
area of a relatively uncommon disease which, until recognized in its own
right, can be included in a widely-used nosological category, the number of
cases recorded increases steadily. It is not surprising, therefore, that in areas
with a persistently high incidence of tuberculosis and with limited medical
resources, information about the prevalence of sarcoidosis is limited, in
some, to individual case reports. Even after allowance has been made for
this, there is a strong impression that sarcoidosis is uncommon among the
Chinese, and in inhabitants of South East Asia, in black Africans in tropical
zones, and in North American Indians. Chapman (1961) stated that in
California, with a large Chinese population, no case had been observed in a
Chinese at the University Hospital; and that the disease is rare among
North American Indians, but noted that the reserves where most of these
live are mainly located in dry desert areas in which sarcoidosis seems to be
uncommon generally. Hsing et al. (1964) reported that in Taiwan, no case
of sarcoidosis had been detected in 3 600 000 mass radiographic examina-
tions, and described the first case which had been diagnosed there. This was
in a woman aged 33 who had been born in mainland China and moved to
Taiwan; she had been trained as a nurse in the United States, and returned
to Taiwan; the manifestations of sarcoidosis were a skin infiltration, with
biopsy confirmation, pulmonary infiltration and hypercalcaemia. Present
and Siltzbach (1967) reported another case in a Chinese woman, born in
Hong Kong, who had emigrated to the United States, together with a
follow-up report on the patient reported by Hsing et al. They stated that
only one case of sarcoidosis had been recorded in the Chinese medical
literature; and this was an unusual one in an infant with hepatospleno-
megaly and pancytopenia leading to removal of the spleen, which showed
multiple non-caseating granulomas. Yang and Wu (1974) later reported
from Taiwan that only six cases of sarcoidosis had been diagnosed in 15
years in a population of 15 million. Da Costa (1973) reported two cases
from Singapore, one of Chinese and one of Indian ancestry, both born in
Singapore; no case of sarcoidosis was detected in 500 000 mass radio-
graphic examinations. In Malaysia, Ampikaipakan et al. (1983) found 13
cases of sarcoidosis; of these seven were Chinese, five Malay and one Indian.
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Lee and Lee (1974) in a search for sarcoidosis in Korea reviewed nearly
50 000 mass radiography films, and found 64 with evidence of bilateral
hilar lymph-node enlargement; only 18 could be investigated by Kveim
tests, all of which proved negative. Bovornkitti (1974) stated that only seven
cases had been reported since 1952 in Thailand, and that no case of
sarcoidosis had been detected in over two million mass radiographic and
chest clinic examinations. Gupta et al.(1982) were able to find reports of 75
cases in India; 34 from Calcutta, 24 from Delhi, and 17 from other places.
They gave no information about the prevalence of changes attributed to
sarcoidosis in mass radiographic surveys.

Over large parts of Africa, the only information available is from reports
of single or a few cases. From West Africa, Ogunlesi and Rankin (1961)
reported a single case, and Cook and Carter (1966) three cases. Fletcher
(1966) found 17 cases with radiographic evidence of sarcoidosis in pre-
employment and subsequent annual examinations of miners in Zambia
between 1954 and 1962; the diagnosis was confirmed by biopsy in only
two, but the clinical course was compatible in the others. One other case
was an incidental finding at necropsy in a man killed in mine accident.
During the same period, 780 cases of pulmonary tuberculosis were detected.
From Algeria, Larbaqui and Lazib (1977) reported 28 personally observed
cases, and stated that about 50 in all had been recorded. From Ethiopia,
Tsega et al. (1978) reported six clinically diagnosed cases, of which all
showed lymph-node enlargement and hepatosplenomegaly and five skin
infiltrations; they searched the records of the pathology laboratories in
Addis Ababa and found that histological reports of sarcoidosis had been
made in 23 cases in two years. In contrast to the findings elsewhere in
Africa, Benatar (1977, 1980) in Cape Town found a high incidence among
the black population; 110 cases of sarcoidosis were seen in Cape Town
from 1969—75; 25 were black, 71 of mixed race and 14 white. The esti-
mated minimal prevalence per 100 000 was 23.2 in blacks, 11.6 in those of
mixed race, and 3.7 in whites. As in the United States, sarcoidosis tended to
appear in its most florid form in the blacks and those of mixed race, with a
high incidence of skin infiltrations and deforming changes in the bones of
the hands and feet in the blacks, though hypercalcaemia was more common
in whites. It seems likely that there is a real differece in the impact of
sarcoidosis on blacks in South Africa and in the rest of Africa, since it is
unlikely that the striking manifestations described in them in Cape Town
would fail to attract attention elsewhere.

Only limited information is available from South America. In 1961,
Purriel and Navarrete found that with 2% of the population of the conti-
nent, Uruguay had 34% of the reported cases; differences in medical aware-
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ness must be largely responsible for this. In Argentina, Rey et al. (1967)
reported that from 1963—-635, three cases of sarcoidosis had been diagnosed
by dermatologists, and none by ophthalmologists; in the years 1961635,
radiographic surveys in the university health service had found seven cases
of sarcoidosis and 169 of tuberculosis; and reported 14 confirmed cases,
seven found by mass radiography. Castells et al. (1970) found that 75 cases
had been recorded in general and tuberculosis hospitals in Argentina from
1960—66. Bethlem et al. (1983) identified 264 cases of sarcoidosis in Brazil,
suggesting a prevalence of known cases of 0.2 per 100 000. Lowe (1980)
was able to find 100 cases in Jamaica, with a predominantly black or mixed
race population of 2 100 000; both the sex-distribution, with 62% of
males, and the age-distribution, widely spread through all adult age-groups,
were unusual.

Age- and sex-incidence

The commonest pattern of age- and sex-incidence reported in the studies
summarized above is a slightly to moderately higher overall incidence in
women than in men, the highest in both sexes being in a young adult
age-group, at some point between 20 and 40 years, with a smaller broad
‘hump’ in the age-incidence in or past middle age in women accounting for
most of the excess in the female sex. But there are variations within this
pattern, and some exceptions to it. When areas with different patterns have
been studied by similar methods and with similar diagnostic standards,
reported differences can be accepted as probably corresponding to real
differences between the populations studied. Thus, the increasing female—
male radio from south to north in Great Britain, and the peculiar age-
distribution, especially in women, in the Sheffield area reported in the BTTA
(1969) study (Fig. 4.2), and the high incidence in older women in Finland as
compared with neighbouring countries (Selroos, 1969) are unlikely to be
artefacts. Surveys based entirely on mass radiography or on hospital records
are liable to be biased by selective use of medical facilities by different
age-groups and by the two sexes. Differences between the sexes in the
frequency of some manifestations, notably erythema nodosum, have been
discussed above (p. 47).

Children

In most reported surveys, there have been few cases below the age of 15.
Nevertheless, sarcoidosis may occur at any age, including the very young.
Of the recorded cases below the age of 15, most have been in older children.
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McGovern and Merritt (1953) reviewed 104 previously reported cases, and
added nine of their own; of these 113 cases, only 28 were below the age of
nine years. Among 1050 patients with sarcoidosis, Siltzbach and Greenberg
(1968) reported 18 below the age of 15; of these only five were below the
age of nine years. Most of the younger children presented with severe
symptoms, as did those reported by Jasper and Denny (1968), Kendig
(1974), Kendig and Brummer (1976) and Hetherington (1982). The inci-
dence of sarcoidosis in children is difficult to assess for two reasons. First,
clinical diagnosis may be difficult. A higher proportion of young children
than of adults present with such unusual features as chronic polyarthritis,
basal granulomatous meningitis, hepatomegaly and jaundice, purpura,
myositis and fever; these are discussed in later chapters. And one of the
easily recognized presentations, erythema nodosum with hilar lymphadeno-
pathy, is infrequent in children. Secondly, in most countries, mass radio-
graphic surveys have not included children. But in Hungary and Japan,
where schoolchildren have been examined routinely in this way, symptomless
bilateral hilar lymphadenopathy (BHL) has been found by this means.
Mandi (1964) reported that of 96 cases of sarcoidosis 14 were in children
below the age of 15 years, and ten of these had symptomless BHL. Similarly,
Niitu et al. (1965) found 14 children with changes attributable to sarcoido-
sis in 225 000 mass radiographic examinations between the ages of eight
and 15 years. Later, Hosoda et al. (1974) reported that throughout Japan
up to the end of 1971, mass radiography had revealed 19 cases of sarcoido-
sis in 3 185 000 examinations of children between the ages of six and 11
years; 43 in 1 563 000 between the ages of 12 and 14 years; and 39 in
1202 800 between the ages of 15 and 17 years. Niitu et al. (1974b) observed
55 children aged eight to 15 years who had been found to have BHL, six
also having evidence of lung involvement. Of 48 followed for one year, 44
showed return to normal radiographic appearances; extrathoracic changes
were not described, apart from reference to one child who became blind,
presumably from ocular sarcoidosis. Tachibana et al. (1974) described the
clinical findings in 20 children, 19 of whom were between the ages of ten
and 15, and most discovered in radiographic surveys. Three had ocular
changes, three enlargement of superficial lymph-nodes, and one was
suspected of central nervous system and pituitary involvement. Six were
shown to have histological changes in the liver. Most were observed to show
improvement in the chest radiographic changes, though three, including two
with ocular changes, showed continued activity or relapse of the disease. By
contrast, the prognosis reported in most series of children with sarcoidosis,
with a high proportion coming under observation with symptoms, is less
favourable. For instance, Kendig and Brummer (1976) observed 28 children
with sarcoidosis diagnosed in Richmond, Virginia. Only four were initially
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symptom-free and discovered by radiography; none of these developed
serious disease. Of the remaining 24 who presented with various constitu-
tional, respiratory and ocular symptoms, five had serious disabilities at the
end of the observation period, although there had been no deaths; of these
five, two had visual impairment severe enough to be categorized as ‘legally
blind’, and three had severe respiratory insufficiency. Of the 28 children in
this series, 20 were black.

It is evident that in an area where adults are frequently, and children
rarely, submitted to chest radiography, the relative frequency of sarcoidosis
in children will be underestimated; and at the same time, since the majority
of the detected cases in children will be symptomatic, prognosis in children
cannot be related to that in adults by direct comparison of statistics of
recorded cases. The available evidence suggests that in very young children,
sarcoidosis is rare, and when it occurs tends to present in bizarre forms; in
later childhood, its frequency increases and it assumes both clinical features
and prognosis approximating to that observed in adults.

Racial and geographical differences

As noted above, Cooch (1961) estimated that in the United States Army, the
incidence of sarcoidosis in blacks was 16 times that in whites, and in those
born in the south-eastern states five times that in those born elsewhere in the
United States. Evidence from the records of the Armed Forces Institute of
Pathology (Ricker and Clark, 1949) and impressions derived from all large
clinical series also indicate a considerably higher incidence among blacks.

Several studies also suggested a greater prevalence in the south-eastern:

states, not explainable by the larger black population in those areas
(Michael ef al., 1950, Gentry et al., 1955; Cummings et al., 1956). Keller
and Dunner (1967) reported data on the birthplace of male patients with
sarcoidosis in Veterans Administration (VA) Hospitals in the years 1958—
64; they confirmed high prevalence areas in the south-eastern states, and
also found evidence of high prevalence in Colorado. Interpretation of these
findings is complicated, not only by ignorance of any possible factor respon-
sible for geographical variations in incidence and of its temporal relation to
the onset of overt disease, but also by large-scale migration of blacks from
the south-eastern to other parts of the United States. Israel (1970) related
the numbers of patients with sarcoidosis in VA Hospitals between 1958 and
1964 born in four regions of the United States to the 1935, rather than the
contemporary, populations of these regions. In all regions, the ratio for
blacks was 12-14 times that for whites, but there were relatively small
differences for either groups between regions. Israel concluded that place of
birth and residence during infancy did not affect the incidence of sarcoido-
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sis, but the role of factors associated with place of residence later remained
undetermined. In a study in the US Navy, Sartwell and Edwards (1974)
found that the incidence of sarcoidosis was highest in those with life-long
residence in the south-eastern states; the incidence in blacks was 11 times
that in whites. Keller (1971, 1973) studied the geographical origins of 420
male patients with a diagnosis of sarcoidosis in VA hospitals between 1960
and 1964, comparing them with controls based on race, age and hospital
attributes. The black/white ratio of incidence was 5.3:1. No clear geo-
graphical pattern of incidence was found within the continental United
States, for either birth-place or place of residence, high incidence in some
areas being explicable by a large black population; the only area with a
significantly high incidence was Puerto Rico. Thus available evidence
suggests a higher incidence of sarcoidosis in blacks in the United States,
estimates varying from five to 16 times that in whites; but the evidence
suggesting a higher incidence irrespective of race in south-eastern states is
less consistent. The clinical experience which underlies the general impres-
sion that sarcoidosis is more extensive and follows a less favourable course
in blacks in the United States is outlined in disucssion of organ involvement
in following chapters; it has been confirmed in comparative studies (Van
Ditmars, 1967; Israel and Washburne, 1980).

Cummings et al. (1956) noted that the geographical distribution of sar-
coidosis which the then available evidence indicated resembled that of
pine-forests, and sought a possible explanation for this apparent associa-
tion. The demonstration that pine-pollen contained an acid-fast lipid and
induced epithelioid cell granulomas in tuberculin-sensitive guinea pigs
(Cummings and Hudgins, 1958) suggested that exposure to pine pollen
might be a causal factor. Much study of the granuloma-producing and
immunological activity of pine-pollens followed, with inconclusive results.
Studies of the geographical distribution of sarcoidosis in other countries —
Denmark (Horwitz, 1961), Scotland (Douglas, 1961), Switzerland (Uehlin-
ger, 1961), Japan (Nobechi, 1961), and Great Britain (BTTA, 1969) — do
not indicate any relation between the incidence of sarcoidosis and the
distribution of pine-trees. Cummings (1964), after a careful review of the
laboratory, epidemiological and clinical evidence concluded that it did not
support his hypothesis that there might be a relationship between pine-
pollen and sarcoidosis.

In Great Britain, the most obvious differences between racial groups is in
the incidence of erythema nodosum and of symptomless changes, princi-
pally BHL, found on routine radiography. Anderson et al. (1963a) found
among pérsons examined by mass radiography in London that in women of
child-bearing age, those of Irish origin showed a prevalence of changes
interpreted as sarcoidosis of 200 per 100 000, compared with a general
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prevalence of 39. Brett (1965) later reported that in London the prevalence
of such findings in men born in Ireland was three and a half times, in women
born in Ireland nine times, in men born in the West Indies seven times and in
women born in the West Indies six times that in persons born in the United
Kingdom, for whom the rates in the two sexes were similar. Hall et al.
(1969) found that the proportions of patients of Irish and West Indian
origin among those attending a large sarcoidosis clinic in North London
were 2.5 and 2.3 times the proportions of these groups in the general
population; erythema nodosum was observed in 34% of the British, 55% of
the Irish, and none of 23 West Indian patients, while skin infiltrations and
peripheral lymphadenopathy were more frequent in the West Indians. Hon-
eybourne (1980) compared the clinical findings in 36 patients of West
Indian and 47 of Caucasian origin with a confirmed diagnosis of sarcoido-
sis, seen in South London; erythema nodosum was seen among the West
Indians only in one woman, and among the Caucasians in three men and
16 women, while skin infiltrations occurred in ten West Indians and only
five Caucasians. The disease was generally more widespread, and respira-
tory symptoms, eye changes and peripheral lymphadenopathy were more
frequent in the West Indians. In France, sarcoidosis in immigrants from the
Caribbean area has been reported to show similar characteristics (Turiaf et
al., 1970; Turiaf and Battesti, 1971). In New York, both black and Puerto
Rican patients had a high incidence of skin and eye sarcoidosis; but one-
third of Puerto Rican women presented with erythema nodosum and BHL,
a rare presentation among blacks (Teirstein ez al., 1976b).

Whether the small number of cases of sarcoidosis reported among blacks
in tropical Africa is truly indicative of a low incidence among them, or is due
to the difficulty of ascertainment in areas with scattered populations,
exiguous medical services, and a high incidence of tuberculosis and other
infectious diseases is unknown. If there is, in fact, a low incidence among
them, the high incidence and the often florid character of sarcoidosis among
blacks in the United States and in South Africa would suggest that in these
areas they come into contact with a factor or factors to which they are
susceptible, and which is uncommon in tropical Africa.

Many studies have suggested that those residing in rural areas are slightly
more liable to sarcoidosis than urban-dwellers. Michael et al. (1950), Gen-
try et al. (1955) and Cummings et al. (1956) in the United States found that
sarcoidosis was more frequent in those who had resided in the country,
whereas tuberculosis was more frequent in townsmen. Buck and Sartwell
(1961) compared 62 sarcoidosis patients with matched controls, and found
that a highly significant excess of the sarcoidosis patients had lived for at
least six months in the country, and a less significant excess had been born
in rural areas. Terris and Chaves (1966) in New York found that a signi-
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ficantly higher proportion of patients with sarcoidosis, but not of those with
tuberculosis, than of controls gave a history of having lived on a farm. In the
BTTA (1969) survey in Great Britain, the one highly industrialized area
(Sheffield) had a much lower incidence of sarcoidosis in the older age-
groups than the other three, all with large rural parts. In Denmark, Fog and
Wilbek (1974) reported that the annual incidence in the capital city was
two, while that in provincial towns and rural districts it was five per
100 000, but found no significant excess among agricultural workers. In
West Germany, Buss and Dérken (1975) found that communities of more
than 50 000 inhabitants showed about half the incidence found in smaller
communities, and that there were comparatively low rates in industrialized
regions and big cities. Among regions, Saarland showed the lowest, and
Bavaria the highest incidence. In an area north of Dresden in East Germany,
Scharkoff (1977) in a study of a population of 860 000 over 15 years found
a specially high incidence of sarcoidosis in rural areas. However, Hall et al.
(1969) found that the proportions of 327 patients with sarcoidosis in
London who had been born or had lived for more than ten years in the
country were similar to those of 127 control patients with other diseases.

Occupation

Apart from the suggestion from some studies, noted above, of an associa-
tion of rural residence and agricultural occupations with a high incidence of
sarcoidosis, there is no evidence that occupational factors are important. In
the BTTA (1969) study, the occupations of sarcoidosis patients seemed to
reflect the general patterns in the areas studied; there was no indication of
an association of sarcoidosis with occupational exposure to mineral dusts.

Comparisons between incidences of sarcoidosis and of tuberculosis

Historically, the nosological category sarcoidosis has come into general use
at a time when in the more affluent areas of the world there has been a
striking decline in morbidity and mortality from tuberculosis. It is impossi-
ble to judge how far this is due to increasing medical knowledge of a disease
cases of which had previously been included in other categories, possibly as
unusual variants of tuberculosis, and how far to a real increase in the
prevalence of sarcoidosis, irrespective of changes in tuberculosis incidence.
Studies in which the contemporary prevalences of sarcoidosis and of tuber-
culosis in different parts of the same country have been compared have
shown no correlations, positive or negative (Horwitz, 1967; BTTA, 1969;
Fog and Wilbek, 1974; Goldman et al., 1974; Selroos, 1974). On the other
hand, in the United States, blacks are more liable both to tuberculosis and to
sarcoidosis than the rest of the population. Terris and Chaves (1966) in
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New York found that while tuberculosis patients showed a generally lower
level of educational status than controls, sarcoidosis patients resembled
controls in this respect; this suggested that socio-economic factors, probably
important in increasing the liability of blacks to tuberculosis, were less so in
relation to sarcoidosis.

In London, Brett (1965) found in repeated mass radiographic surveys that
the prevalence of changes interpreted as due to tuberculosis and to sarcoido-
sis changed similarly within each of three ethnic groups, but differently
between them. Among those born in the United Kingdom, the prevalence of
both remained unchanged; among Irish immigrants, both diminished; and
among West Indian immigrants, both increased.

Studies of the proportions of patients with sarcoidosis having a history of
contact with tuberculosis have given divergent results. Parsons (1960) in
London found that 19% of patients with tuberculosis, 12% of those with
sarcoidosis and 2% of controls had a history of recent contact with a known
case of tuberculosis. Ten Have and Orie (1961) in Holland found that 34%
of 150 patients with sarcoidosis and a similar proportion, 30%, of those
with pulmonary tuberculosis had a history of contact with open tuberculo-
sis. Bunn and Johnston (1972) in Dundee found a family history of close
contact with tuberculosis in 6% of 71 patients with sarcoidosis, 13% of 100
adults with pulmonary tuberculosis, and none of 100 with asthma and
bronchitis, the proportions with remote family contact being 21%, 40%,
and 11% respectively. On the other hand, Zaki ez al. (1971) in New York
matched 29 patients with sarcoidosis and 29 with asthma for age, sex and
race and examined their household contacts, numbering 95 and 82 respec-
tively, and found similar proportions of reactors to five IU of tuberculin,
16.8% and 15.8%, and of radiographic findings interpreted as due to
tuberculosis, 10% in both groups; and Hall et al. (1969) in London re-
ported that the same proportion, 27%, of 327 patients with sarcoidosis and
of 127 patients attending the same hospital and shown not to have sarcoido-
sis reacted to tuberculin.

Blood groups

Lewis and Woods (1961) found a small excess of blood group A and deficit
of group O in 164 sarcoidosis patients at Brompton Hospital, as compared
with 894 tuberculosis patients; comparisons of the proportions of groups O
and A in various disease groups with the proportions reported for a large
sample from London showed that the only possibly significant difference
was that for sarcoidosis, which was only borderline at 5%. Addition of
patients with sarcoidosis studied at other hospitals in London (Lewis, 1964a)
slightly diminished the proportion of group A and increased that of group
0O, so that the differences from the control series were no longer significant.
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Lewis and Woods (1961) and Smellie (1956) found that the proportion of
sarcoidosis patients who were rhesus negative did not differ from that of
the general population, although Cudkowicz (1956) in a small series had
found an unusually high proportion.

Jorgensen and Wurm (1964) studied ABO groups in 518 sarcoidosis
patients in Germany. The percentage of group A was 4.8% higher than that
of an unspecified German control group, at the expense principally of group
B and partly of group O. There was a slight excess of group A in patients with
tuberculosis as well as in sarcoidosis. The distribution of rhesus groups was
similar in sarcoidosis and controls.

In the BTTA (1969) study of the incidence of sarcoidosis in four areas of
Great Britain, ABO groups were compared with those obtained in each of
the areas from blood transfusion records. No consistent or significant
differences were observed in any area.

Haemoglobinopathies

Greenberg et al. (1965) in Philadelphia and Hirschman and Johns (1965) in
Baltimore found slightly higher prevalence of haemoglobinopathies in black
patients with sarcoidosis that in black control groups in the same cities.
Hirschman and Johns speculated that this might be due to a smaller admix-
ture of ‘white’ ancestry in the sarcoidosis patients.

Familial incidence

Although there are a considerable number of reports of families in which
two or more cases of sarcoidosis have occurred, this is a relatively rare
event. Among 275 consecutive patients with sarcoidosis seen by one of us
(JGS) only two had close relatives known to have sarcoidosis; in both
instances two sisters were affected, and the mother of one of these pairs of
sisters had suffered from pulmonary tuberculosis. A few studies of familial
aggregations have been made.

Jorgensen (1964b) in a survey of 2471 patients with sarcoidosis found that
40 had blood-relatives with the same disease; 21 of these were brothers or
sisters and 18 parents, and in one family four of seven sibs, both parents, the
father’s sister and her daughter were affected. Of the patients surveyed, 15
were twins with a living partner; the partner was affected in two of four
monozygotic, and in only one of 11 dizygotic pairs. The British Thoracic
and Tuberculosis Association (1973) collected reports of 59 families with
more than one case of sarcoidosis in Great Britain. Of these, three contained
more than two cases, namely a mother and two daughters; a woman, her
sister and her daughter; and a husband and wife and their daughter. In all,
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there were five twin pairs, four monozygotic and one dizygotic; 28 other
sibling pairs; 22 parent—child, and seven husband—wife associations. The
total number of affected individuals in these families was 121, with a
female/male ratio of 1.6:1.0, at the upper end of the range of sex-ratios
found in the study of incidence in Great Britain (BTTA, 1969). There was a
significant preponderance of like-sex over unlike-sex pairs among both
siblings and parent—child associations. There was also an excess of mother—
child over father—child associations, which could be explained only in part
by the age-and sex-distribution of sarcoidosis. No explanation could be
found for the preponderance of like-sex pairs. Review of 174 published
reports of familial sarcoidosis, including that of J6rgensen (1964) showed a
similar large excess of monozygotic twins among pairs concordant for
sarcoidosis, but only a slight excess of like-sex sibship pairs, and of mother—
child over father—child associations. Ito et al. (1974) reviewed 16 instances
of familial sarcoidosis in Japan, among an estimated total of 2700 diag-
nosed cases of sarcoidosis; 13 of these were in sibship pairs, one in mother
and daughter, one in mother, son and daughter, and one in husband and
wife.

A remarkable example of familial aggregation of sarcoidosis has been
recorded by Wiman and Beskow (1970) and by Wiman (1972, 1974). This
occurred in North Sweden, where the prevalence of sarcoidosis is high, mass
radiography showing 100-150 cases per 100 000 examinations, and the
sex-ratio is unusual, men outnumbering women by 4:3. In four families,
of which three were interrelated, living in a remote area, 21 cases of
sarcoidosis were identified in three generations.

James et al. (1974) sought for familial associations in 537 cases of
sarcoidosis in London, and Sharma et al. (1976) added to these a further
150 from Los Angeles. In the combined series of 687 patients, 14 had near
blood-relations with sarcoidosis, and there was one husband—wife associa-
tion. The affected genetically-related pairs were brother—sister in six
instances, sister—sister in five, mother—son in two and mother—daughter in
one.

Ito et al. (1974) reported from Japan one instance of the occurrence of
sarcoidosis in husband and wife, and 16 in two or more family-members:
five in sisters, two in brothers, seven in brother and sister, one in mother and
daughter, and one in mother, son and daughter.

Headings et al. (1976) assembled 11 families with more than one case of
sarcoidosis from clinical records in Washington, DC All were black. There
was an excess of females, with five sets of two sisters and one of three sisters,
one brother and sister, one half-brother and half-sister, the offspring of the
same unaffected mother, and one pair of twin brothers of unstated zygosity.
The daughter of one of an affected pair of sisters and the daughter of
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an unaffected sister of another affected pair also had sarcoidosis. In the
remaining family, the affected members were a woman and two nieces, the
daughters of unaffected sisters.

In Hungary, Vezendi and Mandi (1977) among 629 patients with sar-
coidosis observed seven families with more than one case; the affected
individuals were brothers in two instances, sisters in three, brother and
sister in one, and mother and son in one.’ The sisters included one pair of
monozygotic twins.

Other cases of familial occurrence recorded since the review of 174
publications in the BTTA (1973) report include a black mother aged 27 and
her son aged six in the United States by Keating et al. (1973); a mother and
son, and a brother and sister in Italy by Bisetti and Livi (1977); and
monozygotic twin sisters in Finland by Selroos et al. (1973). Not surpris-
ingly, in monozygotic twins, the disease has generally been noted to become
evident at about the same age and to assume similar features. In those
reported by Selroos et al. (1973), the presentation and course were similar,
and the clinical onsets were within four months of each other; the fact that
for eight years the sisters had lived in different areas emphasised the prob-
able importance of genetic factors. In many of the other recorded familiar
cases, especially those in sibships, the similarity of the clinical manifesta-
tions and course has been noted. A striking instance is provided by two
sisters reported by Snell and Karlish (1975); the older of these, aged 41,
developed a complete Heerfordt’s syndrome, starting with uveitis, followed
by salivary gland enlargement and then by facial palsy; seven months later,
the younger, aged 35, developed erythema nodosum followed by salivary
gland enlargement, uveitis, and later facial palsy. But in other instances, the
patterns of sarcoidosis observed in family members have shown no such
striking resemblance. In a brother—sister pair reported by Salm (1969), the
brother’s illness started with erythema nodosum and BHL, followed by
generalized lymphadenopathy and upper respiratory tract involvement, and
terminated in fatal basal meningeal and cerebral sarcoidosis, while the sister
had hilar lymph-node and pulmonary sarcoidosis which slowly resolved
without residual disability. Taafe and Feinman (1977) reported a family in
which the mother had mainly pulmonary and renal changes, a daughter
BHL, erythema nodosum and uveo-parotitis, and a son sarcoidosis of the
skin. And Mikhail et al (1970) described monozygotic twins, one with a
pleural effusion, probably tuberculous, and other with sarcoidosis char-
acterized by BHL and a granulomatous response to a Kveim test.

Fewer concurrences of sarcoidosis in husband and wife than in near
blood-relations have been reported. Of the 54 families with two or more
cases of sarcoidosis in Great Britain reported to the BITA (1973), there
were seven, and among the 174 recorded in the literature reviewed at that
time, only three in which husband and wife were affected. The latter figure
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may be affected by selective reporting of blood-relatives. More recently,
cases of conjugal sarcoidosis have been reported by Renner et al. (1977),
Harrison and Ive (1978) and Gange (1979). In the instance reported by
Renner et al., the affected idividuals had similar illnesses, with BHL and pul-
monary infiltration subsiding spontancously, the husband’s appearing five
months after the wife’s. Nevertheless, the small number of reported husband—
wife associations suggests that if a transmissible agent is concerned in the caus-
ation of sarcoidosis, other factors usually determine the onset of the disease.

The evidence available from collected cases of familial sarcoidosis sug-
gests that the sarcoidosis occurs in blood-relations more often than would
be expected by chance. This conclusion is supported by a study in which
Buck and McKusick (1961) compared the families of 62 patients with
sarcoidosis with those of 62 matched control subjects. There were a total of
14 cases of sarcoidosis in five families of sarcoidosis patients, and none
among the families of the control subjects; all the families with multiple
cases were black. Familial associations may be due to exposure to common
environmental, including infective, factors or to genetic predisposition.
The excess of monozygotic over dizygotic twin pairs concordant for sar-
coidosis is the strongest evidence suggesting a genetic factor, and the greater
frequency of familial aggregations affecting the blood-relations than of
husband—wife associations is concordant with this view. Suggestions about
the mechanism of inheritance of a presumed genetic factor are speculative.
James et al. (1974) suggested a recessively inherited susceptibility to sar-
coidosis, while Jorgensen (1964) and Headings et al. (1976) thought that
monogenic modes of inheritance were improbable, multigenic being more
likely. The preponderance of like-sex pairs observed in some studies (BTTA,
1973; Headings et al., 1976) is difficult to explain. A similar preponderance
was observed by Grufferman et al. (1977) among sibling pairs both affected
by Hodgkin’s disease; of 46 such pairs, 30 were sex-concordant. Gruffer-
man et al. also observed relatively few instances of husband and wife both
affected by Hodgkin’s disease; and their findings in familial aggregations in
Hodgkin’s disease were in general not unlike those reported in sarcoidosis.

HLA antigens

In view of the suggestive evidence that genetic factors may affect suscepti-
bility to sarcoidosis, and of the importance of immunological reactivity in
this disease, several studies of HLA antigens have been undertaken. Such
studies are complicated by racial and local variations in distribution of HLA
types and by the need to allow for the numbers of antigens tested in
assessment of significance of differences from control groups. A high fre-
quency of HLA-B7 was found by Hedfors and Méller (1972) in patients
with pulmonary sarcoidosis in Sweden and by Mclntyre et al. (1977) in
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black patients with sarcoidosis in South Carolina; but Kueppers et al.
(1979) in Germany, Neville (1977) and Neville et al. (1980) in England, and
Eisenberg et al. (1978), Al Arif et al. (1980) and Newill et al. (1983) in
blacks in the United States found no association of this antigen with sar-
coidosis. In a few studies, excess of some other HLA types has been found
among sarcoidosis patients, e.g. BS and A9 by Akokan et al. (1977) in
Turkey, and BW15 by Al Arif et al. (1980) and AW30 by Newill ez al.
(1983) in blacks in the United States; but the numbers studied were small.
Several studies of families with more than one case of sarcoidosis have been
reported. Moller et al. (1974) studied the large family aggregation in north
Sweden reported by Wiman and Beskow (1970) and mentioned above,
Turton et al. (1980) 59 members of 14 families with more than one case of
sarcoidosis, and Al Arif et al. (1980) a family in which four siblings were
affected; in none of these studies was there evidence of association between
HLA and the development of sarcoidosis.

These studies provide no evidence that HLA type affects susceptibility to
sarcoidosis; but there is some that it is related to clinical manifestations and
prognosis in those who develop the disease. Persson et al. (1975) found in
Denmark that although HLA-B7 did not affect overall liability to sarcoido-
sis, among sufferers from the disease it was associated with non-reactivity to
tuberculin and with liability to symptoms. Brewerton et al. (1977) in Lon-
don studied 65 patients with sarcoidosis who had uveitis, erythema nodo-
sum (EN), or acute arthropathy, and found a high incidence of B8 in those
with arthropathy or EN. Of 45 with uveitis only two (4%) had B27, little
different from the 8% in controls, but contrasting with the high proportions
found by Brewerton (1975) in patients with acute anterior uveitis and no
evidence of other disease (43%), or associated with ankylosing spondylitis
or Reiter’s disease (86%). Neville (1977) and Neville et al. (1980) con-
firmed the association of B8 with arthropathy and EN; of 107 white
patients with various manifestations of sarcoidosis, 40% had this antigen,
the proportions among those with arthropathy and with EN being 62% and
89% respectively. A high proportion also had HLA-A1, but this was attri-
buted to linkage disequilibrium between A1 and B8. Neville et al. drew
attention to a correlation between the frequency of HLA-B8 and the propor-
tion of patients with sarcoidosis having EN in different populations; for
instance the frequency of B8 is reported to be 29% in London, 16% in New
York and 2% in Tokyo, and the proportions of patients with sarcoidosis
having EN in these cities to be 31%, 11% and 4%. Hedfors and Lindstrém
(1983) performed HLA typing in 19 patients with acute-onset sarcoidosis,
all having BHL and arthropathy and seven EN, and all following a favour-
able course. HLA-B8 was present in 67% and DR3 in 90%, compared with
frequencies of 24% and 26% in the Swedish population. It was noted that
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A1, B8 and DR3 occur in linkage disequilibrium, and that this haplotype
has been associated with abornal immune responsiveness.

Smith et al. (1981) compared HLA frequencies in 50 patients with fibrotic
pulmonary sarcoidosis, in 37 with sarcoidosis that resolved, and in 164
healthy control subjects. B8 occurred in a significantly higher proportion of
the group that resolved than of either the fibrotic group or the controls. Of
12 with EN nine, and of two with both EN and arthropathy both had BS.
These findings accord with the accepted view that an onset with EN and
arthropathy indicates a good prognosis (Chapter S, p. 93), and suggest that
inherited factors, perhaps related to immune response, influence the clinical
manifestations of sarcoidosis.
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Chapter 5

Erythema Nodosum, Febrile
Arthropathy and Bilateral Hilar
Lymphadenopathy

Bilateral hilar lymph-node enlargement (BHL) is an important early mani-
festation of sarcoidosis. It is accompanied in a varying proportion of cases
by erythema nodosum (EN). In populations in which chest radiography is a
commonly-used screening procedure, the finding of symptomless BHL is
one of the more frequent ways in which sarcoidosis is discovered; and
except in endemic areas of infections, such as coccidioidomycosis, of which
EN is a common feature, a high proportion of cases of EN, certainly of
those accompanied by BHL, is attributable to sarcoidosis.

ERYTHEMA NODOSUM

Erythema nodosum, first described in 1808 by Willan, was for a long time
regarded as a specific disease, a view that was encouraged by its very
distinctive clinical features. There is usually some prodromal malaise, some-
times with pains in various joints, for several days before the rash appears.
This takes the form of rounded or oval, slightly raised, tender nodules in the
skin and subcutaneous fatty tissue, 1—6 cm in diameter, usually discrete, but
sometimes coalescing. They are at first bright red or pink in colour, with
shining tense surface. They are characteristically situated on the shins, and
are most profuse in this site. If the rash is extensive, it may involve also the
ankles, the dorsal surfaces of the feet, and the calves, and may spread over
the knees and even to the lower parts of the thighs. Occasionally the
forearms, more rarely the upper arms, may be involved. The eruption tends
to be symmetrical in distribution. The individual nodules progress, as they
subside, from bright red through a dusky pink to a brownish-yellow
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discoloration resembling that left by a bruise; fresh nodules continue to
appear for several days, and occasionally for a longer period, so that
nodules at various stages of their evolution are generally seen. They vary
greatly in number and size, and in some cases are accompanied by non-
nodular elements of a pattern similar to that of erythema multiforme.
During the first few days, some fever is usual, but its duration and severity
are very variable. The total duration of the eruption varies from one to six
weeks, in most cases less than four weeks. Involvement of the joints is also
very variable. In some cases, there are no joint symptons; in most, there are
flitting pains in joints, especially knees and ankles, without objective signs,
and in the most severely affected some periarticular swelling, tenderness or
even small effusions into affected joints. Joint symptoms may precede the
eruption for several weeks, and may persist after its resolution, and their
severity is not related to the extent of the eruption. It has been suggested
that a variant of EN can be recognized, in which the nodules are asymmet-
rically distributed or even unilateral, less tender and cooler and persist
longer than usual, some resolving while new ones appear, and are accom-
panied by little fever, malaise or joint involvement; this has been called
‘erythema nodosum migrans’ (Bafverstedt, 1968).

The association with arthropathy led at one time to the view that EN was
to be considered as a manifestation of acute rheumatism (Mackenzie, 1886).
When the relationship between acute rheumatism and haemolytic strepto-
coccal infection was established, it became apparent that the concurrence of
EN and acute rheumatism could be explained by their common association
with haemolytic streptococcal infection. That some cases of erythema nodo-
sum were related to haemolytic streptococcal infection was confirmed by
immunological and bacteriological studies (Collis, 1932; Coburn and
Moore, 1936; Spink, 1937). On clinical grounds, several authors in the
nineteenth century suggested that erythema nodosum might be related to
tuberculosis; and studies of tuberculin sensitivity and of the frequency of
isolation of tubercle bacilli eventually proved this relationship, particularly
to primary tuberculosis, and especially in children (Wallgren, 1930; Collis,
1932). It was thus apparent that both haemolytic streptococcal and tubercle
bacillus infections could cause erythema nodosum and this gave rise to the
concept that erythema nodosum, while a well-defined and uniform clinical
syndrome, might be induced, probably through a similar host reaction, by
more than one agent (Perry, 1944). Other specific infections provoking EN
include leprosy (Wemambu et al., 1969), coccidioidomycosis (Dickson,
1938; Smith, 1940), histoplasmosis (Saslaw and Beman, 1959; Little and
Steigman, 1960; Medeiros et al., 1966); blastomycosis (Smith et al., 1955),
lymphogranuloma inguinale (Hellerstrom, 1941, Simpson, 1950); psitta-
cosis (Sarner and Wilson, 1965); cat-scratch disease (Daniels and MacMur-
ray, 1954); Yersinia enterocolitica infection (Winblad, 1969; Hannuksela
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and Ahvonen, 1969). As well as sarcoidosis, other diseases of unknown
cause which may be associated with EN are ulcerative colitis (Rice-Oxley
and Truelove, 1950), Crohn’s disease (Crohn and Yarnis, 1958) and
polyarteritis nodosa (Churg and Strauss, 1951). Various drugs, including
sulphonamides (Lofgren, 1945), penicillin (Hannuksela, 1971), phenacetin
(Hannuksela, 1971) and oral contraceptives (Holcomb, 1965; Baden and
Holcomb, 1968) may be precipitating factors, though in only some in-
stances has the association been shown to be caused by the recurrence of the
eruption on further administration of the drug. More than one of these
factors, established or suspected, can be found in some cases of EN, but in
others none can; of the 343 reported by Hannuksela (1971) 65 and 75
respectively fell into these two groups, a single factor being identified in 203.

Host factors are evidently important in the pathogenesis of EN. Women
are more frequently affected than men, though this difference is not evident
before puberty (Lofgren, 1950). Among those exposed to infectious agents
known to be potential causes, only an small proportion develop EN, which
tends to appear at the time of important changes in immunity; e.g. in
tuberculosis and in coccidioidomycosis, soon after primary infection, when
hypersensitivity of the kind detected by delayed skin-test reactions has
developed. In subjects with EN this hypersensitivity may be very high. The
importance of the host reaction is further illustrated by the fact that the
frequency of EN in association with primary tuberculosis varies from com-
munity to community; for instance, among student nurses, the proportion
of those who developed EN soon after becoming tuberculin-positive was
reported to be as high as 42% in one study in Scandinavia (Heimbeck,
1950), 2% in Great Britain (Daniels et al., 1948) and less than 1% in
Philadelphia (Israel ef al., 1941).

ERYTHEMA NODOSUM AND SARCOIDOSIS

In discussion of the relationship between erythema nodosum and sarcoido-
sis, it is important to use forms of words which keep clear the logical
difference between the allocation of a case of erythema nodosum to a group
attributed to infection with and named after an identified agent, and its
allocation to a group associated with sarcoidosis. It is legitimate to speak of
erythema nodosum due to infection with M. tuberculosis, with Coccidiodes
immitis or with haemolytic streptococci. Allocation of a case to one of these
categories implies that infection with the named agent was a factor in the
causation of EN. But association with a disease whose cause is unknown
cannot have this direct causal implication. For sarcoidosis, it implies only
that the histological changes of this disease would be found, if sought, in
various organs and tissues.

A few reports of EN with radiological evidence of BHL and negative
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Table 5.1 Some published reports of the proportions of cases of erythema
nodosum associated with sarcoidosis.

Percentage
Year of Number of  associated with

Author publication  Country cases of EN  sarcoidosis
Vesey and
Wilkinson 1961 England 70 36
Gordon 1961 England 115 15
James 1961 England 170 74
Wynn-Williams 1961 England 139 41
Macpherson 1961 Scotland 45 11
Macpherson 1967 Scotland 42 17
Macpherson 1970 Scotland 53 13
Lofgren 1946 Sweden 178 8
Lofgren and
Lundbick 1952 Sweden 58 40
Hannuksela 1971 Finland 343 47%

* In 13% of Hannuksela’s cases, both sarcoidosis and another known factor were detected.

tuberculin tests appeared from 1935 onwards (Engel, 1935; Vogt, 1939). In
1943, Putkonen reported such a case with histological confirmation of the
diagnosis of sarcoidosis, and about the same time Kerley (1942, 1943)
suggested on radiological grounds that such cases might be frequent. Lof-
gren (1946, 1953) was the first to make a systematic study of this syndrome,
which is sometimes referred to by his name. Between 1942 and 1944 he
investigated 178 cases of EN in Stockholm, and found evidence of tubercu-
losis in 104, of streptococcal infection in 30, of sarcoidosis with BHL in 15
(8%), and no infective cause or systemic disease in 29. Later, in 1948-9,
among 58 cases of EN he found evidence of sarcoidosis in a much higher
proportion, 40%, and suggested that BHL, with or without EN, could be
regarded as the primary stage of sarcoidosis. Since then, many reports of the
interrelations of EN and sarcoidosis have been published.

The proportion of cases of EN reported to be associated with sarcoidosis
(Table 5.1) can be expected to be dependent upon the incidences not only of
sarcoidosis but also of mycobacterial, haemolytic streptococcal and fungal
infections in the relevant populations, and upon clinical awareness and the
diagnostic criteria adopted. Selection by reference to a particular hospital or
physician is also likely to introduce a bias; e.g., the very high proportion
(74%) reported by James (1961) reflects his interest in this disease. The
great increase in the proportion of cases of EN associated with sarcoidosis
between the 1946 and 1952 reports from Sweden was almost certainly
attributable not only to diminution of the number due to primary tubercu-
lous infection, but also to new awareness of the EN-BHL syndrome of
sarcoidosis.
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Table 5.2 Some published reports of the proportions of cases of sarcoidosis in
which erythema nodosum has occurred.

Number of
Year of cases of Percentage
Authors publication  Country sarcoidosis  with EN
James, Thompson
and Willcox 1956 England 150 15
Smellie and Hoyle 1960 England 125 12
Scadding (personal
series, 1946—66) England 275 11
BTTA 1969 England:
Cornwall 105 24
England:
East Anglia 207 34
England:
Sheffield 156 32
Scotland:
NE and E 99 26
Mikhail, Mitchell,
Sutherland and
McNicol 1980 England 401 29
Lofgren and Stavenow 1961 Sweden 132 25
Hannuksela and Salo 1969 Finland 283 30
Selroos 1969 Finland 140 30
Lebacq 1964 Belgium 100 25
Wiirm, Reindell and
Heilmeyer 1958 Germany 2177 10
Hurley and
Bartholomeusz 1971 Australia 1316 11
Sones and Israel 1960 USA 211 3
Mayock, Bertrand,
Morrison and Scott 1963 USA 145 3
Jamesetal., 1976 Tokyo 282 4

The numbers of cases of sarcoidosis reported to have, or to have had,
EN (Table 5.2) must also depend to some extent upon diagnostic awareness
and methods, but the very wide difference between parts of the world
almost certainly indicate real differences in the incidence of EN as a mani-
festation of sarcoidosis. Some of the percentages quoted are derived from
series of patients observed over periods of years, and thus likely to include
an excess of those with chronic disease: since those presenting with EN tend
to follow a short course to complete resolution, they are likely to be
under-represented in such series. The British Thoracic and Tuberculosis
Association (BTTA, 1969) study ascertained the yearly incidences of newly-
diagnosed sarcoidosis in four areas over a period of five years. The propor-
tions of patients presenting with EN ranged from 24-34%j this probably
represents the most reliable available estimate of the true incidence of EN in
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diagnosed sarcoidosis, but of course it is valid only for the populations,
almost entirely Caucasian, and areas studied. Available evidence suggests
that in the United States and in Japan, EN is a much less frequent manifesta-
tion of sarcoidosis (James et al., 1976). In the United States, blacks have
been found to be less liable to develop EN as a manifestation of sarcoidosis
than whites. Sones and Israel (1960) reported that among 211 patients in
Philadelphia, 3% of 127 black women, 15% of 13 white women and none
of 57 black or 15 white men had EN. On the other hand, EN is frequent
among Puerto Ricans with sarcoidosis in New York (Siltzbach, 1958).

Erythema nodosum of all pathogenetic groups occurs more often in
women than in men. In Hannuksela’s (1971) series of 343 cases in Finland,
89% were female, as were 91% of 2064 cases in seven series which he
reviewed. In most studies of sarcoidosis, more cases of EN have been found
among women, but the magnitude of the difference between sexes varies
greatly. In Sweden, Lofgren and Stavenow (1961) observed EN in 34% of
88 women and 7% of 44 men. In England, one of us (JGS) found a rather
lower total incidence of EN and a slightly smaller difference between the
sexes; 16% of 156 women and 5% of 119 men. In the BTTA (1969) study,
there was a considerable difference between areas in the proportions of men
who had EN. These ranged from 11% in Cornwall to 29% in East Anglia,
while the proportions among women varied less, ranging only between 30%
and 38%. Consequently, the female: male ratio ranged from 1.3:1 in East
Anglia and Sheffield to 3.0:1 in Cornwall.

Most patients with EN associated with sarcoidosis have some joint-
pains, and in about half of them this is a prominent symptom. The larger
joints, especially the ankles and the knees, are most often affected. There
may be some swelling in periarticular tissues, apparently inflammatory, but
also partly oedema, especially in the ankles in patients who remain ambu-
lant. In some cases, more especially in men, the painful ankle swelling is
more prominent than the EN. The clinical picture presented by these cases
merges into that presented by a few with this sort of arthropathy, usually
febrile, without EN. This is more frequent in men; and has the same place in
the natural history of sarcoidosis as does EN. In 275 cases observed by one
of us (JGS) 5% of men presented with febrile arthropathy and BHL without
EN, as many as presented with EN; among women, arthropathy without
EN was much less frequent, occurring in only 1%. In the BTTA (1966)
study, arthropathy without EN was similarly more frequent in men, occur-
ring in 4%, as compared with 1% of women.

It seems likely that hormonal factors underlie the differences between the
sexes both in incidence of the EN-arthropathy syndrome and in the relative
prominence of EN and arthropathy, but this speculation is at present
unsubstantiated. The differences in incidence of EN between popula-
tions may be due, at least in part, to genetically determined differences in
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reactivity. As noted in Chapter 4, p. 70). Studies of histocompatibility antigens
(HLA) in unselected groups of sarcoidosis patients have shown no consis-
tent differences from control populations; but among sarcoidosis patients
those with initial arthropathy or EN have shown a higher frequency of BS,
and in one study of DR3, than other sarcoidosis patients or control groups,
and there is evidence suggesting that the frequency of this onset of sarcoido-
sis correlates generally with the frequency of HLA-BS8 in a population.

The age-distribution of EN and arthropathy is similar to that of the
estimated time of onset of sarcoidosis in general, in most cases occurring
between the ages of 20 and 35 years, but with a few outside this, and in
some areas an increase among women around the age of 50.

There is no characteristic either of the constitutional illness or of the local
eruption which serves to distinguish among cases of EN those associated
with sarcoidosis. However, certain associated clinical features and radio-
graphic and laboratory findings usually permit them to be recognized with
confidence. The principal points are:

(1) EN in sarcoidosis nearly always occurs at a stage when bilateral hilar
lymph-node enlargement is present. Occasionally EN appears in a
patient in whom BHL has already been detected radiographically, and
a few cases have been reported in which the chest radiograph was
normal when EN appeared, and radiographic or other evidence of
sarcoidosis was found later (Macpherson, 1970). In a few cases, BHL is
accompanied, and in rather more followed, by widespread mottling in
the lung fields: e.g. of 30 followed by one of us (JGS), four showed such
changes initially and nine more developed them within the following
year, usually when the BHL was starting to subside. The radiographic
appearances of BHL attributable to sarcoidosis are similar, whether or
not associated with erythema nodosum, and are considered below.

(2) The erythema nodosum of primary tuberculosis may be accompanied
by evidence of primary tuberculous infection in the chest radiograph;
this is discussed below (p. 86). In the erythema nodosum due to
tuberculosis, skin sensitivity to tuberculin is always present, and is
usually intense. Similarly sensitivity to the appropriate antigen is to be
expected in cases due to coccidoidomycosis or histoplasmosis.

Tuberculin sensitivity among patients with the EN~-BHL syndrome
has generally been found to be lower than that of the populations from
which these were drawn, but higher than that of patients with chronic
sarcoidosis (Chapter 20). Thus, at a time when 80% of Londoners of
comparable age reacted to 100 IU, one of us (JGS) found that 18 (50%)
of 36 patients with EN-BHL and 37% of those with more chronic
sarcoidosis reacted. Among those with EN—BHL, two reacted to 1 1U
and nine to 10 IU. Thus, although persistently low tuberculin sensitiv-
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ity is significant in excluding an association with primary tuberculosis,
and is suggestive of sarcoidosis, it is also compatible with other causes
of erythema nodosum, and moderate sensitivity to tuberculin may be
found in some, and high sensitivity in a few cases associated with
sarcoidosis, certainly in areas with a high level of tuberculin sensitivity.

(3) In cases due to haemolytic streptococcal infection, there may be a
history of streptococcal sore throat, from which haemolytic strep-
tococci may have been isolated, or these organisms may be persistent in
the throat. Serological evidence of haemolytic streptococcal infection —
e.g. a significantly raised or rising antistreptolysin titre — will be found.

(4) The histology of the erythema nodosum itself is in general similar no
matter what the cause of the erythema. Lofgren and Wahlgren (1949)
studied the histology of 64 cases, divided into groups associated with
tuberculosis, with streptococcal infection, with proved or suspected
sarcoidosis, and of uncertain association. They found similar changes in
all groups, affecting the deep dermis and subcutaneous tissue, the epider-
mis showing no changes. Early, a few days from the onset, there was
hyperaemia, oedema and cellular infiltration, especially of the connec-
tive tissue septa of the adipose tissue, chiefly with polymorphs and
histiocytes and a few eosinophils. In many cases, there were minute
focal collections of histiocytes and lymphocytes, best seen at 5—6 days:
later some central necrosis might be seen in these foci. At 8—10 days,
there was some fibrinoid degeneration of collagen. Giant cells of
foreign body type were found in small numbers in the earlier stages,
and became more numerous later. Some veins showed oedema and
sparse cellular infiltration of their walls, with intimal swelling.

(5) In some cases, the diagnosis of sarcoidosis is suggested by the finding of
extrathoracic manifestations of this disease, concurrently with or
appearing soon after EN. These include skin changes (Chapter 7),
especially infiltration of scars (Figs 7.24 and 7.27), small nodular
sarcoids, and subcutaneous nodules (Figs 5.15 and 5.16); anterior
uveitis (Chapter 8); and superficial lymphadenopathy (Chapter 10).

(6) A general approach to the problem of diagnosis in patients with BHL,
and the contribution to it of the Kveim test, is discussed below. When
BHL is accompanied by EN the likelihood of a granulomatous response
to this test is high; e.g. in 94% of the cases reported by James (1961). A
negative response does not refute the diagnosis of sarcoidosis, support
for which, if required, can be obtained by biopsy from any accessible
involved site, including those listed above, or a mediastinal lymph-
node. The doubt occasioned by cases of EN without BHL or other
possible manifestations of sarcoidosis, but giving granulomatous res-
ponses to Kveim tests is more difficult to resolve. Bradstreet et al.
(1980) tested 278 such patients in London; of these 56 (21%) gave
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granulomatous and a further 13 (5%) partly granulomatous responses.
Some patients of this sort have been found under further observation to
develop other manifestations of sarcoidosis; and it seems probable that
of those who do not, most with granulomatous responses (and possibly
some with ‘negative’ responses) have the generalized granulomatosis
that characterizes sarcoidosis. But certainty of categorization in the
individual case can be obtained only by invasive biopsy procedures:
and the course of patients with ‘lone’ EN is likely to be towards
uneventful resolution. In practice therefore, it seems proper to be
content with a working diagnosis of ‘erythema nodosum, probable (or
possible) sarcoidosis’ for which appropriate management is sympto-
matic in the acute stage, followed by periodic review which need be no
longer than six months if symptomatic recovery has been complete and
no further manifestation has appeared.

BILATERAL HILAR LYMPH-NODE ENLARGEMENT

Although general enlargement of hilar and mediastinal lymph-nodes may
result from a variety of infections and neoplasms, such as tuberculosis,
coccidioidomycosis, histoplasmosis, lymphomas and metastatic carcinoma,
the involvement of the hilar nodes is rarely bilaterally symmetrical in such
cases, and evidence of the nature of the disease is usually not difficult to
obtain. The characteristics of the BHL which is a manifestation of sarcoido-
sis are well defined, as a result both of specific studies (Lofgren and Lund-
bick, 1952; Lofgren, 1953; Smellie and Hoyle, 1960), and of experience
stemming from routine radiography of symptomless individuals.

The separate consideration of those cases of sarcoidosis among a large
series which presented initially with radiographic evidence of BHL, is, of
course, arbitrary. The following discussion concerns cases in which BHL is
not accompanied when first observed either by radiographically evident
lung changes or by extrathoracic manifestations of sarcoidosis, e.g. in the
eyes. The artificiality of this procedure is obvious, since among patients who
in the course of their disease have both BHL and, say, iridocyclitis, those in
whom the iridocyclitis gave rise to the presenting symptoms are excluded,
while those in whom it developed later are included. Moreover, the presence
or absence of an abnormal mottled pattern in the lung fields is an imprecise
criterion, since the borderline between normal and slightly abnormal is
dependent upon subjective interpretation, and, as will be discussed in Chap-
ter 6 (p. 101), sarcoid BHL is probably always accompanied by some dissemi-
nation of granulomas in the lungs, even though the lungs appear normal
radiographically. Nevertheless, the separate consideration of cases in which
BHL is the only immediately evident finding is justified by the frequency of
this finding in routine radiography of apparently healthy individuals or of
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those with banal respiratory or constitutional symptoms. Of 275 consecu-
tive patients with sarcoidosis under the care of one of us (JGS), 113 had
BHL without radiologically evident lung changes when first seen. Of these
17 presented with extrathoracic manifestations of sarcoidosis: uveitis in 14,
infiltration of an old appendicectomy scar in one, and enlarged superficial
lymph—nodes in three. Of the remaining 96, 42 were symptomless and
detected by routine radiography, 19 had various respiratory and constitu-
tional symptoms, and one penicillin dermatitis.

Radiographic appearances

Since it is the detection of BHL by radiography which is the unifying feature
of this group of cases, the radiographic appearances will first be described.
Typically, the enlargement of hilar nodes is roughly symmetrical (Fig. 5.1),
although the mass on the right side often appears larger (Fig. 5.2). This may
be at least in part due to the inner part of the left hilar shadow being
obscured by the left border of the heart shadow, but there is in many cases
probably a real difference in the size of the node mass. This may be

Figure 5.1 Symmetrical discrete enlargement of hilar lymph-nodes in
sarcoidosis.

81



82

Sarcoidosis

Figure 5.2 Enlargement of hilar lymph-nodes in sarcoidosis, more prominent
on the right side.

accounted for by the larger number of bronchopulmonary nodes on the
right than on the left. The outer border of the shadow cast by hilar nodes
enlarged by sarcoidosis is clearly defined with multiple smoooth contours,
suggesting discrete enlargement of individual nodes in the bronchopul-
monary group (Rakower, 1963). Characteristically, there is a clear trans-
radiant band between the inner border of the shadow cast by the nodes in
the lower bronchopulmonary group and the heart shadow, most evident on
the right side. The paratracheal nodes are frequently involved and enlarge-
ment of them, especially on the right side is detectable radiographically in
more than half the cases. Usually they are less evident than the bronchopul-
monary group at the hilum, (Fig. 5.3), but very occasionally they may be
more prominent. Anterior (Smellie and Hoyle, 1960) and posterior (Schabel
et al., 1978) mediastinal nodes may also be involved. Tomography may be
useful in determining whether slight enlargement of hilar shadows is due to
dilatation of main branches of the pulmonary vessels or to lymph-nodes.
Demonstration in lateral view of rounded shadows in front of the left lower
lobe bronchus or in the angle between the right lower lobe bronchus and the
middle lobe bronchus strongly suggests lymph-node enlargement, since
there are no vessels in these sites. In relation to grossly enlarged nodes, there
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Figure 5.3 Enlargement of right paratracheal and right and left hilar lymph
nodes in sarcoidosis.

may be tomographically evident narrowing of large bronchi and widening
of the carinal angle, which in a few cases leads to airflow limitation (see
below). Occasionally, enlargement of hilar and broncho-pulmonary nodes
is massive (Fig. 5.4); substantial or even complete subsidence of these very
large nodes is possible (Fig. 5.5).

Although the hilar node enlargement of sarcoidosis is usually bilateral, it
is in rare cases apparently unilateral, usually right-sided (Kent, 1965;
Mikhail et al., 1980). In two cases mentioned by Lofgren (1953) it was
initially unilateral and subsequently became obviously bilateral.

In a few cases of sarcoid BHL, foci of calcification have been observed in
the enlarged nodes, presumably having been present before the sarcoid
enlargement. Of 39 patients with BHL and EN or arthropathy observed by
one of us (JGS), five showed foci of calcification, evident in the postero-
anterior radiograph. In four, these were seen in the enlarged hilar nodes. In
two of these, there was also a calcified nodule in the related part of the lung,
constituting with the hilar calcification a typical calcified primary complex
of tuberculosis; one of these patients had a confirmed history of tubercu-
lous peritonitis in childhood. The fifth patient had calcified nodules in the
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Figure 5.4 Massive enlargement of hilar and paratracheal lymph-node due
to sarcoidosis in a woman aged 21.

lung only, at the site of localized pulmonary tuberculosis which had been
treated two years previously. Among the 64 other patients who had BHL
only when first seen, only two showed calcification; one in the enlarged
nodes, and one in small flecks in the upper part of the right lung. There is no
reason to doubt that in patients living in England at a time when primary
tuberculous infection was frequent, these calcifications represented residues
of old healed caseous tuberculosis. The development of calcification under
prolonged observation in hilar nodes and lungs affected by sarcoidosis is
considered in Chapter 6. It may be noted here that although calcification in
hilar nodes develops late in the course of the disease in some patients with
both BHL and lung changes, no patient with ‘isolated” BHL subsiding
without the appearance of lung changes developed calcification in the nodes
(Scadding, 1961a).
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Figure 5.5 The same, two years later, showing spontaneous regression.

Symptoms

Of the patients who present with BHL without EN or arthropathy, a large
number have no symptoms, the BHL being discovered at routine radio-
graphy. The rest complain of a variety of constitutional and respiratory
symptoms.

A few have general malaise and fever, without pronounced joint symp-
toms or rash. The acuteness and duration of these symptoms vary from a
picture resembling that of an acute onset with erythema nodosum or
arthralgia except for the absence of these localizing symptoms, to prolonged
vague ill-health with occasional evening rises of temperature to just above
normal levels, lasting for as long as a year.

Others have symptoms referable to the respiratory tract, such as cough,
usually unproductive, dyspnoea, and pain in the chest. Respiratory function
in sarcoidosis is discussed in Chapter 7. Here, it may be noted that in most
patients with BHL, little functional impairment is found (DeRemee and
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Andersen, 1974). However, with dyspnoea at this stage, there is airflow
limitation, which can be correlated with bronchoscopic evidence of mucosal
infiltration of the type described below (Dines ez al., 1978).

A few patients complain of chest pain. Usually not severe, it is nearly
always referred to one side of the chest and is rarely central. Its genesis is
obscure; lateral reference of the pain when the evident abnormality is
central remains unexplained.

If all patients with BHL are considered, the sex-ratio is similar to that for
sarcoidosis in general. The preponderance of women among patients pre-
senting with EN is partly counterbalanced by the preponderence of men
among those with febrile arthralgia or with fever alone at the onset. Thus an
acute onset occurs with about equal frequency in the two sexes, but is much
more liable to be accompanied by EN in women.

Diagnosis

The first step in diagnosis is to establish beyond doubt that the enlarged
hilar shadows are in fact due to lymphadenopathy. Where the radiographic
appearances, confirmed if necessary by tomography, conform to the typical
picture above, there can be no doubt. Occasionally, especially if the enlarge-
ment is of no more than moderate degree and asymmetrical, and if the
paratracheal nodes are not obviously involved, it may be difficult to distin-
guish between enlargement of hilar nodes and dilatation of pulmonary arter-
ies. In such cases, computerized axial tomography is likely to be helpful; if
doubt remains, it can be dispelled, if necessary, by pulmonary angiography.
When it has been decided that the shadows are due to enlarged lymph-
nodes, the nature of the lymphadenopathy must be determined. If the
patient is free from symptoms, and the lymph-node enlargement is symmet-
rical and discrete, the probability of sarcoidosis is high. Other common
causes of hilar node enlargement which have to be considered are caseating
tuberculosis, reticuloses such as Hodgkin’s disease and other lymphomas,
and metastatic malignant disease. The enlargement of hilar and mediastinal
nodes that each of these may cause is rarely bilaterally symmetrical and
usually differs in other important respects from the BHL of sarcoidosis.
Most cases of tuberculosis of hilar and mediastinal lymph-nodes arise
soon after primary infection as part of the so-called primary complex: a
local lesion in the lung at the site of entry of the infecting bacilli with
involvement of related lymph-nodes. In those of Caucasian stock, and in
others having similar resistance to mycobacterial infection, the lymph-node
component tends to be prominent in childhood, but less so when primary
infection occurs later in life, and to remain predominantly unilateral. The
pulmonary component is usually evident radiologically, and in adults is
often the more obvious abnormality. The skin reacts to tuberculin, often
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strongly; and tubercle bacilli may be found in sputum or in bronchial
secretions obtained at bronchoscopy, though culture is usually required.
But the development of extensive tuberculosis of mediastinal and hilar
lymph-nodes is possible at any time after primary infection, more especially
in some racial groups. Such cases must be distinguished from the BHL of
sarcoidosis. They occur more frequently among immigrants from Asia,
Africa or the West Indies in Great Britain (Ross et al., 1970; Mikhail and
Mitchell, 1971) and among blacks in the United States, than among whites.
With such extensive lymph-node tuberculosis, the patient is likely to be
obviously ill; the various groups of enlarged lymph-nodes are unlikely to be
discrete as in sarcoidosis, but are liable to coalesce to form a smooth but
ill-defined paramediastinal shadow; there may be evidence of localized lung
involvement or of pleural effusion; cervical lymph-nodes are liable to be-
come involved; tubercle bacilli are usually demonstrable without great
difficulty; and diagnosis presents no difficulty. But in a few cases there are
discordant or equivocal features. The patient may be afebrile and not
progressively ill, and may be tuberculin-negative or give only a small reac-
tion to 10 IU or 100 IU. It may be impossible to demonstrate tubercle
bacilli, or acid-fast bacilli may be found microscopically with negative

Figure 5.6 BHL with rounded shadow in the right lung in a man aged 28.
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Figure 5.7 Tomograph in the same case, showing calcification both in hilar
nodes and in the rounded shadow. See text.

cultures, or mycobacteria may be grown only in small numbers after pro-
longed incubation. Even the histology of nodes removed for biopsy may be
equivocal, showing epithelioid cell granulomas with a little central necrosis,
which some observers would call ‘granular necrosis’ and others ‘caseation’
(Mitchell and Scadding, 1974). And the Kveim test may give a granuloma-
tous response in cases of this sort which eventually are categorized as
tuberculosis because of the isolation of M tuberculosis.

Thus, although in most cases in which the differential diagnosis rests
between sarcoidosis and tuberculous hilar and mediastinal lymphadeno-
pathy, the clinical and radiological picture, the results of tuberculin testing,
and the histology of nodes removed for biopsy and of Kveim test sites
should lead to a well-based decision, there remain a few cases in which
categorization must be provisional or judgement suspended, as in the fol-
lowing case:
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A 28 year old white man was found at a routine examination to have gross
BHL, together with a round shadow in the lower zone of the right lung (Fig.
5.6). Tomography showed flecks of calcification in this shadow and in the right
hilar nodes (Fig. 5.7). Scalene node biopsy showed close-packed non-caseating
tubercles of sarcoid type. A Mantoux test with 3 IU gave a reaction 25 mm in
diameter. M tuberculosis was cultured from gastric contents. Because of these
findings, treatment with streptomycin and isoniazid was started. Within three
months, the hilar shadows returned to normal size.

The differential diagnosis from Hodgkin’s disease and other lymphomas
should rarely cause difficulty. Radiologically, the intrathoracic lymphade-
nopathy of Hodgkin’s disease nearly always differs from that of sarcoidosis
in that the well-defined margin with multiple contours of individual nodes
or groups of nodes typical of sarcoidosis is not seen, the outline tending to
have a single contour; the lower part of the hilar shadow is continuous with
the heart shadow, instead of showing a clear band between its inner border
and the heart shadow, as in sarcoidosis; and the enlargement is usually

Figﬁre 5.8 Predominantly right-sided hilar and paratracheal lymph-node
enlargement, compatible with sarcoidosis, in a man aged 50. Although he had
symptoms, investigation was delayed.
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asymmetrical. Very rarely, the appearances may for a time mimic those of
sarcoid BHL (Figs. 5.8, 5.9). Widespread mottling shadowing in the lung
fields is very rare in Hodgkin’s disease; the presence of such shadowing in
company with symmetrical hilar node enlargement is characteristic, and its
appearance under observation, as the hilar shadows diminish, diagnostic of
sarcoidosis.

Similarly, metastatic carcinoma in hilar nodes very rarely mimics the
symmetrical BHL of sarcoidosis.

The diagnostic procedures that are helpful in doubtful cases include
biopsy of lymph-nodes, either accessible enlarged superficial nodes or
obtained by mediastinoscopy; biopsy of other possibly involved tissues; and
the Kveim test. These are discussed in Chapter 26. The following discussion
concerns the special problems of patients with radiological evidence sugges-
tive of sarcoid BHL, with or without symptoms.

Radiologically unequivocal BHL accompanying EN or febrile arthro-
pathy or found by routine radiography in a person who on careful enquiry is
found to be symptom-free and in whom physical examination shows no
abnormality is virtually diagnostic of sarcoidosis (Winterbauer et al., 1973).
In such cases, it is arguable that since the most likely course is towards

Figure 5.9 The same, 15 months later. The enlarged nodes have coalesced
into a single mass. Lymph-node biopsy showed Hodgkin’s disease.



Erythema Nodosum

resolution and no treatment is required, the interests of the patient are best
served by the adoption of a working diagnosis of sarcoidosis in the expecta-
tion that continued observation will confirm it. A Kveim test with a satisfac-
tory suspension can be expected to give a granulomatous response in
85-90% of patients with sarcoidosis at this stage, and has been advocated
as the least disturbing of the procedures by which histological evidence may
be obtained in such cases. A granulomatous response is reassuring, as being
in accord with expectation; it will dispel any possible suspicion of Hodg-
kin’s disease, since it is generally agreed that patients with Hodgkin’s
disease are non-reactive to Kveim test suspension. But it should not be taken
to exclude mycobacterial lymphadenitis and some other sorts of lymphade-
nopathy (Israel and Goldstein, 1971; Mikhail and Mitchell, 1971). And
faced with a negative response to a Kveim test, the physician is left with the
problem of whether to investigate further the 10—15% of patients in whom
the Kveim test is negative, but sarcoidosis remains the most likely diagnosis.

In cases of doubt, including of course all those with radiographic
appearances not entirely characteristic of the discrete BHL of sarcoidosis,
with constitutional or local symptoms other than those of EN, arthropathy
or uveitis, or with significant reactions to skin tests with tuberculin or
locally relevant fungal antigens, investigation should be directed towards
histology, preferably of an involved lymph-node, and search for evidence of
a possibly causal infection.

Careful search for palpable superficial lymph-nodes, and for incon-
spicuous changes in the skin, subcutaneous tissues, and old scars, which
might be sarcoid infiltrations may provide an accessible source of tissue for
biopsy. Ophthalmological examination may show evidence of uveitis, or
symptomless sarcoid infiltration of the conjunctiva (Chapter 8). But in most
cases these approaches are non-contributory. Mediastinoscopy is the least
extensive procedure giving access to lymph-nodes in the mediastinum
(Carlens, 1964; Ross et al., 1970; Widstrom and Schnurer, 1978) and in
experienced hands is safe; it has displaced scalene node biopsy, since it
produces useful information in a higher proportion of cases. The finding of
unequivocally non-caseating epithelioid and giant-cell granulomas in a
lymph-node is strong confirmatory evidence of sarcoidosis, but does not
exclude infective granulomatosis (tuberculosis, histoplasmosis, cocci-
dioidomycosis) in cases in which the relevant skin-test is positive. The
possibility of local sarcoid reactions to malignancy, either metastatic carci-
noma (Symmers, 1951) or lymphoma (Brincker, 1972), in lymph-nodes
must be remembered, as must the occurrence of granulomas in lymph-nodes
in immune-deficiency syndromes (Sharma and James, 1971). In many cases,
including some in which the diagnosis of sarcoidosis is acceptable on
assessment of all the evidence and after observation of the further course,
there is a variable amount of central necrosis, of a degree which may be
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Figure 5.10 Biopsy of bronchial mucosa, which looked normal broncho-
scopically, in a man with bilateral hilar lymph-node enlargement. H & E. x

called by different observers ‘granular necrosis’ or ‘minimal caseation’
(Carlens et al., 1974). In all cases, search for acid-fast bacilli and for
possibly relevant fungi by appropriate staining and microscopy and by
culture is essential.

Bronchoscopic findings in radiographically apparent pulmonary sar-
coidosis are considered in Chapter 6, p. 140. In patients with sarcoid BHL
and no radiographically evident lung changes, bronchoscopic appearances
are often normal; but there may be distortion of major bronchi if the nodes
are very large, and the bronchial mucosa may appear thickened and there
may be dilatation of superficial blood-vessels. Biopsy, even of a normal-
looking mucosa, may show infiltration with non-caseating tubercles below a
normal epithelium (Fig. 5.10) Changes of this sort in normal-looking or
only slightly thickened mucosa in patients with BHL only have been re-
ported in proportions ranging from none of nine (Carlens, 1964) to 34% of
63 cases (Liot et al., 1963). The proportion of cases with granulomas in the
mucosa is higher when there is a pulmonary infiltration. In a very few
patients with BHL, but without radiologically evident lung infiltration,
changes in the bronchial mucosa and compression by the enlarged nodes



Erythema Nodosum

have been found to be severe enough to cause airflow limitation (Dines et
al., 1978). Such changes may be the early stage of the bronchostenoses that
are observed in a few cases later in the course of sarcoidosis (Chapter 6,
p. 143). There is good evidence that granulomas are present in the lungs of
all, or nearly all, patients with sarcoid BHL, even though the lungs are
radiologically clear; and transbronchial biopsy during fibre-optic bronchos-
copy has been reported to produce tissue containing granulomas in up to
60% of such patients (Koerner et al., 1975; Stableforth et al., 1978). Thus
fibre-optic bronchoscopy, with forceps biopsy of both bronchial mucosa
and lung, is a useful procedure by which to obtain histological evidence; but
the finding of granulomas leaves open the question whether the case should
be categorized as sarcoidosis or tuberculosis. The amount of tissue obtained
in a single sample is sufficient only for histology, and multiple samples are
required to permit culture for mycobacteria and other infective agents. For
this reason, and because the finding of a few granulomas cannot exclude
malignant disease or lymphoma, a direct approach to involved lymph-nodes
by mediastinoscopy may be preferred when the diagnosis is seriously in
doubt in a patient with hilar and mediastinal lymphadenopathy.

Course and prognosis

Since BHL, with or without EN, is one of the more frequent modes of
presentation of sarcoidosis, the prognosis for patients presenting in this way
is worth considering separately, though some patients will develop radiolog-
ical evidence of pulmonary sarcoidosis, whose prognosis is considered in
Chapter 6. One of us (JGS) followed 96 patients presenting with BHL. In 55
of them the lungs remained clear of abnormal shadowing during the period
of observation. In 45 of these the nodes returned to normal size, most
frequently within one year and nearly always within two years, although in
one the enlargement persisted for three years before subsiding, and in three
it persisted after more than two years’ observation with clear lung fields. In
the remaining 41, radiologically evident changes developed in the lungs,
within 1-10 months of the detection of BHL, and usually after BHL had
started to subside. Of 84 who were observed for more than two years, 66
became free from all radiographic evidence of intrathoracic sarcoidosis; 12
were left without symptoms, but with persistent radiographic abnormality,
persistently enlarged nodes in two, enlarged nodes together with minor
non-progressive lung changes after 8 years’ observation in one, dense non-
fibrotic mottling after five years in one, and non-progressive minor fibrotic
changes in eight; three had extensive mottled shadowing probably develop-
ing some fibrosis and accompanied by dyspnoea; and three had established
and disabling fibrosis. Those patients whose illness started with erythema
nodosum or febrile arthropathy had a better prognosis than the rest. The

93



94

Sarcoidosis

proportions attaining a normal chest radiograph were 88% for those pre-
senting with erythema nodosum or febrile arthropathy, 62% for those
discovered by routine radiography, and 48% for those who initially had
respiratory or constitutional symptoms.

These prognostic trends are similar to those reported from Stockholm by
Lofgren (1953), in other series from London by Smellie and Hoyle (1960)
and by Walker and James (1972), and by Wiirm (1974) in Germany. But
from Philadelphia, were 87% of their 211 patients were blacks, Sones and
Israel (1960) found that only 30% of 71 with BHL only in the initial
radiograph attained complete resolution; and similar findings have been
reported among West Indians in London (Mikhail et al., 1980).

In a few cases of sarcoid BHL, the nodes remain persistently enlarged,
usually after some initial reduction in size, without symptoms and without
the appearance of any further manifestation of sarcoidosis. It is probable
that in such cases, the major part of the persistently enlarged nodes is
occupied by the featureless hyaline connective tissue into which the sarcoid
granuloma evolves if it does not resolve. A case in which enlarged hilar and

Figure 5.11 Slight enlargement of left hilar and right paratracheal lymph-
nodes, known to have been present for four years, in a man aged 22.
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Figure 5.12  Biopsy of left hilar node from the same. The bulk of the node
consisted of this featureless hyaline connective tissue. H & E. X 38.

mediastinal nodes had been known to be present without change in radio-
graphic appearance for four years is illustrated in Fig. 5.11. Because of
diagnostic doubt, they were removed for biopsy by left thoracotomy, at
which 15-20 firm and discrete nodes up to 4 cm in diameter were found at
the hilum, freely mobile beneath the mediastinal pleura, and in the fissure
overlying the pulmonary artery; histologically, the greater part of them
consisted of hyalinizing sarcoid tubercles, with some still cellular tubercles
but large tracts of almost acellular hyaline connective tissue (Figs 5.12 and
5.13). In necropsy material from patients dying with extensive chronic
sarcoidosis, even more extensively hyalinized lymph-nodes may be found
(Fig. 5.14).

Different degrees of cellularity and fibrosis are not infrequently observed
in the granulomas of a lymph-node or other tissue obtained by biopsy from
patients with clinical evidence of active sarcoidosis, and the amount of
hyaline fibrosis present in the lymph-nodes obtained by mediastinoscopy
from patients with or without lung mottling correlates poorly with radio-
graphic appearances and with duration of symptoms (Chapter 2). The wide
range of histological appearances found in hilar lymph-nodes at Stage I of
the usual radiographic classification shows that although this may be a
convenient method of referring to radiographic appearances, it must not be
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Figure 5.13 The same, showing recognizable hyalinizing sarcoid follicles at
the periphery.

assumed to correlate with the duration of disease. Radiographic ‘staging’ of
pulmonary sarcoidosis is discussed in Chapter 6.

When BHL subsides spontaneously and completely without lung infiltra-
tion it is extremely rare for further manifestations of sarcoidosis to appear.
Lim (1961) reported the case of a woman who had been treated for
pulmonary tuberculosis, and subsequently had four episodes of BHL fol-
lowed by pulmonary infiltration and resolving spontaneously, with iri-
diocyclitis in the third; in the fourth, scalene node biopsy showed typical
sarcoid granulomas. One of us (JGS) has observed one patient, in whom a
sarcoid BHL syndrome occurred three times, when he was aged 24, 26 and
32 years, each time with constitutional and abdominal symptoms, and on
the third occasion with transitory arthropathy and a limited eruption of
erythema nodosum; all the episodes subsided slowly without corticosteroid
treatment. MacFarlane (1981) reported the case of a woman who had
episodes of EN, BHL and pulmonary infiltration at the ages of 36, 53 and
56, the first two resolving spontaneously and the third after corticosteroid
treatment.

The relationship of extrapulmonary manifestations of sarcoidosis to BHL
may be illustrated by the experience of one of us (JGS). Adding to the 96
patients, mentioned above, who presented with BHL discovered by routine
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radiography, or with EN, arthropathy, or constitutional or respiratory
symptoms, 14 who presented with uveitis, two with superficial lymphadeni-
tis, and one with infiltration of a scar and were found to have BHL, there
were 113 patients for review. At some time during the observed course of
these, changes were found in the eyes in 18, in the skin in ten, in the bones of
the hands in one, and in the nervous system in one.

The ocular changes tended to occur early in the clinical course; the
observation that in 14 cases they were the cause of discovery of BHL
suggests this, and is supported by the fact that of the five patients who
presented with ‘isolated” BHL, two were found to have ocular changes less
than one month, one six months, one twelve months, and only one a longer
period (six years) after the discovery of BHL.

In the five patients who developed sarcoid lesions of undamaged skin, the
time of development tended to be later, between nine months and four years
from the discovery of BHL; and in no patient coming under observation for
the first time with sarcoids of the skin was BHL without lung changes
found.

Subcutaneous nodules and infiltrations of scars, on the other hand,
appeared earlier. The three patients with subcutaneous nodules were all

Figure 5.14 A mediastinal lymph-node from a woman aged 48 with
sarcoidosis, showing almost complete replacement by hyaline connective
tissue, with a small rim which lymphocytes and a few remnants of
granulomas were recognizable. H & E. X 11.
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Figure 5.15  Subcutaneous nodules which developed soon after the appear-
ance of erythema nodosum in a woman aged 30.

Figure 5.16  Biopsy of one of these nodules, H & E. X 100.

women. In one, a small subcutaneous nodule, shown histologically to
consist of sarcoid tubercles, appeared in the cheek three months before EN
and BHL. In the other two, the nodules appeared on the forearms, and were
first observed shortly after EN, and subsided spontaneously within a year
(Figs 5.15, 5.16). Both the patients with infiltrated scars, one on the knee
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Figure 5.17 Biopsy of a scar on the knee of a man aged 27, which became
raised, red and indurated during an attack of erythema nodosum. H & E. x 100.

dating from childhood (Fig. 5.17), and the other an appendicectomy scar,
were men; in both, the BHL and scar infiltrations subsided spontaneously.

The place of BHL in the natural history of sarcoidosis

It is clear that BHL is a very frequent manifestation of sarcoidosis. It may be
accompanied by no symptoms, by vague disturbances of health, by various
unspecific respiratory symptoms, by low fever, by febrile arthropathy, or by
erythema nodosum. In cases of sarcoidosis in which BHL is observed, with
or without symptoms, it nearly always precedes, even if only by a short
time, any other manifestation that may develop. There is some suggestion
that there may be a sort of timetable of subsequent developments, changes
in the lungs and in the eyes tending to follow closely upon BHL, so that they
may be evident when BHL is first discovered, whereas sarcoids of the skin
(apart from infiltration of scars) tend to appear later. Lofgren (1953)
suggested that BHL might be regarded as ‘primary sarcoidosis’, and be
analogous with the primary stages of such infectious diseases as tuberculosis
and syphilis. There are certainly important differences between the pheno-
mena which often accompany BHL as the first clinical evidence, and other
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manifestations of sarcoidosis. Both the EN arid the arthropathy which occur
with BHL are inflammatory without the specific histology of sarcoidosis;
and uveitis at this early stage similarly appears to have a considerable
inflammatory component and tends to resolve completely, in contrast to
the chronic granulomatous type that may occur later (Chapter 8). Im-
munologically, there are differences between the earlier and the later
stages, e.g. in the degree of depression of delayed-type skin hypersensitivity
reactions. There is thus some justification for the distinction that has been
drawn between acute or sub-acute and chronic sarcoidosis, and for a
schematic timetable of events in the course of sarcoidosis (James and Thom-
son, 1959; Siltzbach, 1964c¢). But two factual questions must be considered:
do all cases of sarcoidosis go through the BHL stage? And if not, is there any
indication of a possible equivalent in those without a BHL stage?

Both these questions must be answered in the negative. In a few cases of
pulmonary sarcoidosis there is evidence that there has been no stage of
radiographically detectable BHL, although, naturally, satisfactory evidence
on this point is rarely available (Chapter 6, p. 111). The question of a
possible alternative syndrome of ‘primary sarcoidosis’ must therefore be
considered. This would presumably consist in enlargement of a group of
lymph-nodes corresponding to a route of entry of the hypothetical causative
agent other than the lungs. No such syndrome has been described. The
factual basis for an analogy with primary tuberculosis or primary syphilis is
therefore incomplete.

For these reasons, the term ‘primary sarcoidosis’ may be misleading, and
should be avoided. The phenomena to which it refers can be summarised in
the statement that bilateral hilar lymphadenopathy with or without EN
and/or arthropathy, usually of a characteristic radiographic appearance,
with or without clinical symptoms and signs, is a frequent first manifesta-
tion of sarcoidosis.
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Lung Changes

Changes in the lungs, discovered either because they cause symptoms or by
radigraphy of apparently healthy individuals, are among the commonest
first evidences of sarcoidosis (Chapter 4), and are prominent among the
observed features in all reported large series of cases of sarcoidosis.

The proportion of cases found by clinical and radiological methods to
have lung changes may be expected to depend upon the source of referral,
investigative procedures routinely adopted, and duration of observation. In
their survey of 1609 cases of sarcoidosis in five centres round the world,
Siltzbach et al. (1974) found that the proportion reported to have lung
changes was 46%, ranging from 40-68% in the various centres. But a
further 42% had enlarged hilar lymph-nodes, without reported evidence of
lung involvement; and it is certain that the large majority, if not all, patients
with sarcoid hilar lymphadenopathy have granulomas scattered more or
less densely in the lungs. Biopsy of radiographically normal lungs in patients
with sarcoid BHL has been found to show granulomas in a proportion of
cases increasing with the amount of tissue examined. Eule (1971) performed
open biopsies in 38 such patients, and found granulomas in 36, in 25 of
whom the lungs appeared grossly normal at thoracotomy. Rosen et al.
(1977a) similarly found granulomas in open lung biopsies in 21 consecutive
patients with BHL and radiographically clear lungs; the extent of the
changes varied greatly, from ‘minimal’ in seven to affecting more than
two-thirds of the tissue examined in one. Transbronchial biopsy has been
found to be more productive in such cases the larger the number of samples
taken. Roethe et al. (1980), routinely taking ten transbronchial samples,
found granulomas in all of ten patients with BHL; in most, only one or two
of the samples contained granulomas. It is thus probable that at some time
during the course of the disease the great majority of patients with sarcoido-
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sis have granulomas in the lungs, even though in many they are not radio-
graphically evident and may resolve without causing symptoms at any time.

In reported necropsy series, the lungs and the lymph-nodes are the most
frequently involved organs (Chapter 2). But findings at necropsy cannot be
assumed to indicate the proportion of patients showing lung changes during
life. Since most deaths from sarcoidosis are directly or indirectly due to
chronic changes in the lungs, necropsy figures might over-estimate the
proportion of all cases with lung involvement. On the other hand, since it is
known that sarcoid granulomas can resolve completely, or undergo hyaline
fibrosis with no recognizable residual granulomas, failure to find granulo-
mas in the lungs at necropsy in patients with sarcoidosis dying from an
extrapulmonary localization of the disease, from the effects of hypercal-
caemia, or from an unrelated disease does not exclude the possibility that
the lungs may have been involved at an earlier stage of the disease.

The interrelations of symptoms, pathology, radiographic appearances,
and tests of respiratory function in pulmonary sarcoidosis are complex.

SYMPTOMS

Symptoms are widely variable in severity from case to case, and generally
non-specific in character, being similar to those produced by a wide range of
diseases affecting the pulmonary acini.

As already noted, widespread granulomas in the lungs may be demon-
strable only by biopsy, producing neither symptoms nor radiographic
changes. Patients with obvious radiographic changes in their lungs may
have no, or only trivial, symptoms. Of 275 patients with sarcoidosis
observed by one of us (JGS), 34% first came under medical observation
because abnormalities had been found when, as apparently healthy indi-
viduals, they underwent routine chest radiography. Especially in patients of
Caucasian stock, the symptoms of apparently pre-fibrotic sarcoidosis of the
lungs tend to be less severe than the extent of radiographic shadows might
lead the observer to expect. An example of dense sarcoid infiltration of the
lungs in a man who denied symptoms, and in whom standard tests of
ventilatory function and carbon monoxide transfer factor were within the
predicted range is shown in Fig. 6.1. Symptoms that may occur at an early
stage of pulmonary sarcoidosis include dyspnoea on exertion, usually gra-
dual in onset, cough, usually unproductive but sometimes with scanty
mucoid sputum, ill-defined chest pain, and constitutional symptoms, such as
malaise, tiredness, weight loss and fever. Their severity varies greatly, and
correlates poorly with radiographic appearances. In a few patients, and
especially in those of African and Indian sub-continental ancestry, they
develop more rapidly to a disabling level. Among 162 patients observed in
Philadelphia, of whom 75 were black and 87 white, Israel and Washburne
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Figure 6.1 Dense sarcoid infiltration of the lungs in a man aged 39 who was
symptom-free, with normal carbon monoxide uptake (by steady state method
29 ml min~'mm™' Hg at rest, rising to 48 on exercise).

(1980) found that symptoms were, in general, more severe in black than in
white patients. Among the black patients only 4% had no symptoms, while
17% complained of weight loss, 32% of dyspnoea, and 19% were observed
to have fever; while the corresponding figures among the white patients
were 16% symptom-free, and 1% with weight loss, 15% with dyspnoea,
and 10% with fever.

Patients with sarcoidosis who smoke, and who live in areas of general air
pollution, must be expected to include the usual proportion susceptible to
the induction of bronchial catarrh and persistent airflow limitation by these
factors. Cases of pulmonary sarcoidosis may therefore first come to notice
during investigation of unrelated respiratory symptoms of these sorts; and
since, as noted below (p.140), airways may be involved in pulmonary
sarcoidosis, it may be difficult in such cases to assess the relative contribu-
tions of sarcoidosis and of air-pollution, private and public, to airflow
limitation. Occasionally, a banal acute respiratory infection leads to the

103



104

Sarcoidosis

discovery of radiographic evidence of sarcoidosis, itself causing no or only
trivial symptoms. Atopic individuals may develop sarcoidosis; in such cases,
atopic disease — asthma, hay fever or eczema — and sarcoidosis appear to
follow independent courses.

The later stages of chronic fibrosing pulmonary sarcoidosis, like other
sorts of widespread pulmonary fibrosis, may be complicated by intercurrent
infections, the common epidemic respiratory infections tending to lead to
exacerbation of symptoms with secondary bacterial infection and purulent
sputum. In old-standing chronic pulmonary sarcoidosis, increasing
dyspnoea on exertion may be complicated by right ventricular hypertrophy
and eventually failure from hypoxic pulmonary hypertension, as in other
forms of chronic respiratory failure; but clinically evident heart failure with
oedema, hepatic enlargement and raised venous pressure is less frequent
than in patients with respiratory failure from chronic airway obstruction. In
a very few patients, granulomatous changes in pulmonary blood-vessels
(p. 107) contribute to pulmonary hypertension, even at a relatively early
stage of sarcoidosis.

Fever of varying severity and duration is a usual feature of the syndrome
of erythema nodosum, arthropathy and BHL which marks the onset of
sarcoidosis in some patients (Chapter 5). It occurs in only a minority of
other patients with sarcoidosis. It does not appear to be associated espec-
ially with pulmonary localization, but rather with active and extensive
sarcoidosis, irrespective of site. When it occurs in patients with a wide-
spread sarcoid infiltration of the lungs, it may lead to diagnostic difficulty,
suggesting such possibilities as tuberculosis, other microbial and fungal
diseases, acute extrinsic allergic and cryptogenic fibrosing alveolitis, and
collagen-vascular diseases. In a series of 75 patients with a final diagnosis of
sarcoidosis, admitted to hospital for investigation, and thus including a high
proportion of difficult diagnostic problems, Nolan and Klatskin (1964)
found that 60% of blacks and 29% of whites had fever of at least 38.3 °C
for at least three days, the difference being significant, P<0.01. The dura-
tion of fever ranged from a few days to 12 weeks, and was greater than two
months in half the febrile patients. Fever might be associated with leucocy-
tosis, counts above 10 000 mm™ being recorded in seven of 31 febrile and
only one of 44 afebrile patients. Thus although most cases of sarcoidosis run
an afebrile course, fever of limited duration may occur in a few, and
especially in blacks.

The symptoms that may arise from pleural involvement, from changes in
large bronchi, and from fungus-balls developing in cavities, all of which
occur in only a few cases, are considered below.

Diffuse sarcoid infiltration of the lungs characteristically gives rise to no,
or inconspicuous, physical signs, especially when it is symptomless. In some
cases, more especially those with evident symptoms and a sub-acute onset,
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fine crackles may be heard over the lungs, but these are generally less than
are found in some other diseases affecting the pulmonary acini. In the late
fibrotic stages, the physical signs are those to be expected from the struc-
tural changes.

Clubbing of the fingers is rarely seen in pulmonary sarcoidosis, and when
it occurs is usually associated with long-standing fibrosis, possibly with
bronchiectatic changes, cavitation and secondary bacterial infection. In 500
personally observed cases, one of us (JGS) observed drumstick clubbing of
the fingers in only one without these complicating factors. This was in a
woman, who presented with widespread mottling in the chest radiograph
and gradually increasing dyspnoea leading to death five years from the
onset. The radiographic shadows persisted diffusely, without the sort of
local condensation and development of irregular strand-like shadows and
distortion that are more usual; and at necropsy, there was extensive diffuse
hyaline fibrosis in the lungs, with only ill-defined remnants of granulomas,
and similar changes were found in liver and lymph-nodes. Yancey et al.
(1972) referred briefly to having seen clubbing of the fingers in four of the
136 patients with sarcoidosis, but gave no detail either of the severity of the
clubbing, or of the characteristics of the patients in whom it was observed,
beyond that they had evidence of ‘bilateral interstitial disease’. Chusid
(1980) measured the ratio between the distal phalangeal and the interpha-
langeal depths of the index finger in 120 patients with sarcoidosis. A value
above 1.0, which has been used by Regan et al. (1967) and Waring et al.
(1971) as an index of clubbing, was found in proportions increasing from
7% of 14 with normal chest radiographs to 74% of 23 at conventional
radiographic Stage IlI; but the proportions showing clinically evident club-
bing were not stated. West et al. (1981) reported briefly the case of a 28
year old black man with widespread sarcoidosis, of three years’ duration,
affecting superficial and hilar lymph-nodes, lungs, skin and salivary glands,
accompanied by migratory polyarthropathy. Eighteen months from the
onset, he developed painful clubbing of fingers and toes, without radio-
graphic changes to suggest either sarcoid involvement of bone or hyper-
trophic osteoarthropathy. The pain responded to colchicine, but there was
no long-term follow-up.

PATHOLOGY

Open lung biopsy, which at one time was used almost routinely in some
centres for the diagnosis of widespread lung disease whose nature was not
otherwise evident, has provided information about some special features of
the histopathology of pulmonary sarcoidosis at various stages of its evolu-
tion.

Probably the most important of these is the varying prominence of
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mononuclear infiltration in the vicinity of granulomas, especially in alveo-
lar walls. This has been called ‘interstitial pneumonia’ by some (Carrington
et al., 1976; Rosen et al., 1978, 1979) and ‘alveolitis’ by others (Roberts,
1981). The principal site of this mononuclear cell infiltration is in alveolar
walls, rather than in the very extensive interstitial tissue of the lung gener-
ally; and we therefore prefer ‘alveolitis’. Used with the conventional limita-
tion of meaning suggested by Scadding (1964), this term denotes an
inflammation of pulmonary acini affecting principally alveolar walls, as
opposed to ‘pneumonia’ which refers to inflammatory consolidation by
exudation into alveolar spaces. Rosen et al. (1978) found non-
granulomatous changes predominant in 24% of 128 open lung biopsy
specimens from patients with sarcoidosis, prominent in a further 38%, and
insignificant in the remaining 38%. These changes consisted of mixed
mononuclear cells, mainly macrophages and lymphocytes, infiltrating alveo-
lar walls. Their prominence was inversely related to the profusion of granu-
lomas; it was greater in patients with BHL and radiographically clear lungs
than in those with radiographically evident changes; and there was less
fibrosis in specimens with predominant alveolitis than in those with pre-
dominant granulomas. Similarly in open lung biopsies from 30 patients with

Figure 6.2 Biopsy of lung of a woman aged 30, in whom widespread
mottling had been found in the routine radiograph. There are well-formed
sarcoid granulomas among the alveoli, intervening alveolar walls being
normal. H & E. x 100.
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Figure 6.3 Biopsy of lung of a woman aged 21 who presented with
arthropathy, increasing dyspnoea and pulmonary infiltration, showing non-
granulomatous cellular infiltration of alveolar wall (‘alveolitis’). Elsewhere,
there were well-formed granulomas. H & E. x 70.

sarcoidosis, Lacronique et al. (1983) found both infiltration of alveolar
walls by inflammatory cells, mainly lymphocytes, and formed epithelioid
and giant-cell granulomas, and studying the relative extent of these changes
by a point-counting method, showed that there was an inverse relation
between them. These findings suggest that alveolitis is an early stage of the
process, antedating and resulting in the formation of granulomas; they are
consistent with experimental studies of granuloma formation (Chapter 2, p.
28) and with the immuno-cytological studies made possible by broncho-
alveolar lavage (Chapter 20, p. 435). Figure 6.2 shows discrete granulomas
of sarcoid type with normal-looking alveoli between them in a woman who
admitted to only slight dyspnoea on exertion after widespread mottling had
been found in a chest radiograph; by contrast, Figure 6.3 shows extensive
cellular infiltration of alveolar walls in a woman with a short history of
arthropathy and increasing dyspnoea on exertion, formed granulomas being
found elsewhere in the biopsy section.

A few cases in which extensive granulomatous changes were found at
necropsy in pulmonary blood-vessels in patients with sarcoidosis have been
reported (Bottcher, 1959; Michaels et al., 1960; Thompson, 1966), possibly
causing pulmonary hypertension (Levine et al., 1971); but the frequency of
granulomatous angiitis throughout the course of pulmonary sarcoidosis has
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become evident only from studies of open lung biopsy samples. Carrington
et al. (1976) found such changes in arteries, veins, or both in 42% of 48
patients with pulmonary sarcoidosis; by contrast, granulomatous changes
in vessels were found in only one of 15 with chronic beryllium disease. In a
study of 128 open lung biopsies, Rosen et al. (1977b) found granulomas
within the walls of blood-vessels in 88; in half of these, only one or two foci
of angiitis were seen, while in one-quarter, more than four were seen. Veins
were affected more than arteries, veins only being affected in 54, arteries
only in seven, and both arteries and veins in 27 cases. Granulomas were
found in vessels of various sizes, and in media, intima and adventitia. Serial
sections might show that changes evident in only one coat in the first were
transmural in other sections. Small vessels might be much narrowed by
these changes, but no thrombosis or aneurysmal dilatation was seen. Vascu-
lar granulomas might appear isolated, or be in continuity with extravascular
granulomas. The extent of granulomatous angiitis correlated well with the
general profusion of granulomas, but not with radiographic appearances or
the amount of fibrosis. Rosen et al. reviewed the lung sections from 15
necropsy cases of miliary tuberculosis, and 98 surgical specimens of pul-
monary tuberculosis of other sorts, and found two cases, one from each of
these groups, with granulomatous pulmonary angiitis similar to that seen in
their sarcoidosis patients.

Bronchiolar and peribronchial granulomas are frequent, and seem to be
so placed in some cases as to be likely to narrow small airways (Carrington
et al., 1976). Changes in larger bronchi are considered below (p. 140).

The varying prominence of vascular involvement in the granulomatous
process in pulmonary sarcoidosis, and the varying balance between granulo-
mas and non-granulomatous alveolitis, may lead to difficulty in diagnostic
interpretation of lung biopsies. Prominence of alveolitis suggests the possi-
bility of chronic beryllium disease (Chapter 22), or of extrinsic allergic
alveolitis, in which inflammatory changes with a variable granulomatous
element occur in alveoli and small airways as hypersensitivity reactions to
organic dusts, such as mouldy hay and other agricultural products, environ-
mental moulds, and bird droppings (Emanuel et al., 1964; Seal et al., 1968);
or of a few rarer diagnostic categories currently definable only in terms of
pulmonary histopathology, such as lymphomatoid granulomatosis (Liebow
et al., 1972). Prominence of granulomatous angiitis may suggest Wegener’s
(1939) granulomatosis, in either its generalized or apparently localized
forms (Carrington and Liebow, 1966), schistosomiasis or reactions to other
pulmonary parasites, or certain rare histopathologically defined categories,
such as necrotizing sarcoidal angiitis and granulomatosis (Liebow, 1973,
Stephen et al., 1976; Churg et al., 1979) and benign lymphocytic pulmonary
angiitis and granulomatosis (Saldana et al., 1977). Where lung biopsy
appearances are equivocal, the diagnosis of sarcoidosis must depend upon
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recognition of generally compatible clinical features and/or evidence of
sarcoid-type granulomatous changes in other organs or in response to a
Kveim test (Chapter 26).

RADIOLOGY

Although tests of lung function, lung biopsy, and more recently broncho-
alveolar lavage have added greatly to knowledge of pulmonary sarcoidosis
in the past 20 years, changes in the chest radiograph are often the first
evidence of sarcoidosis; and because radiology was the chief means by
which knowledge of the course in intrathoracic sarcoidosis was obtained,
and still provides the most convenient way of following it, it has become
customary to group patients suffering from it according to radiographic
appearances for purposes of description. Scadding (1961b), in a study of
prognosis, divided patients into four descriptive groups, according to the
radiographic findings at the beginning of the observation-period, as follows:
Group I, BHL with radiographically clear lungs; Group II, apparently
non-fibrotic lung changes with concurrent or previously observed BHL;
Group IlI, apparently non-fibrotic lung changes, without BHL, either cur-
rently or previously observed; and Group IV, lung changes interpreted as
fibrotic. Grouping of this general sort has been rather widely adopted,
usually with the groups renamed stages, and with Group II including only
cases with concurrent BHL and lung changes, and Group III consisting of
those with lung changes and without concurrent BHL, whether or no BHL
has been observed previously; and sometimes with the addition of a ‘Stage
0’ to refer to cases in which the chest radiograph is normal. The use of the
term ‘stage’ to refer to descriptive groups is unfortunate, since it implies,
unjustifiably, that the numbering O—IV corresponds to a necessary temporal
sequence. Although the sequence BHL, appearance of lung infiltration,
subsidence of BHL with persistence of lung changes occurs in many cases,
there are important exceptions to it. A lung infiltration without BHL may be
the earliest detected change, occasionally in patients who have had a normal
chest radiograph so recently that preceding BHL is unlikely; in rare cases,
BHL with radiographically clear lungs persists indefinitely (Chapter 5, p.
94), and may be accompanied by progressive granulomatous changes in
other organs; as noted above, it has been shown that radiographically clear
lungs with BHL usually contain granulomas, and with or without BHL. may
contain granulomas at various stages of their evolution to fibrosis. More-
over, the correlation of radiology with histopathology made possible by biop-
sy has shown that fibrotic elements may be present without any of the
accepted radiographic evidences of fibrosis, such as distortion of vascular,
septal and other shadows, localized emphysema, and displacement of
mediastinum, ribs or diaphragm. Thus, although grouping by radiographic
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appearances is convenient for descriptive purposes, it should not be thought
of, or called, staging, and should be based on radiological criteria only. In
the definitions of Scadding’s (1961b) Groups II and IIl, ‘apparently non-
fibrotic’ should be interpreted as, or replaced by ‘without distortion of
vascular shadows of displacement of mediastinal structures or ribs’. Esti-
mates of duration and chronicity can be made only by consideration of all
available evidence, and radiological grouping, apart from Group IV, should
carry no necessary implications in these respects.

For those reasons, the radiographic appearances will be described with-
out reference to ‘stages’, except where necessary in discussion of reports in
which this terminology has been used.

Pulmonary infiltration

The most frequent radiographic appearances of sarcoidosis of the lungs
early in its course is a widespread mottled shadowing, distributed either
more or less uniformly, or tending to be rather denser in the middle thirds of
the lung fields. In the following discussion, the term ‘sarcoid infiltration’ will
be used to refer to shadows distributed widely in the lung fields and
attributed to sarcoidosis.

Figure 6.4 Bilateral hilar and right paratracheal lymph-node enlargement in
awoman aged 32.
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Figure 6.5 The same, 18 months later; lymph-nodes much smaller, wide-
spread mottling in both lungs. One year later, lung fields and hilar shadows
were normal.

Relation to BHL

In a high proportion of cases, sarcoid infiltration of the lungs is accompa-
nied at the time of its discovery by enlargement of hilar lymph-nodes on
both sides, with or without paratracheal nodes (BHL) of the type described
in Chapter 5. When associated with BHL, it frequently appears as the BHL
starts to subside, and reaches its full development after the BHL has sub-
sided (Figs 6.4 and 6.5). Occasionally BHL and lung mottling coexist for
months or even years (Fig. 6.6), but it is exceptional for the BHL in such
instances to remain prominent.

In some cases, the first evidence of pulmonary sarcoidosis is a widespread
shadowing in the lung fields, without enlargement of hilar shadows. In these
cases, either there has been in fact no stage of BHL, or such a stage has
passed without symptoms and therefore without detection. The concept of
BHL as a necessary stage in the evolution of pulmonary sarcoidosis (p. 99)
would imply the latter. But in all reported series, a proportion of cases of
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Figure 6.6 This mottling and BHL was known to have been present for more
than two years without symptoms.

pulmonary sarcoidosis have had pulmonary infiltration without BHL when
first seen; and although this proportion is likely to over-estimate their
frequency, cases without BHL at any time certainly occur.

Of 136 patients reviewed after five years’ observation by one of us
(Scadding, 1961), 77 had apparently non-fibrotic lung changes at the begin-
ning of the observation period. Of these, 40 either had at that time or were
known in the past to have had BHL, and 37 had no present or available past
evidence of BHL. It was of course not possible to be certain that none of the
patients in the latter group had ever had BHL; but three of them had had
normal chest radiographs within one year before the first abnormal one, and
ten others were symptom-free at the time of the detection of the abnormal-
ity. The average estimated duration of the disease in those first seen with
lung changes without BHL was about the same as that in those with BHL.
The proportions with erythema nodosum at the onset and with ocular
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involvement were widely different in these two groups. Of those with BHL,
seven had erythema nodosum and nine eye changes, as compared with one
and three respectively in those without detected BHL. Thus the presence or
absence of BHL was accompanied by other differences between these two
groups. The numbers of patients without detected BHL in other reported
series have varied, probably in part at least because of differing criteria for
the diagnosis of hilar node enlargement. In another study in London,
Smellie and Hoyle (1960) reported that of 125 patients only nine had
infiltration without BHL when first seen; while Sones and Israel (1960) in
Philadelphia reported that of 128 patients, 56 had no obvious hilar lym-
phadenopathy in the earliest radiograph. In a later report from Philadel-
phia, Freundlich et al. (1970) reviewed 300 cases with radiographic evi-
dence of pulmonary sarcoidosis, and found that BHL had been detected at
some time in three-quarters, but not in one-quarter of them. Kirks et al.
(1973) in San Francisco found similar proportions; among 150 patients
with sarcoidosis and an abnormal chest radiograph, 65 had BHL. alone, 61
BHL and lung infiltration, and 24 lung infiltration alone, the latter figure
constituting 28% of those with radiographic evidence of lung infiltration.

Radiographic appearances

Sarcoid infiltration of the lungs usually involves large parts, up to the whole,
of the lung-fields more or less symmetrically. Most commonly it has a
mottled or stippled quality, consisting of elements from 1-5 mm in dia-
meter. But the possible range of radiographic patterns is wide. In a few
cases, there are scattered rounded or irregularly-shaped shadows of larger
size, and rarely a few larger shadows of more or less uniform density.

Description of widespread mottled or stippled patterns is difficult. The
quality of such patterns in a radiograph can vary with variations in radio-
graphic technique. Most authors have been content to describe them in
terms of the coarseness of the pattern in available radiographs, as judged by
the size of individual elements in the pattern.

Nitter (1953) divided sarcoid infiltrations of the lungs into nodulation,
with densities varying from 3-5 mm in diameter, and miliary lesions, with
densities about 1 mm in diameter, and found that resolution was more
frequent in those with miliary shadows.

Smellie and Hoyle (1960) described the readiographic appearances in 94
patients with pulmonary sarcoidosis judged to be pre-fibrotic in four
categories; 26 had coarse nodular shadows 3—5 mm in diameter, 50 fine
nodular shadows 1-3 mm in diameter, eight fine stippling, less than 1 mm in
diameter, and ten scattered or localized patches.

One of us (JGS) analysed the radiographic patterns in 71 cases of pulmon-
ary sarcoidosis showing no evidence of fibrosis. Fifty-two showed more or
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Figure 6.7 ‘Mottling’: most elements exceed 2 mm in diameter.

Figure 6.8 ‘Stippling’: most elements less than 2 mm in diameter.
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Figure 6.9 ‘Cloudy shadowing’, for description see text.

less uniform scattering over major parts of the lungs of small rounded
opacities, up to 5 mm in diameter with poorly or moderately well-defined
margins. Individual opacities varied in size, but it was usually possible to
distinguish cases in which many of them exceeded 2 mm in diameter, from
those in which most were below this size. The coarser pattern of large
opacities, called ‘mottling’. (Fig. 6.7), occurred in 34 cases; the finer pattern,
called ‘stippling’ (Fig. 6.8) occurred in 18. The appearance for which the
name ‘cloudy shadowing’ was adopted occurred in 17 cases. It was
composed of shadows, of substantially uniform density, up to 5 cm or more
in diameter, with poorly defined margins and scattered irregularly through
the lungs. Close inspection of these, especially at their edges, showed
stippling, usually very fine, the individual elements being less than 1 mm in
size (Fig. 6.9). The distinction between mottling and stippling, and between
partial confluence of stippling and cloudy shadowing was in the borderline
case arbitrary. It may be that stippling, especially of the very fine sort seen at
the periphery of ‘cloudy shadows’ is indeed acinar in origin, in the sense in
which this word was used by Ziskind et al. (1963), and that these shadows
are caused by confluence of acinar elements. The remaining two cases
showed more clearly defined localized shadows. In one, multiple irregularly
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Figure 6.10  Dense cloudy shadows, or locally confluent stippling, in a
woman aged 43.

Figure 6.11 The same, 18 months later, showing spontaneous clearing.
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shaped opacities, up to 2 cm in greatest diameter, of only moderate density,
were scattered through both lungs; they resolved under observation. In the
other, there was a localized shadow at the apex of the right lung in a patient
with BHL and erythema nodosum, which also resolved spontaneously.
There was no indication of any difference in course between those with
mottling and those with stippling, half of those with stippling and rather
more than half of those with mottling having resolved completely during the
observation periods which, though variable from case to case, were similar
for the three main groups. Cloudy shadows seemed to have a worse
prognosis, only rather less than one-third resolving, and nearly one-half
showing evidence of fibrosis within the observation period. Nevertheless,
the lesion associated with such shadows sometimes resolved (Figs 6.10 and
6.11).

Rarely, a widespread infiltration may be accompanied by one or more
localized uniform opacities. Such a shadow may resolve spontaneously
(Figs 6.12-6.15).

A few cases present with multiple well-defined shadows suggesting pul-
monary nodules without a background generalized infiltration. Sharma et
al. (1973) reported six young black patients with pulmonary sarcoidosis
presenting in this way; five of them had concurrent BHL. Large nodular

Figure 6.12  BHL and middle zone mottling in a woman aged 24 who
presented with anterior uveitis.
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Figure 6.13 The same, one year later, showing much denser mottling and a
localized shadow at the apex of the right lung.

Figure 6.14 Tomograph defining the localized shadow.

shadows were found in three of 103 patients by Kirks et al. (1973) and in
three of 89 by Littner et al. (1977); Kirks et al. estimated that pulmonary
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Figure 6.15 The same case, one year later, showing almost complete
spontaneous resolution; the uveitis had also resolved.

sarcoidosis presented in this way in 4% of young black patients. Remer
(1977) reported that two of 126 Danish patients with intrathoracic sar-
coidosis initially showed multiple large opacities simulating pulmonary
metastases; in one, a normal chest radiograph had been obtained six weeks
before the first abnormal one, and in both patients radiographic resolution
was observed. Other cases with multiple well-defined opacities have been
reported by Talbot et al. (1959); Dhakhwa et al. (1976) and Tellis and
Putnam (1977). In some of these reported cases, ‘air bronchograms’ have
been observed within the otherwise uniform shadows, suggesting confluent
filling of acinar air-spaces with normal airways. Diagnostic difficulty may
arise in patients with scattered ‘nodular’ opacities, if changes are limited to
the lungs, especially in the minority in which hilar nodes are not enlarged,
and coalescence of granulomas infiltrating the lung generally, but radio-
performed, granulomas have generally been found not only coalescent in the
nodule but also scattered elsewhere in the lung. Chrisholm and Lang (1966)
resected part of the lower lobe of a black woman aged 58, who presented
with BHL and a localised shadow at this site; in addition to a granuloma-
tous mass 5 cm in diameter, the lung contained multiple small nodules. It
seems likely that localized well-defined shadows are due to local profusion
and coalescence of granulomas infiltrating the lung generally, but radio-
graphically inapparent elsewhere, and thus represent the extreme of the
patchy localization which leads to ‘cloudy shadowing’.
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The use of anatomical terms to describe patterns of radiographic shadow-
ing may cause confusion, both because correlations with structure are not
generally agreed, and because some such terms have been used in different
senses by different authors. For instance, Ziskind et al. (1963) showed that
in at least some cases fine stippling distributed in a rosette pattern was due
to opacities occupying discrete pulmonary acini. They recognized that this
acinar pattern might be a stage in the development of consolidation, which
would result when acinus-filling processes became confluent. On the other
hand, Felson (1967) used ‘acinar’ to imply that shadows were attributable
to alveolar processes generally, including consolidation, as opposed to those
affecting alveolar walls. Sahn et al. (1974) performed open lung biopsy in a
black woman aged 26 with a short history of increasing dyspnoea, cough
and low fever and a chest radiograph showing a bilateral acinar rosette
pattern of the sort described by Ziskind et al. (1963); there were peribron-
chial and interstitial granulomas with giant cells, and alveoli in affected
areas were filled with mononuclear cells but showed no granulomas. Shige-
mitsu et al. (1978) apparently used the term ‘acinar’ to refer to radiographic
appearances suggesting consolidation or, if widespread, not describable as
‘reticulo-nodular’. They found that 20% of 101 patients showed changes of
these sorts, in all accompanied by BHL; in open lung biopsies, the ‘acinar’
pattern so defined was correlated with granulomas and macrophages in
alveolar spaces. Battesti et al. (1982) found that 33 (4.4%) of 746 patients
with pulmonary sarcoidosis showed localized opacities more than 15 mm in
diameter, and called these opacities ‘alveolar’. In 17 cases the appearances
suggested large nodules with ill-defined margins, usually multiple and bila-
teral; and in 16 they were more diffuse, in some with an air bronchogram.
In 20 the localized shadows were accompanied by a reticulo-nodular pat-
tern. Lung biopsy in four cases showed confluence of granulomas at sites of
localized shadows, but no other unusual features. Clinical findings and
pattern of functional disorder did not differ from those found in patients
with more usual radiographic patterns.

Widespread apparently non-fibrotic sarcoid infiltration tends to affect the
two lungs approximately equally, and the middle or the middle and upper
zones more than the lower, though there are exceptions to both these rules.
One of us (JGS) analysed the distribution in 70 cases of this sort, and found
a pattern similar to that reported by Smellie and Hoyle (1960). The two
lungs were involved equally in 60, the right being more densely affected in
eight and the left in two. The zonal distribution was more or less uniform in
40; the middle and upper zones were affected in 14, and the middle zones
only in 15. The lower zones were least often involved in unevenly distri-
buted infiltrations, being affected with the middle zones in one case, and
predominantly in a generalized infiltration in one. Infiltrations limited to the
middle zones were nearly all of the quality described as mottling (ten) or
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stippling (four), only one of those described as ‘cloudy shadowing’ having
this distribution.

A few variant patterns of widespread radiographic shadowing can be
accepted as due to predominantly non-fibrotic pulmonary sarcoidosis
because they may be observed to resolve. One, which occurs in a few cases
at the stage of BHL, usually when the BHL is prominent, consists in a varied
mixture of mottling and streaky linear shadows, more or less radiating
from the region of the central hilar shadow in each lung (Fig. 6.16). This
shadowing is densest centrally, and therefore blurs the outlines of the
enlarged hilar and paratracheal lymph-nodes, and obliterates the clear band
which is usually seen, especially on the right side, between the inner border
of the lower part of the hilar lymph-node shadow and the heart shadow.
One of us (JGS) noted three or four examples of appearances of this sort, or
intermediate between them and the more frequent well-defined hilar node
shadows among 275 patients reviewed. Rabinowitz et al. (1974) suggested
the apt name ‘hilar haze’ for it. Another is that described, ¢.g. by Turiaf and

Figure 6.16 BHL with para-hilar mottling, blurring the usually distinct
outlines of the enlarged lymph-nodes in a man aged 40, who also had
hepatosplenomegaly and enlarged iliac lymph-nodes. Prednisolone treatment
was given for relief of symptoms for two and a half years. Five years from the
onset, he was well, with an almost clear chest radiograph.
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Figure 6.17 BHL with irregular stippling in the lungs in a woman aged 36;
the BHL was known to have been present for two years.

Brun (1955), as ‘reticulo-nodular’; this refers to a fine network with small
punctate opacities at the angles of the net. Such an appearance may develop
during the transition from mottling to a reticular pattern in a few patients in
whom fibrosis develops without confluence of focal changes, which is more
usual. But occasionally a reticulo-nodular pattern is observed early, and
resolves, indicating that fibrosis is not prominent and if present is not
progressive. Histopathological correlations of this pattern have not been
established; it may be that when it proves capable of resolution, it is due to
distribution of granulomatous changes not only focally but also along linear
structures such as small airways, blood-vessels or septa.

Fibrotic stage of sarcoidosis of the lungs

In those patients in whom the pre-fibrotic stage of lung infiltration fails to
resolve, progress towards fibrosis is insidious. It is made manifest clinically
by the development of dyspnoea in previously symptom-free patients or
increasing dyspnoea in those in whom a pre-fibrotic infiltration has caused
this symptom, and by certain changes in the radiographic appearances.
These are not always correlated. Development of some local fibrosis while
the greater part of the infiltration resolves may cause a recognisable radio-
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Figure 6.18 The same, three years later; BHL has subsided, and the lung
infiltration evolved into the characteristic appearance of fibrosis predomi-
nantly in the middle and lower parts of the upper zones of the lungs, with
basal and apical emphysema.

graphic shadow but no symptoms, especially in a patient with a sedentary
habit of life. On the other hand, as noted below, in rare cases with uniform
fine infiltration of the lungs, fibrosis may develop focally without coales-
cence of the sarcoid tubercles into confluent masses, and in these cases a
disabling fibrosis may be accompanied by apparently trivial radiographic
changes. Furthermore, dyspnoea due to advancing fibrosis may appear
before there is much change in the radiographic appearance of a widespread
infiltration, and, as noted above, a dense and widespread infiltration may
cause dyspnoea although it eventually resolves with little fibrosis and with
diminution of dyspnoea. The longer infiltration persists, the more likely is
fibrosis to result; but the clinical and radiographic evidence of fibrosis
develops insidiously, at a variable pace, and sometimes with long periods
during which the whole process appears static. If resolution is eventually to
be complete, the radiographic shadows nearly always start to become less
dense and extensive within a year of their appearance, although occasion-
ally a dense infiltration which shows little change for several years may clear
remarkably, leaving much less fibrosis than might have been expected.
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Figure 6.19 Tomograph at same time as Fig. 6.18, showing large irregular
air-containing spaces.

Figure 6.20 The same, three years later, showing further contraction of the
fibrotic parts of the lungs.
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The most frequent pattern of radiographically evident fibrosis is predomi-
nantly localized near the middle of the lung fields, usually around the upper
part of the middle third. The mottled shadowing indicative of sarcoid
infiltration, as already noted, is often densest in the middle zones. In cases in
which this sort of fibrosis is developing, the middle zone mottling becomes
denser, while that at the apices and bases may be diminishing, as if the
individual elements in the mottling were coalescing into the middle third of
the lungs, and in some cases being pulled up towards the apices. Established
sarcoid fibrosis of this middle-zone distribution presents an almost pathog-
nomonic radiographic picture. Dense shadows near the hila with strand-like
linear opacities spreading out from them into the upper part of the middle
zones are accompanied by distortion of vascular patterns, often by elevation
of the hila, and by areas of transradiancy in the upper and lower zones
indicative of emphysema, which may be evidently bullous. Tomography of
the area of denser shadowing in the middle zones often shows evidence of
large air-containing smooth-walled spaces between the strands of fibrosis;
these presumably may represent either bullous emphysema between tracts

Figure 6.21 Fibrosing stage of pulmonary sarcoidosis in a woman aged 55,
showing most prominent changes in the middle zones and the lower parts of
the upper zones of the lungs.
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Figure 6.22 Fibrotic stage of pulmonary sarcoidosis affecting the upper parts
of the lungs predominantly, especially the apex of the right lung; from a
woman aged 44, nine years after she had been found to have the infiltration

shown in Fig. 6.9.

of fibrotic contracted lung, or the sort of ‘cavity’ with featureless fibrous
walls that is described below. Figures 6.17—~6.20 show the development of
changes of this sort over a period of eight years.

When the distribution of the fibrosis is investigated by radiography or
tomography in lateral as well as postero-anterior planes to determine its
segmental distribution, it is commonly found that the lower parts of the
upper lobes — i.e., their posterior and anterior segments — and the apical
segments of the lower lobes are most affected. In the postero-anterior view,
the shadows due to the densest parts of the fibrosis commonly appear in the
upper part of the middle zone and the lower part of the upper zone (Fig.
6.21). Sometimes they are densest in the upper zones (Fig. 6.22). Very rarely
are the lower zones predominantly affected. Occasionally one lobe or seg-
ment may be especially affected (Fig. 6.23) even in the absence of the rare
stenosing bronchial lesions to be described below (p. 143).

Dense local shadows developing during the evolution of pulmonary sar-
coidosis to fibrosis, with emphysema elsewhere in the lungs may simulate
the progressive massive fibrosis of coal-miners’ pneumoconiosis (Fig. 6.24).

In some cases, a widespread infiltration appears to undergo fibrosis



Figure 6.23 Pulmonary sarcoidosis in a man aged 35, with confluent
shadowing in the right lower zone, shown in the lateral view to be in the

middle lobe.

Figure 6.24 The same three years later, showing the development of further
localized shadows in the left upper and right middle zones.
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Figure 6.25 Widespread ‘reticulo-nodular’ fibrosis in a woman aged 51
known to have had pulmonary sarcoidosis for at least eight years, with
increasing respiratory disability.

without coalescence or distortion of the gross structure of the lung, giving
rise to generalized patterns of small linear and irregular shadows through-
out the lungs (Fig. 6.25). These may show local areas with a honeycomb
appearance, but generalized ‘honeycomb lungs’, as may result from fibros-
ing alveolitis, histiocytosis X or mesodermal dysplasia, is rarely or never
the result of sarcoidosis. In a few cases, a fine infiltration gives place to a fine
pattern of fibrosis with a radiographic abnormality less impressive than the
severe symptoms and functional deficit which it causes. For instance, the
patient whose chest radiograph is shown in Fig. 6.26 was severely breath-
less, with signs of right ventricular failure; 12 years earlier she had been
found to have widespread sarcoid infiltration of the lung, the radiographic
pattern being a very fine stippling of no great density, with moderate
dyspnoea, which had steadily increased. Such cases are exceptional; more
usually, the development of fibrosis in pulmonary sarcoidosis produces
well-marked and rather characteristic radiographic changes, and disability
in many cases is less than might be expected from the obvious extent of
these changes.

It is possible that in some cases emphysematous bullae accompanying
pulmonary sarcoidosis antedate the sarcoidosis, and become more evident
and increase in size as a result of the sarcoid changes in the lung.



Figure 6.26 Widespread fine fibrosis causing severe disability in a woman
aged 52, known to have had pulmonary sarcoidosis with inconspicuous
radiographic changes for at least 12 years.

Figure 6.27 BHL and mottling in a woman with lupus pernio; there is a
small emphysematous bulla at the apex of the left lung.



Figure 6.28 The same, two years later; the mottling has diminished and the
emphysematous bulla is greatly inflated.

Figure 6.29 The same, two years later still: the bulla has disappeared.
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A woman aged 40 developed lupus pernio of the left great toe with radio-
graphic changes in the phalanges (Fig. 7.13). BHL with mottling in the lungs
was found soon afterwards (Fig. 6.27). At this time a group of small emphyse-
matous bullae was evident at the apex of the left lung; these presumably were
of old standing and antedated the sarcoidosis. Two years later, the infiltration
was giving place to a diffuse fine fibrosis, and the bullae had inflated grossly
(Fig. 6.28). She was treated with prednisolone, because of the increasing
fibrosis and the painful toe, with good effect. The bulla remained variably
inflated for another two years, and then almost disappeared (Fig. 6.29).
Presumably in this case changes in the patency of the airways leading to the
bullous area caused the changes in its size.

Thick-walled air-containing spaces may appear not only in lungs densely
fibrotic from long-standing sarcoidosis, as noted above, but also very rarely
in nodules of more recent origin. Cavities of this sort may cause suspicion
that overt tuberculosis has supervened; but when there is no change in
tuberculin sensitivity and no tubercle bacilli can be found, and especially if
there are extrathoracic localizations of sarcoidosis, this is unlikely. The
possibilities that then remain are (i) that the ‘cavities’ are emphysematous
bullae whose walls have been thickened by secondary bacterial infection; (ii)

Figure 6.30 Fibrotic pulmonary sarcoidosis in a woman aged 41, showing
large irregular air-conditioning spaces.
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that they are intercurrent pyogenic lung abscesses; and (iii) that they result
from necrosis at the centres of large masses of confluent sarcoid granulo-
mas. The first two possibilities can in many cases be excluded because there
has been no evidence of secondary bacterial, infection. It seems likely that
the third possibility is the correct explanation of most thick-walled cavities
in chronic sarcoidosis, in which the available evidence suggests that necrosis
has occurred in areas of dense hyaline fibrosis. Necropsy findings in such
cases have been reported by Tice and Sweany (1941), Ustvedt (1948), in a
Clinico-Pathological Conference (1950) on a patient under the care of one
of us, by Uehlinger (1955), Lofgren and Lindgren (1959) and Adamson et
al. (1960). In these reported cases, the sarcoidosis was of old standing with
much hyaline fibrosis forming large nodules; the lymph-nodes have fre-
quently shown almost complete replacement by such fibrosis; and the
cavities have been lined by fibrous tissue, without specific elements, and
without epithelium. These features were especially striking in Case 2 of

Figure 6.31 Right lateral tomograph of the same.
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Ustvedt (1948). A woman aged 39 died with chronic fibrotic changes in the
lungs with smooth-walled cavities lined with hyaline fibrous tissue; the large
mediastinal lymph-nodes showed massive hyaline fibrosis, but no specific
changes. Eleven years before death she had had a typical uveoparotitis with
bilateral hilar adenopathy and a negative tuberculin test, leaving no doubt
of the diagnosis of sarcoidosis though all specific granulomata had been
replaced by hyaline fibrosis at the time of death.

The patient whose case was discussed at the Clinico-Pathological Conference
(1950) was aged 41 at the time of death. She had presented clinically with
extensive fibrotic changes in both lungs, principally in the middle zones, and
large multiocular air-containing spaces with thick smooth walls (Figs 6.30 and
6.31). Her skin was non-reactive to tuberculin. Biopsy of a palpable supracla-

Figure 6.32  Section of the wall of the air-containing spaces, showing
irregular fibrous tissue with a dumb-bell shaped body, presumably originally
an inclusion-body.
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vicular lymph-node showed a central zone of dense hyaline collagen, with a
peripheral rim of recognizable sarcoid granulomas. At necropsy, it seemed
that at least one of the ‘cavities” might have originated as an emphysematous
bulla; but others had thick fibrous tissue walls without epithelial lining. This
fibrous tissue was unremarkable, except that it contained some dumb-bell
shaped bodies, that might originally have been intracellular inclusions (Fig.
6.32). The liver contained large nodules consisting of hyaline connective tissue
with a fringe of sarcoid granulomas, and some of these nodules had necrotic
centres. It seemed likely that similar changes at the centres of hyalinized
nodules in the lungs were the origin of the thick-walled air-containing spaces.

A very few cases have been reported in which nodules at an apparently
earlier stage of sarcoidosis have shown radiographic evidence of cavitation.
Hamilton et al. (1965) reported the histology of the biopsy specimen of the
wall of such a cavity; it was composed of epithelioid and giant cells with
some eosinophils and lymphocytes. Bistrong et al. (1970) reported the case
of a young white man who was found by routine radiography to have a
thin-walled cavity in the left upper lobe; tuberculin and fungal skin tests
were negative, and a Kveim test positive. Biopsies of liver and hilar lymph-

Figure 6.33 Sarcoidosis of hilar lymph-nodes and lungs in a woman aged 38.
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Figure 6.34 Tomograph of the apex of the right lung, showing an air-
containing space.

nodes showed non-caseating granulomas, and of the wall of the cavity
coalescent granulomas with dense fibrosis. Followed 18 months, he
remained symptom-free. Tellis and Putnam (1977) described the case of
another asymptomatic young white man who was found to have multiple
nodular shadows in a routine chest radiograph, some of which showed
appearances of cavitation: biopsy of one of the nodules showed many
granulomas, but no cavitation; partial resolution occurred during six
months’ observation.

Colonization of cavities by Aspergillus (‘aspergilloma’)

Occasionally cavities in chronic fibrosing sarcoidosis, like other long-
standing cavities in the lung, become colonized by Aspergillus, usually the
species fumigatus, giving rise to the formation of a mass of mycelium
eventually occupying the greater part of it, the so-called aspergilloma or
Aspergillus mycetoma (Hinson et al., 1952; Campbell and Clayton, 1964;
BTTA, 1968, 1970). In such cases, productive cough and haemoptysis are
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frequent symptams, but it is difficult to determine how much the aspergil-
loma contributes to them. The aspergilloma may produce no evident
symptoms, coming to light only hecause of typical radiographic changes
developing in a patient with chronic pulmonary sarcoidosis, as in the
following case:

A woman, then aged 38, was found in 1949 to have enlargement of hilar
lymph-nodes, stippling in both lungs, especially in the lower two-thirds (Fig.
6.33), and a moderately thick-walled cavity at the apex of the right lung (Fig.
6.34). Axillary lymph-nodes were moderately enlarged on both sides, and
biopsy of one of these showed typical sarcoid tubercles. The skin gave a small
reaction to 100 IU. No tubercle bacilli were isolated in many cultures of
sputum. In 1953, the cavity was seen to be filled with a solid mass, surrounded
by 4 transradiant crescent of air (Fig. 6.35), the typical appearance of an
aspergilloma. A. fumigatus was found intermittently in the sputum, and later
precipitating antibody to this mould was found repeatedly in the blood serum.
The aspergilloma at first increased in size (Fig. 6.36), and then waxed and
waned, nearly disappearing in 1970. Later the cavity in the upper part of the
right lung became bilocular, with small fungus balls in both (Fig. 6.37).
Symptoms were those to be expected from the pulmonary fibrosis, with
exacerbations usually precipitated by intercurrent infections in the winter.
From 1968 onwards these tended to be complicated by haemoptysis, and
control of bacterial infection by antibiotics was helpful. She survived until
1981, when she was aged 70.

Figure 6.35 Tomograph of the same area four years later, showing the cavity
filled with an aspergilloma.
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Figure 6.36 The same, 13 years after Fig. 6.35, showing increase in size of
the aspergilloma.

The serum of patients with a mycetoma generally contains precipitating
antibody to antigens of the causal fungus, giving rise to multiple precipita-
tion lines in Ouchterlony double gel diffusion tests. The fungus is demon-
strable in sputum, but may appear only intermittently. While Aspergillus
species are most commonly found, Allescheria boydii has been recorded as
the cause of a mycetoma in a patient with sarcoidosis by Belitsos et al.
(1974).

Israel and Ostrow (1969) reviewed ten patients with chronic pulmonary
sarcoidosis who developed mycetomas. ‘Cystic’ cavities in the upper lobes
were the usual sites, unilaterally in five and bilaterally in five. Haemoptysis
was noted in nine patients. Three died, two of respiratory failure and one
after haemoptysis. Aspergillus species were cultured in eight, and identified
as fumigatus in four and niger in two. Later, Israel et al. (1982) reported
observations on the role of surgery in the treatment of 38 patients with
Aspergillus fungus balls complicating pulmonary sarcoidosis. In all, respira-
tory function was moderately or severely impaired. Surgery was undertaken
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Figure 6.37 The same, three years later, showing a second fungus ball in the
lower part of the now bilocular cavity.

for the control of haemoptysis in 14. Results were largely dependent upon
the severity of functional impairment. Of seven with only moderate impair-
ment, six had a good result and one died; while of seven with severe
impairment, only four survived surgery and three of these died one, 11 and
27 months later of respiratory failure. Kaplan and Johns (1979) detected
mycetomas in 12 of more than 600 retrospectively reviewed patients, of
whom 80% were black; only one with mycetoma was white. Haemoptysis
occurred in 11 and was managed conservatively with success on all but one
occasion, when it contributed to death in a black man with severe pulmon-
ary, cardiac and hepatic sarcoidosis. Two other deaths occurred from
respiratory insufficiency. The remaining nine patients were surviving three—
14 years after the diagnosis of mycetoma. Except in one patient who had a
mycetoma in the middle lobe together with mycetomas in both upper lobes,
only the upper lobes were involved, bilaterally in six. In no case was there
evidence of extracavitary disease caused by the fungus.



Figure 6.38 Sarcoidosis of hilar lymph-nodes and lungs in a woman aged 37.

Figure 6.39 The same, six years later, showing fibrotic changes.
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Disappearance of granulomas in end-stage sarcoidosis

In the case of chronic pulmonary fibrosis with cavitation attributed to
sarcoidosis reported by Ustvedt (1948), mentioned above, no granulomas
were recognizable at necropsy. Others have reported similar findings. Smel-
lie and Hoyle (1960) mentioned three patients who died with old-standing
sarcoid fibrosis of the lungs, and in whose lungs at necropsy only dense
hyalinized fibrosis was found. They commented that but for preceding
evidence it would have been impossible to tell that sarcoidosis was responsi-
ble. One of us (JGS) has observed two patients with pulmonary sarcoidosis
of 30 years’ and 15 years’ duration in whom at necropsy only a few giant
cells, some inclusion bodies of Schaumann type persisting in dense fibrosis,
and scanty ill-defined groups of epithelioid cells were left to show the nature
of the disease. A detailed account of one of these has been published
(Scadding, 1968). In a third patient, who died only six and a half years from
the apparent onset, recognisable sarcoid-type granulomas could still be
found, though most of the dense fibrosis presented no specific feature:

A woman aged 37 was found to have BHL and bilateral pulmonary infiltra-
tion (Fig. 6.38); four years later, she noticed increasing dyspnoea and dry
cough; the skin did not react to tuberculin, 100 IU, and liver biopsy showed
non-caseating tubercles. Six years from the onset, she was completely disabled
by dyspnoea; radiographically, there was an irregular pattern of dense opaci-
ties and rounded transradiant areas (Fig. 6.39), which tomography suggested
might be emphysematous bullae (Fig. 6.40). She died six and a half years after
the first abnormal radiograph. At necropsy, the lungs showed extensive fibro-
sis; most of the fibrosis showed no specific features, but in places the fibrosis
included many conchoidal Schaumann bodies (Fig. 6.41), and elsewhere a few
still recognizable sarcoid follicles were detectable in the fibrous tissue. The
mediastinal nodes showed partially calcified fibrous scarring, with no remnant
of sarcoid tubercles except that at the periphery of the scarring there were
some giant cells with asteroid bodies (Fig. 6.42).

BRONCHI

Bronchoscopic findings in patients with BHL and radiographically normal
lungs have been discussed in Chapter 5, p. 92. In patients with evident lung
changes, the incidence both of macroscopic abnormalities and of micro-
scopic granulomatous change in bronchial mucosa is higher than in those
with BHL alone (Turiaf and Brun, 1955; Kalbian, 1957; Friedman et al.,
1963; Huzly et al., 1963; Liot et el., 1963; Schiessle et al., 1963; Stihle,
1963; Turiaf et al., 1963; Carlens, 1964; Bybee et al., 1968). Macroscopic
abnormalities are in most cases unspecific, and it is therefore not surprising
that the reported incidence of them varies considerably. At the stage of
BHL, some thickening of the mucosa especially of the main bronchi is found



Figure 6.40 Tomography at the same time as Fig. 6.39; persistent hilar node
enlargement; irregular air-containing spaces.

Figure 6.41 Lung at necropsy; dense fibrosis with groups of Schaumann
conchoidal bodies as the only remnant of granulomas H & E. x 100.
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Figure 6.42 Mediastinal lymph-node, with giant cells as the only remnant of
granulomas.

in about half the cases, with localized dilatations of venules in a few. In the
presence of an active pulmonary infiltration, these changes are more marked
and found in a large proportion of cases, and in a few, more specific-looking
changes, consisting of localized papilloma-like formations, or flat yellowish
plaques are seen; distortion or narrowing of bronchi may be seen. In the
later fibrotic stage of sarcoidosis, specific changes are less frequently seen,
the mucosa tending to be atrophic rather than thickened, but fibrotic
stenoses may rarely be present (see below). For instance, Huzly et al. (1963)
described in detail the bronchoscopic findings in 294 cases. Localized
dilatations of mucosal vessels were frequent at all stages; nodules were
reported in the mucosa in one-sixth of those with BHL alone, in two-thirds
of those with active pulmonary infiltration, and in more than half those with
fibrosis; and plaques in only one with BHL, none with fibrosis, and one-
eighth of those with active pulmonary infiltration. Stenoses were observed in
eight cases, four of upper lobe bronchi and four of the middle lobe bron-
chus. Bybee et al. (1968) reviewed bronchoscopic studies in 55 patients; no
abnormality was observed in 20. The commonest gross abnormality was
hyperaemia and oedema of the mucosa, observed to regress on remission of
the pulmonary changes in some cases; granularity or nodularity was ob-
served in only two cases, superficial erosion in one and atrophic appearance
in one; distortion of bronchi was seen in 19 and some narrowing in eight."
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Biopsy studies have shown granulomas in the bronchial mucosa in
varying proportions, up to 60%, of patients with BHL and radiographically
clear lungs (Chapter 5, p. 92); and in presence of evident lung changes, most
observers have reported similar, perhaps rather higher, proportions.

Kalbian (1957) reported biopsies of bronchial mucosa in ten patients with
hilar node and pulmonary sarcoidosis; three showed non-caseating tuber-
cles and three a thickened mucosa with giant cells. Friedman et al. (1963)
found that 15 of 18 biopsies from thickened or otherwise abnormal mucosa,
and seven of 17 from normal-looking mucosa showed specific changes.
Huzly et al. (1963) in 294 cases at all stages of sarcoidosis found bronchial
biopsies positive in 36%. Liot et al. (1963) found that 70% of 61 cases of
pulmonary sarcoidosis showed specific changes in bronchial biopsies,
including five of 18 with normal-looking mucosae. Schiessle et al. (1963)
reported positive findings in 78% of 126 cases with active pulmonary
infiltration and in 50% of 60 with fibrotic changes. Stihle (1963) found
lower proportions, 44% of 27 and 17% of 19 respectively. Turiaf et al.
(1963) found specific changes in bronchial biopsies from 22 of 41 cases
with active pulmonary infiltration, although only one had shown a specific-
looking abnormality on inspection; they noted that granulomas might per-
sist in bronchial mucosa in spite of apparent clearing of hilar node and lung
changes, in one case as long as 13 years after such clearing. Carlens (1964),
performing three biopsies in each case, found granulomas in only six of 35
with active pulmonary infiltration and five of 12 with fibrosis. Bybee et al.
(1968) found granulomas in eight of 34 adequate bronchial mucosal biop-
sies in patients with pulmonary sarcoidosis, and noted that in three the
granuloma-containing mucosa looked normal.

Bronchostenosis

It is thus apparent that infiltration of the bronchial mucosa is frequent, but
in most cases symptomless. However it may narrow bronchi sufficiently to
limit airflow.

A very few cases have been reported in which functionally important
narrowings of large bronchi were found at an early stage, contemporary
with BHL (Benedict and Castleman, 1941; Hadfield et al., 1982). In Cases 1
and 4 of Hadfield et al., there was good evidence that multiple narrowings
of segmental or sub-segmental bronchi were contemporary with recently-
developing BHL, accompanied by EN in Case 1; the narrowings were
shown by bronchography to be more widespread than was suggested by
bronchoscopy, at which the mucosa presented a cobble-stoned appearance,
and on biopsy was found to be infiltrated with sarcoid granulomas.

Most of the reported cases of bronchostenosis have been detected later in
the course of sarcoidosis, and have affected principally the proximal parts of
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segmental or lobar bronchi, and occasionally main bronchi (Fig. 6.43).
Histologically, epithelioid cells and giant cells tend to be rather diffusely
scattered through a thickened submucosa with a general infiltration with
round cells and fibroblasts and more or less mature fibrous tissue (Fig.
6.44); well-defined granulomas may be rare. As would be expected, this
condition produces dyspnoea out of proportion to the density of any pul-
monary infiltration that may be evident, and often with prolongation of
inspiration and a faint inspiratory as well as expiratory stridor; it may also
lead to recurrent or persistent inflammatory collapse-consolidations in the
segments whose bronchi are narrowed. If this clinical picture is accom-
panied by the typical bronchographic appearance of proximal segmental
stenoses, the diagnosis of chronic stenosing sarcoidosis of the bronchi is
very probable, although bronchial biopsy may show only a rather unchar-
acteristic giant cell granulomatous change. Citron and Scadding (1957)

Figure 6.43 Bronchogram showing narrowing of segmental bronchi of left
upper lobe near their origins in a man aged 31.
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Figure 6.44 Biopsy from mucosa of narrowed bronchus in same case, slowly
fibrosing with giant cells, some epithelioid cells and scattered round cells.
H&E. x90.

reported three cases of multiple bronchial stenosis of this sort. One showed
also typical sarcoid tubercles in biopsies of liver, of a mild granulomatous
conjunctivitis and of a Kveim test nodule; one showed also a positive Kveim
test with histological confirmation; and one showed typical non-caseating
sarcoid-type tubercles in mediastinal and cervical lymph-nodes and in an
infiltrated scar. There could thus be no doubt of the diagnosis of sarcoidosis
although the histological changes in the bronchi alone would not have been
diagnostic. Similar cases have been reported by Brun and Viallier (1948),
Siltzbach and Som (1952), Kalbian (1957), Honey and Jepson (1957) and
Smellie and Hoyle (1960). Cases in which an early non-stenosing bronchial
mucosal infiltration was observed to progress to stenosis have been reported
by Turiaf et al. (1952) and Grimminger (1955).

Among 275 patients with sarcoidosis under the care of one of us (JGS),
seven showed evidence of bronchostenosis. In four, this was of the sort
described above, involving the proximal parts of several segmental bronchi,
with some general narrowing of one or both main bronchi. In three there
was stenosis of a lobar bronchus, all on the right side, those to the upper, the
middle and the lower lobe each being affected in one case. A similar stenosis
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of the right upper lobe bronchus occurred in Case 3 of Hadfield et al.
(1982). In all there were relevant symptoms and signs, either of inspiratory
and expiratory airflow limitation, or episodes of lobar or segmental
collapse-consolidation. Bronchograms in seven patients with extensive
pulmonary sarcoidosis without either of these features showed equivocal
changes in only one, the others showing bronchi of normal calibre. Narrow-
ing of large bronchi is thus an infrequent feature of chronic pulmonary
sarcoidosis. Atelectasis due to bronchostenosis was mentioned by Freund-
lich et al. (1970) in three of 200, and by Kirks et al. (1973) in one of 150
patients with pulmonary sarcoidosis. Atelectasis of the right middle lobe
with histological confirmation of granulomatous change in the narrowed
middle lobe bronchus was observed in two of 300 patients with sarcoidosis
by Katsouros (1971), and has been reported in single cases by Di Benedetto
and Ribaudo (1966) and Poe (1978). It seems possible that in Case 8 of
Talbot et al. (1958), in which ‘migratory pneumonitis’ without eosinophilia
was observed in a black man with sarcoidosis, there were multiple proximal
bronchostenosis; in their case 2, right middle lobe atelectasis was due to
sarcoid bronchostenosis. Olsson et al. (1979) reported a high incidence of
bronchostenosis found on bronchoscopy in 98 Swedish patients with pul-
monary sarcoidosis; eight showed severe narrowings of major bronchi,
multiple segmental orifices being involved in three, a single segment in three,
the right upper lobe in one and the right middle lobe in one. Granulomas
were found in mucosal biopsies in 32 of the whole series and in six of the
eight with stenoses. The ages of the patients with stenoses ranged from
37-71 years.

Especially when the middle lobe is involved, differential diagnosis from
mycobacterial tuberculosis must be considered. Lobar or segmental
collapse-consolidation, especially of the middle lobe, is a well-recognized
comlication of primary tuberculosis; the course of the right middle lobe
bronchus predisposes it to compression by enlarged broncho-pulmonary
lymph-nodes, and to granulomatous inflammation by direct extension from
them. In Case 3 of Citron and Scadding (1957), there was evidence of M
tuberculosis infection concurrently with a clinical, radiological and histolo-
gical picture typical of sarcoidosis with multiple bronchostenoses (Chapter
23, p. 506).

PLEURA

It is probable that some granulomas are present in or immediately under the
visceral pleura in many cases of pulmonary sarcoidosis, but symptoms
attributable to pleural involvement are rare. A few necropsy reports have
mentioned striking changes in the pleura as an incidental finding. For
instance, Nickerson (1937) found flat white nodules 1—4 mm in diameter,
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coalescing to form irregular plaques up to 1.5 c¢m in diameter, scattered over
the parietal pleura of the right lung, and the parietal pericardium in a black
woman aged 58 who died of ‘acute sarcoidosis’. Wilen et al. (1974) re-
viewed lung biopsies from 11 patients with pulmonary sarcoidosis who
showed no radiographic evidence of pleural changes, and found pleural
granulomas in four. In Cases 3 and 4 of Beekman et al. (1975) lung biopsies
from patients presenting with radiographic abnormalities in the lungs but
no clinical or radiographic evidence of pleural involvement showed granulo-
matous changes in pleura as well as lung.

Pleural sarcoidosis becomes clinically evident most frequently by leading
to pleural effusion. Effusions not attributable to some other cause, and
presumed or in some cases confirmed by biopsy to be related to sarcoidosis
have been reported in no more than 3% of most large series of patients
with sarcoidosis; in one of 275 reviewed by one of us (JGS), in two of 160
reported by Longcope and Freiman (1952), in four of 200 by Freundlich et
al. (1970), in five of 150 by Kirks et al. (1973) and in seven of 950 by
Chusid et al. (1974). The diagnosis was confirmed by biopsy in three of the
effusions observed by Kirk et al. and in five of the seven by Chusid et al. The
series of 227 patients surveyed for pleural involvement by Wilen et al.
(1974) in New York showed an exceptionally high proportion with radio-
graphically evident pleural changes: 15 showed pleural effusions, pleural
biopsies in seven of these showing granulomas. These effusions usually
resolved within eight weeks, but in two left some pleural thickening. In eight
patients with long-standing pulmonary sarcoidosis, pleural thickening was
observed, biopsies in five showing fibrosis with interspersed granulomas.
Among 150 patients in Los Angeles, of whom 80% were black, reviewed by
Sharma and Gordonson (1975), six, all black, had pleural effusions at some
time. The effusions were small in all cases, and bilateral in two. Open biopsy
showed granulomas in the visceral pleura, as well as the lung, in one case; in
the others needle biopsy of the pleura showed only non-specific changes. In
all cases, the effusions cleared, spontaneously in three and after corticoster-
oid treatment in three. Two presented with pleural effusions, the others
developing them at intervals of four months to six years from the original
diagnosis of sarcoidosis. Sharma (1980) later extended this series to 250, of
whom 12 had pleural effusions at some time.

Small pleural effusions accompanying active intrathoracic sarcoidosis,
resolving spontaneously or in response to corticosteroid treatment, and
showing no evidence of other cause, can be accepted as a manifestation of
sarcoidosis, even without biopsy confirmation of the presence of granulo-
mas in the pleura. Needle biopsy cannot be relied upon, since in the presence
of an effusion it produces only a small sample of parietal pleura. A number
of the reported cases have occurred at an early stage of the disease, with
BHL with or without evident lung changes, often without local symptoms,
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though sometimes with pain of pleuritic type, and of limited duration. We
have seen several cases of this sort, and others have been described by
Selroos (1966, Cases 1, 2 and 3), Beekman (1973, Cases 1 and 2), Sharma
and Gordonson (19735, Cases 2 and 4) and de Vuyst et al. (1979). In Case 3
of Sharma and Gordonson, a small right pleural effusion preceded the
discovery of BHL by six months, at which time, small effusions were present
on both sides. In Case 4 of Selroos (1966) pleural effusion recurred with
recurrent activity of pulmonary sarcoidosis: a middle-aged man had bilater-
al effusions accompanying BHL and lung infiltration, clearing within a year;
two years later the lung shadows reappeared, with a left pleural effusion,
bronchial biopsy showing granulomas, but needle biopsy of the pleura only
non-specific changes.

In a few cases, large pleural effusions have constituted a prominent
clinical feature. Berte and Pfotenhauer (1962) reported the case of a black
woman aged 28 who developed a large left pleural effusion one year after
the diagnosis of sarcoidosis causing BHL and uveitis; the effusion continued
to accumulate after repeated aspirations, leading to pleurectomy; the thick-
ened pleura and the lung contained many epithelioid and giant-cell granulo-
mas; four months after operation, the lungs were radiographically clear and
the patient was well. Kovnat and Donohue (1965) described two young
black patients with established diagnoses of sarcoidosis, who developed
large pleural effusions, left-sided on one and bilateral in the other, shown
by biopsy to be due to granulomatous infiltration of the pleura. Mikhail et
al. (1976) reported the case of a 37 year old black man who presented with
a large right pleural effusion, and no radiographic evidence of hilar lymph-
node enlargement; pleural biopsy showed thickening with non-caseating
granulomas; in spite of a negative tuberculin test and failure to demonstrate
acid-fast bacilli, anti-mycobacterial treatment was started, together with a
short period of corticosteroid treatment. The pleural effusion disappeared,
but on cessation of the corticosteroid, it recurred and later a widespread
pulmonary infiltration appeared. Mediastinal lymph-node biopsy now
showed non-caseating granulomas and a Kveim test gave a granulomatous
response; antimycobacterial treatment was stopped and reinstitution of
corticosteroid treatment was followed by clearing of the effusion, and
diminution of the infiltration.

Persistence of pleural effusions for long periods has been reported in a few
patients with chronic pulmonary sarcoidosis. Macquet et al. (1965) de-
scribed the case of a woman found to have pulmonary sarcoidosis at the age
of 59, which was still present five years later; needle biopsy showed a
thickened pleura with a focus of mononuclear cells and a giant cell, and
bronchoscopy showed thickened mucosa containing an epithelioid cell
granuloma. Brun et al. (1963) reported the case of a woman with estab-
lished sarcoidosis for several years, who developed a large left pleural
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effusion, reaccumulating rapidly after paracentesis, and at one time frankly
bloodstained. The histology of the pleura was not studied; the patient had
had phlebitis of leg veins. It must remain speculative whether this effusion
was related to sarcoidosis.

Pleuritic pain was a presenting symptom in cases reported by Gardiner
and Uff (1978) and by de Vuyst et al. (1979). The first of these was that of a
white man aged 47 who had recurrent left pleural pain, accompanied by
pleural rub; radiography showed BHL, and fine pulmonary infiltration;
open lung biopsy showed many granulomas, especially under the pleura,
and in hilar lymph-nodes; there was a prompt response to corticosteroid
treatment. The patient whose case was described by de Vuyst et al. was a
man aged 50 who presented with bilateral pleural pain, and was found to
have bilateral pulmonary infiltration with small pleural effusions; medias-
tinoscopy showed many large lymph-nodes, biopsy of which showed epithe-
lioid and giant-cell granulomas.

Pleural thickening in the later stages of pulmonary sarcoidosis cannot be
attributed with certainty to sarcoidosis without histological confirmation;
nevertheless, Wilen et al. (1974) found pleural thickening for which no
other cause was evident in eight of 227 patients with sarcoidosis; all eight
had chronic and extensive pulmonary sarcoidosis; and biopsies in five of
them showed fibrotic pleura with interspersed granulomas. They noted that
in two of their 15 patients with pleural effusions attributed to sarcoidosis,
resolution of the effusion left some residual pleural thickening.

In some reported cases, there has been an association between pleural
changes and involvement of major bronchi on the same side (Macquet et al.,
1963; Selroos, 1966, Case 1; Voog et al., 1969). A woman aged 50 under
the care of one of us had clinical and radiological evidence of thickening of
the pleura at the base of the right lung. The skin persistently failed to react
to tuberculin, 100 IU: biopsies of the mucosa of the right lower lobe
bronchus and of an axillary lymph-node both showed non-caseating tuber-
cles.

Most of the published reports giving information about the characteris-
tics of effusions attributed to sarcoidosis have described them as exudates,
with specific gravities ranging from 1.018—1.035 and protein contents from
4.0-6.0 g dI"'; cells have been predominantly, up to 100%, lymphocytes.
Exceptionally, Wilen et al. (1974) in eight patients with active sarcoidosis
and transient pleural effusions, in six of whom biopsies showed pleural
granulomas, found that the effusions had the characters of transudates, with
specific gravities between 1.011 and 1.016, and protein contents between
1.3 and 2.3 gdI™"; no cells were found in five and a few lymphocytes in
three.

Two cases reported by Mikhail (1970) illustrate difficulties that may
arise in deciding whether a pleural effusion is to be classified as associated
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with sarcoidosis, or due to mycobacterial tuberculosis. These occurred in
Irish twin brothers aged 21 shown by blood-group studies to be probably
monozygotic, who came to England at the same time, and lived in the same
household. One presented with a pleural effusion, biopsy showing epithe-
lioid and giant-cell granulomas with some caseation in the pleura; and a
tuberculin test with 10 IU was positive, though no mycobacteria could be
found on culture of the fluid. The effusion cleared under anti-mycobacterial
treatment for 18 months, with an initial month of corticosteroid treatment.
At the end of treatment, a Kveim test gave an unequivocally granulomatous
response. The other twin, examined as a contact of his brother, was found
to have symptomless BHL; a lymph-node removed at mediastinoscopy
showed confluent granulomas with hyalinization; a Kveim test gave a
granulomatous response; and a tuberculin test with 10 IU was positive. On
the evidence of the tuberculin tests, both twins had had a mycobacterial
infection; and both gave granulomatous responses to Kveim tests. On
balance of evidence, most observers would probably categorize the first as
having a tuberculous pleural effusion, in spite of the Kveim test; and the
second as showing the typical syndrome of sarcoid BHL, in spite of the
tuberculin test. But in neither case would it be unreasonable to hold another
view.

Pleural changes due to intercurrent infective inflammatory episodes may
of course occur in the course of sarcoidosis, especially in the fibrotic stage;
associated symptoms and signs of broncho-pulmonary infection usually
leave little doubt of their nature.

Spontaneous pneumothorax has been reported in a small proportion of
most large series of patients with pulmonary sarcoidosis: e.g. in four of 200
by Freundlich et al. (1970), in four of 150 by Kirks et al. (1973), in seven of
250 by Sharma (1980), and in 14 of 617 by Johns et al. (1980). Most of
these — e.g. all reported by Kirks et al. and by Johns et al. — occurred in
patients with old-standing fibrotic and emphysematous changes, evidently
the cause of the pneumothorax. Occasionally, spontaneous pneumothorax
has occurred at an earlier stage, e.g. in cases reported by Voight-Richter
(1965), by Fein et al. (1980) and by Ross and Empey (1983). In the latter
case, left- and then right-sided pneumothorax appeared and were present
simultaneously in a West Indian man who was receiving corticosteroid
treatment for active pulmonary and hilar lymph-node sarcoidosis. In view
of the rarity of this association, it is arguable that it is coincidental, since
spontaneous pneumothorax is not infrequent in otherwise healthy young
adults.

Among 275 patients followed by one of us for periods up to 20 years, five
were observed to have spontaneous pneumothoraces. One youth, aged 18,
developed pain in the chest while he had BHL shortly after erythema
nodosum, and was found to have a right spontaneous pneumothorax,
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which expanded without incident. One man, aged 23, had two episodes of
spontaneous pneumothorax during the resolution of mottled infiltration in
the lungs after BHL. One man, aged 33, had a single episode while he had
an infiltration of cloudy shadowing type which later progressed to fibrosis.
All these episodes occurred in young men at the age at which ‘idiopathic’
spontaneous pneumothorax is frequent, and in all the pneumothorax
absorbed uneventfully. In the remaining two, both women in the early
forties, the sarcoidosis was in a late fibrotic stage with bullous emphysema-
tous changes, gross in one. Both of these had recurrent attacks, involving
both sides on different occasions, with urgent symptoms necessitating the
insertion of intercostal tubes and suction drainage; clearly in these cases
leakage from emphysematous bullae was the immediate cause of the
pneumothorax.

CALCIFICATION IN INTRATHORACIC SARCOIDOSIS

Many reviews of large series of cases of sarcoidosis mention the presence
from the beginning of calcification in the hilar nodes or in the lungs. Riley
(1950), describing 52 cases observed in New York, stated that nine showed

Figure 6.45 Chronic pulmonary sarcoidosis in a man aged 43 with extensive
old calcification at the base of the right lung and in right hilar lymph-nodes.
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calcified foci either in the hilar nodes or in the lungs. Cowdell (1954)
stated that five of 90 patients observed in Oxford had calcified hilar or
mesenteric lymph-nodes. Wurm et al. (1958) found calcified foci in lung and
hilar nodes in 11% in lung only in 6% and in hilar nodes only in 13% of
243 cases in Germany. Ten Have (1958) found ‘manifest’ calcification in
9% and ‘dubious’ calcification in 14% of 150 patients in Holland. Israel et
al. (1961) found calcification of hilar nodes or in the lung of 10.1% of 256
patients with sarcoidosis in Philadelphia. In 136 patients in London whose
radiographs were specially surveyed for the presence of calcification, Scad-
ding (1961) found acceptable evidence of calcification at the beginning of
observation in 16 (11.8%); at the hilum in nine, in the lung in three, and at
both these sites in four. Figure 6.45 shows typical chronic sarcoid infiltra-
tion of the lung with large, evidently old-standing, calcifications in the
lower zone of the right lung and in right hilar lymph-nodes. The diagnosis of
sarcoidosis was confirmed by the presence of a generalized superficial
lymphadenopathy, biopsies of cervical and epitrochlear nodes showing
typical histology, by total non-reactivity of the skin to tuberculin and by
response to corticosteroid treatment. In one sputum specimen, acid-fast
bacilli were found, but cultures of this and many others for mycobacteria
were negative.

It would be generally accepted that calcifications evident at the beginning
of the course of sarcoidosis are likely to be due to the common causes of
hilar and pulmonary calcifications in the relevant areas; to healed caseous
residues of tuberculosis in Europe, and to either this or histoplasmosis or
coccidioidomycosis in the United States. It has gradually become recognized
that calcification may develop during the course of intrathoracic sarcoido-
sis, especially in hilar and mediastinal lymph-nodes. Kerley and Twining
(1951) mentioned a case in which hilar lymph-nodes enlarged by sarcoidosis
eventually showed ‘egg-shell’ calcification. In a case of long-standing sar-
coidosis involving the central nervous system reported by Ross (1955) and
mentioned in Chapter 14 (p. 315), ‘egg-shell’ calcification became evident
radiographically in hilar lymph-nodes; these were found at necropsy to
show histologically ‘active or old-standing sarcoidosis with calcification but
no necrosis’; the published illustration of this shows extensive hyaline
fibrosis. In a survey of 136 patients followed for at least five years, the
findings at the beginnings of which are mentioned above, Scadding (1961a)
found that in seven calcfication had undoubtedly developed, at the hila in
two, in the lung in two, and at both these sites in three; in one of those
developing calcification in lung and at both hila, there had been some small
foci of calcification at the left hilum at the beginning of the observation
period. In one of these cases, tubercle bacilli had been isolated from a single
sputum specimen late in the course of the disease, with a change from
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Figure 6.46 Moderate BHL and scattered pulmonary infiltration in a woman
aged 47 with lupus pernio.

tuberculin insensitivity to sensitivity to 10 IU; but in the others the course
remained entirely characteristic of sarcoidosis. Israel et al. (1961) reported
shortly afterwards that two of 256 patients with sarcoidosis had been
observed to develop intrathoracic calcification under observation; one of
these had evidence of infection with chromogenic acid-fast bacilli, and also
had multiple calcified nodules in the liver.

The following case illustrates the development of calcification:

A housewife aged 47 presented with lupus pernio affecting the middle fingers
of both hands and later the first and second toes of the right foot, with
lattice-like rarefactions of the underlying bones. The chest radiograph (Fig.
6.46) showed enlargement of hilar shadows, and irregular scattered opacities
in the lungs, with no calcification. The skin gave no reaction to tuberculin, 100
IU. Axillary lymph-node biopsy showed non-caseating tubercles. Corticoster-
oid treatment was given to relieve symptoms arising from the changes in the
fingers and toes, and needed to be continued in moderate dosage for nearly
four years, when it was withdrawn without return of symptoms. Calcification
gradually developed at the site of sarcoid involvement in the hilar nodes, and
in a few small nodules in the middle zones of the lungs (Fig. 6.47). Other
manifestations in this patient included a typical sarcoid infiltration of an old
scar on the knee and a positive Kveim test.
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Figure 6.47 The same, seven years later, showing calcification in hilar and
paratracheal lymph-nodes.

In a later review, Scadding (1968) reported five more instances of the
development of calcification in hilar nodes, in some also in lungs, late in the
course of sarcoidosis. He observed it only in patients in whom there was in
the active stage radiographic evidence of both lung and hilar node involve-
ment, and noted that calcification in hilar and mediastinal lymph-nodes in a
generally symmetrical distribution resembling that of the active stage of
sarcoidosis was highly suggestive of late-stage sarcoidosis (Fig 6.48). In
most cases, calcification involved the discretely enlarged lymph-nodes
throughout, sometimes patchily; a peripheral ‘egg-shell’ pattern was seen in
some of the affected lymph-nodes in some cases. In one, a calcified lymph-
node was studied histologically. A woman aged 53, in whom BHL had been
discovered six years earlier, presented with gradually increasing dyspnoea
on exertion together with mottled shadowing in the lung fields for two
years, with persistent BHL (Fig. 6.49). Biopsy of a supraclavicular lymph-
node showed non-caseating epithelioid and giant-cell granulomas with
small areas of hyalinization (Fig. 6.50). Treatment with prednisolone was
started, with improvement; it was found necessary to maintain it for three
years, when it was withdrawn without relapse, the lungs being radio-



Figure 6.48 Symmetrical calcification in hilar lymph-nodes, with a distri-
bution similar to that of sarcoid BHL, in a man aged 60 who had had lupus
pernio of fingers and toes since the age of 25.

Figure 6.49 BHL, first discovered four years earlier, and pulmonary
infiltration in a woman aged 51.



Figure 6.50 Supraclavicular lymph-node biopsy showing sarcoid tubercles,
in places coalescent and undergoing hyalinisation H &E. X 38.

Figure 6.51 Chest radiograph eight years later, showing symmetrical
calcification in hilar nodes and also in left supraclavicular nodes.
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graphically almost clear, with some persistent enlargement of hilar
shadows, in which some calcification had become evident. Over the next
few years, this increased at both hila, and also behind the left clavicle, the
site of the lymph-node biopsy (Fig. 6.51). Seven years after the first, a
second lymph-node was removed from this site for biopsy; it was almost
completely replaced by fibrous tissue undergoing calcification, only a small
subcapsular zone of lymphocytes and no recognizable granulomas persist-
ing (Fig. 6.52a). A reticulin stain showed that the reticulin pattern persisted
in the calcified areas (Fig. 6.52b), suggesting that the avascular connective
tissue had become calcified without undergoing necrosis.

Voog et al. (1969) reported the histopathological changes in partly cal-
cified mediastinal lymph-nodes removed by mediastinoscopy from a man
aged 58 whose chest radiograph showed extensive symmetrical calcifica-
tion, some of ‘egg-shell’ distribution, in hilar lymph-nodes. Follicular sar-
coid lesions were juxtaposed with well demarcated fibro-hyaline tissue
without caseation, in which calcification had occurred.

Kirks et al. (1973) observed the development of calcification in hilar
lymph-nodes during observation in five of 150 patients with pulmonary
sarcoidosis. McLoud et al. (1974) described three patients with sarcoidosis
who had persistent lung changes and BHL, in which calcification was
noticed between five and seven years from the onset, and 2—4 years later had
assumed an ‘egg-shell’ distribution in the hilar lymph-nodes.

In a group of 111 patients followed for at least ten years, Israel et al.
(1981) observed the development of calcification, principally in hilar and
mediastinal lymph-nodes in 23. The group studied included a high propor-
tion with persistent and symptomatic disease, since it was derived from
clinical follow-up. Calcification tended to be a late event, developing in the
first decade of observation in only three, in the second in 11, and in the third
in nine. It appeared in hilar and mediastinal lymph-nodes in 22 and in lungs
in three. Calcification appeared in two of 19 patients who had presented
with BHL and had never shown radiographic evidence of lung infiltration;
in 20 of 69 in whom both hilar nodes and lung had shown radiographic
changes; and in only one of 20 who had shown radiographic changes in the
lungs only.

Scadding (1968) reported one patient in whom typical symmetrical hilar
node calcification appeared and then disappeared during prolonged obser-
vation. A woman aged 32 presented with uveitis, BHL and pulmonary
infiltration; treatment with corticosteroids was required for the control of
symptoms intermittently for several years, but eventually the pulmonary
changes became quiescent, leaving only minor residual shadows. Eight years
from the onset, calcification with a tendency to ‘egg-shell’ distribution was
obvious in the hilar nodes. During five years’ further observation, the lung
shadows cleared further, and the hilar calcification diminished, leaving only
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Figure 6.52 Biopsy of calcified supraclavicular lymph-node; sections cut
after decalcification. (@) Most of the node consisted of hyaline connective
tissue, in which calcification had occurred (darker-staining part) H & E. x 38.
(b) Reticulin stain, X 38, showing persisting reticulin pattern throughout.



Lung Changes

a few flecks. Israel et al. (1981) observed no instance of diminution in
density of calcification among their 23 patients.

It is evident that calcification in affected hilar and mediastinal lymph-
nodes is a not infrequent late event in patients with sarcoid BHL which has
been slow to subside, and especially in those who have also an indolent
pulmonary infiltration. There is evidence that it occurs in the avascular
hyaline connective tissue into which large parts of persistently enlarged
sarcoid lymph-nodes may become converted. More rarely, minor focal
calcification may occur in persistent lung changes, but it is uncertain
whether this develops in hyaline tissue or in foci of necrosis. It remains
possible that in some instances, calcification develops in caseating foci of
pre-existing or concurrent mycobacterial tuberculosis.

Special radiographic techniques

Findings by computed axial tomography (CT) in intrathoracic sarcoidosis
have been described by Solomon et al. (1979), Putnam et al. (1977), and
Yotsumoto et al. (1980). Although it rarely showed lymphadenopathy in
patients in whom it was not evident in radiographs, it might show enlarged
nodes in sites difficult to explore by radiography. Solomon et al., among 34
patients found lymphadenopathy by radiography in 15 and by CT in 16;
enlarged nodes were found only by CT in the anterior mediastinum in four
and behind the right main bronchus in three. Yotsumoto et al., found that
CT did not increase the number of patients found to have lymphadeno-
pathy, but among 24 with lymphadenopathy showed affected nodes not
evident otherwise in the anterior mediastinum in three, along the aorta in
13, and below the carina in nine. In the lungs, CT delineates the cross-
sectional distribution of the changes, tending to be peripheral, and may
define bullous changes and solitary nodules. Solomon et al. found bullae not
otherwise evident by CT in four of their 34 patients; in three in which the
radiograph showed short irregular lines at the bases, CT showed a coarse
network suggesting honeycombing. Minor pleural changes were evident in
the radiograph in nine and by CT in three more; in two of these, the CT
appearances suggested small effusions. An incidental finding by CT was
abnormal density of vertebral bodies in three cases; this remained unex-
plained.

McKusick et al. (1973) noted that extensive uptake of gallium-67 in the
lungs of a patient with recent active sarcoidosis diminished dramatically
with clinical and radiographic improvement after treatment with predni-
sone. Line et al. (1981) correlated gallium-67 scans with clinical radio-
logical, functional and broncho-alveolar lavage findings in 41 patients with
pulmonary sarcoidosis. Uptake was increased in 65%; it correlated only
weakly with clinical radiographic and function test findings, but very
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strongly with the numbers of lymphocytes and of T-lymphocytes recovered
by broncho-alveolar lavage. Gallium-67 uptake thus reflected the activity of
T-lymphocytes in the lung process.

CHANGES IN RESPIRATORY FUNCTION

Many studies of respiratory function in pulmonary sarcoidosis (e.g. Riley et
al., 1952; Marshall et al., 1958; Svanborg, 1961; Marshall and Karlish,
1971) were concerned with correlations with radiographic appearances,
usually including appraisal of the amount of fibrosis. The abnormalities
most often found in standard tests are diminution in total lung capacity and
its subdivisions, mainly restrictive defect of ventilatory capacity, impaired
gas transfer (diffusing capacity), and low compliance. Among patients with
BHL alone, many give results within predicted ranges, and mean values are
only slightly or moderately outside them, though a few show more severe
deficits. Those with recent infiltration, usually with BHL, show only slightly
more abnormalities. With increasing duration of apparently non-fibrotic
infiltration, abnormalities tend to increase, and evidence of airflow limita-
tion may be found. With the appearance of radiographic changes inter-
preted as fibrotic, abnormal results in one or more tests are found in nearly
all, and mean values are well outside predicted ranges, though a few patients
show little disability. But there are important exceptions to any generaliza-
tions. Young et al. (1966) drew attention to disparities between radio-
graphic and physiological findings, reporting some patients with normal or
only slightly abnormal lungs radiographically who showed considerable
reduction in carbon monoxide diffusing capacity (DLco), and others with
grossly evident pulmonary infiltration who had DL within normal limits.
And the wide variation in tests of function within a group defined on
clinico-radiological criteria is illustrated by the findings of Sharma et al.
(1966a) in 18 patients with BHL and radiographically normal lungs, among
whom DL varied between 42% and 115% of predicted values; one-third
showed low lung compliance, and one-third high airways resistance. These
discrepancies are not surprising, in view of the inconstant correlations
between radiographic appearances and histopathology, noted above, and of
the variability of distribution of histopathological change in relation to
alveolar walls, airways and blood-vessels.

Studies in which it has been possible to correlate function tests with
structural changes as shown by lung biopsy (Young et al., 1967; Young et
al., 1968; Carrington et al., 1976; Huang et al., 1979) have shown more
congruity. Young et al. (1967) performed open lung biopsies in 22 black
patients within one week of a standard set of lung function tests. All were
found to have a restrictive ventilatory defect, and most uneven matching of
ventilation and perfusion; a diffusion defect was demonstrated in one-third.
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Involvement of small airways was frequent. Granuloma density correlated
with tidal volume, and, less, with minute volume and alveolar ventilation.
Four patients with BHL and radiologically normal lungs had discrete granu-
lomas, the profusion of which correlated with the severity of relatively
minor functional defects. Young et al. (1968) performed percutaneous
needle biopsies of the lung in 34 patients, and found granulomas in 95% of
22 with disease of less than one year’s duration, and 45% of 12 with a
longer duration; alveolar membrane thickening was frequently found. The
only measures of function that correlated well with the severity of histolo-
gical change were the arterial oxygen pressure (Pa0O,) on exercise and the
DLco; though there was some correlation of function test findings with
radiographic changes, there was a large range of values in all radiographic
groups. Carrington et al. (1976) in a review of lung biopsy findings in 47
patients with sarcoidosis and 13 with chronic beryllium disease found that
the function tests that correlated best with pathology were PaO,, alveolar-
arterial O, differences and, less, DL¢o; among structural changes, interstitial
cell infiltration correlated best with function test abnormalities. Correla-
tions between radiographic appearances and both function and histopath-
ology were poor, except in severe cases. Bronchiolar and peribronchiolar
granulomas were common, and, as noted above (p. 108), granulomatous
angiitis was seen in 42%; selective localization of granulomas at these sites
seemed likely to affect V/Q ratios. In a systematic study, Huang et al. (1979)
correlated the findings in open lung biopsies with lung function tests and
radiographic findings in 81 untreated patients with sarcoidosis. The profu-
sion of granulomas, and the extents of ‘interstitial pneumonitis’ (cellular
infiltration of alveolar walls), of granulomatous angiitis, and of fibrosis
were graded. Strong correlations were found between tests of gas transfer
(DLco and PaO, on exercise) and granuloma density, interstitial pneumoni-
tis and a composite estimate of overall pathology. There was no correlation
between hypoxaemia at rest and any single test, or between lung function
tests and grades of granulomatous angiitis. A composite estimate of func-
tion correlated very strongly with overall pathology, strongly with extent of
granulomas and of interstitial pneumonitis, and less strongly with fibrosis.
While there was a general correlation of the conventional radiographic
‘stages’ I, Il and 11 with extent of granulomas and of interstitial pneumoni-
tis and with pulmonary function tests, especially tests of gas transfer, there
were important discrepancies, especially in ‘Stage I'. While normal function
tests and radiographically clear lungs were associated with minimal histo-
pathological changes and no fibrosis, conventional ‘Stage I’ might be associ-
ated with extensive, possibly fibrotic, changes. Among function tests DL¢o
correlated best with both pathology and radiology.

The high proportion of patients with apparently non-fibrotic sarcoidosis
of the lungs who show low values for DL¢.o was confirmed by Miller et al.
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(1976) in a study of 25 patients with conventional Stage I and 19 with Stage
II. In Stage I patients, mean values for static dynamic lung volumes and
exercise arterial O, pressure were normal, but that for DLco was low.
Mean values for all tests in Stage II patients were low. The transfer factor
for carbon monoxide can be shown to be dependent both upon the rate of
transfer of gas from alveoli into alveolar capillaries (the membrane com-
ponent, Dy;) and upon the rate of uptake by the red cells in the capillaries,
the latter being chiefly dependent upon the volume of blood in the alveolar
capillaries, Q. (Roughton and Forster, 1957). Studies of the relative import-
ance of these two components in small numbers of patients by McNeill ez
al. (1958), Bates et al. (1960) and Johnson et al. (1961) gave discordant
results. Saumon et al. (1976) studied three groups of patients (1) 19 with
BHL only, (ii) 49 with infiltration later shown to clear under corticosteroid
treatment, and (iii) nine with infiltration possibly with radiographic evi-
dence of fibrosis that proved unresponsive to treatment. Mean values for
DL were slightly but significantly reduced in groups (i) and (ii), and more
severely in group (iii). In groups (i) and (ii), mean Dy, was within the
predicted range when related to body surface area, but reduced when
related to estimated alveolar area, while in group (iii) both these measures of
Dy, were reduced. Mean Q. did not differ from predicted in groups (i) and
(i), though five of the 49 in group (i) had low values; Q. was very
significantly reduced in group (iii). It thus appeared that in groups (i) and (ii)
the reduced DL was due to low Dy, to V/Q inhomogeneity or to both of
these. In group (iil) low Q. was an additional factor, and the pattern of
functional impairment became similar to that found in a group of patients
with diffuse interstitial fibrosis.

Attention has been drawn to the functional effects of airway involvement
in sarcoidosis by a number of investigators. Miller et al. (1974) studied 16
patients with fibrotic pulmonary sarcoidosis by conventional indices of
airflow, flow-volume curves and nitrogen wash-out, and found that nearly
all showed impaired distribution of inspired air and 75% airway obstruc-
tion. De Remee and Anderson (1974) reviewed 107 patients, 39 with
radiographic changes of conventional Stage I, 14 Stage 11, and 37 Stage IIL
Dyspnoea was noted in none at Stage I, three at Stage Il and 19 at Stage III.
It was associated with slowing of expiratory flow-rate and distorted radio-
graphic patterns. Levinson et al. (1977) studied 18 patients, 16 with BHL
and infiltration and two with chronic changes with bullae; all had low lung
volumes, low DL¢q, and high static transpulmonary pressures. All showed
abnormal small airway function by at least one test; upstream airway
resistance was high in 16, closing volume was increased in 16; frequency
dependence of compliance was found in eight. But only six showed a low
FEV/FVC ratio, the lowest being 60%, and two, both with bullae, low
airway conductance. That these changes could not be attributed to smoking
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was indicated by the observation that the proportions showing abnormali-
ties were similar in the seven who were non-smokers and in the 11 smokers.
Rizzato et al. (1980) investigated airway function in 25 non-smokers with
sarcoidosis, most with conventional Stage III radiographically, and found
evidence of increased resistance to flow in small airways in nearly all, and in
large airways in some. In a group of 15 patients with chronic pulmonary
sarcoidosis selected because they complained of exertional dyspnoea and
wheezing, Sahetya et al. (1980) likewise found evidence of high resistance to
flow in both small and large airways; seven of their patients were non-
smokers. Of four patients with localized airway narrowings demonstrable
by bronchography reported by Hadfield et al. (1982), the one with the
longest history had a flow-volume loop suggestive of intrathoracic large
airways obstruction, while the other three had loops typical of small air-
ways obstruction.

Clinical evidence of haemodynamic effects of pulmonary sarcoidosis are
considered in Chapter 15 (p. 346). Like other forms of pulmonary fibrosis,
the fibrotic stages may give rise to pulmonary hypertension (McClement et
al., 1953; Svanborg, 1961; Emirgil et al., 1969; Rizzato et al., 1980), in the
causation of which granulomatous angiitis is unlikely to be important. At
the earlier stages, some elevation of pulmonary artery pressure in a few
cases has been reported, but its relation to granulomatous angiitis is uncer-
tain. Svanborg (1961) in his study of 37 patients found slight to moderate
elevation of pulmonary artery pressure in eight of 15 with moderate to
severe fibrosis, but no sign of right ventricular failure; in 11 with BHL and
radiographical normal lungs, cardiovascular function was normal at rest
and on exercise; and in 11 with non-fibrotic infiltration, the only abnor-
mality found was slightly elevated pulmonary vascular resistance on exer-
cise in four.

Changes in pulmonary function tests in the course of sarcoidosis, with or
without corticosteroid treatment, show only partial correlation with
changes in radiographic appearances. Marshall et al. (1958) found persis-
tent reduction in DL¢o in five of six patients in whom infiltrations had
resolved completely. Winterbauer and Hutchinson (1980) have reviewed
some subsequent publications (Boushy et al., 1965; Sharma et al., 1966b;
Stone and Schwartz, 1966; Emirgil et al., 1969; Johns et al., 1976; Colp,
1977). In general, vital capacity (VC) and DL¢co showed parallel changes,
being discordant in only 5%. Among untreated patients, VC and DLco
improved or showed no change in those who improved radiographically,
while they showed no change or diminished in those with unchanging or
worsening appearances, with the exception of a few with improved VC. Of
those with radiographic improvement after corticosteroid treatment, 65%
showed increase and 4% fall in VC, and 52% improvement and 10% fall in
DLo; while of those with unchanged or worse radiographic appearances,
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48% showed increase and 17% fall in VC, and 41% increase and 19% fall
in DL¢o. Combining treated and untreated patients, 67% of those with
radiographic improvement had a coincident increase in VC and 45% in
DL, and less than 5% a fall in either of these.

DIAGNOSIS OF PULMONARY SARCOIDOSIS

The diagnosis of sarcoidosis and the measures, including biopsy procedures,
that may be useful in establishing it are considered in Chapter 26. The
following discussion concerns only some points of differential diagnosis in
patients presenting with widespread pulmonary infiltrations.

Infiltration with BHL

The differential diagnosis of BHL is considered in Chapter 5, p. 86. When
typical BHL is accompanied by pulmonary infiltration, no difficulty arises.
Other disesases that may present with enlarged hilar nodes and pulmonary
infiltration include tuberculosis, fungal infections causing granulomatous
inflammation, lymphomas, and lymphagitis carcinomatosa; but in all of
these, clinical and radiological features generally differ from those typical of
sarcoidosis.

A few patients with BHL and pulmonary infiltration present confusing
combinations of features of sarcoidosis with others suggestive of mycobac-
terial tuberculosis. Most of those reported from North America are black
(Haroutunian et al., 1964), and in Great Britain many are of West Indian,
Asian or African origin. These patients are usually symptomatic, with low
fever, constitutional symptoms, slight dyspnoea and cough. The hilar lym-
phadenopathy has ill-defined margins in the chest radiograph, without the
well-defined polycyclic outline more often seen in sarcoidosis, and is some-
times asymmetrical; and the infiltration may be patchy. Superficial lymph-
nodes, especially supraclavicular and axillary, may be enlarged. In lymph-
nodes removed for biopsy, and sometimes in lung, the granulomatous
change is accompanied by some central necrosis, which may be called either
granular necrosis or caseation, depending upon the histologist’s final
opinion. The skin may react to tuberculin. Acid-fast bacilli may be seen on
microscopy, and perhaps one of a series of cultures produces a few colonies
of mycobacteria. In the presence of findings of these sorts, especially positive
cultures, a diagnosis of tuberculosis (defined aetiologically) is likely to be
made, and the ‘sarcoid-like’ features attributed to an unusual reaction to a
mycobacterial infection. But the Kveim test frequently gives a granuloma-
tous response in such cases, and in some extrathoracic changes of ‘sarcoid’
type, such as uveitis and granulomatous infiltrations of the skin are present
or appear during the later course. Faced with such apparently discordant
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features, observers who regard it as unthinkable that mycobacteria may
have a role in the causation of sarcoidosis may (i) reject the diagnosis of
sarcoidosis, in spite of overtly ‘sarcoid’ features, in favour of tuberculosis
(Kent et al., 1970); (ii) dismiss the isolated bacteriological findings as
laboratory or other errors, and accept the diagnosis of sarcoidosis; or (iii)
conclude that the patient is suffering from both tuberculosis, caused by M
tuberculosis, and sarcoidosis, about whose causation they admit ignorance,
apart from the certainty that it is not related to mycobacterial infection. Our
view is that in cases in which clinical and radiological features of sarcoidosis
with compatible histology on biopsy of affected tissue or a granulomatous
response to a Kveim test are accompanied by isolation of M tuberculosis or
other mycobacteria, diagnostic categorization should refer to both these
features, leaving open the question of possible relationship between them
(Chapter 23).

Hodgkin’s disease and other lymphomas can cause hilar node enlarge-
ment, but the character of this is different from that of the BHL of sarcoido-

Figure 6.53 Lymphangitis carcinomatosa; note similarity to pattern of
chronic pulmonary sarcoidosis shown in Fig. 6.18.
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sis (p. 89); and although these diseases occasionally cause infiltrations of
the lungs, these rarely have the widespread and generally symmetrical
distribution of a sarcoid infiltration, and are likely to be accompanied by
constitutional symptoms. Lymph-node biopsy is the definitive diagnostic
procedure.

In lymphangitis carcinomatosa, the hilar nodes are generally bilaterally
enlarged, and this with the widespread reticular and linear pattern of
shadowing in the lungs may simulate the appearance of a diffuse sarcoid
infiltration undergoing fibrosis with persistent BHL (Fig. 6.53). However, in
lymphagitis carcinomatosa there will be a brief history of rapidly increasing
dyspnoea becoming much more severe than would be expected with sar-
coidosis causing a similar radiographic picture.

Infiltration alone

The list of conditions which may be considered from a radiological view-
point in the differential diagnosis. of widespread mottled, stippled or
reticulo-nodular shadowing in the lungs can be extended with ingenuity to a
great number; but in practice the circumstances of the individual case limit
the probabilities. The following discussion is therefore limited to conditions
likely to be confused with sarcoidosis.

Miliary tuberculosis in its acute pulmonary form should cause no diffi-
culty. High fever with uniform stippling in the lung fields should immedi-
ately suggest that diagnosis; hilar nodes are usually not enlarged, though
unilateral enlargement may be seen. There may be evidence of tuberculosis
elsewhere. Choroidal tubercles may be seen. The cerebro-spinal fluid may
show changes. Tubercle bacilli may be found on direct examination of a
smear of sputum, if any, or of broncho-alveolar aspirate; but in most cases,
bacteriological confirmation will have to await the results of cultures, and
will therefore not be available for six weeks or so. Tuberculin tests may not
be helpful; a very strongly positive result would be suggestive of miliary
tuberculosis as against sarcoidosis, but a weakly positive result is not
significant, and a negative result does not exclude the possibility of miliary
tuberculosis in an acutely ill patient. In such cases, it is advisable to start
antimycobacterial chemotherapy while awaiting the results of bacteriologic-
al cultures. But it is in the rarer subacute or chronic cases that difficulty
arises. The following case (Scadding, 1960b) illustrates this:

A woman, aged 61, had been feverish for two months when she was first
found to have faint miliary shadowing in both lungs. The skin gave a moder-
ate reaction to 10 IU. Full doses of streptomycin, isoniazid and PAS were
given, but fever persisted up to 101 °F (38.3 °C), the shadowing in the lungs
became steadily denser (Fig. 6.54), and the early cultures failed to grow
tubercle bacilli. After three months of apparently ineffective treatment, the
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Figure 6.54 Chronic miliary tuberculosis in a woman aged 61, failing to
respond to specific chemotherapy until prednisolone was added.

diagnosis was reviewed, and the possibility of sarcoidosis was considered. A
liver biopsy showed many epithelioid and giant-cell tubercles without casea-
tion. Prednisolone was added to the chemotherapy, with the thought that
whether the disease was finally labelled sarcoidosis or caseating tuberculosis,
corticosteroid treatment covered by effective antituberculosis chemotherapy
was at that stage indicated. This was followed by immediate defervescence,
and progressive clearing of the shadows from the chest radiograph. About this
time, reports were received that cultures of two sputa collected six wecks
previously had produced tubercle bacilli sensitive to all three drugs; and a
choroidal tubercle was seen for the first time in the right fundus oculi. The
prednisolong treatment was continued for six months and then gradually
withdrawn without reappearance of the miliary shadows, and antituberculosis
chemotherapy was given for a total of twenty months. The patient made a
good recovery with slight dyspnoea on exertion and some reduction in the
diffusing capacity of her lungs as the only residua of this remarkable illness.
She remained well when last seen six years from the time of her first admission
to hospital.

In this case, if less intense efforts had been made to find tubercle bacilli, or
if it had happened that bacilli had not been found in the specimens
examined, the diagnosis of sarcoidosis would certainly have been difficult to
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controvert. As it is, the case must be labelled subacute miliary tuberculosis
with the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>