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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. Aseries 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. ls there still a piace 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 scatt ered 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 ques tion, 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.

]. 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 ehest radio
graphs and histological microphotographs. Our publishers have been
extremely co-operative and we thank in particular Barry Shurlock and Perer
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 Clinieal Medieine at the
University of Amsterdam, gave two University of London leetures on
'Pseudotuberculosis in Man'. The first of these summarised in masterly
fashion what was then known of the disea se now generally ealled sareoido
sis. My interest in this disease dates from my attendanee at these leerures,
and thus extends over more than a quarter of a eentury. During this time the
importanee of the disease has been inereasingly recognised in many parts of
the world, notably in Seandinavia, Holland, Franee, Germany and the
Uni ted Stares. lts varied manifestations brought it to the notiee first of
dermatologists, then of physieians, ophthalmologists and radiologists; later
speeialists in many fields of clinieal medieine and surgery found oeeasional
examples of it; it has been found to have aspeets of interest to bioehemists
and immunologists; it is now frequently diseovered in mass radiographie
surveys; and geographie variations in its ineidenee have attraeted the arten
tion of epidemiologists. Beeause of the wide interest whieh it has thus
exeited, mueh has been written about it in borh general and speeialist
journals, and in many languages.

This book represents an attempt to provide a eomprehensive aeeount of
sareoidosis by eorrelating my personal experienee and views with the pub
lished experienee and views of others. Although my prineipal interest is in
diseases of the respirarory system, eolleagues have over the years referred to
me patients with a variety of manifestations of sareoidosis, and, of eourse,
those patienrs presenting with intrathoraeie manifestations frequenrly have
extrathoracie ehanges also. Nevertheless, one individual ean observe few
examples of the rarer manifestations of a disease, so that in deseribing these
I have had to rely largely on reviews of seattered aeeounrs of a single or a
few eases. Where my own experienee has been more extensive, I have based
my aeeount primarily upon it, and have referred to the work of others
principally ro indicate differenees both in objeetive experienee and in subjec
tive interpretation of that experienee. In diseussing the many controversial
uneertainties, notably those relating to aetiology, I have tried to present
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observations and interpretations separately. Thus I hope that - in what is
intended to be in the main a personal monograph - the reader willbe able to
distinguish between those parts which are based upon personal experience
and those wh ich 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. I am indebted to many phys icians, both at the Brompton and
Hammersmith Hospitals and in hospitals, c1inics 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 speciall y for his
collaboration over many years. My colleagues in Departments of Pathology,
notably Dr K. F. W. Hinson, have been unfai lingly 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.]. 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 rhe great medical libraries of Lon
don. Most of the photomicrographs were made by Mr W. H. Brackenbury
of rhe Photomicrographic Unit, Pathology Department, Posrgraduate
Medical School of London, the c1inical photographs by Mr D. Kemp and
Mr A. Curd of the Photographie Department, Institute of Disease s 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 H öpital 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 brietly . After threc ycars, a red
swelling appeared on the nose, at first localized and gradually extending,
and swellings attributed to synovitis of the tendon-shcaths of the fingers
appeared on the backs of the hands. Both the patient and wax models of the
earlier appcarances 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, 1831-1 909.

gesie, and were not co ld. In the hands there wa s, in addition to the swe llings
attri buted to synovi tis, purpl ish-red diseol ourati on of several fingers, and
dyst roph ie eha nges in th e nails of the swollen littl e and rin g fingers of the
right han d. Epitroehlea r Iymph-nodes, but no orhe rs, were palp able, and no
evidenee of involvement of internai organs was found. Besni er deser ibed th e
eruption on th e faee as ' une va riete de lupus erythema teux ä forme
d 'eryth erne pernio ou d 'asph yxie loeale', and proposed the name ' lupus
pern io ' for it. He regarded it as d ose to , but not identieal with, the ehilblain
lupus (Tupus-engelure' ) of Hutehinson. These various eombinations of
' lupus ', whieh at thar tim e would gene rall y ha ve been taken to refer to lupus
vulga ris, with ' pe rnio ' , 'chilblain' and 'engelurc' all meaning th e same in
different lan gu ages, a re obviously liabl e to eau se eo nfusion. Case-reports by
Huteh inson in his Sma ller A tlas o f Illustrat ion s of Clinical Surgery (1895)
show tha r he used the term 'chi lblain lupus' for eru ptions whieh he thought
resulted fro m the eom bined effec ts of the faetor s ea using lupus with those
eau sing ehilblains; he distinguished thi s from lupus erythema tos us, whieh
he illust ra ted sepa ra tely .
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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 folIows: '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 ro
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 aperiod 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 labelIed 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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'MO RTIME R'S MALA DY'

'Mortirner's ma lady' was described by Jonath an Hutchin son (Fig. 1.2 ) of
London in 1898. He used th is na me for the disease beca use 'the first and as
yet the most mar ked example' of it which he had observed was ' that of a
very respecta ble elde rly 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 upp er arms. Th e
patches were symmetrical but rath er larger and more abunda nt on the left
cheek and right arm than on the oppos ite parts. Th ey were raised and weil
defined, of dusky red colour and rather soft. Th ere was no ulceration or
pusrularion, bur some showed slight scaling. Th ere was no scarring, though
some of the patch es had depressed centres. Six months later, the patches had
increased in number and size. Th e lobule of the right ea r was affected, and
the nose 'was much swo llen across the bridge, but without any implication
of the skin, presenting a th ick, soft tumour'. This description suggests thar
the eruption included elements resemb ling both Besnier 's lupu s pernio and
the 'multiple sarco ids' describ ed by Boeck in the followin g year; but unfor
tu narely, no histological evidence was obta ined. Hutchinson recorded that
when biop sy was sugges ted, the pat ienr did not return to see hirn for tw o
yea rs. In the same paper , Hu rehinsen describ ed 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 feit less certa in, He
thou ghr thar Mortirner's malady 'rnay not improb ably be a tub ercul ou s

Figure 1.2 Jonathan Hutchinson, 1828- I9 13.
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affection and one of the lupus family, but if so it differs widel y from aIi
oth er 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 abrief illness with abdominal pa in and swelling,
found at necropsy to be duc to enlarged para-aortic and mesenteric Iymph
nodes, histology of which showed only 'hyperplasia of normal gland-tissue ' .

'M ULTI PLE BENIGN SARKoms'

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 feit as wel1-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

Figurc1.3 Caesar Bocck, 1845-1917.
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th e centre appeared atrophic wi th a network of dilat ed capilla ries, sur
ro un ded by a narro w raised border. Plat e Il of Boeck 's origina l pap er shows
the lesions on the back an d trunk of his pat ient ; the appea ra nce is very
sim ilar to th at of th e skin of th e pa tient shown in Fig. 7.3 . Boeck noted in his
patient th at the cubital (epitrochlear) lyrnp h-nodes were 'enorrnous ly
swollen ', th e axi llary nodes enlarged but not so much, th e cervica l nodes
very littl e, and th e fem oral no des 'so enlarged as to be visible when th e
pat ient stood upright' . He removed two skin nodules fo r histol ogical
examina tion, one rece nt, th e othe r more advanced. He foun d ' thr ough th e
w ho le depth of th e co rium from th e papill ar y layer to the limits of th e
subc uta neous tissue, sharply circumscribed foci of a new growth', whose
'ce lls were of th e type of epithelioid conn ecti ve-tissue cells . . . Th e nucl ei
we re some times multiple . .. In a few instances I found tru e giant cells of th e
sa rcomato us typ e. Mitosis was ' scarcely an ywh ere to be detected' . He
thought that mo st of th ese foci developed in th e perivascul ar lyrnph spaces,
but some from th e corium, ind ependent of the vessels. Th e outer epidermis
and skin appendages were littl e affected. Boeck mention ed th at he had seen
one othe r similar cas e in Norway, arid discussed th e resemblance of his two
cases to those previously described by Jonathan Hutchinson as Mortimer's
malad y. H e proposed the nam e ' multiple benign sa rko id of the skin' for th e
disease obse rved in his two cases, regarding th e condi tio n as a new growth
which ' rnight be descr ibed as per ivascul ar sarco ma toi d tissue built up by
excessively ra pid prol iferati on o f epithelioi d connective-tiss ue cells in th e
per ivascul ar lyrnph spaces' . Altho ugh th is interpretation of th is histology is
now kn own to be incorrect, Boeck was c1earl y the first to describe not only
th e skin lesion of the disease now generally called sarcoidosis and its
histology, but also involvement of lyrnph-nodes. By 1905 he had revised his
opinion both abo ut th e nature of the disease and abo ut nomencl ature. H e
ex plained th at he had sugges ted th e na me sarcoid to ind icat e in a gene ra l
way the connective-t issue origi n of th e lesion s; but th at lat er , on the st rength
of th e discover y of ac id-fas t bacilli in the nasal mu cosa of one pati ent, and
of o the r evid enc e, he had concluded th at the disease was 'a bacillary
infecti ous disease, whi ch is eithe r identica l with tuberculosis or closely
rela ted to it ', and th erefore preferred the term ' lupoid' , Because of the
benign nature of th e process and because the infiltration alwa ys developed
in small d istinct mil iary foci, he proposed the nam e 'benign miliary lupoid'.
By 1916 he had recogn ized th e identity of Besnier 's lupus pernio with
benign mil iary lupoid, and the occurrence of a very chronic affection of th e
lun gs and of changes in bone and in co njunctiva, as weil as of th e previously
mentioned man ifest at ions in th is d isease.

Boeck 's first pati ent with skin sarcoids died at the age of 80 from a
hypernephroma w ith metast ases; Danbolt (1947) published an account of
th e necropsy, at whic h no rem ain ing evidence of sa rco idosis could be found .
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' LIV ID PAPILLAR Y PSORIASIS'

In a pap er enti tled 'Hutchinson-Boeck's disease' , Hunter (1936) sugges ted
that a case first seen by Hutchinson in 1869 and described in 1877 in his
Illustrat ion s of Clinical Surgery may have bccn onc of the same conditio n as
he subseque ntly descr ibed as M ortirner 's malad y, and most subsequent
accounts of the history of sa rcoi dosis have accepted th is as the fi rst rcco rdcd
case . Hutchinson headed his account of thi s case 'Anoma lous Disease of
Skin of Fingers, etc. (Papilla ry psor iasis?)' , with the page head ing 'Case of
Livid Papillar y Pso riasis' . The illustrat ion shows the hand of a man aged 58,
with lar ge livid patches of indurat ion on the middl e finger, in rhe d cft
between the middl e and ring fingers and on th e dorsum of the hand . These
were ra ised and smooth - thou gh with some dr y sca ling - of irr egular sha pe,
with abrupt margin s, not tender and of purpIe co lour. Similar patches but
with less thickening wcre present on the front of th c Icft tibi a. Th e patient
wa s other wise in goo d health , apa rt from gout. Altho ugh the descript ion
seems compatible with th e sugges tion th at th is was a sarcoid infi ltra tion of
th e skin, rhe illustra tio n, abo ut which Hutchinson rema rkcd th ar the artist
had no t bcen very success ful in representing the pcculiar ities described,
wo uld not immediately sugges t th is diagnosis . Hurchinson sta ted that in
1869 he had seen in the University Museum in Os lo a drawing showing a
precisely similar condition on th e hand of a Swedish sailor who was a
pati ent of Professor Boeck. At first sight it might appea r that this case may
have been one of th osc later describ ed by Caesar Boeck, bu t the Boeck
whose d inic Hutchinson visited in 1869 must have been Carl William who
died in 1875 and was unde of Caesar. This incident thercfor e provides no
connection betwee n Hu rchinson 's case published in 1875 and Boeck 's
benign sarkoid . Hutchinson 's patient had gout and died fro m kidn ey
disease, and Hutchinson referred to hirn in a discussion of eruptions associ 
ated with gout, pu blished in a paper which followed immediately tha t in
which he describ ed Mort imer's malad y. Ir is thus d ear thar Hurchinson
hirnself did not at any time identify thi s as a case of Mortimer's malad y,
and th e gro unds for mak ing thi s identifi cat ion retrospectively scem
tenuou s.

SUBC UTA N EO USSA RC O IDS

In 1906, Dari er and Rou ssy described the cases of five health y mid dle-aged
wo men wi th subcura neo us nodules, most frequ entl y on the trunk, but
sometimes on th e limbs. In four of these, nodules were removed for biopsy,
and a histological appea rance similar to th at of Boeck's sa rcoids of the skin
was found. Darier and Rou ssy therefor e regarded the lesion s in rheir cases
as subcutaneo us sa rco ids .
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IN VOLVEMEN T O F INTER N AL ORGA NS

As noted above , Boeck earl y recognized that the lungs, lyrnph-nodes, nasal
mucosa, eyes and ot her organs might show changes in parients with
cuta neo us sarcoids, and fun her evidence abou t these man ifestat ion s was
soon publ ished.

BONES

In 190 4, Karl Kreibich, later Professor of Dermat ology in Prague, but then
wo rking in Vienna, described cystic changes in the bones of the hands in
connection with lupus perni o. H is paper was based upon four cases, and is
illustrated by an excellentl y reproduced radiograph of the hands of on e of
them ; the histology of the skin was studied in another. In 1910, Rieder of
Munich reported a condition which he interpreted as chronic osteomyel itis
of several fingers in tw o cases of lupus pernio, and this paper also is
illustr ated by very dear radiograph s. The se bones changes were described
aga in in two cases in 1920 by jüngling, under the title 'ostitis tuberculosa
multiplex cystica '. He thou ght the condition tub erculous; he ment ioned
Rieder's paper in a footnote, but seems to have been unaware of Kreibich 's
paper at th is time. Larer (1928) he recognized the d ose associa tion of this
conditio n with lupus pern io and Boeck's sarcoids, and described the histol
ogy and the detailed rad iology. j üngling's name has been rath er widely
associa ted 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 publ ished 14
years before j üng ling's first paper, but it was based upon rwice as many
cases, in one of which histological evidence was obtained and he d earl y
recognized the asso ciation with lupu s pernio. Danb olt (1958) d aimed pr ior
ity for a case described by Kienb öck in 1902 ; but this was in a paper on the
rad iology of syphilitic disease of the bones of the extremities, and although
the publ ished rad iograph and rhe observa tions that the skin over the
affected digits wa s red, tense and swollen and tha t a red swelling appeared
over the bridge of the nose leave little doubr that thi s was indeed a case of
lupus pernio with bon e changes, Kienböck cert ainly thought that it was due
to syphilis, on the basis of a histo ry of infection five years earl ier.

EYES

Altho ugh Boeck had ment ioned invo lvement of the conj unctiva , and oth er
ea rly authors noted irit is accompanying sarcoids of the skin (Schumacher,
1909), the frequency of ocular invo lvement was not recognised for a long
time. In 1909, Heerfordt of Co penhagen described und er 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, Ir was not until
1936 that Durch and later French authors showed that this syndrome is a
manifestation of sarcoidosis (Bruins Slot, 1936; Pautrier, 1937; Bruins Siot
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 tubereuIin, and no tubercle
bacilli were found in the sputum. They considered that in this case rhe
internaiorgans 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 internaiorgans, especially the lungs.

In 1914, ]örgen Schaumann (Fig. 1.4) of Stockholm wrote a prize essay
on lupus pernio, in wh ich he expressed the view that Besnier'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 wh ich 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 calied lymphogra
nulomatosis benigna. In this essay, which does not appear to have been
published until 1934, he described and illustrated, accompanying lupus
pernio, radiographie changes in the bones of the toes and in the lungs, and
typical histological changes in skin, Iymph-nodes and tons ils. 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 internaiorgans, without causing
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Figurc 1.4 Jörgen Schaumann. 1879-1953.

any skin ehanges. In a long series of later papers, published from 1917
onwards, he produeed c1inieal evidenee in favour of these views . In 1936, he
expressed the opinion that Iymphogranulomatosis benigna is a generalized
disease, without or with skin manifestations, in all probability of a tubercu
lous nature, that may eause death by destruetion of the haemopoietie appar
atus, by loealization in vital organs or by the eHeet on the heart of the
inereased rcsistanee to its work eaus ed by the pulmonary lesions, but more
oftcn by the supervention of a c1assieal tubereulosis.

LÖFGREN'S SYNDROME

About 1940, Seandinavian physieians noted that bilateral hilar Iymph-node
enlargement, with or without erythema nodosum, might be assoeiated with
sareoidosis. In 1946, Sven Löfgren of Stoekholm confirmed this assoeiation
eertainly for six and probably for nine more of aseries of 212 eases of
erythcma nodosum ; and in 1953 he showed c1early that the 'bilateral hilar
lymphoma syndrome' represented an early stage of sareoidosis (Chapter 5).
This was a most important eontribution, for the diseovery 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 MANIFESTATlONS

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 especiall y 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 REACTlON

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 lyrnph-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 relat ion 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 anatorny.

Among non-eponymous names, Schaumann's 'Iymphogranulornatosis
benigna' has already been mentioned. He suggested this to indicate the
general character of the disease, and its tendency to localize in the rericulo
endothelial system, and to contrast it with 'Iyrnphogranulomatosis 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 amistaken first impression from
the histology thar the skin lesion he described was a tumour of the connec
tive tissue, and was later abandoned by hirn. But although the word sar
coidosis is reduced to non sense by strict etymological examination (aa(}~

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 etyrnolo
gical sense into it may have a compensating advantage, in that it frees the
word from unwanred 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 c1inical 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
c1inical 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 dcfinable, 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 rhe tubercle which develops in response to mycobacterial
infection were reviewed by Rich (1951). Ir is composed characteristically of
epithclioid 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 weil defined group of epithelioid cells, together with variable nu m
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, mayaiso be seen. Variable numbers of Iymphocytes 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 mayaiso 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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Figurc 2.1 Sarcoidosis of lymph-node, H&E. (a) x 20 (b) x 176. This is the
characteristic pattern of discrete non-ca searing epitheloid cell tubercl es.



Figur e 2.2 Centra l granular necrosis in sarcoidosis of lymph-node, No te also
giant cells H & E. x 140.

Figure 2.3 Giant cells inlymph- node sa rcoidosis. H & E. x 100.
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tion , for in th e centres of a few tub ercles in some typical cases of sarcoidos is
eosi no philic granular necrosis, not amounti ng to actual casea tion, may be
seen (Fig, 2.2). It is distinguishable from caseatio n by the persistence of an
inract reticulum, demon strable by silver stai ning methods ; bu t again this
dis tinction is not abso lute . Giant cells are variable in nu mber in tu bercles of
all so rts, including those of sa rco idosis (Fig, 2.3 ), and their freq uency does
not discriminate bet ween th e various diseases in which tub ercles may be
foun d histol ogicall y. In sarcoidosis, certain inclu sion bod ies may be present
in th em. Amo ng th ese, rhe conchoida l inclusion of Scha uma nn and crysta l-
line inclusion s are mor e frequ ent in sa rcoidos is th an in some other diseases,
but they do not constitute a dist inguishing characteristic. Th ey are discussed
below.

Sarcoid tubercle s may resolve completely and leave no detectabl e residu e.
Th ey may remain in a pre-fibrotic phase capable of resolution for man y
yea rs. Th is is immediately evident in skin sarcoids, man y of which even
tu ally disappear completely; even large infiltrations, e.g. of th e lupus pernio
type, may subside aft er many yea rs leaving remarkabl y little scar ring (Chap
ter 7). If th ey do not resolve, th ey event ua lly becom e converted int o a rather
cha rac teristic sort of hyalin e co llagen, which sometimes constitutes exten
sive featureless masses of avascular acellular fibrou s tissue. In tissues in

Figure 2.4 Hya line fibro sis in sa rco idos is of Iymph-node. H & E. x 140.
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wh ich thi s process is adva ncing, there may be some surv lVlng isolated
sa rcoid tubercles, singly o r in small groups, often with the sclerotic process
sta rring at thei r peripheries, and separated from each other by bro ad tract s
of featureless fibrous tissue (Fig. 2.4). Wh ile th is so rt of dense scarring is a
con stant findin g in scleros ing sarcoidosis , it does not provide an absolute
crite rion of discrimination from mycobacterial tub ercul osis, for it may
occur in lesion s undoubtedly caused by mycobacterial infection.

Th ere is thu s no way in which rhe histological study of tissue from a single
site will permit sarco idosis to be distinguished with cert ainty from other
diseases in wh ich 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 tho se which are frequen tly pre sent strongly supports a
diagnosis which seems likely on other grounds. The additiona l feature
which distinguishes sarcoidosis from all the other diseases is the presence of
the character istic '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 srat ed:

Th e microscopic al appea rance of the lesion s of sarco idos is reproduces itself
over and over with a regularity which has been aptly termed ' rno notono us ' ,
Although th e skin and Iymph-nodes have been the tissues most exhaustively
studied, there is abundant evidence to indicate that the fundamental chara cter
of the lesion is the same wherever ir occurs. In its mos t cha racteristic form, it
consists of a collection of large palely sta ining cells wirh fairly well-defined
boundari es which vary from polyhedr al to fusiform configurati on . The cyro
plasm is ab unda nt, slightly granular or homogeneous and sometimes
vacuol ated. Th e nucl ei are prominent , delicately reticulated and oval, elon
gared or con voluted. Since there is usually little or no peripheral cuff of
non-specific inflammatory cells such as is commonly noted abour tuberculous
granulornara, these cell clusters tend to stand out in bold relief against such
tissue backgrounds as the deeply-staining pulp of lymph-nodes, or app ear as
inlays between the collagen fibres of the skin. The epith elioid cells in the
smaller lesions have no parricu lar pattern, but in larger foci there is often some
tendency to whorl forrnation or concentric arrangemen t. Some of the cells in
such lesions are larger than others and contain severa l nuclei. Occasionally the
central portions of the lesion s undergo a form of granular necro sis staining
pink with eosin and dark blue with Malloy's pho sphotungstic acid 
haematoxylin. A few nuclcar fragments can occasionally be seen in such area s,
Thi s form of necro sis is spo try, rarel y involving mor e than a few scattered
lesions and strictly limited to the centr al portions of the granulomato us foci. Ir
is usually readil y distinguishable from true casearion.

And Thomson (1958 ), studying patients seen in London, summarized the
finding s as folIow s:
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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 c1early demarcated cell boundaries. Additional histological features
may be present; there are frequently giant cells of either rhe 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 ma y be seen in sa rco id gra nulomas was
described in detail by Ricker and Clark (19 4 9) . lt occ urs in th e centres of
individual granulomas, especially where several have coalesced. Affected
areas ar e st ro ng ly eosin ophilic, fibrill ar and acellular apart from a few
Iymphocytes. Silver sta ining shows a persistent ret iculin pattern th ou gh its
integrity may be doubtful in border-line cases. Zettergren (1954 ) found suc h
ch an ges to be more freque nt in sa rco idosis kn own to be of recent on set.
Eviden ce of thi s so rt of necro sis was found in 35 % of 300 cases of sarcoido
sis from which materi al was availa ble in th e US Army Inst itute of Pathology
(Ricke r and Clark, 1949); in 6 % of medi astinallymph-nodes rem oved for
biopsy fro m patients wi th sarco idosis by Ca rlens et al. (1 97 4), who noted
that all th ose wi th necro sis had presented with a febr ile illness; and in ope n
lung biopsies from sa rco idosis patients in 39% of 43 cases by Carring to n et
al. (19 76) and in 7.7% of 12 7 by Rosen et al. (1979) .

lt is now evident th at th e early descr iptions of th e histology of sa rco idosis
over-emphasized th e uniformity of th e appearances, probabl y becau se th ey
we re based mainly up on post-rn o rtem ex aminations. Biop sy st udies,
especially of medi astinal lym ph-no des and lun gs, freq uently show differing
patterns of d iffuse cellular changes fo rmed gra nulomas, and fibrosis co
existing (Fig. 2 .5) . Whe the r th ese mixed patterns are due to successive
episodes of inception, maturation and resolution or hyaliniz ati on of rub er
eIes, o r to va ryi ng rates of evolut ion towards th ese end-points in diff erent
parts of a process beginning synchro no us ly ma y be difficult to determine.

Although th e mature sa rcoid tubercle characteri stically shows limited
lymphoc yti c infiltration only at its per ipher y, th ere are two gro ups of cases
in whic h diffu se inflammatory changes are prominent.

The first consists of cases in which th ere is co nspicuo us diffu se cellular
infiltration in th e vicini ty of gra nulo mas in affected orga ns . Such ch an ges
have been observed espec ially in th e lungs an d in the meninges; these are
considered in Chapte rs 6 and 14. Rosen et al. (1978) found th ar in open
lung biopsies from patients wi th sa rcoidosis, non-granulorn atous inflamma-
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Figure 2.5 Sup raclavicular lyrnph-node fro m a wornan wh o had had
sarco idosis for six years. H & E. (a) x 16, show ing borh cellula r and
halinizing gra n ulo rnas , (b) x 72 , sho w ing cellul a r gra nulo mas.(c) x 72,
sho w ing hyaline fibrosis and rernnants o f gra nu lo rnas ,
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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. 435).
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 weil 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
Schürmann, 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.narning the histological pattern 'universelle sklerosierende tuber
kulöse 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 Löfgren (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.

Iymphatic 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 inelusion-bodies and the conchoidal body of
Schaumann, occur more frequently in giant cclls in sarcoidosis than in other
granulomatous diseases. Asteroids and cholesterol elefts may be seen in
sarcoid giant cells but are not especially frequent.

The crystalline inelusion consists of colourless doubly refractile crystal
line material, varies in size from 1-20/1, and does not take up stains, except
thar 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 inelusion-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 inelusion being more or less
distinctly refringent. As they increase in size, they move to the centre of the



,r, •

•

•
•

(a)

(b)

Figure 2.7 Crystalline inclusion-bodies. H & E. x 600 . (a) norm al 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 cons isting 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 sam pies from sarcoidosis patients. In paraffin
embedded sections for light microscopy they appear as vacuoles. Zaki
(1964) found evidence that they, as weil 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 ex perimental infect ions with the vole tubercle bacillu s, and by Zaki
(196 4) in cattle after subcuta neo us injection of a tuberculosis vacci ne. T hey
have been repo rte d in man in lup us vulgaris (Gilchrist and Sto kes, 1903 ), in
tube rcu los is (jones -Wi llia rns, 1960), in BeG vacci na tio n sca rs (Zaki, 1964 ),
in beryllium gra nulomas (Grier et al. 1948; Williams, 1960), in gian t-ce ll
gra nuloma of th e pitu ita ry (Doniach and Wright, 1951 ); and in lyrnpho
gra nuloma inguina le (Rich, 195 1). Jones-Williams (196 0) found th at th eir
composition was the same whethe r they occurred in sarcoido sis, in chronic
beryllium disease or in tuberculosis. Th e conce ntric bodies observed by
Metchniko ff in tuberculou s gerbils and by Wells and Robb-Smith in vo les
co uld be shown to contain acid-fas t bacilli at their cent res, but no compa ra -
ble observation ha s been recorded in sarcoidosis.

It is evident that th e frequency with which inclu sion-bodies are found is
dependent upon the amount of tissue available and th e th oroughness of
search. Nevertheless, there is evidence th at crystalline and co ncho idal inclu
sions a re more frequent in sa rco idosis and in chro nic beryllium disease, with
a gra nulo ma tous histology close ly rese mbling th at of sarcoidosis, th an in
other diseases. Jones-William s (1960b) found crystals an d/o r co ncho idal
bodies in 15 (88% ) of 17 cases of sa rcoidosis, an d in 62 % of 52 cases of
chronic be ryllium disease, but in only 6 % of 100 cases of tu berculosis.
Among the 15 cases of sa rco idos is with th ese inclusions, six had bo th types,
seven crysta ls only, and two concho ida l bodies only.

Altho ugh the as te ro id inclusion-b ody is usually associated with th e nam e
of Wo lbach, who descr ibed it in 'dissemina ted gra nuloma to us lesion s' in
1911, it was described in 1905 by Lombardo, and lat er in the same yea r by
Winkler, in Boeck 's sarcoid. Wo lbach's report co ncerned 'a new type of cell
inclusio n' in giant-cell granulomas found at necropsy in Iymph-nodes,
spleen, liver and lun g as inc identa l findings , death having been du e to

unrelat ed ca uses . Th e inclusions consisted of a cent ra l mass, 2.3 -3 fl in
dia meter with ra diat ing straight or centre d spino us projection s, the who le
being 5-25 fl in diam eter. T hey we re insoluble in acids or a lka lis, and
did not sta in wi th silver nitrat e, with sta ins for fat o r iro n, by Weigert' s
meth od for e1asti c tissue o r with iron-haemat oxylin. With M allory's ph os
ph otungst ic acid-haema toxylin they sta ined deep purpIe, as does fibrin. The
gia nt-cell granulo mas in which the aste roids were found were described too
briefly to permit any co ncl usio n abo ut th eir nature. H irsch (1935) studied
'radi al inclusions of giant cells' found in ten necropsies and 26 surgical
spec imens: the giant cells were in most inst ance s part of a local gra nuloma
wh ich was an inc idental find ing, in liver , lungs, spleen or Iymph-nodes, in
the wa ll of dermoid cysts, in va rio us sca rs, in chronic tub erculosis of th e
lun gs, and in goi t res . Kay (1950) fou nd typi cal as teroids in two out of four
cases of sarcoidosis of th e spleen an d Lon gcope and Freiman (1952) noted
th at in sa rco idosis, as teroids occ ur with special frequ ency in extensively
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Figure 2.9 Astero id inclusion bod y, H & E. X 480.

involved sp leens. But th ey are not a spec ia l fea ture of sa rcoi dosis in genera l:
Ricker and Cla rk (1949 ) no ted th em in 2% of th eir 300 cases, and Rosen et
al. (1978) in 9% of open Jung biopsy specimens showing sa rco idosis. A
sma ll as teroid appea rs as a spherica l struc ture wirh minute spicules insi de a
vac uo le in a gia nt cell, and stains pink with eosi n ; la rger ones become sta r
shaped (Fig. 2.9). Friedman (1944 ) was un abl e by histochemi cal methods
to determ ine th e composit ion of as tero ids in th e spleen in sa rco idosis.
jones-Wi lliams and Willia ms (1967) suggested from ultrastructural stud ies
rhar aste roi ds might be composed in part of co llage n fibr ils but Ca in a nd
Kraus (1977, 1980) have found evidence that they con sist of non- collagenous
filarnentou s and microtubular material der ived from th e cytosphere.

Recently, a number of invest igat ors ha ve dr awn attention to the occur
ren ce in the Iymph-nodes of pari ents with sa rco idos is, and other disea ses of
minute yellow-bro wn bodies va rio usly calied spindIe (H amaza ki, 1938),
spira l (Wesenberg, 1966), Hamazak i-Wesenberg (Baro and Butt, 1969),
curious (Carter et al., 1969 ) and yellow (Boyd and Vale nt ine, 1970) bodies.
These ra nge fro m 0.5-8 ,ll in diameter , a re yellow-brown in colour,
pleomo rphic but tending to be oval o r spind le-shaped, and histochemi call y
react likc lipofuscin. They occur in lymph-nodes both outside and within
cells, usually outside granulomas and in th e pcr ipheral sinus area . Boyd and
Valentine (1970) foun d th ern in 15% of Iym ph-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 unaffeeted by the granuloma. Doyle et al.
(1973) identified these bodies in Iyrnph-nodes from seven of 47 eases of
sareoidosis, and in six out of ten porta hepatis nodes removed at neeropsy
from patients dying of eauses other than sareoidosis. Rosen et al. (1979)
found them in 15 of 36 lyrnph-nodes, mostly mediastinal, and two of 12
open lung biopsy speeimens showing sareoidosis, and in three of 26 non
granulomatous mediastinal nodes. The nature of these struetures remains
obseure. It has been suggested that the y might be budding yeasts or L forms
of myeobaeteria (Baro and Butt, 1969; Moseovie, 1978), but most
observers have eoncluded that they are giant lysosomes that have beeome
residual bodies (Sieraeki and Fisher, 1973; Doyle et al., 1973; Vuletin and
Rosen, 1977) and are not speeifie 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 conjunetiva and the eornea, and
ear-drums (Chapter 19). It was long thought that dystrophie ealcification of
the ehronie lesions of sareoidosis was very rare. Until 1961, the only
referenees to sueh ealcification were two isolated cases showing radiologieal
evidence of calcification in hilar lyrnph-nodes (Kerley and Twining, 1951;
Seadding, 1960b) and neeropsy evidenee of ealcification in a loealized
sareoid deposit in the brain and in hilar lyrnph -nodes (Ross, 1955). In 1961,
Seadding reported that among 136 patients with intrathoraeie sareoidosis
followed for at least five years, ealcification developed in seven; in both hilar
no des and lung in three, in nodes onl y in two, and in lung only in two. In
none of the patients with this dystrophie calcification had there been evi
denee of hyperealcaemia, and several in the same series who had hypercal
eaemia with metastatic ealcifieation showed no evidenee of dystrophie
calcifieation. Israel et al. (1961) observed th e appearance of new ealcifiea
tion in two of 256 patients; and Sommer (196 7) referred to bilateral
calcifieation as a recognized oecasional finding in the hilar lyrnph -nodes of
patients with long-standing sarcoidosis. In a case reported by Scadding
(1968) it was shown by serial biopsy that ealcifieation had developed in the
hyaline connective tissue into which a sarcoid lyrnph-node had been trans
formed; a persistent reticulin pattern in the ealcified area indieated the
absence of caseous necrosis. After prolonged observation of 300 patients,
Scadding estimated that about 5% of patients with sareoidosis involving
both lungs and hilar lyrnph-nodes would develop calcification. Calcification
in pulmonary and hilar lyrnph-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 monocyres enlarged without cell-d ivision,
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 ß-glucoronidase and cathepsin;
the y 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 da ys, and of epithelioid
cells in seven days, and that by 15 days multinucleate giant cells were
developing. Papadimitriou and Spector (1971) studied the experimental
devclopment of epithclioid cells in mice. They found that macrophages
evolved into epithelioid cells if they were incubated without having under
tak en phagocytosis, if they had successfull y complered 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
rase acrivity 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 maruring to macrophages.

Ir 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 ß-glucuronidase,
noted above, stimulated macrophages have been shown to produce collage
nase and elastase (Werb and Gordon, 1975 a and b), cytol ytic factors
(Gallily and Ben-lshay, 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 thar intravenous injection of killed BCG
in oil led to change in morphology of lung macrophages to the epithelioid
pattern, with increased numbers of den se 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 Iymph 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 da ys and rapidly increased
in number. Ultrastructural and kinetic studies showed thar the y developed
by progressive fusion of mononuclear cells rather than by mitosis wirhout
cell division. Newly arrived macrophages appeared to fuse with older
macrophages wh ich 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 distribured nuclei appearing later. On the other hand, Van
der Rhee et al. (1978) in similar studies in rats observed thar the Langhans
type appeared first and seemed to develop into the foreign body type; the
distribution of nuclci va ried wirh their number, tending to be peripheral in
cells with up to five, and aggregated eccentrically in those with 30 or more.
Papadimitriou (19 76 ) in experiments on athyrnic mice concluded that MGC
are not thyrnus-dependent or thymus-derived. Warfel (197 8) showed that in
rabbits sensitized with BCG lyrnphocytes incubated with BCG produced a
factor which stimulated alveolar or peritoneal macrophages from normal
rabbits to form large MGC in uitro.

Inflammatory granulomas experimentally induced by different agents
vary in rates of cell turnover by replacement from the circulation and by
mitotic division (Specto r, 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 frorn 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 e1ectron-dense inclu sion s 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 wecks. These observations indicate that in
the mouse, long-lived macrophages containing phagocytosed material arc
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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 e1ectron microscopy (EM), the epithelioid cells of sarcoid granulomas
show an elaborate convoluted plasmalemma interdigitating with that of
adj acent cells, and abundant cytoplasm with variable amounts of endoplas
mic reticulum (ER) and Golgi complexes, man y 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 tho se of
mycobacterial tuberculosis, chronic beryllium disease, Crohn's disease and
farmer's lung (Hirsch et al., 1967; ]ones-Williams and William s, 1967;
Wan strup and Christiansen, 1967; Greenberg et al., 1970; ]ones-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 Iymph-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 nucleol i 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
outl ine, having no nucleoli and diffusely-distributed chromatin. Some cells
with intermediate appearances, and a few very light sta ined cells, possibly
degenerate cells of type B, were seen. lt 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 lyrnph-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
paracrystall ine structure. In human macrophages from other sites similar
inclusions were seen, but usuall y lacked the paracrystallin e 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 concludcd 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 rhe ultrastructure of five cutaneous
sarcoids in an activc stage. Most of the infiltrating cells were of the epithe
lioid type; about a quarter were e1assified as macrophages, and a variable
small proportion were lymphocytes. Among the epithelioid cells, three types
were distinguished. The most frequent type was characterized by weil
developed granular ER with many ribosomes. The ncxt most frequent type
had many lightly stained vesieles 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 vesscls within the granulo
mas showed normal endothelial cells, though in a few the luminal surface
looked convoluted, with gaps between adjacent cells.

Spector (1975) coneluded 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 lyrnph-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 mononuelear 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 weil 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 et al. (1979) studied biopsies from lyrnph
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 lyrnphocytes. 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 lyrnph-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 exarn
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 tale in
surgical procedures (Lichtman et al. 1946; Eiserman et al. 1947; Gruenfeld,
1950) . In the active stage of sarcoidosis, old scars may become infiltrated
with sarcoid tubercles. Löfgren 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 (Schatten burg 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 Iiver 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 affeeted by lymphoma in 11, and in unaffeeted tissues in seven, both
showing granulomas in four. In ten of the 14, the lymphoma was classified
as Hodgkin's disesase.

The histology of loeal sareoid reaetions may be indistinguishable from
that of generalized sareoidosis, and may be so extensive within an affected
lyrnph-node as to be misleading (Fig 2.10). Diagnosis depends upon seareh
for evidenee of granulomas at other sites, and for possible eauses of a loeal
reaetion.

Histological criteria for the diagnosis of sarcoidosis

The essential elements in the histology of sarcoidosis are epithelioid-cell
tubercles, weil eireumseribed within the surrounding tissue, with a variable
amount of Iymphoeytie infiltration peripherally. The tubercles show no
easeation, though there may be some eentral eosinophilie neerosis without
disruption of retieulin pattern. There is evidenee that the number of lyrn
phoeytes is higher in the early stage of granuloma formation. In formed
tubercles, giant eells are found in variable numbers, but are not essential;

Figure 2.10 Lymph-node obtained by mediastinoscopy from a wornan
aged 56, showing well-defined sarcoid-type granulornas. She died three
rnonths later of anaplasric carcinorna of the bronchus; no granulomas were
found at necropsy in other lymph-nodes, lung, liver, spleen or mycocardiurn.
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 c1inical, radio
logieaI, 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.



Chapter 3

Definition

Names of disea ses appea r, at first sight, to refer to agent s causing illness; but
ana lysis of the wa ys in wh ich they are used in med ical discourse shows that
they have several different sorts of factual implication. Thus the medical
concept ' a disease' is logically heterogeneous, though this is not general1y
recognized (Scadding, 1959, 1963, 1972 , 1981b; Ca mpbell et al., 1979 ).
Historically, thi s heterogeneity has arisen because the characteristics by
which individua l diseases have been defined have in many instance s been
cha nged, explicitly or impli citly, with advances in knowledge. At first,
diseases could be character ized only by a distinctive com bination of syrnp
to ms and signs, and thu s were definable onl y 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
term s of thi s new knowl edge, sometimes with a new name. And when a
cause of disease has been ident ified, causa tion generally displaces all other
criteria as the basis of definition . Consequent ly, cur rent nosology includes
diseases defined in severa l different wa ys: by c1 inical description, by
specified disorders of structure or of function , and by cause. Thi s analysis
leads to the general sraternent that in medical discourse the name of a
disease refer s to the sum of the abnormal phenomena displa yed by a group
of Iiving 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 c1inicians recognize a group of patient s with symptoms and signs
which do not conform to the picrure of an y hith erto describ ed disease,
definition initi ally can on ly be on the basi s of c1inical description. To be
accepted as being a case of the new disease, a pati ent must show a stated
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combina tio n of clinica l symptoms and signs. As soo n as knowledge has
advanced sufficiently to permit a wo rka ble definition to be based upon
criteria derived from a more objective field of srudy - anatomica l or phy
siological and eventua lly aetiological - such a definition may be ado pted. A
definition based upon morbid ana tomy or physiology will usually displace a
descripti ve one, and one based upon aetiology is genera lly the most useful
when it becom es possible. Th e evolution of the definition of a disease as
knowledge adva nces is weil exemplified by the history of our concept of
tub erculosis. At first, the various man ifestat ions of the disease we now call
tub erculosis were described under var ious clinical-descriptive or epo nymo us
names - e.g. phthisis, tab es mesent erica, scrofula, Pott's disease of the spine,
etc. - and between them there was at that time no obvious connection. The
researches of early morbid ana tomists demonstrated the tub ercle as the
comm on 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 thar a given example falls into the defined gro up.
Bur they may not be easily observed directly in the living pat ient ; in such
instances, finding s that can convenient ly be sought clinically and that have
been shown to be correlated with the defining cha racteristic ma.y be ado pted
as diagnostic criteria, and accepted as indirect evidence of its presence. Thi s
is often so even for diseases defined aetiologically; for example, altho ugh the
most satisfac to ry definition of influen za is ' the disease caused by the influ
enza virus', we may qu ite legitimately make thi s diagnosis without actu ally
isolating the virus, relying upon indirect evidence fro m sero logical tests, or
even, during an epidemic, upon clinical evidence onl y.

When the defining characteristics have been decided, cases in which it has
been esta blished, by va rious means, thar they are present should be studied
to esta blish the total descript ion of the disease. This, of course, will include
everything that can be discovered about the defined group by all meth od s of
study. While reference to features of inconstant occurrence has no place in a
definition - where it serves no useful function , and indeed tend s to blur
wh at should be preci se - it is essential to a complete description , which
sho uld include wh ere possible an estimate of the frequency of all the more
impo rta nt features.

There are thu s clear distin ctions berween defining cha racteristics, which
are those by which, given opportunities of the appro priate type of study, it
can be decided beyond doubt whether a case belongs to the defined group;
descript ion , which is a summa ry of esta blished knowledge abou t 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 inc1ude 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 c1inical or syndromal basis will the defining characteristics be
an obligatory part of the c1inical 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 inc1uded in the c1inical
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 c1inical 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 inc1uded in
the total description of the disease. For a disease with an anatomical
definition we shall have, apriori, a uniform morbid anatomy, but must be
prepared for variability in c1inical, 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 aetiologically; 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 c1ear that adefinition of sar
coidosis must be a statement of the observations which would lead
unequivocally to the diagnosis of sarcoidosis. lt 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 wh ich 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 unif ying feature of the concept
sarcoidosis. Although this pattern observed in a single site is not pathogno
monic, its presence in all of a variety of affected tissues form s a workable
basis for adefinition. lt will be recalled that all those who have studied the
pathology of sarcoidosis have commented on the pre sence of a relativel y
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 thi s disease. No difficulty arises over local tissue
reactions having a similar histology if it is specified that for the ultimatc
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 staternent that aetiology is unknown should not be
included in the definition, for such a staternent not only would result in the
abolition of the disease as defined if the aetiology becomes completely
known, but also makcs 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 cau sed 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 thar 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
e1sewhere or explained as due to the supervention of a new disease, or the
case would be excluded by definition from the category sarcoidosis. lt 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 wh ich, in addition
to excluding apriori 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
lyrnph-nodes, lungs, skin, eyes, and bones, particularly of the extrernities. 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 radiographie 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 histologie 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
atternpt 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-casearing epirhe
lioid-cell granulomas in more than one organ or a positive Kveim-Siltzbarh
skin-test. Immunological features are depression of delayed-type hypersensi
tivity suggesting impaired cell-rnediated immunity and raised or abnormal
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immunoglobulins . There mayaiso be hypercalciuria, with or without hyper
calcaemia. The course and prognosis may correlate with the mode of onset.
An acute onset with erythema nodosum heraids a self-limitingcourse and
spontaneous resolution, whereas an insidious onset may be followed by
relentless, progressive fibrosis. Corticosteroids relievesymptoms and suppress
inflammation and granuloma formation .

Although this statement seeks to disarm criticism by not c1aiming 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. Ir lists c1inical and other features that may
occur. Ir includes one statement, concerning cell-rnediated immunity (as
opposed to hypersensitivity), that is probably incorrect. Ir provides no
indication of the way in which, in the final analysis, agreement might be
reached in a case over which informed observers disagree. Ir fails to recog
nize that the difficulties of a histological definition can be avoided by rhe
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 dia gnosis 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 c1inical 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 ar the centres of a few, proceeding either to
resolution or to conversion inro 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-rnediated hypersensitivity
reactions may be depressed, though in so me 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 arta ining certa inty in the diagnosis
of sa rcoidosis, even though such certa inty can be attained only by a com
plete necropsy or by an impracticabl y large number of biopsies. In practice,
sufficient knowledge has accumulated about c1 inical, radiological, imrnuno
logical and bioch emical aspects of cases in which accepta ble evidence has
been ava ilable th at they conform to this definition to perm it the formulat ion
of diagnost ic crite ria applicable to the more frequent modes of c1inical
presentat ion. Th ese will be discussed when the various c1inical man ifesta
tions have been describ ed. Some com binations of c1inical, radiological and
other fea tures, espec ially if severa l organs or systems are involved, ar e so
char acteristic that they justify a c1inical diagnosis of sarcoidos is with littl e
risk of error; and in such insta nces even th is small risk may be eliminated by
the observa tion of a typical histological pattern in tissue removed for biopsy
from a single site. In other cases , with less cha racteristic features, biop sy
from a single site, even though it shows a typical pattern, may be insufficient
to esta blish the diagnosis beyond doubt, In general the amount of histol o
gical evidence required to support a c1inical diagnosis varies inversely with
the confidence with which the c1inical picture in the individua l 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 judgernenr, 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 ehest
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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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 aseries 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 BTTA (1969) study aimed to collect
information about all patients diagnosed over aperiod of five years in four
defined areas; and the international study of Siltzbach et al. (1974) assern
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 weil 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 weil 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 AngeIes series presenting with
respiratory symptoms is probably attriburable 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,
ehest 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
erytherna nodosum or febrile arthropathy, or both of these, with bilaterally
enlarged hilar lymph-nodes. This syndrome, which Löfgren (1953) dernon-
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strated to be a frequent earl y manifestation of sarcoidosis, is discu ssed in
Ch apter 5. Reports of its frequency vary greatly, especiall y among earl y
studies. It was reported in 25% of patients in Stockholm by Löfgren and
Stavenow (1961); in 11 and 14% respectivel y of two series in London by
Smellie and Hoyle (1960 ) and by Scadding and in only 2% of the predorni
nantly black Philadelphia series of Israel and Sones (1958). A similar rela-
tive incidence of erytherna 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 wa y 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 con siderable input from an ophthalmological or
dermatological departrnent. 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 BTTA (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 lyrnph-node
and/or pulmonary sarcoidosis, discovered radiographically, an important
proportion remain symptorn-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 Malmö, Sweden, over a five year period, 1957-62, and
found non-caseating granulomas in severallocations 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, predorninantly malignant
tumours and cardiovascular disease , the presumed sarcoidosis being an
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ineiden tal 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 radiographie 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 rhe 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 radiographie surveys, useful in tuberculosis control pro
grammes in some epidemiological situations, have been the source of some
estimates of the prevalence of sarcoidosis. Ho spital 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 var ying diagnostic stan
dards in routine services . A few studies of the incidence of sarcoidosis have
sought to appl y uniform standards by central review of records.

Mass radiography

Since a high proportion of cases of sarcoidosis show intrathoraeie changes,
and these generally present characteristic appearances, mass radiographie
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 100000 examined by mass radiography units in
1959 and found to have abnormalities interpreted as sareoidosis was 13.8 in
men and 19.8 in women, with the highest prevalenee 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 respeetively; among those referred by family
doetors, they were 74.0 and 96.8; and among those examined in surveys in
faetories and offices, they were 9.7 and 11.8. Probably the latter were the
nearest approach to a representative sam pie of a population group, not
including a disproportionate number of individuals with symptoms. Rather
similar figures for the proportions of mass radiographie examinations show
ing evidenee of sareoidosis 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 radiographie cam
paigns. In Liverpool, ehanges attributed to sareoidosis were found in nine
per 100000 examinations in such a eampaign in 1959 (Sempie, 1959). In
surveys in Seotland in whieh nearly 70% of the seleeted populations were
examined, such ehanges were found in six per 100 000 in 1957, and five per
100000 in 1958 (MeGregor, 1961).

Widely differing figures for the prevalenee of sarcoidosis based upon mass
radiographie data have been reported from other countries (Bauer and
Löfgren, 1964; Levinsky et al., 1976). Some of the findings reported at an
international eonferenee in 1963 are summarized in Table 4.3. As noted
above, some of the differenees are attributable to differing polieies in the use
of mass radiography, and different diagnostie standards probably are
another faetor. Perhaps the most interesting differenees are those between
and within the Seandinavian countries, where both poliey and diagnostie
standards were similar. In Sweden, surveys in 1945-53 eovering between 70
and 98% of the population in seleeted areas showed 55 eases of intrathor
aeie sarcoidosis per 100000 persons over the age of ten years, with a wide
variation, six to 137, between areas; and in 1953-60, in another seleetion 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 1954-58, new eases of sareoidosis were
found in 13.1 and 14.4 per 100000 examinations in men and women
respeetively, and Selroos (1969) that in Finland the rates for the two sexes
combined ranged from 2.3-16.7 per 100000 in different areas. In Czecho
slovakia, Levinsky et al. (1976) reported that the number of eases of sar
eoidosis found in mass radiographie surveys ranged from less than ten to
more than 40 per 100 000 in different areas, and eommented that the wide
differenees between the figures reported from some neighbouring areas
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raised doubt whether these eorresponded to real differenees. In Italy, Blasi et
al. (1974) found that mass radiography revealed 14.9 eases of sareoidosis
per 100000 examinations in five northern eities, and only 1.3 in four more
southerly eities. There is some evidenee that in general the prevalenee is
lower in southern than in northern Europe; Zapatero (1970) srated that in
Spain mass radiography revealed only 0.04 eases of sarcoidosis per
100 000. The eontributions of differenees in diagnostie eriteria and in
survey proeedures to these widely varying reports of radiographie preva-
lenee are unknown.

In the Wellington area of New Zealand, MaeKay et al. (1964) found
evidenee of sareoidosis in 19.4 per 100000 mass radiographie examina
tions in the years 1952-57, and in 28.4 per 100000 in 1958-62; the
prevalenee was slightly higher in women than in men.

Routine radiography of oeeupational groups provides further informa
tion . Sehönholzer (1947) reported that in the Swiss Army, 13 per 100000
examinations showed ehanges interpreted as due to sareoidosis; and Buss
and Dörken (1975) that in the West German Army, 28 eases of presumed
sareoidosis were found per 100000 in routine examinations at induetion
and at yearly intervals during the years 1965-69.

Data derived from diagnostic reeords

The other prineipal sourees of data eoneerning the prevalenee and ineidenee
of sareoidosis are defined populations for whieh reeords 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 Stares Army, Cooeh (1961) reviewed the ineidenee of
sareoidosis for the years 1953-56 on the basis of reeords of disability and
death. The mean number of eases arising per 1~000 mean strength per
year was 11. The highest rate was in the age group 25-29 years. Offieers
had a slightly lower rate than other ranks, but this may have been due to
seleetion of offieers by rigorous medieal standards. The rates for blaeks were
mueh 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
Stares; the interpretation of this is diseussed 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 weil be due to two faetors; the age distribu
tion of army and navy personneI, which includes the group most liable to
sarcoidosis, and the high incidenee in blacks in the United Stares.
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In the British Army, Coni (1968) reviewed sarcoidosis over the ten year
period 1954-63. The annual ineidenee of diagnosed sareoidosis 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 ineidenee of sareoido
sis from the data for the years 195,4-7 reported to the Danish Tubereulosis
Index by ehest c1inies throughout the eountry. The mean annual rate was
5.5 per 100000; the ineidenee was uniform exeept for a great part of
Jutland, where it was about three times as high as elsewhere. From 1962
until 1971, a eentral register of sarcoidosis was maintained (Horwitz et al.,
1967; Horwitz, 1971; Fog and Wilbek (1974); Reimer (1977).) During this
time, 2563 eases were reported, 1295 in men and 1268 in women, with an
average annual ineidenee of five per 100 000, ranging between four and
eight in different years. There was a wide variation between eounties, from
1-16 per 100 000. Part of this was due to higher rates in eounties that were
subjeeted to mass radiographie screening, in whieh the rate averaged 14.
The peak ineidenee was in the ages grouped around 25 years, with a seeond
smaller 'hurnp' of inereased ineidenee, more evident in women in late
middle age. Reimer (1967) found that nearly one-third of patients dis
eovercd in an intensive study of one area were not rceorded on the eentral
register, and noted that many of the unnotified parients were treated in
general medieal departrnents for the more severe manifestations of the
diseasc. In this intensively studied area, the annual ineidenee averaged 10.8
per 100000.

In Finland, Selroos (1969, 1974) reported thar in 12 areas in whieh all
sareoidosis eases were registered, irrespeetive of the mode of deteetion, the
annual ineidenee of new eases between 1961 and 1967 ranged from 3-12
per 100 000, with a mean value of 5.3; no ease was deteeted below the age
of 15, and if rhe number of eases was related to the population over the age
15, the ineidenee was 6.8 per 100000. For the period 1968-70, the mean
annual ineidenee was 7.5 per 100 000, or 10.2 per 100 000 over the age of
15. There was a higher ineidenee among women, who eonstituted 62.4% of
new eases, and the exeess was prineipally due to large numbers of eases in
older women, the highest ineidenee being between 50 and 59 years, with
eonsiderable numbers in those over 60 years. Thirty per cent of patients
were found in mass radiographie surveys, and the remainder beeause of
symptoms.

In Great Britain, an intensive eomparative study of four contrasted areas
was undertaken by the British Thoraeie and Tubereulosis Assoeiation
(1969) during the five-year period 1961-66. Sinee it is weil established that
an unknown but probably eonsiderable number of individuals go through
the entire course of sarcoidosis to resolution without symptoms or overt
signs, it is impossible to determine the 'true' ineidenee of sareoidosis : indeed
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this concept is virtually undefinable. The events recorded in this survey were
therefore diagnoses of sarcoidosis. All c1inicians in the selected areas were
asked to submit to a central panel reporrs of all cases in which sarcoidosis
was diagnosed or suspected. The diagnostic opinion of this panel, reached in
some cases after aperiod of observation, was accepted for the purpose of
the survey, in order to ensure that comparisons between areas 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 rares. An account of the ways in which patients in this
survey came to light is inc1uded in Table 4.1. The onl y notable difference
between areas was in the incidence of eryrherna 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 irnpor-
rant differences in age-and sex-distribution between these areas. The differ-
ing incidence in older women is especially noreworthy, in view of the
findings in Finland, noted above, of an exceptiona I 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 rnight account for the
disproportionate numbers of cases of sarcoidosis reported among Irish
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Figure 4.1 Annu al incidences of new diagnoses of sarcoidosis in four areas of
Great Britain , 1961-1966 (British Thoraeie and Tuberculosis Association,
1969 ). Th e figures are the annual rates per 100 000 for rnen and warnen .
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age in ten-year groups in rnen and wornen in four areas of Great Britain,
1961-1966 (British Thoraeie and Tuberculosis Association, 1969 ).
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immigrants in mass radiographie surveys in London (Anderson et al., 1963a;
james and Brett, 1964; Hall et al., 1969), espeeially sinee many immigrants
are in the more suseeptible age-group.

In Yugoslavia, Goldman et al. (1974) estimated the annual ineidenee of
sareoidosis in two intensively studied areas in 1970 and 1971, using infor
mation from all sourees; in the area around Ljubljana in the west it was five,
and around Novi Sad in the east it was three per 100000.

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

In a survey of histologieally eonfirmed eases in Italy, Mariani (1977)
eonfirmed the impression given by Blasi's (1974) report based on mass
radiography that sareoidosis is more prevalent in the northern than in the
southern parts of that eountry.

In the Cottbus distriet, with a population of 860 000, north of Dresden in
East Germany, Seharkoff (1977) reported that 1647 new eases of sareoido
sis were registered during the years 1961-1975, giving an annual ineidenee
of 13 per 100 000.

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

In japan, the National Railways provide hospitals and out-patient clinies
for employees, and eonduet annual radiographie surveys. Sinee 1961, a
register of sareoidosis has been maintained, and the findings have been
reported by Hosoda et al. (1974) and Hiraga et al. (1974). Among 460000
workers, of whom 97% are male, 66 eases were notified over ten years,
giving an annual ineidenee of 1.5 per 100 000. Most of the cases were found
by routine radiography, only 11 eoming 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 intrathoraeie ehanges, the ineidenee in the
two sexes was similar, but among those with extrathoraeie changes only,
women outnumbered men by 3: 1. For patients from all three sourees, the



Prevalence, Incidence and Modes of Presentation 57

ineidenee was highest in the more northern parts of Japan. From hospital
reeords, the ineidenee in Hokkaido, the northernmost island, was six times
that in Kyushu, the southernmost; in mass radiographie surveys, the detec
tion-rates were 4 .8 per 100000 in the city of Sapporo, Hokkaido, and 0.5
in two eities in Kyushu. Hiraga et al. (1977) deseribed an exeeptionally high
incidenee in a eentral mountainous distriet of Hokkaido, with a female
predominanee and affeeting a generally older age-group than is usual, but
were unable to find any possible environmental or genetie explanation for it.

It is a eommon experience thar for a long time after the deteetion in any
area of a relatively uneommon disease whieh, until reeognized in its own
right, ean be included in a widely-used nosologieal eategory, the number of
eases recorded inereases steadily. It is not surprising, therefore, that in areas
with a persistently high ineidenee of tubereulosis and with limited medieal
resourees, information about the prevalenee of sarcoidosis is limited, in
some, to individual ease reports. Even after allowanee has been made for
this, there is a strang impression that sareoidosis is uncommon among the
Chinese, and in inhabitants of South East Asia, in blaek Afrieans in tropical
zones, and in North Ameriean Indians. Chapman (1961) stated that in
California, with a large Chinese population, no ease had been observed in a
Chinese at the University Hospital; and that the disease is rare among
North Am eriean Indians, but noted that the reserves where most of these
live are mainly loeated in dry desert areas in whieh sareoidosis seems to be
uneommon generally. Hsing et al. (1964) reported that in Taiwan, no ease
of sareoidosis had been deteeted in 3 600 000 mass radiograph ie examina
tions, and deseribed the first ease whieh 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 sareoidosis were a sk in infiltration, with
biopsy eonfirmation, pulmonary infiltration and hyperealcaemia. Present
and Siltzbaeh (1967) reported another ease in a Ch inese woman, born in
Hong Kong, who had emigrated to the United Stares, together with a
follow-up report on the patient reported by H sing et al. They stared that
only one ease of sareoidosis had been reeorded in the Chinese medieal
literature; and this was an unusual one in an infant with hepatospleno
megaly and paneytopenia leading to removal of the spleen, whieh showed
mu ltiple non-caseating granulomas. Yang and Wu (1974 ) later reported

from Taiwan that only six eases of sarcoidosis had been diagnosed in 15
years in a population of 15 million. Da Costa (1973) reported two eases
from Singapore, one of Chinese and one of Indian aneestry, both born in
Singapore; no ease of sareoidosis was deteeted in 500000 mass radio
graphie exarninations. In Malaysia, Ampikaipakan et al. (1983) found 13
eases of sareoidosis; of these seven were Chinese, five Malay and one Indian.
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Lee and Lee (1974) in a seareh for sareoidosis in Korea reviewed nearly
50000 mass radiography films, and found 64 with evidenee of bilateral
hilar lymph-node enlargement; only 18 eould be investigated by Kveim
tests , all of whieh proved negative. Bovornkitti (1974) stated that only seven
eases had been reported sinee 1952 in Thailand, and that no ease of
sareoidosis had been deteeted in over two million mass radiographie and
ehest clinie examinations. Gupta et a/.(1982 ) were able to find reports of 75
eases in India; 34 from Calcutta, 24 from Delhi, and 17 from other plaees.
They gave no information about the prevalenee of ehanges attributed to
sareoidosis in mass radiographie surveys.

Over large parts of Afriea, the only information available is from reports
of single or a few eases. From West Afriea, Ogunlesi and Rankin (1961)
reported a single ease, and Cook and Carter (1966) three eases. Fleteher
(1966) found 17 eases with radiographie evidenee of sareoidosis 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 clinieal course was eompatible in the others. One other ease
was an ineidental finding at neeropsy in a man killed in mine aeeident.
During the same period, 780 cases of pulmonary tubereulosis were deteeted.
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 a/. (1978 ) reported six clinieally diagnosed eases, of whieh all
showed Iymph-node enlargement and hepatosplenomegaly and five skin
infiltrations; they searehed the reeords of the pathology laboratories in
Addis Ababa and found that histologieal reports of sarcoidosis had been
made in 23 cases in two years. In contrast to the findings elsewhere in
Afriea, Benatar (1977, 1980 ) in Cape Town found a high ineidenee among
the blaek population; 110 eases of sareoidosis were seen in Cape Town
from 1969-75; 25 were blaek, 71 of mixed raee and 14 white. The esti
mated minimal prevalenee per 100000 was 23.2 in blaeks, 11.6 in those of
mixed raee, and 3.7 in whites. As in the Unired Stares, sarcoidosis tended to
appear in its most florid form in the blaeks and those of mixed raee, with a
high ineidenee of skin infiltrations and deforming ehanges in the bones of
the hands and feet in the blaeks, though hyperealcaemia was more eommon
in whites. It seems likely that there is areal differeee in the impact of
sareoidosis on blaeks in South Afriea and in the rest of Afriea, sinee 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 eonti
nent, Uruguay had 34% of the reported cases; differences in medical aware-
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ness must be largel y responsible for this . In Argentina, Rey et al. (1967)
reported that from 1963-65, three cases of sarcoidosis had been diagnosed
by dermatologists, and none by ophthalmologists ; in the years 1961-65,
radiographie 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. Bethlcm et al. (1983) identified 264 cases of sarcoidosis in Brazil,
suggesting a prevalence of known cases of 0.2 per 100000. Lowe (1980)
was able to find 100 cases in ]amaica, 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, ar 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
maie rad io from south to north in Great Britain, and the peculiar age
distribution, especially in women, in the Sheffic1d 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 bclow the age of 15, most have been in older children.
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MeGovern and Merritt (1953) reviewed 104 previously reported eases, and
added nine of their own; of these 113 eases, only 28 were below the age of
nine yea rs. Among 1050 patients with sareoidosis, Siltzbaeh and Greenberg
(1968 ) reported 18 below the age of 15; of rhese only five were below the
age of nine years. Most of the younger ehildren presented with severe
syrnptorns, as did those reported by jasper and Denny (1968 ), Kendig
(1974) , Kendig and Brummer (1976) and Hetherington (1982). The inei
denee of sareoidosis in ehildren is difficulrto assess for two reasons. First,
c1inieal diagnosis ma y be diffieult. A higher proportion of young ehildren
than of adults present with sueh unusual features as ehronie polyarthritis,
basal granulomatous meningitis, hepatomegaly and jaundiee, purpura,
myositis and fever; these are diseussed in later ehapters. And one of the
easily reeognized presentations, erythema nodosum with hilar lymphadeno
pathy, is infrequent in ehildren. Secondly, in most eountries, mass radio
graphie surveys have not included ehildren. But in Hungary and japan,
where sehoolchildren have been examined routinely in this way, symptomless
bilateral hilar lyrnphadenopathy (BH L) has been found by this means.
Mandi (1964) reported that of 96 eases of sareoidosis 14 were in ehildren
below the age of 15 years, and ten of these had symptomless BHL. Similarly,
Niitu et al. (196 5 ) found 14 ehildren with ehanges attributable to sareoido
sis in 225 000 ma ss radiographie examinations between the ages of eight
and 15 years. Larer, Hosoda et al. (19 74) reported that throughout japan
up to the end of 19 71, ma ss radiography had revealed 19 eases of sareoido
sis in 3 185 000 examinations of ehildren between rhe ages of six and 11
yea rs ; 43 in 1 563 000 between the ages of 12 and 14 years; and 39 in
1202800 berween rhe ages of 15 and 17 years. Ni itu et al. (1974b) observed
55 ehildren aged eight to 15 years who had been found to have BHL , six
also having evidenee of lung involvement. Of 48 followed for one year, 44
showed return to normal radiograph ie appearanees; extrathoracic ehanges
were not deseribed, apart from referenee to one ehild who beeame blind,
pre sumably from oeular sa reoidosis. Taehibana et al. (1974) deseribed the
c1inieal findings in 20 ehildren, 19 of whom were between the ages of ten
and 15, and most diseovered in radiographie surveys. Three had oeular
ehanges, three enlargement of superfieial lyrnph-nodes, and one was
suspeeted of central nervous system and pituitary involvement. Six were
shown to have histologieal ehanges in the liver. Most were observed to show
improvement in the ehest radiographie changes, though three, including two
with oeular changes, showed eontinued acriviry or relapse of the disease. By
contrasr, the prognosis reported in most series of ehildren with sarcoidosis,
with a high proportion coming under observation with syrnptorns, is less
favourable . For insrance, Kendig and Brummer (1976) observed 28 ehildren
with sarcoidosis diagnosed in Riehmond, 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 pre sented with various con stitu
tional, respiratory and ocular symptoms, five had serious disab ilities at the
end of the ob servation period, although there had been no dearhs; of the se
five, two had visual impairment severe enough to be categorized as 'legall y
blind ' , and three had severe respiratory insufficiency. Of the 28 children in
th is series, 20 were black.

lt is evident that in an are a where adults are frequentl y, and children
rarely, submitted to ehest 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
lat er childhood, its frequency increases and it assurnes both clinical features
and prognosis approximating to that observed in adults.

Racial and geographical differences

As noted above, Cooch (1961) estirnated that in the United States Arm y, the
incid ence of sarcoidosis in blacks wa s 16 times that in whites, and in those
born in the south-eastern states five time s that in those born elsewhere in the
United Stares. Evidence from the records of the Armed Forces Institute of
Path ology (Ricker and Clark, 1949) and impressions derived from all large
clinic al series also ind icate a considera bly higher incidence among blacks.
Several studies also suggested a greater prevalence in the south-easrern
sta tes , not explainable by the larger black population in those areas
(M ichael et al., 1950, Gentry et al., 1955; Cummings et al., 1956). Keller
and Dunner (1967) reported dara on the birthplace of male patients with
sa rcoidosis in Veterans Administration (VA) Hospitals in the years 1958
64; th ey confirmed high prevalence areas in the south-eastern states, and
also found evidence of high preval ence in Colorado. Interpretation of the se
findings is complicated, not only by ignorance of an y po ssible factor respon
sible for geographical variations in incidence and of its temporal relation to
th e onset of overt disease, but also by large-scale migration of blacks from
th e south-eastern to orher parts of the United Stares, Israel (1970) related
the numbers of patients with sarcoidosis in VA Hospitals betw een 1958 and
1964 born in four regions of the United Stares to the 1935, rather than the
contemporary, population s of th ese regions. In all region s, the ratio for
blacks was 12-14 times that for whites, but th ere were relatively small
difference s for either groups between regions. Israel concluded that place of
birth and residence du rin g infanc y 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-Iong
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 Stares is outlined in disucssion of organ involvemenr
in following chapters; ir 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 persons 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 100000, compared with a general
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prevalence of 39 . Brett (1965) later reported that in London the prevalence
of such finding s in men born in Ireland wa s 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 rate s 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 ob served in 34% of the British , 55 % of
the Irish, and none of 23 West Indian patients, while skin infiltrations and
peripherallymphadenopathy 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 imrnigrants 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 erytherna nodosum and BHL,
a rare presentation among blacks (Teirstein et al., 1976b).

Whether the smallnumber 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 tacr, a low incidence among
them, the high incidence and the often florid character of sarcoidosis among
blacks in the United Stares 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
100000, but found no significant excess among agricultural workers. In
West Germany, Buss and Dörken (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 BITA (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. lt 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 areal 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 radiographie 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 ]ohnston (1972) in Dundee found a family history of dose
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 et al. (1971) in New York
matched 29 patients with sarcoidosis and 29 with asthma for age, sex and
race and examined their household contacts, numbcring 95 and 82 respec
tively, and found similar proportions of reactors to five IU of tubcrculin,
16.8 % and 15.8%, and of radiographie 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 0 in 164 sarcoidosis patients at Brompton Hospital, as compared
with 894 tuberculosis patients; comparisons of the proportions of groups 0
and A in various disease groups with the proportions reported for a large
sampie 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
0, so that the differences from the control series were no longer significant.
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Lewis and Woods (196 1) and Smellic (1956) found that the prop ortion of
sa rco idosis pat ients who were rhesus negati ve did not differ from that of
the genera l population , altho ugh Cudkowicz (1956) in a small series had
found an unu sually high proportio n.

Jö rgense n and Wurm (1964) studied ABO gro ups in 518 sarcoidosis
pat ient s in Germ any. The percentage of group A was 4.8% higher th an thar
of an unspecified Germa n control gro up, at the expense principally of gro up
B and partly of group O. There was a slight excess of group A in patients with
tub erculosis as weil as in sa rco idos is. Th e dist ribution of rhesus groups was
similar in sarcoidos is and controls.

In the BTTA (196 9) study of the incidence of sarco idos is in four areas of
Great Britain, ABO groups were compared with those obtai ned in each of
the areas from blood tran sfusion records. No con sistent or significant
differences were ob served in any area.

Haemoglobinopathies

Green berg et al. (1965) in Philadelphia and Hirschm an and Johns (1965) in
Baltimor e found slightly higher prevalence of haemoglobinop ath ies in black
patients with sarcoidos is that in black control groups in the same cities.
Hirschman and Johns speculated that thi s might be due to a smaller admix
ture of 'white' ancestry in the sarcoidosis pat ient s.

Familial incidence

Although there are a conside rable number of reports of families in which
two or more cases of sarcoidosis have occur red, th is is a relatively rare
event. Among 275 consecutive pat ient s with sarcoidos is seen by one of us
(JGS) only two had d ose relat ives known to have sarcoidos is; in both
instances two sisters were affected, and the mother of one of these pairs of
siste rs had suffered fro m pulm on ary tub ercul osis. A few studies of famil ial
aggrega tions have been made.

Jörgensen (1964b) in a survey of 2471 patients with sarcoidosis found that
40 had blood-relatives with the same disease; 21 of these wer e brothers or
siste rs and 18 pa rents, and in one famil y four of seven sibs, both parents, the
father 's sister and her dau ght er were affected. Of the patients surveyed, 15
were tw ins with a living partner; the partner was affected in two of four
mon ozygotic, and in only one of 11 dizygoti c pairs. The British Thoraeie
and Tuberculosis Association (1973) collected reports of 59 families with
more than one case of sa rcoidosis in Great Britain. Of these, three contained
more th an two cases , namely a mother and two daughters; a woma n, her
siste r and her dau ghter ; and a husband and wife and their daughter. In all,
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there were five twin pairs, four monozygotic and one dizygot ic; 28 other
sib ling pairs; 22 parent-child, and seven husband- wife associations. The
tot al numbe r of affected individua ls in these families was 121, wit h a
fema le/male ra tio of 1.6 :1.0, ar the up per end of the range of sex-ra tios
found in the study of incidence in Great Britain (BITA, 196 9). There was a
significant preponderan ce of like-sex over unl ike-sex pairs among both
siblings and parent-child assoc iations. Th ere was also an excess of mother-
child over father-child assoc iatio ns, which could be explained on ly in part
by the age-and sex-distributio n of sarcoidos is. No explanation could be
found for the preponderance of like-sex pairs. Review of 174 pub lished
reports of familia l sarcoidosis, including that of j örgensen (1964) showed a
similar lar ge excess of mon ozygotic tw ins among pair s conco rda nt for
sarcoidosis , but onl y a slight excess of like-sex sibship pairs, and of mother-
child over father-child assoc iations. lto et al. (1974) reviewed 16 insta nces
of famili al sarcoidos is in japan, amon g an estima ted tot al of 2700 diag -
nosed cases of sarcoidos is; 13 of these were in sibship pair s, one in mother
and dau ght er, one in moth er, son and daughter, and one in husband and
wife.

A remarkabl e example of familial aggrega tion of sarcoidos is has been
recorded by Wi ma n and Beskow (1970) and by Wim an (1972, 1974 ). Thi s
occurred in North Sweden, where the prevalence of sarcoidosis is high, mass
rad iography showing 100-1 50 cases per 100 000 exa minatio ns, and the
sex- ratio is unu sual , men outnum bering wo men by 4:3. In four families,
of which three were inte rrela ted , living in a remote area, 21 cases of
sarcoidosis were ident ified in three generations .

james et al. (1974) sought for fami lial assoc iations in 53 7 cases of
sarcoidosis in London , and Sha rma et al. (1976 ) added to these a further
150 from Los Angeles. In the combined series of 68 7 patient s, 14 had near
blood-relat ion s with sarco idosis, and there was one husband-wife associa
tion. The affected genetica lly-related pair s were brother-sister in six
instances, siste r-sister in five, moth er-son in two and moth er-dau ghter in
one.

lto et al. (1974) reported from j ap an on e instance of the occu rrence of
sarcoi dosis in hu sband and wife, and 16 in two or more fam ily-rnembers:
five in sisters, two in brothers, seven in brother and sister, one in mother and
daughter , and one in mother, son and daughter.

Head ings et al. (1976) assembl ed 11 familie s with more th an one case of
sarcoidos is from c1inical records in Washington, DC All were black. Th ere
was an excess of females, with five sets of two sisters and one of three sisters,
one brother and sister, one half-b rother and half-sister, the offsp ring of the
same unaffected mother , and one pair of twin brothers of unstated zygosity.
Th e daughter of one of an affected pair of sisters and the dau ghter 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 Stares 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 facrors. 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, starring 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 iIIness starred with erytherna nodosum and BHL, followed by
generalized lymphadenoparhy and upper respiratory tract involvement, and
terminated in fatal basal meningeal and cerebral sarcoidosis, while the sister
had hilar Iymph-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 ßritain reported to the BTTA (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



Prevalence, Incidence and Modes of Presentation 69
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 iIlnesses, with BHL and pul
monary infiltration subsiding spontaneously, 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 conc1usion 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 famil ies with multiple
cases were black. Familial associations may be due to exposure to common
environmental, inc1uding 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
monogenie modes of inheritance were improbable, multigenie 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 Möller (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), AI Arif et al. (1980) and Newill et al. (1983) in
blacks in the United Stares 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. B5 and A9 by Akokan et al. (1977) in
Turkey, and BW15 by AI Arif et al. (1980) and AW30 by Newill et al.
(1983) in blacks in the United States; but the numbers studied were smalI.
Several studies of families with more than one case of sarcoidosis have been
reported. Möller et al. (1974) studied the large family aggregation in north
Sweden reported by Wiman and Bcskow (1970) and mentioned above,
Turton et al. (1980) 59 members of 14 families with more than one case of
sarcoidosis, and AI 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 developrnent of sarcoidosis.

These studies provide no evidence that HLA type affects susceptibility to
sarcoidosis; but there is some that it is related to c1 inical manifestations and
prognosis in those who develop the disease. Persson et al. (1975) found in
Denmark that although HLA-B7 did not affect overallIiability 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 uvcitis, 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 associatcd with ank ylosing 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 wh itc
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-Al, but this was attri
buted to linkage disequil ibrium between Al and B8. Neville et al. drew
attention to a correlation betwecn 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 Lindström
(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. Ir was noted that
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Al, B8 and DR3 occur in linkage disequilibrium, and that thi s 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 B8.
These findings accord with the accepted view that an onset with EN and
arthropathy indicates a good prognosis (Chapter 5, p. 93), and suggest that
inherited factors, perhaps related to immune response, influence the clinical
manifestations of sarcoidosis.



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 ehest 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 endemie 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 c1inical features. There is usually some prodromal malaise, sorne
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 br ight 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 bc symmctrical in distribution. The individual nodules progress, as they
subside, from bright red through a dusky pink to a brownish-yellow



Erythema Nodosum 73

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 gencrall y seen. They var y
greatl y 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 day s, 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 syrnptons; in most, thcre are
flitting pains in joints, especially knees and ankles, without objective signs,
and in the most sevcrely 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 bc recognized, in which the nodules are asyrnmet-
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 calied
'erytherna nodosum rnigrans' (Bäfverstedt, 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 str cpto
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 confirmcd by
immunological and bacteriological studies (Collis, 1932; Coburn and
Moore, 1936; Spink, 1937). On clinical grounds, sevcral authors in the
nineteenth century suggcstcd 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). Ir was thus apparent that both haemolytic streptococcal and tubercle
bacillus infections could cau se crythema nodosum and this gave risc to the
concept that erythema nodosum, wh ilc 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 infect ions 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); car-scratch disease (Daniels and MacMur
ray, 1954); Yersinia enterocolitica infection (Winblad, 1969; Hannuksela
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and Ahvonen, 1969). As weil 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 (Löfgren, 1945), penicillin (Hannuksela, 1971), phenacetin
(Hannuksela, 1971 ) and oral contraceptives (Holcornb, 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 on e 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 frequentl y affected than men, though this difference is not evident
before puberty (Lötgren, 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 subj ects 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 et al., 1941).

ER YTHEMA NODOSUM AND SARCOIDOSIS

In discussion of the relationship between erythema nodosum and sarcoido
sis, it is important to use forms of words which keep c1ear the logical
difference bctween 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 diseasc would be found, if sought, in
various organs and tissues.

A fcw reports of EN with radiological evidence of BHL and negative
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Table5.1 Some published reports of the proportions of cases of eryrherna
nodosum associated with sarcoidosis.

Percentage
Yearof Numberof associated with

Author publication Country cases ofEN sarcoidosis

Veseyand
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
Löfgren 1946 Sweden 178 8
Löfgren and
Lundbäck 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 confirrnation of the
diagnosis of sarcoidosis, and about the same time Kerley (1942, 1943)
suggested on radiological grounds that such cases might be frequent. Löf
gren (1946, 1953) was the first to make a systematic study of this syndrome,
which is sometimes refcrred to by his name. Between 1942 and 1944 he
invcstiga ted 178 cases of EN in Stockholm, and found evidcnce 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 evidencc of sarcoidosis in a much higher
proportion, 40%, and suggested that BHL, with or without EN, could bc
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 expec ted to bc dcpendent upon the incidences not only of
sarcoidosis but also of mycobacterial, haemolytic streptococcal and fungal
infections in the relevant pop ulations, and upon clinical awareness and the
diagnostic criteria adoptcd. Selection by reference to a particular hospi tal or
physician is also likely to introduce a bias; e.g., the very high proportion
(74%) reported by James (1961) reflects his interes t 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 on ly to diminution of the number due to primary tubercu
lous infection, but also to new awareness of the EN-BHL syndrome of
sarcoidosis.



76 Sarcoidosis

Table 5.2 Some published reports of the proportions of cases of sarcoidosis in
which erythema nodosum has occurred.

Numberof
Yearof casesof Percentage

Authors publication Country sarcoidosis with EN

jarnes, 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:

NEand E 99 26
Mikhai l, MitcheII,

Sutherland and
McNico l 1980 England 401 29

Löfgren and Stavenow 1961 Sweden 132 25
Hannuksela arid Salo 1969 Finland 283 30
Selroos 1969 Finland 140 30
Lebacq 1964 Belgiurn 100 25
Würm, ReindelI and

Heilmeyer 1958 Germany 2177 10
Hurley and

Barrholo rneusz 1971 Australia 1316 11
Sones and Israel 1960 USA 211 3
Mayock, Berrrand,

Morrison and Scott 1963 USA 145 3
jarnes et al . . 1976 Tokyo 282 4

The numbers of cases of sarcoidosis reported to have, or to have had,
EN (T able 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 rea l 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 wirh chronic disease: since those presenting with EN tend
to folIowashort course to complete resolution, they are likely to be
under-represented in such series. The Bri tish Thoraeie and Tuberculosis
Association (BTTA, 1969) study ascertained the yearly incidences of newly
diagnosed sarcoidosis in four areas over aperiod of five years . The propor
tions of parients presenting with EN ranged from 24-34%; this probably
represents the most reliablc 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 Stares and in Japan, EN is a much less frequent manifesta-
tion of sarcoidosis (James et a/., 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 Rican s 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, Löfgren 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 ankies and the knees, are most often affected. There
may be some swelling in periarticular tissues, apparently inflammatory, but
also partly oedema, especially in the ankies 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, usuall y
febr ile, 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 frequ ent, occurring in only 1%. In the BITA (1966)
study, arthropathy without EN was similarly more frequent in men, occur
ring in 4%, as compared with 1% of women.

Ir 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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reaetivity . As noted in Chapter 4, p. 70). Studies of histoeompatibility antigens
(H LA) in unseleeted groups of sarcoidosis patients have shown no eonsis
tent differenees from eontrol populations; but among sarcoidosis patients
those with initial arthropathy or EN have shown a higher frequeney of B8,
and in one study of DR3, than other sareoidosis patients or control groups,
and there is evidenee suggesting thar the frequeney of this onset of sareoido
sis eorrelates generally with the frequeney of HLA-B8 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 eases oeeurring
berween the ages of 20 and 35 years, but with a few outside this, and in
some areas an inerease among women around the age of 50 .

There is no eharaeteristie either of the eonstitutional illness or of the loeal
eruption whieh serves to distinguish among eases of EN those assoeiated
with sareoidosis. However, certain associated clinieal features and radio
graphie and laboratory findings usually permit them to be reeognized with
eonfidenee. The prineipal points are:

(1) EN in sareoidosis nearly always oeeurs at a stage when bilateral hilar
lymph-node enlargement is present. Oeeasionally EN appears in a
patient in whom BHL has already been deteeted radiographieally, and
a few eases have been reported in whieh the ehest radiograph was
normal when EN appeared, and radiographie or other evidenee of
sareoidosis was found later (M aepherson, 1970). In a few eases, BHL is
aeeompanied, and in rather more followed, by widespread mottling in
the lung fields: e.g. of 30 followed by one of us (JGS), four showed sueh
ehanges initially and nine more developed them within the following
year, usually when the BHL was starting to subside. The radiographie
appearanees of BHL attributable to sareoidosis are similar, whether or
not assoeiated with erythema nodosum, and are eonsidered below.

(2) The erytherna nodosum of pr imary tubereulosis may be aeeompanied
by evidenee of primary tub ereulous infection in the ehest radiograph;
this is diseussed below (p. 86). In the erythema nodosum due to
tubereulosis, skin sensitivity to tubereulin is always present, and is
usually intense. Similarly sensitivity to the appropriate antigen is to be
expeeted in eases due to coeeidoidomycosis or histoplasmosis.

Tubereulin sensitivity among patients with the EN-BHL syndrome
has generally been found to be lower than that of the populations from
whieh these were drawn, but higher than that of patients with ehronie
sareoidosis (Chapter 20 ). Thus, at a time when 80 % of Londoners of
eomparable age reaeted to 100 IU, one of us (JGS) found that 18 (50% )
of 36 patients with EN-BHL and 37% of those with more ehronie
sareoidosis reaeted. Among those with EN-BHL, two reaeted to 1 IV
and nine to 10 IV. Thus, although persistently low tubereuIin 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 tubereuIin 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. Löfgren 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, especiall y 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 ar 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
extrathoraeie 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 superficiallymphadenopathy (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]ames (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 lyrnph-nodes may
result from a variety of infections and neoplasms, such as tuberculosis,
coccidioidomycosis, histoplasmosis, lymphomas and rnetastatic 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 weil defined, as a result both of specific studies (Löfgren and Lund
bäck, 1952; Löfgren, 1953; Smellie and Hoyle, 1960), and of experience
stemming from routine radiography of symptomless individuals.

The separate con sideration of those cases of sarcoidosis among a large
series which presented initially with radiographie 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 extrathoraeie 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 indiv iduals or of
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those with banal respiratory or constitutional symptoms. Of 275 consecu-
tive parients with sarcoidosis under the care of one of us UGS), 113 had
BHL without radiologically evident lung changes when first seen. Of these
17 presented with extrathoraeie rnanifestations 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.

Radiographie appearanees

Since it is the detection of BHL by radiography which is the unifying feature
of this group of cases, the radiographie appearances will first be described.
Typically, the enlargement of hilar nodes is roughl y 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 areal difference in the size of the node mass. This may be

Figure 5.1 Symmetrical discrete enlargement of hilar lymph-nodes in
sarcoidosis.
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Figure 5.2 Enla rgement of hila r lymph-nodes in sa rcoidosis, mor e prominent
on rhe right side .

accounted for by th e larger number of bronchopulmonary nodes on th e
right th an on th e left. T he out er border of th e sha dow cas t by hilar nodes
enlarged by sa rcoi dosis is c1 earl y defined with multiple smoooth co ntours,
suggesting discrete enla rge me nt of indiv idua l nodes in th e bronchopul
mo na ry group (Rakower, 1963). Characte ris tica lly, there is a c1ear trans
ra diant band between the inner border of th e shadow cast by th e no des in
the lower bronchopulmona ry group and th e hea rt shadow, most evident on
th e right side . The paratrach eal nodes are frequently invo lved and enla rge 
me nt of them, especia lly on th e right side is detectable radi ographically in
more than half th e cases. Usuall y they ar e less evident than th e bronchopul 
monary group at th e hilum, (Fig. 5 .3 ), but very oc casiona lly they may be
more prominent. Ante rio r (Smellie and H oyle, 196 0) and posterior (Schabel
et al., 1978 ) med iast inal nodes may ai so be involved . T om ography may be
useful in determining whe the r slight enlarge me nt of hilar shadows is du e to
d ilatation of mai n branches of th e pulmonary vessels o r to Iymph-nodes.
Dem onstrati on in later al view of ro unded sha dows in front of th e left lower
lobe bronchus o r in th e angle bet ween the righ t lower lob e bronchus and th e
middlc lobe bronchus stro ng ly suggests lymph-nod e enla rgement, since
th cre a re no vessels in th ese sites . In rela tion to grossly enl arged nodes, th ere
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Figure 5.3 Enlargement of right paratracheal and right and left hilar lyrnph
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 Löfgren (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 nodcs. In
two of these, thcre 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
Ious peritonitis in childhood. The fifth patient had calcified nodulcs in the
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Figurc 5.4 Massive enlargernenr of hilar and paratracheal lyrnph-node due
to sarcoidosis in a woman aged 21.

Jung only, at the site of Jocalized pulmqnary 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 Jung. 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 tubercuJosis. The development of calcification under
prolonged observation in hiJar nodes and Jungs affected by sarcoidosis is
considered in Chapter 6. lt may be noted here that although calcification in
hilar nodes deveJops 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 Jung changes developed calcification in the no des
(Scadding, 1961a).
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Figure5.5 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 on set 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 yeaL

Others have symptoms referable to the respiratory tract, such as cough,
usually unproductive, dyspnoea, and pain in the ehest. Respiratory function
in sarcoidosis is discussed in Chapter 7. Here, it may be noted that in most
patients with BHL, litrle 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 et al., 1978).

A few patients complain of ehest pain. Usually not severe, it is nearly
always referred to one side of the ehest 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 radiographie
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 asymmetrieal, 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 Iymph-nodes arise
soon after primary infection as part of the so-calied primary complex: a
local lesion in the lung at the site of entry of the infecting bacilli with
involvement of related Iymph-nodes. In those of Caucasian stock, and in
others having similar resistance to mycobacterial infection, the Iymph-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
lyrnph-nodes is possible at an y 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
MitcheII , 1971) and among blacks in the United States , than among whites.
With such extensive lyrnph-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
iII-defined paramediastinal shadow; there may be evidence of localized lung
involvement or of pleural effusion ; cervical lyrnph-nodes are liable to be-
come involved; tubercle bacilli are usually demonstrable without great
difficulty; and dia gnosis 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. lt may be impossible to demonstrate tubercle
bacill i, 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
no des 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 no des 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 Iymphadeno
pathy, the clinical and radiological picture, the results of tuberculin testing,
and the histology of nodes rernoved 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 areaction 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 intrathoraeie 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 c1ear band between its inner border
and the heart shadow, as in sarcoidosis; and the enlargement is usually

Figure 5.8 Predominantly right-sided hilar and paratracheallymph-node
enlargement, cornpatible wirh 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; rhe 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
sa rcoidosis.

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 symptorn-free and in whom physical examination shows no
abnormality is virtually diagnostic of sarcoidosis (Winterbauer et al., 1973).
In such cases , it is ar~uable that since the most likely course is towards

Figure 5.9 The same, 15 rnonrhs larer, The enlarged node s have coale sced
into a single mass, Lymph-node biop sy showed Hodgkin 's disease.
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resolution and no treatment is required, the interests of rhe 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 wh ich 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. Bur it should not be taken
to exclude mycobacteriallymphadenitis and some other sorts of Iymphade
nopathy (Israel and Goldstein, 1971; Mikhail and MitchelI, 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 radiographie
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 Iymph-node, and search for evidence of
a possibly causal infection.

Careful search for palpable superficial Iymph-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 Iymph-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
Iymph-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 Iymph-nodes
must be remembered, as must the occurrence of granulomas in Iymph-nodes
in immune-deficiency syndromes (Sharma and James, 1971). In many cases,
including some in wh ich 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 ßiopsy of bronchial rnucosa, which looked normal broncho
scopically, in a man with bilateral hilar Iymph-node enlargement. H & E. x
90.

called by different observers 'granular necrosis' or 'minimal caseation'
(Carlens et a/., 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 norrnal-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 a/., 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
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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 nearl y all, patients with sarcoid BHL, even though the lungs are
radiologically c1ear ; and transbronchial biopsy during fibre-opt ic 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 forcep s biops y 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 sampie is sufficient only for histology, and multiple sampies 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 Iymph-nodes
by mediastinoscopy may be preferred when the diagnosis is seriously in
doubt in a patient with hilar and mediastinallymphadenopathy.

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 UGS) followed 96 patients presenting with BHL. In 55
of them the lungs remained c1ear 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 alwa ys 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 c1ear 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
sta rted 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 on e, 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 who se illness starred with erytherna
nodosum or febrile arthropathy had a better prognosis than the rest, The
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proportions attaining anormal ehest radiograph were 88 % for those pre 
senting with erytherna 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
Löfgren (1953), in other series from London by Smellie and Hoyle (1960)
and by Walker and ]ames (1972), and by Würm (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 wh ich 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 nod e
con sisted of this featureless hyaline connective tissue . H & E. x 38.

mediastinal nodes had been known to be present without change in radio
graphie appearanee for four years is illustrated in Fig. 5.11. Beeause of
diagnostie doubt, they were removed for biopsy by left thoraeotomy, at
whieh 15-20 firm and diserete nodes up to 4 em in diameter were found at
the hilum, free1y mobile beneath the mediastinal pleura, and in the fissure
overlying the pulmonary artery; histologieally, the greater part of them
consisted of hyalinizing sareoid tubercles, with some still eellular tubercles
but large traets of almost aeellular hyaline eonneetive tissue (Figs 5.12 and
5.13). In neeropsy material from patients dying with extensive ehronie
sareoidosis, even more extensive1y hyalinized lymph-nodes may be found
(Fig.5.14).

Different degrees of ee1lularity and fibrosis are not infrequently observed
in the granulomas of a lymph-node or other tissue obtained by biopsy from
patients with clinieal evidenee of aetive sareoidosis, and the amount of
hyaline fibrosis present in the Iymph-nodes obtained by mediastinoscopy
from patients with or without lung mottling eorrelates poorly with radio
graphie appearanees and with duration of symptoms (Chapter 2). The wide
range of histologieal appearanees found in hilar Iymph-nodes at Stage I of
the usual radiographie c1assifieation shows thar although this may be a
eonvenient method of referring to radiographie appearanees, 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. Radiographie 'staging' of
pulmonary sareoidosis is diseussed in Chapter 6.

When BHL subsides spontaneously and eompletely without lung infilrra
tion it is extremely rare for further manifestations of sareoidosis to appear.
Lim (1961) reported the ease of a woman who had been treated for
pulmonary tubereulosis, and subsequently had four episodes of BHL fol
lowed by pulmonary infiltration and resolving spontaneously, with iri
dioeyclitis in the third; in the fourth, sealene node biopsy showed typieal
sareoid granulomas. One of us (JGS) has observed one patient, in whom a
sareoid BHL syndrome oeeurred three times, when he was aged 24, 26 and
32 years, eaeh time with constitutional and abdominal symptoms, and on
the third oeeasion with transitory arthropathy and a limited eruption of
erythema nodosum; a11 the episodes subsided slowly without eortieosteroid
treatment. MaeFariane (1981) reported the ease 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 eortieosteroid
treatment,

The relationship of extrapulmonary manifestations of sareoidosis to BHL
may be i11ustrated by the experienee of one of us (JGS). Adding to the 96
patients, mentioned above, who presented with BHL diseovered by routine
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radiography, or with EN, arthropathy, or constitutional or respiratory
symptoms, 14 who presented with uveitis, two with superficial lyrnphadeni-
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 earl y in the c1inical 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 developrnent 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 a11

_ .. _ r
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Figure 5,14 A mediastinallymph-node from a woman aged 48 with
sarcoidosi s, showing almost cornplete replacement by hyaline conn ective
tissue, with a small rim which Iymphocytes and a few remnants of
granulomas were recogni zable. H & E. xII .
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Figure 5. 15 Subcut aneous nodules which develop ed soon after the appear
ance of erythema nod osum in a wo rnan aged 30 .

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

wo rnen. In one, a srnall subcuta neous nodule, shown histologically to

consist of sarco id tub ercles, appeared in the cheek thre e rnonths before EN
and BHL. In the other two, the nodules appeared on the forearrns, and were
first ob served shortly after EN, and subsided spontaneously within a year
(Figs 5.15 , 5.16 ). Both the pati ents with infiltr ated 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 duringan arrackof erythema nodosum. H & E. x 100.

dating from childhoo d (Fig, 5.1 7), and the other an appendicecto my scar,
were men ; in both, the BHL and scar infiltrations subsided spo nta neo usly.

The place of BHL in th e natural history of sarcoidosis

It is c1ear that BHL is a very frequent manifestat ion of sa rcoidosis. It may be
accompa nied by no sym pto ms, by vague disturbances of health, by vario us
unspecific respiratory sympto ms, by low fever, by febrile arthropa thy, or by
ery thema nodosum. In cases of sarcoi dos is in whi ch BHL is ob served, with
or without sympto ms, it nearly alw ays precedes, even if only by a short
time, an y other manifestation that may develop. There is some suggestion
that there may be a sort of timetable of subsequent developments, cha nges
in th e lun gs and in th e eyes tending to follow closely up on BHL, so tha t they
may be evide nt when BHL is first discovered, whereas sarco ids of th e skin
(apart from infiltrat ion of sca rs) tend to appear lat er . Löfgren (1953)
sugges ted th at BHL might be regarded as 'prima ry sarco idosis', and be
ana logous with the pr imary stages of such infectious diseases as tuberculosis
and syphilis. There are certa inly important differences between th e pheno
mena which oft en acco mpa ny BHL as the first c1inica l evidence, and other



100 Sarcoidosis

manifesta tio ns of sa rcoi dosis . Both the EN and the arthropa rhy which occur
with BH L are inflammatory witho ut the specific histology of sa rco idosis;
and uveit is at th is ea rly stage simi larly appears to have a considera ble
inflarnmat o ry component and tends to resolve cornplerely, in contrast to
the chronic gran ulomato us type that may occu r larer (Cha pter 8). Im
muno logically, there are differences between the ea rlier and th e late r
srages, e.g. in the degree of depression of d elayed-type skin hypersensitivity
reaction s, Th ere is thus some justifica tion for the distinction th at ha s been
drawn between acute or sub-ac ute and chronic sa rco idosis, and for a
sche rnaric tim etabl e of events in the course of sa rco idosis (jarnes and Thom
son, 1959 ; Siltzbac h, 1964c). But two factual qu estion s mu st be con sidered:
do all cases o f sa rco idosis go throu gh the BHL stage? And if not, is there an y
indi cati on of a possible equiva lent in those with out a BHL stage?

Both these qu estion s mu sr be an swered in th e negativ e. In a few cases of
pulmon ary sarco idosis there is evidence that th ere has been no stage of
rad iographically detectabl e BHL , although, naturally, sa tisfacrory evidence
on thi s point is rar ely ava ilable (Chapter 6, p. 111 ). Th e qu estion of a
possible alte rna tive syndrome of 'prirnary sarcoidosis' mu st therefore be
co nside red. This wo uld pr esumabl y con sist in enlargement of a group of
lyrnph-nod es co rrespondi ng to a route of ent ry of the hypothetic al cau sati ve
age nt other than the lungs. No such syndro me has been described. The
factua l ba sis for an ana logy with primar y tuberculosis or primary syphi lis is
th erefore inco mplete.

Fo r these reasons, th e term 'prirnary sarcoi dos is' may be misleading, and
should be avoided. The pheno mena to which it refers can be summa rised in
the sta terne nt that bilate ral hilar lymphad enop at hy with or without EN
and/o r arthropa thy, usually of a cha racteristic rad iographie appearance ,
with o r witho ut c1 inical symp toms and signs, is a frequ ent first manifesta 
tion of sa rcoidos is.



Chapter 6

Lung Changes

Changes in the lungs, discovered either because they cause symptoms or by
radigraphy of apparently health y 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 c1inical 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 lyrnph-nodes, without reported evidence of
lung involvement; and it is certain that the large majority, if not all, patients
with sarcoid hilar' Iymphaden opath y have granulomas scatte red mor e or
less densely in the lungs. Biopsy of radiographically normallungs in patient s
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 con secutiv e
patients with BHL and radiographically c1ear lungs; the extent of the
changes varied greatl y, from 'minimal' in seven to affecting more than
two-th irds of the tissue examined in one . Transbronchial biopsy has been
found to be more productive in such cases the larger the number of sampIes
taken. Roethe et al. (1980), routinely raking ten transbronchial sampIes,
found granulomas in all of ten pati ents with BHL; in most, only one or two
of the sampIes contained granuloma s. It is thu s probable that at some time
during the course of the disease the great majority of pati ent s with sarcoido-
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sis have granulomas in the lungs, even though in many they are not radio
graphieally evident and may resolve without causing symptoms at any time.

In reported neeropsy series, the lungs and the lyrnph-nodes are the most
frequently involved organs (Chapter 2). But findings at necropsy cannot be
assumed to indicate the proportion of patienrs showing lung changes during
life. Since most deaths from sarcoidosis are directly or indirectly due to
chronic changes in the lungs, neeropsy figures might over-estimate rhe
proportion of all eases with lung involvement. On the other hand, since it is
known that sareoid granulomas ean resolve completely, or undergo hyaline
fibrosis with no recognizable residual granulomas, failure to find granulo
mas in the lungs at neeropsy in patients with sareoidosis dying from an
extrapulmonary loealization of the disease, from the effeets of hypereal
eaemia, 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, radiographie appearanees,
and tests of respiratory funetion in pulmonary sareoidosis are eomplex.

SYMPTOMS

Symptoms are widely variable in severity from ease to ease, and generally
non-specific in eharaeter, being similar to those produeed by a wide range of
diseases affeeting the pulmonary aeini.

As already noted, widespread granulomas in the lungs may be dernon
strable only by biopsy, produeing neither symptoms nor radiographie
ehanges. Patients with obvious radiographie changes in their lungs may
have no, or only trivial, symptoms. Of 275 patients with sareoidosis
observed by one of us (jGS), 34% first eame under medieal observation
beeause abnormalities had been found when, as apparently healthy indi
viduals, they underwent routine ehest radiography. Espeeially in patients of
Caueasian stock, the symptoms of apparently pre-fibrotie sareoidosis of the
lungs tend to be less severe than the extent of radiographie shadows might
lead the observer to expeet. An example of dense sareoid infiltration of the
lungs in a man who denied symptoms, and in whom standard tests of
ventilatory function and earbon monoxide transfer factor were within the
predieted range is shown in Fig. 6.1. Symptoms that may oceur at an early
stage of pulmonary sareoidosis include dyspnoea on exertion, usually gra
dual in onset, cough, usually unproduetive but sometimes with seanty
mueoid sputum, ilI-defined ehest pain, and eonstitutional symptoms, such as
malaise, tiredness, weight loss and fever . Their severity varies greatly, and
eorrelates poorly with radiographie appearanees. In a few patients, and
espeeially in those of Afriean and Indian sub-continental aneestry, they
develop more rapidly to a disabling level. Among 162 patients observed in
Philadelphia, of whom 75 were blaek and 87 white, Israel and Washburne



Lung Changes 103

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-1mm- 1 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
faetors. Cases of pulmonary sareoidosis 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
sareoidosis, it may be diffieult in sueh cases to assess the relative contribu
tions of sarcoidosis and of air-pollution, private and public, to airflow
limitation. Oceasionally, a banal acute respiratory infeetion leads to the
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discovery of radiographic evidence of sarcoidosis, itself causing no or only
trivial symptoms. Atopic individuals may develop sarcoidosis; in such cases,
atopic disease - asthrna, 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). lt occurs in only a minority of
other patients with sarcoidosis. lt 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 aseries 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<O.Ol. 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 eraekles may be heard over the lungs, but these are generally less than
are found in some other diseases affeeting the pulmonary aeini. In the late
fibrotie stages, the physieal signs are those to be expeeted from the struc-
tural ehanges.

Clubbing of the fingers is rarely seen in pulmonary sareoidosis, and when
it oeeurs is usually assoeiated with long-standing fibrosis, possibly with
bronehieetatie ehanges, eavitation and seeondary baeterial infeetion. In 500
personally observed eases, one of us (JGS) observed drumstiek clubbing of
the fingers in only one without these complieating faetors. This was in a
wo man, who presented with widespread mottling in the ehest radiograph
and gradually inereasing dyspnoea leading to death five years from the
on set. The radiographie shadows persisted diffusely, without the sort of
loeal eondensation and development of irregular strand-like shadows and
distortion that are more usual; and at neeropsy, there was extensive diffuse
hyaline fibrosis in the lungs, with only ill-defined remnants of granulomas,
and similar ehanges were found in liver and Iymph-nodes. Yaneey et al.
(1972) referred briefly to having seen clubbing of the fingers in four of the
136 patients with sareoidosis, but gave no detail either of the severity of the
clubbing, or of the eharaeteristies of the patients in whom it was observed,
beyond that they had evidenee 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 sareoidosis. A value
above 1.0, whieh has been used by Regan et al. (1967) and Waring et al.
(1971) as an index of clubbing, was found in proportions inereasing from
7% of 14 with normal ehest radiographs to 74% of 23 at eonventional
radiographie Stage III; but the proportions showing clinieally evident club
bing were not stated, West et al. (1981) reported briefly the ease of a 28
year old blaek man with widespread sareoidosis, of three years' duration,
affeeting superfieial and hilar Iymph-nodes, lungs, skin and salivary glands,
aeeompanied by migratory polyarthropathy. Eighteen months from the
onset, he developed painful clubbing of fingers and toes, without radio
graphie ehanges to suggest either sareoid involvement of bone or hyper
trophie osteoarthropathy. The pain responded to eolchieine, but there was
no long-rerrn follow-up.

PATHOLOGY

Open lung biopsy, whieh 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 prominenee of
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mononuclear infiltration in the vicinity of granulomas, especially in alveo
lar walls. This has been calied 'interstitial pneumonia' by some (Carrington
et a/., 1976; Rosen et a/., 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 Jung 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 puJmonary acini affecting principally alveolar walls, as
opposed to 'pneumonia' which refers to inflammatory consolidation by
exudation into alveolar spaces. Rosen et a/. (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. The ir prominence was inversel y 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 wom an aged 30, in whom widesp read
mottling had been found in the routine radiograph. There are well-formed
sarcoid granulomas among the alveoli, intervening alveolar walls being
no rmal. 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 in'filtration 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 irnmuno-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 ehest 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 (Botteher, 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 sampIes . 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 angi itis correlated weil with the
general profusion of granulomas, but not with radiographie 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 Iikely 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 rhe possi
bility of chronic beryllium disease (Chapter 22), or of extrinsic allergie
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 Iymphomatoid 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 Iymphocytic 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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recogrunon of generally eompatible c1inieal features and/or evidenee of
sarcoid-type granulomatous ehanges in other organs or in response to a
Kveim test (Chapter 26).

RADIOLOGY

Although tests of lung funetion, lung biopsy, and more reeently broneho
alveolar lavage have added greatly to knowledge of pulmonary sareoidosis
in the past 20 years, ehanges in the ehest radiograph are often the first
evidenee of sareoidosis; and beeause radiology was the ehief means by
whieh knowledge of rhe course in intrathoraeie sareoidosis was obtained,
and still provides the most eonvenient way of following it, it has beeome
eustomary to group patients suffering from it aeeording to radiographie
appearanees for purposes of deseription. Seadding (1961b), in a study of
prognosis, divided patients into four deseriptive groups, aeeording to the
radiographie findings at the beginning of the observation-period, as folIows:
Group I, BHL with radiographieally c1ear lungs; Group II, apparently
non-fibrotic lung ehanges with eoneurrent or previously observed BHL;
Group III, apparently non-fibrotie lung ehanges, without BHL, either cur
rently or previously observed; and Group IV, lung ehanges interpreted as
fibrotie. Grouping of this general sort has been rather widely adopted,
usuall y with the groups renamed srages, and with Group II including only
eases with eoneurrent BHL and lung ehanges, and Group III eonsisting of
those with lung ehanges and without eoneurrent BHL, whether or no BHL
has been observed previously; and sometimes with the addition of a 'Stage
0' to refer to eases in whieh the ehest radiograph is normal. The use of the
term 'stage' to refer to deseriptive groups is unfortunate, sinee it implies,
unjustifiably, that the numbering O-IV eorresponds to a neeessary temporal
sequenee. Although the sequenee BHL, appearanee of lung infiltration,
subsidenee of BHL with persistenee of lung ehanges oeeurs in many eases,
there are irnportant exeeptions to it. A lung infiltration without BHL may be
the earliest deteeted ehange, oeeasionally in patients who have had anormal
ehest radiograph so reeently that preeeding BHL is unlikely; in rare eases,
BHL with radiographieally c1ear lungs persists indefinitely (Chapter 5, p.
94), and may be aeeompanied by progressive granulomatous ehanges in
other organs; as noted above, it has been shown that radiographieally c1ear
lungs with BHL usually contain granulomas, and with or without BHL may
eontain granulomas at various stages of their evolution to fibrosis. More
over, the eorrelation of radiology with histopathology made possible by biop
sy has shown that fibrotie elements may be present without any of the
aecepted radiographie evidenees of fibrosis, sueh as distortion of vaseular,
septal and other shadows, loealized emphysema, and displaeement of
mediastinum, ribs or diaphragm. Thus, although grouping by radiographie
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appearanees is eonvenient for deseriptive purposes, it should not be thought
of, or ealled, staging, and should be based on radiologieal eriteria only. In
the definitions of Seadding's (196 1b) Groups II and 1Il, 'apparently non
fibrotie' should be interpreted as, or replaeed by 'without distortion of
vaseular shadows of displaeement of mediastinal struetures or ribs'. Esti
mates of duration and ehronieity ean be made only by consideration of all
available evidenee, and radiologieal grouping, apart from Group IV, should
earry no neeessary implieations in these respeets.

For those reasons, the radiographie appearanees will be deseribed with
out referenee to 'stages', exeept where neeessary in diseussion of reports in
whieh this terminology has been used.

Pulmonary infiltration

The most frequent radiographie appearanees of sareoidosis of the lungs
early in its eourse 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 diseussion, the term 'sarcoid infiltration' will
be used to refer to shadows distributed widely in the lung fields and
attributed to sareoidosis.

Figure 6.4 Bilateral hilar and right paratracheallymph-node enlargement in
a woman 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, Jung 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
rnonths 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 sareoidosis have had pulmonary infiltration without BHL when
first seen; and although this proportion is likely to over-estimate their
frequeney, eases without BHL at any time eertainly oeeur.

Of 136 patients reviewed after five years' observation by one of us
(Seadding, 1961), 77 had apparently non-fibrotic lung ehanges 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
evidenee of BHL. It was of course not possible to be eertain that none of the
patients in the latter group had ever had BHL; but three of them had had
normal ehest radiographs within one year before the first abnormal one, and
ten others were symptom-free at the time of the deteetion of the abnormal
ity, The average estimated duration of the disease in those first seen with
lung ehanges 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 ehanges, as eompared with one
and three respeetively in those without deteeted BHL. Thus the presenee or
absence of BHL was aeeompanied by other differenees between these two
groups. The numbers of patients without detected BHL in other reported
series have varied, probably in part at least beeause of differing eriteria 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 parients, 56 had no obvious hilar lyrn
phadenopathy in the earliest radiograph. In a larer report from Philadel-
phia, Freundlich et al. (1970) reviewed 300 eases with radiographie evi-
denee of pulmonary sareoidosis, and found that BHL had been deteeted at
some time in three-quarters, but not in one-quarter of them. Kirks et al.
(1973) in San Franeiseo found similar proportions; among 150 patients
with sareoidosis and an abnormal ehest radiograph, 65 had BHL alone, 61
BHL and lung infiltration, and 24 lung infiltration alone, the latrer figure
eonstituting 28% of those with radiographie evidenee of lung infiltration.

Radiographie appearanees

Sareoid infiltration of the lungs usually involves large parts, up to the wh oie,
of the lung-fields more or less syrnmetrically. Most eommonly it has a
mottled or stippled quality, consisting of elements from 1-5 mm in dia
meter. But the possible range of radiographie 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.

Deseription of widespread mottled or stippled patterns is diffieult. The
quality of such patterns in a radiograph ean vary with variations in radio
graphie teehnique. Most authors have been content to deseribe them in
terms of the eoarseness 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) deseribed the readiographie appearanees in 94
patients with pulmonary sareoidosis judged to be pre-fibrotie in four
eategories; 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 loealized patehes.

One of us UGS) analysed the radiographie patterns in 71 eases of pulrnon
ary sareoidosis showing no evidenee of fibrosis . Fifty-two showed more or



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 rext,

less uniform scattering over major parts of the Iungs 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 man y 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. Ir 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
wh ich 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



Figure 6.10 Dense cloudy shadows, or loca lly 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, wh ich 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 wh ich, 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.



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.

sareoidosis presented in this way in 4% of young blaek patients. Romer
(1977) reported that two of 126 Danish patients with intrathoraeie sar
eoidosis initially showed multiple large opaeities simulating pulmonary
metastases; in one, a normal ehest radiograph had been obtained six weeks
before the first abnormal one, and in both patients radiographie resolution
was observed. Other eases with multiple well-defined opaeities havc been
reported by Talbot et al. (1959); Dhakhwa et al. (1976) and Tellis and
Putnam (1977). In some of these reported eases, 'air bronchograms' have
been observed within the otherwise uniform shadows, suggesting eonfluent
filling of aeinar air-spaees with normal airways. Diagnostie diffieulty may
arise in patients with seattered 'nodular' opacities, if ehanges are limited to
the lungs, espeeially in the minority in whieh hilar nodes are not enlarged,
and eoaleseenee of granulomas infiltrating the lung generally, but radio
performed, granulomas have generally been found not only coaleseent in the
nodule but also seattered elsewhere in the lung. Chrisholm and Lang (1966)
reseeted part of the lower lobe of a blaek woman aged 58, who presented
with BHL and a loealised shadow at this site; in addition to a granuloma
tous mass 5 em in diameter, the lung eontained multiple small nodules. It
seems Iikely that loealized well-defincd shadows are due to loeal profusion
and eoaleseenee of granulomas infiltrating the lung generally, but radio
graphieally inapparent elsewhere, and thus represent the extreme of the
patehy loealization whieh leads to 'cloudy shadowing'.
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The use of anatomical terms to deseribe patterns of radiographie shadow
ing may eause eonfusion, both beeause eorrelations with strueture are not
generally agreed, and beeause some sueh terms have been used in different
senses by different authors. For instance, Ziskind et al. (1963) showed that
in at least some eases fine stippling distributed in a rosette pattern was due
to opaeities oeeupying diserete pulmonary aeini. They reeognized that this
acinar pattern might be a stage in the development of eonsolidation, whieh
would result when acinus-filling proeesses beeame confluent. On the other
hand, Felson (1967) used 'acinar' to imply that shadows were attributable
to alveolar proeesses generally, including consolidation, as opposed to those
affeeting alveolar walls. Sahn et al. (1974) performed open lung biopsy in a
blaek woman aged 26 with a short history of inereasing dyspnoea, eough
and low fever and a ehest radiograph showing abilateral aeinar rosette
pattern of the sort deseribed by Ziskind et al. (1963); there were peribron
ehial and interstitial granulomas with giant eells, and alveoli in affeeted
areas were filled with mononuclear eells but showed no granulomas. Shige
mitsu et al. (1978) apparently used the term 'acinar' to refer to radiographie
appearanees suggesting eonsolidation or, if widespread, not deseribable as
'reticulo-nodular'. They found that 20% of 101 patients showed ehanges of
these sorts, in all aeeompanied by BHL; in open lung biopsies, the 'acinar'
pattern so defined was eorrelated with granulomas and maerophages in
alveolar spaees. Battesti et al. (1982) found that 33 (4.4%) of 746 patients
with pulmonary sareoidosis showed loealized opaeities more than 15 mm in
diameter, and ealled these opacities 'alveolar'. In 17 eases the appearanees
suggested large nodules with ill-defined margins, usually multiple and bila
teral; and in 16 they were more diffuse, in some with an air bronehogram.
In 20 the loealized shadows were aeeompanied by a reticulo-nodular pat
tern. Lung biopsy in four eases showed confluence of granulomas at sites of
loealized shadows, but no other unusual features. Clinieal findings and
pattern of funetional disorder did not differ from those found in patients
with more usual radiographie patterns.

Widespread apparently non-fibrotie sareoid infiltration tends to affeet the
two lungs approximately equally, and the middle or the middle and upper
zones more than the lower, though there are exeeptions to both these mies.
One of us (JGS) analysed the distribution in 70 eases 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 affeeted in
eight and the left in two, The zonal distribution was more or less uniform in
40; the middle and upper zones were affeeted in 14, and the middle zones
only in 15. The lower zones were least often involved in unevenly distri
buted infiltrations, being affeeted with the middle zones in one ease, and
predominantly in a generalized infiltration in one. Infiltrations limited to the
middle zones were nearly all of the quality deseribed as mottling (ten) or
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stippling (four), only one of those deseribed as 'cloudy shadowing' having
this distribution.

A few variant patterns of widespread radiographie shadowing ean be
aeeepted as due to predominantly non-fibrotic pulmonary sareoidosis
beeause they may be observed to resolve. One, whieh oeeurs in a few eases
at the stage of BHL, usually when the BHL is prominent, eonsists in a varied
mixture of mottling and streaky linear shadows, more or less radiating
from the region of the eentral hilar shadow in eaeh lung (Fig. 6.16). This
shadowing is densest eentrally, and therefore blurs the outlines of the
enlarged hilar and paratracheal lymph-nodes, and obliterates the c1ear band
whieh is usually seen, espeeially 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 appearanees 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 deseribed, e.g, by Turiaf and

Figure 6.16 BHL with para-hilar mottling, blurring the usually distinet
outlines of the enlarged lyrnph-nodes in a man aged 40, who also had
hepatosplenomegaly and enlarged iliae lyrnph-nodes. Prednisolone treatrnent
was given for relief of symptoms for two and a half years. Five years from the
on set, he was weil, with an almost clear ehest 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 'rericulo-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 oE 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.

Fibrotie stage of sareoidosis of the lungs

In those patients in whom the pre-fibrotic stage of lung infiltration fails to
resolve, progress towards fibrosis is insidious. lt is made manifest clinieally
by the development of dyspnoea in previously symptom-free patients or
inereasing dyspnoea in those in whom a pre-fibrotic infiltration has eaused
this symptom, and by eertain ehanges in the radiographie appearanees.
These are not always correlated. Development of some loeal fibrosis while
the greater part of the infiltration resolves may eause a reeognisable radio-
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Figure6.18 The same, three years larer; BHL has subsided, and the lung
infiltration evolvedinto the characteristic appearance of fibrosis predomi
nantly in the middle and lower parts of the upper zonesof the lungs, with
basal and apical emphysema.

graphie shadow but no symptoms, espeeially in a patient with a sedentary
habit of life. On the other hand, as noted below, in rare eases with uniform
fine infiltration of the lungs, fibrosis may develop foeally without coales
eenee of the sareoid tubercles into confluent masses, and in these eases a
disabling fibrosis may be aeeompanied by apparently trivial radiographie
ehanges. Furthermore, dyspnoea due to advaneing fibrosis may appear
before there is mueh change in the radiographie appearanee of a widespread
infiltration, and, as noted above, a dense and widespread infiltration may
eause 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 clinieal and radiographie evidenee of fibrosis
develops insidiously, at a variable pace, and sometimes with long periods
during whieh the whole proeess appears static, If resolution is eventually to
be eomplete, the radiographie shadows nearly always start to beeome less
dense and extensive within a year of their appearanee, although oeeasion
ally a dense infiltration whieh shows little change for several years may clear
remarkably, leaving mueh less fibrosis than might have been expeeted.



Figure 6.19 Tom ograph at sa rne tim e as Fig. 6. 18, sho wing large irregular
air-co nraining spaces.

Figure 6.20 Th e sa rne, three years larer, sho wing further cont rac tio n of the
fibrotic parts of the lungs.
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The most frequent pattern of radiographieally evident fibrosis is predomi
nantly loealized near the middle of the lung fields, usually around the upper
part of the middle third. The mottled shadowing ind ieativ e of sareoid
infiltration, as already noted, is often den sest in the middle zones. Ineases in
wh ieh this sort of fibro sis is developing, the middle zone mottling beeomes
den ser , while that at the apiee s and bases ma y be diminishing, as if the
individual elements in the mottling were eoaleseing into the middle third of
the lungs, and in some eases being pulled up towards the apiees. Established
sareoid fibrosis of this middle-zone distribution presents an almost pathog
nomonie radiographie pieture. Dense shadows near the hila with strand-like
linear opaeities spreading out from them into the upper part of the middle
zone s are aeeompanied by distortion of vaseular patterns, often by elevation
of the hila, and by areas of transradianey in the upper and lower zones
ind ieative of emphysema, whieh may be evidently bullous. Tomography of
the area of denser shadowing in the middle zones often shows evidenee of
large air-containing srnooth-walled spaees between the strands of fibrosis;
these presumably may represent either bullous emph ysema between traets

Figure 6.21 Fibrosing stage of pulm on ary sarcoidosis in a wo man aged 55,
sho wing most prominent changes in the middle zones and the lower parts of
the upp er zones of rhe lungs.
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Figure 6.22 Fibrotic stage of pulmonary sarcoidosis affecting the upper parts
of the lungs predominantl y, especially the apex of the right lung; from a
woman aged 44, nine years after she had been found to have the infilrration
shown in Fig. 6.9 .

of fibrotic contracted lung , or the sort of 'cavity' with featureiess fibrous
walls that is described beiow. Figures 6.17-6.20 show the development of
changes of this sort over aperiod of eight years.

When the distribution of the fibrosis is investigated by radiography or
tomography in lateral as weIl as postero-anterior planes to determine irs
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 beiow (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 eoaleseenee or distortion of the gross strueture of the lung, giving
rise to generalized patterns of small linear and irregular shadows through
out the lungs (Fig. 6.25) . These may show loeal areas with a honeyeomb
appearanee, out generalized 'honeyeomb lungs', as may result from fibros
ing alveolitis, histioeytosis X or mesodermal dysplasia, is rarely or never
the result of sarcoidosis. In a few eases, a fine infiltration gives plaee to a fine
pattern of fibrosis with a radiographie abnormality less impressive than the
severe symptoms and funetional defieit whieh it eauses . For instanee, the
patient whose ehest radiograph is shown in Fig. 6.26 was severely breath
less, with signs of right ventrieular failure; 12 years earlier she had been
found to have widespread sareoid infiltration of the lung, the radiographie
pattern being a very fine stippling of no great density, with moderate
dyspnoea, whieh had steadily inereased. Sueh eases are exeeptional; more
usually, the development of fibrosis in pulmonary sareoidosis produees
well-marked and rather eharaeteristie radiographie ehanges, and disability
in many eases is less than might be expeeted from rhe obvious extent of
these ehanges.

lt is possible that in some eases ernphysernatous bullae aeeompanying
pulmonary sarcoidosis antedate the sarcoidosis, and become more evident
and increase in size as a result of the sareoid ehanges in the lung.



Figure 6.26 Widespr ead fine fibro sis eausing severe disability in a wornan
aged 52, known to have had pulrn on ar y sa reoidos is with incon spieuou s
rad iographie ehanges for ar least 12 years.

Figure 6.2 7 BHL and motrli ng in a wornan with lupus pern io ; there is a
srnall ernphysernato us bu lla ar the apex of the left lung.



Figure 6.28 The same, two years later; rhe 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-
graphie ehanges 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 sareoidosis. Two years later, the infiltration
was giving plaee to a diffuse fine fibrosis, and the bullae had intlated grossly
(Fig, 6.28 ). She was treated with prednisolone, beeause of the inereasing
fibrosis and the painful toe, with good effeet. The bulla remained variably
intlated for another rwo years, and then almost disappeared (Fig. 6.29 ).
Presumably in this ease ehanges in the pateney of the airways leading to the
bullous area eaused the ehanges 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 Fibrotie pulmonary sarcoidosis in a woman aged 41, showing
large irregular air-conditioning spaees.
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that they are intercurrent pyogenic Jung 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. Ir seems likely that
the third possibility is the correct explanation of most thick-walled cavities
in chronic sarcoidosis, in wh ich the available evidence suggests that necrosis
has occurred in areas of den se 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), Löfgren 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 Iymph-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 sarne.
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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 fibrou s tissu e; the large
mediastinal lyrnph-nodes showed massive hyaline fibrosi s, 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 spec ific granulomata had been
replaced by hyaline fibrosis at the tim e of death.

The patient whose case was discussed at the Clinico-Parhological Conference
(1950) was aged 41 at the time of death . She had pre sented clinically with
extensive fibrotic ch an ges in both lungs, principally in the middle zon es, and
large multiocular air -containing spaces wirh th ick smooth walls (Figs 6.30 and
6.31 ). Her skin was non-reactive to tuberculin. Biop sy of a palpable supracla-

-,.

Figure 6.32 Section of the wall of the air-containing spaces, showing
ir regular fibrous tissue with a dumb-bell shaped body, p resumably originally
an inclusion-body.
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vicular lymph -nod e showed a central zone of dense hyaline collagen, with a
peripheral rim of recognizable sarcoid granulomas. At necro psy, it seemed
th at at least one of the 'cavi ries' might have originated as an emphysematous
bu lla; but others had thick fibro us tissue wa lls witho ut epitheliallining. Th is
fibrous tissue was unremar kable, except that it contained some dumb-b ell
shaped bodies, th ar might origina lly have been int race llular inclusions (Fig.
6.32). Th e liver contained large nodu les consisting of hyaline con nective tissue
with a fringe of sa rcoid granulomas, and some of these nodul es had necrot ic
cent res. It seemed likely that similar cha nges at the cent res of hyalinized
nodules in th e lungs were the orig in of the rhick-walled air -conta ining spaces .

A very few eases have been reported in whieh nodules at an appa rently
earlier stage of sareoidosis have shown rad iogr aphie evidenee of cavitat ion,
Hamilton et a/. (1965) reported the histology of the biopsy speeimen of the
wa ll of sueh a eavity; it was eomposed of epithelioid and giant eells with
some eosinophils and Iymphoeytes. Bistrong et a/. (1970) reported the ease
of a young white man who was found by routine radiography to have a
thin-walled eavity in the left upper lobe; tub ereul in and fungal skin tests
were negat ive, and a Kveim test positive. Biop sies of liver and hilar lyrnph-

Figure 6.33 Sarcoidosis of hilar lymph-nodes and lungs in a woman aged 38 .
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Figure6.34 Tomograph of the apex of the right lung, showing an air
containing space.

no des showed non-caseating granulomas, and of the wall of the cavity
coalescent granulomas with den se fibrosis. Followed 18 months, he
remained symptom-free. Tellis and Putnam (1977) described the ease of
another asymptomatic young white man who was found to have multiple
nodular shadows in a routine ehest radiograph, some of whieh showed
appearanees of cavitation: biopsy of one of the nodules showed many
granulomas, but no eavitation; partial resolution oeeurred during six
months' observation.

Colonization of cavities by Aspergillus ('aspergilloma')

Occasionally cavities in chronie fibrosing sarcoidosis, like other long
standing eavities in the lung, become colonized by Aspergillus, usually the
species fumigatus, giving rise to the formation of a mass of myeelium
eventually oceupying the greater part of it, the so-called aspergilloma or
Aspergillus myeetoma (Hinson et al., 1952; Campbell and Clayton, 1964;
BTTA, 1968, 1970). In such cases, productive cough and haemoptysis are
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frequent symptoms, but it is diffieult to determine how mueh the aspergil
lom a cont ributes to them. The aspergilloma may produee no evident
symptoms, cornin g to light on ly beeause of typical radiogra phie ehanges
develo ping in a pat ient with ehronie pulmonar y sarcoidosis , as in the
following ease:

A wo man, then aged 38, was found in 1949 to have enlargement of hilar
lyrnph- nod es, stippling in both lungs, especially in the lower two-thirds (Fig.
6.33 ), and a modera tely thick-wal led caviry at the apex of the right lung (Fig.
6.34). Axillary lymph-nodes were rnoder ately enla rged on both sides, and
biopsy of one of these showe d typical sarcoid tub ercles. The skin gave a small
reaction to 100 IU. No tu bercle bacilli were isolated in many cultures of
sput um. In 1953, the cavity was seen to be filled with asolid mass, surrounded
by a tran sradiant crescent of air (Fig. 6.35 ), the typical appearance of an
aspergilloma . A. fum igatus was found intermittently in the sputum, and later
precipit ating ant ibody to th is mould was found repeatedly in the blood serum.
Th e aspergilloma at first increased in size (Fig. 6.36), and then waxed and
waned, nearly disapp earing in 1970. Later the cavity in the upper part of the
right lung became bilocular, with sma ll fungus balls in both (Fig. 6.37 ).
Sympto ms were those to be expected from the pulmonary fibrosis, with
exace rbations usually precipitated by inte rcurrent infections in the wint er.
Fro m 1968 onwa rds these tended to be complicated by haemoptysis, and
control of bacterial infection by antibiotics was helpful. She survived unt il
1981, when she was aged 70.

Figure 6.35 To mograph of the same area four years later, show ing 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. Aspergillusspecies 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
Aspergillusfungus balls complicating pulmonary sarcoidosis. In all, rcspira
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 large1y 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 retrospective1y 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 pul mon
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 (196 0) 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, som e 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 on set, recognisable sarcoid-type granulomas could still be
found, though most of the den se fibrosis presented no specific feature:

A wornan aged 37 was found to have ßHL and bilateral pulmonary infiltra
tion (Fig. 6.38 ); four years later, she noticed increasing dyspnoea and dry
cough; rhe skin did not react to ruberculin, 100 IU, and Iiver biopsy showed
non-casenring tubercles. Six years from the onset, she was cornpletely 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 ernphyscmarous bullae (Fig. 6.40). She died six and a half years after
rhe firsr abnormal radiograph . At necropsy, the lungs showed extensive fibro
sis: mosr of rhe fibrosis showed no specific features, bur in places the fibrosis
included many conchoidal Schaurnann 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, wirh no rernnant
of sarcoid tubercles except rhat ar the periphery of the scarring there were
some gianr cells with asteroid bodies (Fig. 6.42) .

BRONCHI

Bronchoscopic findings in parients with BHL and radiographically normal
lungs have been discussed in Chapter 5, p. 92. In patients with evident lung
changes, rhe incidence both of macroscopic abnormalities and of micro
scopic granulomatous change in bronchial mucosa is higher than in those
with BHL alone (T uriaf and Brun, 1955 ; Kalbian, 1957; Friedman et al.,
1963; Huzly et al., 1963; Liot et el., 1963; Schiessle et al., 1963; Stähle,
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 Tomograph y at the same time as Fig. 6.39 ; persistent hilar node
enlargement; irregular air -containing spaces.
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Figure 6.41 Lung at necropsy; dense fibros is with gro ups of Schauman n
conchoida l bodies as the only remnant of gran ulomas H & E. x 100.
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Figure 6.42 Mediastinallymph-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 rare1y be present (see below) . For instance, Huzly et al. (1963)
described in detail the bronchoscopic findings in 294 cases. Localized
dilatations of mucosal vesse1s 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
c1es 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. Stahle (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

Ir 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 weil as expiratory stridor; it mayaIso
lead to recurrent or persistent inflammatory collapse-consolidations in the
segments whose bronchi are narrowed. lf this clinical picture is accorn
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 na rrowed bronchus in same case, slowly
fibro sing with giant cells, sorne epithelioid cells and scattered rou nd cells.
H & E. x 90.

reported three cases of multiple bron chial stenosis of this sort. One sho wed
also typical sarco id tubercles in biopsies of liver, of a mild granuloma to us
conjunctivitis an d of a Kveim test nodule; one showed also a positive Kveim
test with histol ogical confirma tion; and one showed typical non-caseatin g
sarco id-type tubercles in mediastinal and cervical Iymph-nodes and in an
infiltra ted scar. Th ere could thus be no dou bt of the diagnosis of sarcoidosis
altho ugh the histo logica l cha nges in the bronchi alone would not have been
diagnost ic. Similar cases have been reported by Brun and Viallier (1948 ),
Siltzb ach and Som (1952), Kalb ian (1957), Honey and j epson (1957) and
Smellie and Hoyle (196 0). Cases in whi ch an early non-stenosing bronchial
mucosal infiltrati on was observed to progress to stenosis have been reported
by Turiaf et al. (1952) an d Grim minger (1955 ).

Amo ng 275 pa tient s with sarcoidosi s und er the care of one of us UGS),
seven showed evidence of bronchostenosis. In four, this was of the sort
described above , invo lving the proximal parts of severa l segmental bron chi ,
with some general nar rowing of one or both main bronchi. In three there
was stenosis of a lob ar bronchus, all on the right side, those to the upp er , the
middle and the lower lob e each being affec ted 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 confirrnation 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). Ir seems possible that in Case 8 of
Talbot et al. (1958), in which 'rnigratory 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
Iymph-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 c1inical, radiological and histolo
gical picture typical of sarcoidosis with multiple bronchostenoses (Chapter
23, p. 506).

PLEURA

Ir 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 involvernent 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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eoaleseing to form irregular plaques up to 1.5 em in diameter, scattered over
the parietal pleura of the right lung, and the parietal perieardium in a blaek
woman aged 58 who died of 'aeute sareoidosis'. Wilen et al. (1974) re-
viewed lung biopsies from 11 patients with pulmonary sareoidosis who
showed no radiographie evidenee of pleural ehanges, and found pleural
granulomas in four. In Cases 3 and 4 of Beekman et al. (1975) lung biopsies
from patients presenting with radiographie abnormalities in the lungs but
no clinieal or radiographie evidenee of pleural involvement showed granulo-
matous ehanges in pleura as weil as lung.

Pleural sareoidosis beeomes clinieally evident most frequently by leading
to pleural effusion. Effusions not attributable to some other eause, and
presumed or in some eases eonfirmed by biopsy to be related to sareoidosis
have been reported in no more than 3% of most large series of patients
with sareoidosis; in one of 275 reviewed by one of us (jGS), in two of 160
reported by Longeope 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 eonfirmed 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 exeeptionally high proportion with radio
graphieally evident pleural ehanges : 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 thiekening. In eight
patients with long-standing pulmonary sareoidosis, pleural thiekening was
observed, biopsies in five showing fibrosis with interspersed granulomas.
Among 150 patients in Los Angeles, of whom 80% were blaek, reviewed by
Sharma and Gordonson (1975), six, all blaek, had pleural effusions at some
time . The effusions were small in all eases, and bilateral in two, Open biopsy
showed granulomas in the viscera I pleura, as weil as the lung, in one ease; in
the others needle biopsy of the pleura showed only non-speeifie ehanges. In
all eases, 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 sareoidosis. Sharma (1980) later extended this series to 250, of
whom 12 had pleural effusions at some time.

Small pleural effusions aeeompanying aetive intrathoraeie sareoidosis,
resolving spontaneously or in response to corticosteroid treatment, and
showing no evidenee of other eause, ean be aeeepted as a manifestation of
sareoidosis, even without biopsy confirrnation of the presenee of granulo
mas in the pleura. Needle biopsy eannot be relied upon, sinee in the presenee
of an effusion it produces only a small sampie of parietal pleura. A number
of the reported eases have oeeurred at an early stage of the disease, with
BHL with or without evident lung ehanges, often without loeal symptoms,



148 Sarcoidosis

tho ugh sometimes with pain of pleuritic type, and of limited durat ion. We
have seen severa l cases of th is sort, and others have been describ ed by
Selroos (1966, Ca ses 1, 2 and 3), Beekm an (1975, Cases 1 and 2), Shar ma
and Go rdo nso n (1975, Cases 2 and 4) and de Vuyst et al. (1979). In Case 3
of Sharma and Gordonson, a small right pleu ral effusion preceded the
discovery of BHL by six month s, at which time, small effusions were present
on both sides. In Case 4 of Selroos (1966) pleural effusion recurred with
recurrent activity of pulmon ary sarcoidos is: a middle-aged man had bilater
al effusions acco mpa nying BHL and lung infilt rat ion , clear ing within a yea r;
two years later the lun g shadows reappear ed, with a left pleu ral effusion,
bronchial biop sy showing gra nulomas , but needle biop sy of the pleura onl y
non- specific changes .

In a few cases, large pleural effusions have constituted a prominent
c1inical feature. Bert e and Pfot enhauer (196 2) reported the case of a black
woman aged 28 wh o develop ed a lar ge left pleural effusion one year after
the diagnosis of sarcoidosis causing BHL and uveitis; the effusion continued
to accumulate aft er repeated aspirations, lead ing to pleurecrorny; the thick
ened pleura and the lung conta ined many epithelioid and giant-cell granulo
mas; four months afte r opera tion, the lungs were rad iographically c1ear and
the pat ient was weil. Kovnar and Don ohue (1965) described two young
black pat ients with esta blished diagno ses of sarcoidosis, who develop ed
large pleural effusions, left-sided on one and bilateral in the other, shown
by biopsy to be du e to gra nuloma to us infiltra tio n of the pleura. M ikha il et
al. (1976) repo rted the case of a 37 year old black man who presented wirh
a large right pleural effusion, an d no rad iograph ie evidence of hilar lyrnph
nod e enlargeme nt ; pleural bio psy showed th ickening with non -caseat ing
gra nu lomas; in spite of a negat ive tub erculin test an d failure to demonstrat e
acid-fast bacilli, anti-myco bacterial treatment was sta rted, together with a
sho rt period of corticosteroid treatment. Th e pleur al effusion disappear ed,
but on cessatio n of the corticos teroid, it recurred and later a widespread
pulmon ar y infiltr at ion appea red. M ediast inal lyrnph-n ode biopsy now
sho wed non-caseating gra nulomas and a Kveim test gave a granulomatou s
response; antimycob acterial treatment was stopped and reinst itution of
corticosteroid treatment was followed by clearin g of the effusion, and
diminution of the infiltra tion.

Persistence of pleural effusions for long periods has been reported in a few
pati ents with chronic pulmon ar y sarcoidosis . Macquet et al. (1965) de
scribed the case of a wom an found to have pulmon ary sarco idos is at the age
of 59, which was still present five years later ; needle biopsy sho wed a
thickened pleura with a focus of mon onuclear cells and a gia nt cell, and
bron choscopy showed th ickened mu cosa containing an epithelioid cell
granuloma . Brun et al. (1963) repo rted the case of a wo ma n with esta b
lished sarcoidosis for severa l 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. lt 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 confirrnation;
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.,
1965; Selroos, 1966, Case 1; Voog et al., 1969). A woman aged 50 under
the care of one of us had elinical 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
eIes.

Most of the published reports giving information about the characteris
ties of effusions attributed to sarcoidosis have described them as exudates,
with specific grav ities ranging from 1.018-1.035 and protein contents from
4.0-6.0 g dr ', 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 g dr', 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 elassified 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 oeeurred at an earlier stage, e.g. in eases reported by Voight-Richter
(1965), by Fein et al. (1980) and by Ross and Empey (1983) . In the latter
ease, left- and then right-sided pneumothorax appeared and were present
simultaneously in a West Indian man who was reeeiving cortieosteroid
treatment for aetive pulmonary and hilar lymph-node sareoidosis. In view
of the rarity of this association, it is arguable that it is coineidental, sinee
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 pneumothoraees. One youth, aged 18,
developed pain in the ehest 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.

CALCIFICAnON IN INTRATHORACIC SARCOIDOSIS

Many reviews of large series of cases of sarcoidosis mention the presence
frorn 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 lyrnph -nodes. Wurm et al. (1958) found calcified foci in lung and
hilar riodes 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 rhe 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 rhe 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 treatrnent. In one sputum specimen, acid-fast
bacilli were found, but cultures of this and many others for mycobacteria
were negative.

Ir 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 Stares. Ir has gradually become recognized
that calcification may develop during the course of intrarhoracic sarcoido
sis, especially in hilar and mediastinal lymph-nodes, Kerley and Twining
(1951) mentioned a case in which hilar lyrnph-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 Iymph-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 thar 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 isolared from a single
sputurn specimen late in the course of the disease, with a change from



Lung Changes 153

Figure 6.46 Moderate BHL and seattered pulm onary infiltration in a wo ma n
aged 47 with lupus pernio.

tuberculin insensitivity to sensitivity to 10 IU; but in the others the course
remained entirely characteristic of sarcoidosis. Israei et al. (196 1) reported
shortly afterwards thar 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 bacill i, and also
had multiple calcified nodules in the liver.

The following case illustrates the development of calcification:

A hou sewife aged 47 presented with lupus pern io affeeting the middle fingers
of both hands and later th e firsr and second toes of the right foot, with
lattiee-like rarefaetion s of the underlying bones. The ehest radiograph (Fig.
6.46) sho wed enlargement of hilar shadows, and irregul ar seattered opaeities
in the lungs, with no ealcifieation. The skin gave no reaetion to tubereulin, 100
IU. Axillary lymph-node biop sy showed non -easeating tubercles. Cortieoster
oid treatment was given to relieve symptoms arising from the ehanges in the
fingers and toes, and needed to be continued in mod erate dosage for nearly
four yea rs, when it was withdrawn witho ur return of symptoms. Ca lcifieation
gradua lly develop ed at the site of sar eoid involvement in the hilar nodes, and
in a few small nodu les in the middl e zones of the lungs (Fig. 6.47). Other
mani festation s in this pati ent included a typieal sareoid infiltra tion of an old
sear on rhe knee and a positive Kveim rest .
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Figure 6.47 The same, seven years later, showing calcification in hilar and
paratracheallymph-nodes.

In a later review, Scadding (1968) reported five more instanees of rhe
development of ealcifieation in hilar nodes, in some also in lungs, late in the
eourse of sareoidosis. He observed it onl y in patients in whom there was in
the aetive stage radiographie evidenee of both lung and hilar node involve
ment, and noted that ealcifieation in hilar and mediastinal lymph-nodes in a
generally symmetrieal distribution resembling that of the aetive stage of
sareoidosis was highly suggestive of late-stage sarcoidosis (Fig 6.48). In
most eases, ealcifieation involved the diseretely enlarged lyrnph-nodes
throughout, sometimes patchily; a peripheral 'egg-shell' pattern was seen in
some of the affeeted lymph-nodes in some eases. In one, a ealcified Iymph
node was studied histologieally. A woman aged 53, in whom BHL had been
diseovered six years earlier, presented with gradually inereasing dyspnoea
on exertion together with mottled shadowing in the lung fields for two
years, with persistent BHL (Fig, 6.49). Biopsy of a supraclavieular lyrnph
node showed non-caseating epithelioid and giant-cell granulomas with
small areas of hyalinization (Fig. 6.50). Treatment with prednisolone was
srarred, with improvement; it was found neeessary 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 Iymph-node biopsy showing sarcoid tubercles,
in places coale scent and undergoing hyalinisation H &E . x 38.

Figure 6.51 ehest radiograph eight years later, showing symmetrical
calcification in hilar nodes and also in left supraclavicular nodes .
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graphically almost c1ear, 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 c1avicle, the
site of the Iymph-node biopsy (Fig. 6.51 ). Seven years after the first, a
second lyrnph-node was removed from this site for biopsy; it was alm ost
cornplerely replaced by fibrous tissue undergoing calcification, only a small
subcapsular zone of lyrnphocytes and no recognizable granulomas pers ist-
ing (Fig. 6.52a). A reticulin stain showed that the reticulin patrern persisted
in the calcified areas (Fig. 6.52b), suggesting that the avascular connective
tissue had become calcified wirheut undergoing necrosis.

Voog et al. (196 9) reported the histopathological changes in partly cal
eified mediastinal Iymph-nodes removed by mediastinoseopy from a man
aged 58 whose ehest radiograph showed extensive symmetrieal ealcifiea
tion, some of 'egg-shell ' distribution, in hilar lyrnph-nodes. Follicular sar
coid lesions were juxtaposed with weil dernarcated fibro-hyaline tissue
without easeation, in whieh ealcification had oeeurred.

Kirks et al. (1973) observed the development of ealcifieation in hilar
Iymph-nodes during observation in five of 150 patients with pulmonary
sareoidosis. MeLoud et al. (1974) deseribed three patienrs with sarcoidosis
who had persistent lung ehanges and BHL, in wh ich ealcification was
notieed between five and seven years from the on set, and 2-4 years later had
assumed an 'egg-shell' distribution in the hilar Iymph-nodes.

In a group of 111 patients followed for at least ten years, Israel et al.
(1981) observed the development of ealcifieation, prineipally in hilar and
mediastinal lyrnph-nodes in 23. The group studied included a high propor
tion with persistent and syrnptomatic disease, sinee it was derived from
c1inieal follow-up, Calcification tended to be a late event, developing in the
first decade of observation in only three, in the seeond in 11, and in the third
in nine. Ir appeared in hilar and mediastinal lyrnph-nodes in 22 and in lungs
in three. Calcification appeared in two of 19 patients who had presented
with BHL and had never shown radiographie evidenee of lung infiltration;
in 20 of 69 in whom both hilar nodes and lung had shown radiographie
ehanges; and in only one of 20 who had shown radiographie ehanges in the
lungs only.

Seadding (1968) reported one patient in whom typical symmetrical hilar
node ealcifieation appeared and then disappeared during prolonged obser
vation. A woman aged 32 presented with uveitis, BHL and pulmonary
infiltration; treatrnent with eorticosteroids was required for the eontrol of
symptoms intermittently for several years, but eventually the pulmonary
ehanges beeame quiescent, leaving only minor residual shadows. Eight years
from the onset, ealcifieation with a tendeney to 'egg-shell' distribution was
obvious in the hilar nodes. During five years' further observation, the lung
shadows c1eared further, and the hilar ealcifieation diminished, leaving only



(a)

(b)

Figure 6.52 Biopsy of calcified supraclavicular lyrnph-n ode; sections cut
after decalcification . (a) Most of the nod e consisted of hyaline connective
tissue, in which calcificat ion had occurred (darker-staining part) H & E. X 38.
(b) Reticulin stain, X 38, show ing persisting reticulin patt ern throughout.
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a few flecks. Israel et al. (1981) observed no instance of diminution in
density of calcification among their 23 patients.

lt 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. lt remains
possible that in some instances, calcification develops in caseating foci of
pre-existing or concurrent mycobacterial tuberculosis.

Special radiographie teehniques

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 whorn 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.

McKusiek 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 radiographie improvement after treatment with predni
sone. Line et al. (1981) correlated gallium-67 scans with clinical radio
logieal, functional and broncho-alveolar lavage findings in 41 patients with
pulmonary sarcoidosis. Uptake was increased in 65%; it correlated only
weakly with clinical radiographie and function test findings, but very
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strongly with the numbers of lyrnphocytes and of T-lymphoeytes reeovered
by broncho-alveolar lavage. Gallium -67 uptake thus refleeted the aetivity of
T-lymphoeytes in the lung proeess.

CHANGES IN RESPIRATORY FUNCTION

Many studies of respiratory funetion in pulmonary sareoidosis (e.g. Riley et
al., 1952; Marshall et al., 1958 ; Svanborg, 1961; Marshall and Karlish,
1971) were coneerned with eorrelations with radiographie appearanees,
usually including appraisal of the amount of fibrosis. The abnormalities
most often found in standard tests are diminution in totallung eapaeity and
its subdivisions, mainly restrietive defeet of ventilatory eapaeity, impaired
gas transfer (diffusing capacity), and low eomplianee. 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 reeent infiltration, usually with BHL, show only slightly
more abnormalities. With inereasing duration of apparently non -fibrotie
infiltration, abnormalities tend to inerease, and evidenee of airflow limita
tion may be found. With the appearanee of radiographie ehanges inter
preted as fibrotie, abnormal results in one or more tests are found in nearly
all, and mean values are weil outside predieted ranges, though a few patients
show little disab ility. But there are important exeept ions to any generaliza
tions. Young et al. (1966) drew attention to disparities between radio
graphie and physiologieal findings, reporting same patients with normal or
only slightly abnormal lungs radiographieally who showed eonsiderable
reduetion in earbon monoxide diffusing eapaeity (DLco), and others with
grossly evident pulmonary infiltration who had DLco within normal limits.
And the wide variation in tests of funetion within a group defined on
c1inieo-radiologieal eriteria is illustrated by the findings of Sharma et al.
(1966a) in 18 patients with BHL and radiographieally normallungs, among
whom DLco varied between 42% and 115 % of predieted values ; one-third
showed low lung complianee, and one-third high airways resistanee. These
diserepancies are not surprising, in view of the inconstant eorrelations
between radiographie appearanees and histopathology, noted above, and of
the variability of distribution of histopathologieal change in relation to
alveolar walls, airways and blood-vessels.

Studies in whieh it has been possible to correlate funetion tests with
struetural ehanges as shown by lung biopsy (Young et al., 1967; Young et
al., 1968; Carrington et al., 1976 ; Huang et al., 1979) have shown more
eongruity. Young et al. (1967) performed open lung biopsies in 22 blaek
patients within one week of a standard set of lung function tests. All were
found to have a restrietive ventilatory defeet, and most uneven matehing of
ventilation and perfusion; a diffusion defeet was demonstrated in one-third.
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Involvernent of sma ll a irways was freq uent. Granu loma densi ty co rrelated
with tidal vo lume, and, less, with minute volume and alveolar ventilat ion.
Four pa rien ts with BHL an d rad iologieally normallungs had diserete gra nu-
lomas, rhe pro fusion of whieh eorrelated with the severity of relative ly
minor funet ional defeets. Young et al. (1968) performed pereut aneous
needle biop sies of th e lun g in 34 pa tients, an d foun d gran ulomas in 95 % of
22 with disease o f less th an one year's durati on , and 45% of 12 with a
lon ger durati on; alveo lar membran e th ieken ing was frequent ly found. The
only measures of fun etion th at eorrela ted we il with the severity of histolo-
giea l eha nge we re the arterial oxygen pr essure (Pa0 2) on exe reise and th e
DLea ; thou gh there was some correla tion of fun etion test findin gs with
radi ographie eha nges, there was a large ran ge of va lues in all radi ograph ie
groups. Ca rrington et al. (1976) in a review of lung biop sy findings in 47
pati ents with sa reoidosis and 13 with ehro nie beryllium disease found th at
the fun etion tests that eorrelat ed best with pathology were Pa0 2, alveolar-
arterial O2 differenees and, less, DLea ; among struetural ehanges, interstit ial
eell infiltrati on eorrelated best with funetion test abno rma lities. Co rrela-
tion s between radiographie appea ranees and both funetio n and histop ath-
ology we re poor, exeept in severe eases . Bronehiolar and peri bronehiolar
granulomas we re eommon , and, as noted abo ve (p. 108), granulomatous
angiitis was seen in 42 % ; seleetive loealiz ati on of granulomas at these sites
seemed likely to affeet V/Q rati os, In a systema tie study, Huan g et al. (1979)
eorrela ted the findin gs in open lun g biopsies wit h lung funetio n tests and
rad iograp hie find ings in 81 untreated pat ients with sareoidosis. T he pro fu-
sion of granulomas , an d rhe extents of ' intersti tial pneurnonit is' (eellular
infilt ration of alveo lar wa lls), of granuloma tous angii tis, an d of fibrosis
were gra dcd . Strong eo rrelations were foun d berween tests of gas tran sfer
(DLea and Pa02 on exe reise) and granuloma density, interstiti al pneumon i-
tis and a eo mpos ite estima te of ove ra ll pathology. Th ere was no eo rrela tio n
between hypoxaemi a at rest and any single test, or berween lung funeti on
tests and grades of granulomatous angiitis. A eomposite estirnate of fune-
tion eorre lated very stro ngly with ove ra ll pathology, strongly with ex tent of
gra nulomas and of interstiti al pneum onitis, and less stro ngly with fibrosis.
Whil e there was a general eorrelati on of the eon vention al radiogra phie
'stages' I, II and III with ex tent of granulomas and of interst itial pn eumoni-
tis and with pulmonary fun etion tests, espeeia lly tests of gas tr an sfer, there
were imp ortantdiserep ane ies, espeeially in 'Stage I' . Wh ile nor mal funetion
tests and radi ographieally clear lungs were assoeia ted with minimal histo
pathologieal ehan ges and no fibrosis, eonventional 'Stage I' might be assoei -
ated with ex tensive, po ssibly fibrotie, eha nges . Amo ng funetio n tests DLco
eorrela ted best with both path ology and rad iology.

The high proportion of pat ient s with appa rent ly non -fibrotie sareoidosis
of the lungs who show low values for D Lca was confi rmed by Mi ller et al.
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(1976) in a study of 25 patients with eonventional Stage land 19 with Stage
11. In Stage I patients, mean values for static dynamie lung volumes and
exereise arterial O2 pressure were normal, but that for DLco was low.
Mean values for all test s in Stage 11 patients were low. The transfer factor
for earbon monoxide ean be shown to be dependent both upon the rate of
transfer of gas from alveoli into alveolar eapillaries (the membrane corn
ponent, DM) and upon the rate of uptake by the red eells in the eapillaries,
the latter being ehiefly dependent upon the volume of blood in the alveolar
eapillaries, Qc (Roughton and Forster, 195 7). Studies of the relative irnport
anee of these two eomponents in small numbers of patients by MeNeill et
al. (1958), Bates et al. (1960) and ]ohnson et al. (196 1) gave diseordant
results. Saurnon et al. (1976) studied three groups of patients (i) 19 with
BHL only, (ii) 49 with infiltration later shown to clear under cortieosteroid
treatment, and (iii) nine with infiltration possibly with radiographie evi
denee of fibrosis that proved unresponsive to treatment. Mean values for
DLco were slightly but signifieantly redueed in groups (i) and (ii), and more
severely in group (iii). In groups (i) and (ii), mean DM was within the
predieted range when related to body surfaee area, but redueed when
related to estimated alveolar area, while in group (iii) both these measures of
DM were redueed. Mean Qc did not differ from predieted in groups (i) and
(ii), though five of the 49 in group (ii) had low values; Qc was very
signifieantly redueed in group (iii). It thus appeared that in groups (i) and (ii)
the redueed DLco was due to low DM' to V/Q inhomogeneity or to both of
these. In group (iii) low Qc was an additional faetor, and the pattern of
funetional impairment beeame similar to that found in a group of patients
with diffuse interstitial fibrosis.

Attention has been drawn to the funetional effeets of airway involvement
in sareoidosis by a number of investigators. Miller et al. (1974) studied 16
patients with fibrotie pulmonary sareoidosis by eonventional indices of
airflow, flow-volume eurves 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
radiographie ehanges of conventional Stage I, 14 Stage 11, and 37 Stage Ill.
Dyspnoea was noted in none at Stage I, three at Stage 11 and 19 at Stage Ill.
It was assoeiated with slowing of expiratory flow-rate and distorted radio
graphie patterns. Levinson et al. (1977) studied 18 patients, 16 with BHL
and infiltration and two with ehronie ehanges with bullae; all had low Jung
volumes, low DLco, and high static transpulmonary pressures. All showed
abnormal small airway funetion by at least one test; upstream airway
resistanee was high in 16, closing volume was inereased in 16 ; frequeney
dependenee of eomplianee was found in eight, Bur only six showed a low
FEVI/FVC ratio, the lowest being 60%, and rwo, both with bullae, low
airway eonduetanee. That these ehanges eould not be attributed to smoking
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was indieated by the observation that the proportions showing abnorrnali-
ties were similar in the seven who were non-smokers and in the 11 smokers.
Rizzato et al. (1980) investigated airway funetion in 25 non-smokers with
sareoidosis, most with eonventional Stage 1lI radiographieally, and found
evidenee of inereased resistanee to flow in small airways in nearly all, and in
large airways in some. In a group of 15 patients with ehronie pulmonary
sarcoidosis seleeted beeause they eomplained of exertional dyspnoea and
wheezing, Sahetya et al. (1980) likewise found evidenee of high resistanee to
flow in both small and large airways; seven of their patients were non
smokers. üf four patients with loealized airway narrowings demonstrable
by bronehography reported by Hadfield et al. (1982), the one with the
longest history had a flow-volume loop suggestive of intrathoraeie large
airways obstruetion, while the other three had loops typical of small air-
ways obstruetion.

Clinieal evidenee of haemodynamie effeets of pulmonary sareoidosis are
eonsidered in Chapter 15 (p. 346). Like other forms of pulmonary fibrosis,
the fibrotie stages may give rise to pulmonary hypertension (MeClement et
al., 1953; Svanborg, 1961; Emirgil et al., 1969; Rizzato et al., 1980), in the
eausation of whieh granulomatous angiitis is unlikely to be important. At
the earlier stages, some elevation of pulmonary artery pressure in a few
eases has been reported, but its relation to granulomatous angiitis is uneer
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 ventrieular failure; in 11 with BHL and
radiographieal normal lungs, eardiovaseular funetion was normal at rest
and on exereise; and in 11 with non-fibrotie infiltration, the only abnor
mality found was slightly elevated pulmonary vaseular resistanee on exer
eise in four.

Changes in pulmonary funetion tests in the course of sarcoidosis, with or
without eorticosteroid treatment, show only partial eorrelation with
ehanges in radiographie appearanees. Marshall et al. (1958) found persis
tent reduetion in OLea in five of six patients in whom infiltrations had
resolved eompletely. Winterbauer and Hutehinson (1980) have reviewed
some subsequent publieations (Boushy et al., 1965; Sharma et al., 1966b;
Stone and Sehwartz, 1966; Emirgil et al., 1969; Johns et al., 1976; Colp,
1977). In general, vital capacity (Ve) and DLea showed parallel ehanges,
being diseordant in only 5%. Among untreated patients, VC and DLea
improved or showed no change in those who improved radiographieally,
while they showed no change or diminished in those with unehanging or
worsening appearanees, with the exeeption of a few with improved Vc. üf
those with radiographie improvement after cortieosteroid treatment, 65%
showed inerease and 4% fall in VC, and 52% improvement and 10% fall in
DLea; while of those with unehanged or worse radiographie appearanees,
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48 % showed increase and 17% fall in VC, and 41 % increase and 19% fall
in OLea. Combining treated and untreated patients, 67% of those with
radiographic improvement had a coincident increase in VC and 45% in
OLea, and less than 5% a fall in either of these.

OIAGNOSIS OF PULMONAR Y 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 wid espread 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 Iymphagitis carcinomatosa ; but in all of
these , c1inical 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 usuall y symptomatic, with low
fever, constitutional symptoms, slight dyspnoea and cough. The hilar lyrn
phadenopathy has ill-defined margins in the ehest radiograph, without the
well-defined polycyclic outline more often seen in sarcoidosis, and is some
times asymmetrical; and the infiltration may be patchy. Superficiallymph
nodes, especially supraclavicular and axillary, may be enlarged. In Iymph
nodes removed for biopsy, and sometimes in lung, the granulomatous
change is accompanied by some central necrosis, which may be calied 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 aseries 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-Iikc' 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'
typ e, 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 myeobaeteria may
have a role in the eausation of sareoidosis may (i) rejeet the diagnosis of
sareoidosis, in spite of overtly 'sarcoid' features, in favour of tubereulosis
(Kent et al., 1970); (ii) dismiss the isolated baeteriologieal findings as
laboratory or other errors, and aeeept the diagnosis of sareoidosis; or (iii)
eonclude that the patient is suffering from both tubereulosis, eaused by M
tuberculosis, and sareoidosis, about whose eausation they admit ignoranee,
apart from the eertainty that it is not related to myeobaeterial infeetion. Our
view is that in eases in whieh c1inieal and radiologieal features of sareoidosis
with eompatible histology on biopsy of affeeted tissue or a granulomatous
response to a Kveim test are aeeompanied by isolation of M tuberculosis or
other myeobaeteria, diagnostie eategorization should refer to both these
features, leaving open the question of possible relationship between them
(Chapter 23).

Hodgkin's disease and other lymphomas ean eause hilar node enlarge
ment, but the eharaeter 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.



166 Sarcoidosis

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 symptorns. Lymph -node biops y is the definitive diagnostic
procedure.

In Iymphangitis 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
Iymphagitis carcinomatosa there will be abrief history of rapidly increasing
dyspnoea becoming much more severe than would be expected with sar
coidosis causing a similar radiographie pieture.

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 usuall y not enlarged, though
unilateral enlargement may be seen. There may be evidence of tuberculosis
e1sewhere. 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 confirrnation 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 iII patient. In such cases, it is advisable to start
antimyeobacterial 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) iIIustrates 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 PASwere
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 baciIli. After three months of apparently ineffective treatment, the
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Figure 6.54 Chronic miliary tub erculosis in a woman aged 61, failing to
respond to specific chemoth erapy unt il predn isolone was added.

diagnosis was reviewed, and the possibility of sarcoidosis was considered. A
liver biopsy showed many epithelioid and gianr-cell tubercles without casea
tion. Predn isolone was added to the chemo therapy, with the thought that
whether the disease wa s fina lly labelIed sarcoidosis or caseating tuberculosis,
corti costero id treatm ent covere d by effective anti tuberculo sis chemother ap y
was ar that stage indica ted . This was followed by immediate defervescence,
and progressive clearin g of the shadow s from the ehest radiog raph. About this
time, reports were received that cultures of two sputa collected six weeks
previously had produced tub ercle bacilli sensitive to all thr ee dru gs; and a
choro ida l tub ercle was seen for the first time in the right fundus oculi. The
predn isolonq treatment was continued for six months and then gradually
withdrawn wirh eut reappearance of the miliary shadows, and antitu berculosis
chemoth erapy was given for a tot al of twenty months. The pat ient made a
goo d recovery with slight dyspnoea on exertio n and some reduetion in the
diffusing capac ity of her lungs as the on ly residua of this remarkab le illness.
She remained weil when last seen six years from the time of her first ad mission
to hospital.

In this case, if less int ense effo rts had been ma de to find rubercle bacilli, or
if it had happened th at bacilli had not been found in the specimens
examined, the diagnosis of sa rcoidosis wo uld certainly have been difficult to



168 Sarcoidosis

controvert. As it is, the case must be labelIed subacute miliary tubereulosis
with the unusual feature of failing to respond to normally adequate doses of
chemotherapeutie drugs to whieh the tubercle bacilli were shown in the
laboratory to be fully sensitive, but responding on addition of a eorticos
teroid to the treatment.

Although the apparent failure to respond to antitubereulosis drugs to
which the bacilli were fully sensitive which was observed in this patient is
extremely rare, eases of very indolent ehronic miliar y tuberculosis with low
tuberculin sensitivity and slow and partial response to ehemotherapy as
judged by the radiographie changes are rather less rare. In such cases,
tubercle bacilli may be very diffieult to demonstrate, being isolated in small
numbers from perhaps one or two among large numbers of speeimens
cultured. T0 quote an example:

A woman, aged 55, who had been rather short of breath with a dry eough for
one month, was found to have widespread radiographie mottling in the lungs.
Laryngeal swab eultures for tubercle baeilli were negative. Five months later,
she remained in good general eondition, afebrile, and the ehest radiograph
showed coarse mottling throughout both lungs, little ehanged from the initial
findings (Fig. 6.55). The skin did not respond to 10 IU, and gave a moderate
response to 100 IU of tubereulin. Liver biopsy was norm al. Culture of gastrie
eontents now produeed a growth of tubercle baeilli. Antim yeobaeterial ehe
motherapy was followed by slow partial resolution of the lung infiltration.

In this ease, the diagnosis of ehronie miliary tubereulosis would not have
been possible without the finding of tubercle bacilli, and these were found
only after a large number of negative examinations. In the absence of this
finding, the alternative diagnosis of sarcoidosis might weil have been
aeeepted, even after the rather slow and partial resolution whieh followed
the antibaeterial treatment. Thus the differential diagnosis between sar
eoidosis and ehronie miliary tuberculosis may involve an arbitrary element.
If tubercle bacilli are found, the case would normally be called chronic
miliary tubereulosis; if they are not found, there may be no factual basis for
adecision whether to give it this label or label it sarcoidosis. The signifi
eanee of this situation in relation to the problem of the aetiology of sar 
coidosis is diseussed in Chapter 25.

Pneumoconiosis should rarely be eonfused with sarcoidosis if a proper
industrial history is taken. The special case of ehronie beryllium disease
whieh on a histologieal definition of sareoidosis might be regarded as a
variety of sareoidosis whose aetiology is known, is eons idered in Chapter
22 . In the eommon forms of pneumoconiosis, in addition to the history of
exposure, the absence of hilar lymph-node enlargement, the uniform distri
bution of the radiographie shadowing, and in the case of some dusts,
features that are associated especially with the relevant form of pneumoeo
niosis, may be helpful. On the whoie, it is unlikely that ehanges diseovered
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in the lungs of a man known to be exposed to dust will be misinterpreted as
sareoidosis; a more likely error is to misdiagnose ehanges in faet due to
sareoidosis as pneumoeoniosis because the affeeted individual has been
exposed to dust. Even if initial clinieal examination does not reveal features
diseordant with the diagnosis of pneumoconiosis in sueh a ease, the eourse
of the disease, either to resolution of the radiographie changes or to their
evolution in a way unexpeeted in pneumoeonoisis, with possibly the appear-
anee of extrathoraeie manifestations, should eventually lead to the correet
diagnosis.

Chronie phases of extrinsie allergie alveolitis (hypersensitivity pneumoni
tis), eaused by hypersensitivity reaetions to organic dusts in the pulmonary
acini, may be eonfused with sareoidosis. The first of these to be deseribed
Was farmer's lung, due to exposure to mouldy hay (Fuller, 1953; Studdert,
1953; Diekie and Rankin, 1958; Hapke et al., 1968). Aeute and ehronie
phases ean be reeognized. Aeute exposure leads after about six hours to
tightness in the ehest with dyspnoea but usually no wheezing, headaehe and
fever with eraekles at the lung bases, sometimes with widespread fine
mottling of variable density in the ehest radiograph. This illness usually
clears within 24 hours, or longer in severe episodes, and is unlikely to be

Figure 6.55 Indolent disseminated pulmonary tuberculosis in a woman aged
55, with a tuberculin reaction only to 100 IU.
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Figure 6.56 The chronic stage of farmer's lung.

confused with sarcoidosis. But repeated exposure, or heavy exposures lead
ing to slowly resolving severe reactions may lead to a chronic stage, with
persistent dyspnoea, and persistent reticular or mottled opacities in the ehest
radiograph, and at this stage the radiographie picture and symptoms may
resemble closely those of a sarcoid infiltration undergoing slow focal fibrosis
(Fig. 6.56) . The functional defect, mainly in gas exchange function, with a
mixed, mainly restrictive, ventilatory defect, is also similar. Moreover, in
farrner's lung, reactivity to tuberculin tends to be reduced as in sarcoidosis,
and in the chronic phase, epithelioid and giant-cell granulomas are a
feature of the histological picture in the lungs. However, the absence of
extrathoracic or lymph -node changes is notable in differentiation; and an
occupational history is even more helpful in this group than in other
pneumoconioses, since there may have been acute episodes related to work
with mouldy hay. Precipitating antibody to extracts of mouldy hay or to
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thermophilie aetinomyeetes whieh are the souree of the eausal antigen is
demonstrable in the blood serum (Pepys et al., 1962). Extrinsie allergie
alveolitis has been deseribed in response to a large number of other organie
dusts (Pepys, 1977). Among these, those eneountered as a result of exposure
to birds, espeeially budgerigars whieh are kept as pets in the house (Har-
greave et a/., 1966), and 10 air-eonditioning eontaminated by growth of
moulds (Banaszak et a/., 1970; Sweet et a/., 1971), are espeeially liable to
give rise 10 slowly progressive widespread fibrosis, sinee exposure is to small
eoneentrations over long periods. This leads to ehanges mimieking those of
ehronie fibrotie pulmonary sareoidosis (Fig. 6.57) . Diagnosis depends upon
the history, and the demonstration of preeipitating antibody 10 the relevant
antigen in the serum, though this may be found in some exposed but not
affeeted individuals; and in doubtful eases earefully performed challenge
tests (Hargreave and Pepys, 1972). A rare variety of extrinsie allergie
alveolitis, that eaused by pituitary snuff (Pepys et a/., 1966), is irnportant in
the differential diagnosis of diffuse lung ehanges aeeompanying diabetes
insipidus, in whieh sareoidosis must also be eonsidered (Chapter 16, p. 350).

Pulmonary involvement in hisriocytosis X (Thannhauser, 1950; Lichten
stein, 1953) has been reviewed by Lewis (1964b) and Basset et a/. (1978) .
In its earlier stages, its radiographie appearanees may mimie a sareoid
infiltration, though in its later stages it is one of rhe eauses of generalized

Figure 6.57 Budgerigar fancier's lung.
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'ho neycornb lun gs' (Oswald and Parkinson , 194 9 ; Parkinson, 1949), with
dist inetive radi ographie appea ranees. lt is a systemie disease, wi th possibl e
involvement of seve ra l organs and tissue s; from the point of view of th e
diagnosis of the lung eha nges, involveme nt of the bon es is the most irnpo r
rant assoeiation, rhou gh it is observed in only a minority of the eases th ar
present with lun g ehanges; even more rarely diab etes insipidus fro m pitu it
ary involvement may aeeompa ny the ehan ges in th e lun gs (Spillane, 19 52;
Gra nt and Ginsburg, 1955 ; Pon gor and Viragh, 1959). In its early stages,
pulmon ar y histioeytosis X sha res wirh non -fibroric sa rco id infiltratio n a
relati ve pau city of syrnptorns, and ind olent co urse; but while th ere ma y be
long periods during whie h the co ndi tion rem ains sta tio nary, progression to
an irrever sible 'h oneycornb' stage at whieh respirat ory fun ction is inevitably
impai red , is usual. At th is sta ge, liability to recurrent sponta neous
pn eumothorax is cha rac te ristic, Before general ized honeycombing is evi
dent, the points which may sugges t the diagnosis of pulmonary histiocytosis
X are the lirnitation of the lesions to th e lun gs, with the possible exception
of eertain bone chan ges or, rar ely, diabetes insip idu s; reactivity to tubercu
lin-rype antigens is not imp air ed ; and ver)' often, even when the lun g
cha nges a re first detecred , there is at least a tendenc y to th e development of
multiple sma ll cyst-like a ir spaees whi ch event ua lly lead s to the pictur e of
wides prea d hon eycomb ing. It is only in a minority of cases that bone
cha nges wi ll be present. T hese co nsis t rad iologically of loealized we ll
defined rar efact ions usually in the skull o r lon g bones; histol ogically th e
a reas of th ese rarefacti ons a re filled w irh eosi no philie gra nuloma, eomposed
of ret ieulum cells, eosinophils an d some giant eells. If bone cha nges a re
present they ena ble a diagnosis to be mad e wi th confi dence, as in the
fo llowing case :

A boy aged 18 had no tieed exeessive tiredn ess and slight loss of weig ht for one
year. A ehes t radiogra ph (Fig, 6.58 ) showed wides prea d reticular sha dowing.
He sa id th ar he had had an ope ra rion four yea rs previou sly for a eyst of th e
bone nea r rhe lefr hip . Inquiry showed th ar at th is operation a gra nuloma had
been curette d fro m just above th e aee ta bulum, and th e resulting cavi ty filled
with bone chips, with sa tisfae to ry result. Th e eure tt ing had the typical st ruc
ture of an eos ino philie gran ulorna.

Wh en, as is often the case, pulmonary histiocytosis X presents as the only
c1inical manifestati on, diagnostic certainty ma y be atr ainable only by lung
biopsy; recently, it has bcen found th at ultrastructurally-recognisabl e histio
cyrosis X cells may be present in broncho-alveolar lavage fluid (Basset et al.,
1977).

A rarer va riery of gene ra lized hon eycomb lun g is rhat associated wi th
mesodermal dyspl asia of th e type of which orher man ifest at ions are tuber
ous sclerosis, ade no ma sebaceum, subungua l fibr ornat a and multiple
tumou rs of the kidneys (Oswald and Parkinson , 1949 ; Dawson , 1954). lt
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Figure6.58 Histiocytosis X.

app ear s that with th is condition, as with histioc yto sis X, one of the possibly
affected systems tends to be predominantly affected. Thus Dawson (1954)
reported that of 72 patients in mental hospitals because of the effects of
cerebral tuberous sclerosis, onl y one was found to have the lung s affected;
while of 13 recorded cases with pulmonary changes, onl y three were
mentally defective, on e of them with fits, and two others had fits but were
not mentally defective. In the later stages of the lung changes, with estab
lished honeycombing, confusion with sarcoidosis is very unl ikely to ari se;
earlier, before the changes are so extreme, the radiographie appearances
may be confused. The chief differential points are the absence of other
evidences of sarcoidosis, and the possible presence of the typical rash of
adenoma sebaceum on the face, of subungual fibrom ata, and of renal
tumours demonstrable by pyelography.

Diffu se pulmonary alveolar fibro sis of unknown cau se (cryptogenic
fibrosing alveol itis, interstitial pneumonia) occasionally mimic s pulmonary
sarcoidos is. Rarel y, it present s in an acute form (Hamman and Rich, 1944),
which affects especially young adults. More frequently it is sub-acute or
chronic (Grant et al., 1956; Scadding, 1960) affecting all age-groups, but
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Figure 6.59 Cryptogenic fibrosing alveolitis radiographically simulating
chronic pulmonary sarcoidosis.

most frequently rniddle-aged or older adults, and eorrelations between
histopathologieal, c1inieal, radiologieal, funetional, immunologieal and
other features have been extensively studied (Liebow et al., 1965; Seadding
and Hinson, 1967; Carrington et al., 1978; Turner-Warwiek, 1978). Lung
ehanges of this sort may oeeur in the eourse of a number of 'connective
tissue' diseases, notably rheumatoid arthritis, systemie sclerosis, and
Sjögren's syndrome, or be assoeiated with various diseases of other organs
having auto-immune features, lt is prineipally the sub-acute or ehronie
eases, without evident systemie disease, whieh may be confused with sar
eoidosis. Charaeteristieally, the leading feature in sueh eases is inereasing
dyspnoea on exertion, out of proportion to the prominenee of rhe radio
graphie ehanges; persistent fine to medium eraekles are audible at the bases
of the lungs; c1ubbing of the fingers, often gross, is often present by the time
the patient first eomes under medieal eare, and nearly always develops as the
condition progresses; the radiographie appearanees in the lungs, though
variable, tend to be most prominent at the bases, and to have a fine reticular
pattern, though there may be mottling or stippling with little suggestion of
this pattern; and from the beginning, the functional picture is one of
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well-rnaintained ventilatory eapaeity, with a tendeney to hyperventilation at
rest and even more on exereise, impaired diffusing eapaeity, arterial hypoxia
possibl y at the rest and eertainly after exercise with normal or low carbon
dioxide tension. In sueh a typical ease fibrosing alveolitis should not be
confused with sarcoidosis. However, in a few eases, the earlier stages are
less typical; c1ubbing may not develop until later, the radiographie shadow-
ing may be distributed uniformly or even involve the upper parts of the
lungs more than the lower, and the pattern of disordered function, while
predominantly a diffusion defect, may be mild and compatible with a
sarcoid infiltration.

Figures 6.59 and 6.60 show rhe ehanges over three and a half years in the ehest
radiographie appearanees in a woman who initially eomplained only of a dry
eough, and was found to have no abnormal physieal sign exeept eraekles
audible over both lungs, no clubbing of the fingers, and a slight gas transfer
defeet with normal ventilatory funetion. Gradual deterioration with inereas
ing dyspnoea was not arrested, though possibly slowed, by eortieosteroid

Figure 6.60 The same, three and a half years later, when the lungs showed
'honeyeombing', and the clinieal pieture had become eharaeteristie of
eryptogenie fibrosing alveolitis.
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treatment. Clubbing became evident five years from the onset; she died six
years from the onset, and necropsy confirmed fibrosis alveolitis in an advanced
'honeycombed' stage.

In fibrosing alveolitis, broncho-alveolar lavage typically shows increase in
the proportion of polymorphonuclear leucocytes, while in sarcoidosis, lym
phocytes are increased (Chapter 20, p. 436). Transbronchial lung biopsy
should serve to distinguish between fibrosing alveolitis and sarcoidosis,
though open biopsy is more informative in the categorization of fibrosing
alveolitis.

Blood-borne rnetastases of malignant tumours may be widely dissemi
nated in the lungs, but usually cast shadows larger and more distinct than
the elements even in the coarser sorts of mottling produced by sarcoid
infiltration. Very occasionally, multiple small metastases from a tumour of
low .rnalignancy may produce few or no symptoms and grow extremely
slowly, thus mimicking a sarcoid infiltration. Adenocarcinomas of low
malignancy may present with pulmonary metastases of this sort, the prim
ary tumour producing no symptoms and sometimes being discovered only
at necropsy.

PROGNOSIS OF PULMONARY SARCOIDOSIS

Although renal failure from hypercalcaemic nephropathy (Chapter 19) and
involvement of the heart (Chapter 15) or, more rarely, the central nervous
system (Chapter 14) or liver (Chapter 11) are very occasional causes of
death in sarcoidosis, the principal cause is pulmonary fibrosis leading to
respiratory insufficiency with or without right ventricular failure. The prog
nosis of intrathoracic sarcoidosis as regards life therefore depends princi
pally upon the evolution of the lung changes. As pointed out in Chapter 5,
the proportion of individuals with BHL who develop pre-fibrotic infiltra
tion of the lungs is very difficult to determine, principally because it is
certain that a large number of cases of symptomless BHL must pursue their
entire course undetected. Similarly, the proportion of cases of pre-fibrotic
infiltration which progress to fibrosis is probably over-estimated by obser
vations in the course of clinical work, because undoubtedly some cases
without symptoms and resolving without sequelae are never detected. On
the other hand, among patients with established fibrosis liability to death
due entirely or in part to this effect of sarcoidosis will continue throughout
life, and thus mortality from sarcoidosis in this group must be expected
to be higher than that estimated from even a prolonged period of observa
tion.

For these reasons, gross figures for mortality reported in different series
have little meaning without knowledge of the way the series was collected,
and the sorts of case included in it. Series collected from ehest clinics dealing
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with a large number of out-patients will be likely to include more patients
with symptomless pre-fibrotic changes, including BHL, and thus to show a
lower mortality, than series composed of patients treated in hospitals. Thus,
among 700 cases collected from records of ehest clinics in Holland, Ten
Have (1958) estimated mortality at only 2%; while Nitter (1953) found
that of 90 patients observed in hospitals in Oslo, 13 (14.4%) died of
sarcoidosis.

Carr and Gage (1954), using a life-table method, estimated survival rates
for 194 patients, of whom only nine were black, studied at the Mayo Clinic.
The ten-year survival rate was calculated to be 80%, as compared with
90.6% for an unselected population of the same age distribution. Of 17
known deaths, only three were known to be due to sarcoidosis and one to
tuberculosis; eight were known to be due to unrelated causes; and in five the
cause of death was not determined. The material upon which they based
these observations was c1early not a representative sampie, since their
patients, with a mean age of just over 41 years, were on the whole older
than those in other large published series. Moreover, they had been referred
from a distance to the Mayo Clinic, and may therefore have contained a
high proportion of the more severely affected. The first of these considera
tions, and probably also the second, would tend to cause their estimate to
exceed the true mortality of sarcoidosis as a whole. Sones and Israel (1960),
using a similar method, calculated that the survival rate for their patients ten
years after diagnosis was 84.8%, compared with anormal expectancy for a
population of the same age distribution of 95.2 %, suggesting a mortality of
rather over 10% from sarcoidosis within ten years. Their series inc1uded
184 blacks, among whom during the observation period 50 deteriorated
and 20 died, whereas among 27 patients of European stock only four
deteriorated and none died. This is in accord with the general impression
that in North America the course is less favourable in blacks than in whites.
They found fewer deaths among those with BHL only at the beginning of
observation (5.6% of 71) than among those with BHL and infiltration
(12.5% of 72) or with infiltration alone (12.5% of 56), but this difference
did not attain statistical significance.

Smellie and Hoyle (1960) described the natural history of pulmonary
sarcoidosis based upon the study of 125 patients observed in London for
varying periods from two to more than 20 years . lt may be calculated from
their da ta that the mortality in patients who at first observation had, or
subsequently developed, pulmonary infiltration was about 9%. Also in
London, Scadding (1961b) assessed prognosis from a study of 136 patients
all observed for at least five years . Thirty-two of them had had BHL only
when first observed, and of these ten developed infiltration while under
observation; 40 had BHL and infiltration, and 37 had infiltration only,
making a total of 87 patients who were observed with apparently non-
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fibrotic lung changes. Of these 87, 25 were judged to have developed
fibrosis by the end of five years' observation, and none had died within this
time. Of 27 patients who had established fibrosis at the beginning of the
observation period, when the estirnated mean duration of the disease had
already been five and a half years, six died of sarcoidosis during the five
years' observation. From these two proportions it was deduced as a tenta
tive estimate that between 6 and 7% of patients who came under medical
observation with pre-fibrotic sarcoid infiltration of the lungs were likely to
die of the disease within 10-15 years.

Among 61 7 patients with sarcoidosis, of whom 80 % were black,
observed by johns et al. (1980) in Baltimore, between 1960 and 1977, there
were 46 deaths, 39 of which were attributed to sarcoidosis. The localizations
of sarcoidosis held responsible for death were the lungs in 31, the myocar
dium in five and the liver in four.

Factors affecting prognosis

Since lung changes are frequently the most irnportant manifestation of
sarcoidosis, the prognostic significance of involvement of other organs is of
some interest. Sones and Israel (1960) in Philadelphia, and Smellie and
Hoyle (1960) and Scadding (1961b) in London, correlated proportions
showing spontaneous radiographie improvement in lung changes with the
presence or absence of some common extrathoraeie manifestations. In both
the London series, the good prognostic import of an onset with erythema
nodosum (Chapter 5, p. 93) was confirmed, as was the trend towards worse
prognosis with greater extent of extrathoraeie involvement. Smellie and
Hoyle (1960), whose patients included an unusually high proportion with
chronic ocular sarcoidosis, found that those with eye changes did worse
than those without. Scadding's (196 1) series, with fewer patients with
severe eye changes, did not show this difference; but a significantly higher
proportion of those with than of those without sarcoidosis of the skin failed
to attain a clear ehest radiograph. The conclusion that the presence of skin
sarcoids implies a worse prognosis for the lung changes, while the presence
of eye changes has little effect upon the prognosis for the lung changes, was
in general agreement with the findings of Sones and Israel (1960). They
found that the difference in prognosis between patients with and without
cutaneous involvement remained significant regardless of race and involve
ment of other systems. Scadding (1972 ), reviewing aseries of 500 patients
of whom 82 had a sarcoid infiltration of the skin at some time during the
observed course, found thar these infiltrations fell into two groups in
relation to their prognostic implications for the lungs. Large persistent
infiltrations, including lupus pernio, were associated with chronic irrever
sible lung changes, only one of 35 patients with such skin changes showing
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radiographie clearing of lung changes; smaller transient skin sarcoids, sub
cutaneous nodules and infiltrations of old scars without other skin sarcoids
were observed in 47, and did not affect prognosis, since in 21 of them lung
changes c1eared under observation. The rarity of erythema nodosum in
patients with large persistent infiltrations (Chapter 7, p. 203 ), but not in
those with other sorts of sarcoidosis of the skin, correlates with this differ-
ence in prognostic significance.

In a review of 2510 patients with chronic sarcoidosis, Wurm and Rosner
(1976) found that prognosis for the lungs was worse with increasing age of
onset; betrer in those who were initially tuberculin-positive; and better in
those with normal gamma-globulin levels. Ir seemed to be little affected by
sarcoidosis of the skin, but no distinction between various sorts of skin
involvement was made.

In Scadding's (1961) study, there was a suggestion that those patients
with infiltration and BHL did better than those with infiltration and no
detected BHL; 58% of the former and 43% of the lauer attained clear ehest
radiographs. Among those with BHL, the incidence of skin lesions was
higher (20%) than in those without detected BHL (11%) a factor which, on
the experience of the series as a whole, would have been expected to lead to
a trend of prognosis in relation to the lung changes opposite to that which
was actually observed. The incidence of eye changes was also lower in those
without detected BHL.

Development of caseating tubercuIosis

Many investigators in the past have agreed that a greater proportion of
cases of sarcoidosis develop overt tuberculosis than would be expected
among the population from which they are drawn, though the reported
incidence of this event varies greatly. Ustvedt (1948), reviewing 59 reported
necropsies in cases of sarcoidosis, found that tuberculosis was the cause of
death in 11. Riley (1950) reported that 13 of 52 black patients with
sarcoidosis in New York developed overt tuberculosis; and later Reisner
(1967), also in New York, following 86 consecutive patients, of whom 80%
were black, for a mean period of eight years found that 11 developed
bacreriologically confirmed pulmonary tuberculosis and two others extra
pulmonary tuberculosis at intervals ranging from 2-21 years from the
diagnosis of sarcoidosis. Sones and Israel (1960) reported that seven of their
211 patients developed tuberculosis, but Smellie and Hoyle (1960) observed
this terminally in only one of 125 patients. Of 230 patients reviewed by
Scadding (1960b), five produced overt evidence of mycobacterial infection
during the course of sarcoidosis. On the other hand, and especially in more
recent reports, many authors have reported that in their experience the
ineidence of mycobacterial tuberculosis in their patients with sarcoidosis
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was no higher rhan that of the population from which they were drawn.
Figures of this sort are so dependent upon the criteria used for the diagnosis
both of sarcoidosis and of tuberculosis that they are difficult to interpret
without consideration of the individual case records. Reported associations
between sarcoidosis and mycobacterial tuberculosis are reviewed in
Chapter 23.
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Plate 2

Plate 3

Plate 1 Lupu s pernio involving nose
and cheeks in a woman aged 40 . Ir had
been present for 22 years, and was .
accompanied by large sarcoid
infiltrations of the limbs and trunk,
and the changes in the hands shown in
Plate 2.
Plate 2 The hand s of the same patienr,
showing swell ings of the second, third
and fourth fingers on the right and the
fifth on the left, with dystrophy of the
nails of [Wo of the affected fingers, and
erytherna and swelling of soft tissues
of the dor sum of the right hand.
Phalanges of the affected fingers
showed lattice-like rarefactions.
Plate 3 Flat plaque of sarcoid
infiltr ation on the shin; same pa tienr
as Fig. 7.7.
Plate 4 Indolent plaque of sarcoid
infiltra tion on the ulnar side of the
forearm of a woman aged 59 .

Plate 4



Plate 5

Plate 6

Plate 5 Multiple papulo-nodular
sarcoid infiltrations of the skin of a
woman aged 61.
Plate 6 The same, dose-up view.
Plate 7 Papular sarcoid infiltrations in
the skin of the neck of a West Indian
woman, aged 37. These, with similar
papules on the eyelids, and small
infilrrations of rhe skin of the limbs
and of scars in rhe e1bows and knees,
erupted six months afrer the
withdrawal of prednisolone which had
been given for one year for pulmonary
sarcoidosis.
Plate 8 Scarring ar the site of a large
nodular sarcoid which had persisted
for 30 years before regressing Plate 7
sponraneously; from the patient with
lupus pernio illustrated in Plates 1
and2.

Plate 8



Plate 9 Plate 10

Plate 11 Plate 12

Plate 9 Slight scarring afrer spontaneous regression of lupus pernio; 16 years after Plate 1, and more than
30 years afrer its onset.
Plate 10 The hands of the same patienr, showing resolution of the changes in fingers, dorsum of hand and
fingernails shown in Plate 2.
Plate 11 Scarring of the scalp with alopecia where a sarcoid infiltration presenting no unusual features on the
forehead has involved rhe hairy scalp; the patient also had multiple small sarcoid infiltrations of the skin of
the trunk (Fig. 7.8).
Plate 12 Sarcoid infiltrarion of scars on the face resulting from explosion of a mine in desert warfare.



Plate 13

Plate 13 Spontaneous regression of rhe
scar infiltration shown in Plate 12.
Plate 14 Nodules of sarcoid
infilrration in a tartoo on rhe arm of a
man aged 30, coincident with
erythema nodosum and BHL.
Plate 15 Psoriasis in a woman aged 60 ;
this disease had followed a typical
variable course for 18 years.
Plate 16 Small sarcoid infiltrations of
the skin which had been present for
three months in the same patient; they
were accompanied by a lung
infiltrarion and splenomegaly.

Plate 14

Plate 15

Plate 16



Chapter 7

Sarcoidosis of the skin

The history of our knowledge of sarcoidosis starts with the first descriptions
of the skin changes (Chapter 1), and for a long time the disease was
regarded as the special concern of dermatologists. Nevertheless, after
Schaumann first pointed out in 1914 that lupus pernio and skin sarcoids
were part of a generalized disease which might affect other organs without
affecting the skin, it gradually became c1ear that sarcoid infiltrations of the
skin occur in only a minority of derected cases of this disease, in some as the
presenting or most prominent feature, but in most as part of a complex
c1inical picture.

A sharp distinction must be drawn between the infiltrations of the skin by
sarcoid granulomas discussed in this chapter, and the erythema nodosum
that occurs in some cases of sarcoidosis, usually at the onset, and is indis
tinguishable histologically from erytherna nodosum associated with other
diseases (Chapter 5). Skin infiltrations and erytherna nodosum seem to have
different places in the evolution of sarcoidosis; inrer-relations between the
various sorts of skin infiltration and erythema nodosum are considered
below (p. 203 ).

FREQUENCY OF SKIN INFILTRATION

As with other manifestations, the proportion of cases of sarcoidosis found
by an observer to have skin changes varies with the source of his patients.
Among the 142 cases reported from two hospitals by Longcope and Frei
man (1952), 22.5% of those seen at the John Hopkins Hospital, Baltimore,
had skin lesions, while at the Massachusetts General Hospital, where man y
patients were referred from a skin c1inic, the proportion with skin lesions
was 63.4%. Among 212 cases of 'prirnary' pulmonary sarcoidosis - i.e.
BHL with or without infiltration of the lungs - reported by Löfgren (1953 )
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in Stockholm, only four were found to have infiltration of undamaged skin,
four infiltration of scars, and two subcutaneous nodules; this low incidence
is clearly related to the early stage of the disease at which these patients were
observed. ]ames (1959b) found that among 200 patients with sarcoidosis in
London, 27 (13.5%) had skin lesions and six infiltration of scars. Smellie
and Hoyle (1960) reported a similar incidence in London patients, 17
(14% ) of 125 patients having shown skin changes. Sones and Israel (1960)
in Philadelphia found that 26.5 % of their 211 patients had skin involve
ment. A high proportion of the Philadelphia patients (87%) were blacks ,
among whom skin involvement was especially frequent, occurring in 28.8 %
of them, as compared with 11.1 % of other patients.

In 500 patients observed for periods of up to 20 years, Scadding (1972),
wo rking at both a general and a specia l ehest hospital, observed gran uloma
tous infiltrations of the skin at some time during the course of sarcoidosis in
82 (16.4%). They were present at the time of first diagnosis in 49 (9.8%),
but only 26 of these patients (5.2% of the whole series) sought medical
advice because of the skin changes; in the remaining 23, the skin changes
were incidental findings, sometimes unnoticed by the patient. In 33 (6.6%)
skin infiltrations appeared in patients already under observation with
sarcoidosis (Table 7.1) . Stahl et al. (1980) reported aseries of 125 patients
with biopsy-confirmed sarcoidosis referred to a dermatological clinic in
Denmark; every abnormality found on scrutiny of rhe entire skin surface

. and suspected to be a sarcoid infiltration was examined by biopsy. The
selected character of this series is indicated by the fact thar in 30 patients,
the skin changes were the only clinically apparent localization; and in view
of this, and the intensive investigation, it is not surprising that as many as 80
(64 %) were found to have skin infiltrations of various sorts.

Table 7.1 Skin infiltrations observed in 82 of aseries of 500 patients with
sarcoidosis, listed by principal morphological type and time of appearance during
the course of the disease (Scadding, 1972) .

At onset Appeared
during

Presenting Incidental observation Total

Lupus pernio 7 1 3 11
Plaques 3 1 5 9
Large nodular

infiltrations 5 2 8 15
Small nodular

infiltrations 3 9 12 24
Subcutaneous

noduJes 5 3 1 9
Scar infiltration 3 7 4 14

Total 26 23 33 82
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There is a general tendency for most varieties of sarcoid infiltrations of
the skin to occur in rather older patients than other common manifestations
of sarcoidosis; and for some of the more chronic varieties to affect women
more frequently than men, especially in those of Caucasian stock. Because
there is evidence that these tendencies differ for different types of skin
infiltration, age- and sex-distribution will be discussed after the commoner
morphological patterns of skin infiltration have been described. This
description is complicated by the wide variety of these patterns, the varied
terminology, and the not infrequent concurrence of more than one of them
in the same patient. Occasionally, sarcoidosis of the skin mimics a common
skin disease, and a number of cases have been reported under names which
refer to this resemblance.

MORPHOLOGICAL PATTERt'JS OF SKIN SARCOIDOSIS

The commoner patterns of sarcoid infiltration of the skin may be described
under the headings lupus pernio, the separate description of which is justi
fied both historically and by its distinctive and easily recognized features;
nodular infiltrations, which are of varying size and shape, slightly raised,
with a variably defined margin, both visible and palpable, usually dis
coloured, and sometimes with epidermal scaling or desquamation; plaques,
which are flat discoid lesions, sometimes with a raised infiltrated margin,
when they may be described as annular; papules, which are small well
defined, palpable, slightly elevated thickenings of the epidermis or upper
dermis; subcutaneous nodules, which are palpable and may be visible under
normal overlying skin; and infiltrations of old scars. A number of rarer
patterns, some simulating common skin diseases, have also been described;
in such cases diagnosis is dependent entirely upon biopsy.

Most patients with skin sarcoidosis show a fairly uniform morphological
pattern, but a minority show lesions of more than one type. Among the 82
reported by Scadding (1972), 17 showed mixed patterns. Lupus pernio and
large nodular infiltrations were more frequently associated than other pat
terns of infiltration of unscarred skin, whereas plaques and small nodular
infiltrations tended to be the sole pattern. Scar infiltrations were sometimes
associated with infiltrations of unscarred skin, and these might be of any
pattern.

Lupus pemio

The ehilblain-like swellings of lupus pernio may affect the face, the hands or
the feet. Fully developed lupus pernio of the face presents a striking appear
anee (Plate 1). Ir affects rhe nose, the cheeks, especially over the cheekbones,
sometimes the forehead and the ears. The affected parts are greatly swollen,
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of livid purple-red eolour, with a shining surfaee, often with dilated venules
espeeially over the bulbous tip of the nose. The margins of the affeeted area
are moderately weil defined, giving plaee over a zone of diminishing infiltra
tion only a millimetre or so wide to normal skin. To the touch, their
eonsistenee varies; eommonly they feel firm, blanching momentarily after
pressure, and giving an impression of a thin superficial soft vascular layer
overlying deeper induration. Some scaly desquamation may be seen, and
there may be a few small superfieial erosions. On the hands and feet, similar
changes in the skin may occur, especially over the dorsal surfaees; affected
digits may be swollen (Plate 2). Phalanges of swollen parts of digits usually
show radiographie evidenee of sareoid ehanges (Chapter 9, p. 231 ), with
multiple lattice-like rarefactions. When the terminal phalanx of a digit is
involved, the nail usually becomes thickened, opaque and brittle, ridged and
deformed. Lupus pernio of the face is often associated with granulomatous
ehanges in the nasal mueosa and nasal bones (Chapter 13 p. 292).

Lupus pernio is typically a persistent and slowly-evolving eruption, and
associated with chronie manifestations of sarcoidosis elsewhere. Not sur
prisingly, it is the first overt evidence of sarcoidosis in a high proportion of
those suffering from it.

Figure 7.1 Nodular sarcoid infiltrations of rhe skin of a woman aged 30.
Similar lesions were present on all four limbs.



Figure 7.2 Multiple sarcoid infiltrations of the skin at various stages of their
evolution in a woman aged 35.

Figure 7.3 Sarcoid infiltration with irregular outline on the upper arm of a
woman aged 41 .
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Figure 7.4 Sarcoid infiltration of the skin of the upper arm of a woman aged
44 who also had mild lupus pernio of the nose. The changes in the upper arm
were evident only as an irregular area of erythema, and were not palpable.

Large nodular infiltrations

It is useful to distinguish between large and small nodular infiltrations.
Although the distinction by size is admittedly arbitrary, large infiltrations
tend to be deeper, and may be irregular in outline, and have less well-defined
margins than those less than 1 cm in diameter; and there is evidence,
outlined below, that the prognostic significance of large and small nodular
infiltrations is different.

Large nodular infiltrations are observed most frequently on the proximal
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parts of the limbs, the buttocks, the trunk, and the face, usually multiple and
often scattered over several sites. They are raised above the surrounding
normal skin and usually palpable. They may be fairly regular in outline,
round or oval and of uniform colour. When such infiltrat ions first appear
their surface is pink or red and smooth; later it becomes brownish- or
purplish-red with fine superficial desquamation (Fig. 7.1). On the limbs they
may undergo a slow evolution, and some may resolve while others appear,
infiltrations at different stages of their evolution being present at the same
time (Fig. 7.2). Sometimes, especially when they involve soft skin and
subcutaneous tissue , such as that of the upper arms, they are irregular in
shape and present a mottled app earance (Fig. 7.3), and may be impalpable
(Figs. 7.4 and 7.5) . When skin overlying bone, with less subcutaneous fat, is
involved, the infiltrated area is flat, as in Fig. 7.6, which shows an infiltra-
tion of the forehead of the same patient as Fig. 7.7 . Infiltrations of this sort
merge imperceptibly into plaques.

Plaques

A plaque is generally rounded or oval in shape, sometimes with a slightly
irregular edge. At the periphery is a narrow rather nodular slightly raised
rim, of a pinkish-brown colour, generall y darker than the normal skin, and
sometimes with a little scaling. Within this the skin is soft and smooth and

Figure 7.5 Biopsy of the infiltration shown in Fig. 7.4. H & E. X 38 .
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Figure 7.6 Infiltration of the skin of rhe forehead and of the tip of the nose in
rhe patient whose upper arm is illustrated in Fig. 7.3.

Figure 7.7 Sarcoid infiltration of the skin of rhe forehead of a wornan aged
45, in the form of a slowly spreading plaque with a raised nodular rim.

does not feel infiltrated, but is a little thinner and paler in eolour than the
normal skin. lt looks as though the plaque has starred as a small superficial
infiltration whieh has extended eentrifugally, clearing eentrally with a
little atrophie searring as it spreads peripherally. Pautrier (1940) des
eribed and iIlustrated this sort of lesion, and regarded it as a late stage of
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Figure 7.8 Small sarcoid infiltrations of the skin of the back of the trunk of a
woman aged 54, who also had a plaque on the forehead extending into the
scalp (Plate 11).

a large nodular infiltration; but we have not observed a large nodular infil
tration evolve into a plaque. Although this sort of sarcoid infiltration occurs
most frequently in skin overlying bone, especially on rhe forehead (Fig. 7.7),
the shins (Plate 3) and the ulnar side of the forearm (Plate 4), they may be
seen elsewhere. The resemblance of this sort of infiltration to granuloma
annulare, and, more remotely, to necrobiosis lipoidica, may give rise to
diagnostic difficulty, discussed below (p. 200).

Small sarcoid infiltrations

Sarcoid infiltrations of below 1 cm in diameter vary widely in number, in
conspicuity and in distribution. Characteristically, they start as smooth
pinkish slightly raised areas, and later become brownish-pink with some
superficial scaling. They may accompany larger infiltrations. Figure 7.8
shows small nodular sarcoids of the skin of the back, which accompanied
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Figure 7.9 The left foot and lower leg of a woman aged 42, showing lupus
pernio of the great toe and small sarcoid infiltrarions of the skin of the lower
leg.

the large plaque on the forehead and scalp of a woman aged 54, illustrated
in Plate 11; and Fig. 7.9 small sarcoids of the lower legs and lupus pernio of
the great toe in a woman aged 42 who also had lupus pernio of the nose.
When small nodular infiltrations are the only form of skin sarcoidosis, they
tend to be less persistent than large infiltrations, and may appear in crops.

Infiltrations of this sort may be numerous and widely scattered (Plates 5
and 6). In some cases they appear as closely-packed papules in such areas as
the eyelids and adjacent areas and along the hairline (Plate 7). But they may
be sparse (Fig. 7.10) and inconspicuous, appearing as a few insignificant
looking papules or even macules, and detectable only by careful inspection
and palpation, followed by biopsy of suspected areas (Figs. 7.11 and 7.12.)



Figure 7.10 Papular sareoid infiltrations on the upper lip involving also the
left nostril in a West Indian aged 40 .

•

Figure 7.11 Small papular sareoids on the back of a sandy-haired man aged
33. The most prominent is marked with an arrow. At first sight, they were
easily missed among the freekles.
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Figure 7.12 Biopsy of one of the papular sarcoids shown in Fig. 7.11.
H&E. x 100.

Occasional features of sarcoid infiltrations of the skin

Scarring
Small sareoid infiltrations generally resolve without searring, and even large
infiltrations thar have persisted for long periods may eventually heal with
remarkably little searring, leaving only a slightly atrophie pale area of skin,
possibly slightly depressed. Plate 8 shows sueh a sear at the site of a large
nodular sareoid on the upper arm of the sort illustrated in Plates 1 and 2.
The lupus pernio illustrated in these plates subsided spontaneously after
having been present for nearly 30 years, leaving only slight atrophie searring
at the tip of the nose (Plate 9), and virtually no residue on the hands (Plate
10).

Widespread atrophie epidermal ehanges with some telangiectasis, of the
type seen at the eentres of annular plaques, may oeeur in patients with
extensive long-standing sarcoidosis (Michel et al., 1968; Chevrant-Breton
et al., 1977).

Ulceration
Ulceration is exceptional, apart from superfieial erosions on extensive
infiltrations of the lupus pernio and larger nodular types.

There are a few reports of deeper ulceration of exuberant sareoid infiltra-
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tions of the skin. As noted in Chapter 1 (p. 3). Besnier's original patient
with lupus pernio showed extensive ulceration of affected parts of the ears;
no histological studies were made. Schaumann (1924) observed ulceration
of lupus pernio on the face in two patients from the northern, coldest part of
Sweden. Ulceration in extensive sarcoids of the skin of the face and limbs in
black patients has been reported by Cottenot et al. (1977) and Schiffner and
Sharma (1977).

Ulceration in sarcoids of the lower leg has been reported by Simpson
(1963), Brodkin (1969, two cases) Bazex et al. (1970), Hopf and Krebs
(1974), and Meyers and Barsky (1978) . In some of these cases, it seems
likely that hypostasis was a factor in determining ulceration. One of Brod
kin's patients, a black woman aged 52, had had persistent swelling of one
leg since pregnancy at the age of 20. Simpson's patient was a man aged 66
with extensive lymph-node sarcoidosis, who had had oedema of the feet for
several months before painful ulcers whose base was shown to consist of
sarcoid tissue appeared on the lower legs; he also had large sarcoid plaques
on the thighs. In the cases reported by Bazex et al. and by Hopf and Krebs,
ulcerations developed in long-standing sarcoid infiltrations in women aged
62 and 63. On the other hand, in the case reported by Meyers and Barsky,
painful ulcerating sarcoids appeared in the pretibial areas in a black woman
aged 35 with a three year history of sarcoidosis of the skin of the face and
uveitis shortly after cessation of corticosteroid treatment wh ich had control
led the uveitis.

In some of the reported cases with ulceration, there has been an
admixture of features of sarcoidosis with those of caseating mycobacterial
sarcoidosis.

Multiple papular infiltrations, in places coalescent, with irregular small
ulcerations, simulating papulo-necrotic tuberculides were described by
Irgang (1955) in a black woman, aged 25, who also had some subcutaneous
nodules, splenomegaly, peripheral lymph-node enlargement, and lung
changes. The diagnosis of sarcoidosis was suggested by a negative reaction
to 1:100 OT, and failure to find tuberc1e bacilli in sputum or discharge from
an ulcer; biopsies of skin showed granulomas and ulcera tion, and of two
subcutaneous nodules epithelioid cell granulomas with much fibrosis in one
and some necrosis in the other.

In a case reported by Lewis (1961) multiple sarcoid infiltrations of sarcoid
type appeared on the limbs of a woman with pulmonary sarcoidosis, con
firmed by scalene node biopsy, three months after cessation of prednisolone
treatment which had caused temporary regression of the pulmonary
infiltration; her sister also had histologically confirmed pulmonary sar
coidosis. Three months after they had appeared, the infiltrations ulcerated,
tuberc1e bacilli were isolated both from the ulccrs and from gastric contents,
and the tuberculin test, previously showing areaction only to 100 IU,
became positive to 1 IU.
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Verrucous and papillomatous changes

Such changes shown histologically to be assoeiated with granulomatous
infiltrations of the skin in young blaek men with extensive sarcoidosis were
reported by Irgang (1952) and Shmunes et al., (1970).

Simulation of other generalized skin diseases

Sareoidosis of the skin may present appearanees simulating those of
psoriasis, with scaly follicular lesions (Costello, 1961; Burgoyne and Wood,
1972; Greer et al., 1977, Case 3); ichthyosis (Kauh et al., 1978; Kelly, 1978;
Matsuoka et al., 1980, three cases ); and lichenoid eruptions (Pautrier,
1940; Wolf, 1946; Waldman and Stiehm, 1977; Gange et al. 1978, two
cases). In Boeek's (1899) first case, there was an area on one thigh in wh ich
the eruption presented a lichenoid appearanee with numerous very small flat
papules.

Schaumann (1924) and Pautrier (1940) described erythrodermie changes,
without tactile evidence of deep infiltration, on the lower limbs of patients
with extensive sarcoids of the lupus pernio or large nodular type elsewhere.
Wigley and Musso (1951) reported a case in which extensive erythrodermie
areas were a presenting feature of skin sarcoidosi s, and reviewed eight
previously published cases. Morrison (1976 ) described the case of a six year
old bo y with universal erythroderma and exfoliation, together with multiple
small papules, biopsies from six areas showing granulomas in the papillary
dermis and involving the epidermis; there was generalized lymphadeno
pathy and splenomegaly and evidenee of old uveitis and fibrotic lung
changes; and the eruption was suppressed by corticosteroid treatment. In
thi s case, and in that of Wigle y and Musso (1951) in an adult, some areas
showed follicular spiny keratosis.

Alopecia

A few cases in which plaques of sarcoid infiltration involving the scalp
caused cicatricial alopecia have been reported. Such a case is illustrated in
Plate 11. In this patient, the transition from the alm ost unscarred plaque on
the hairless part of the forehead to severe scarring of the hairy scalp was
striking, so that doubt arose about the nature of the scalp lesion; but a
biopsy from the central part of the scarred area confirmed that it was of
sarcoid histology. This patient also had multiple nodular infiltrations of the
trunk, principally the back (Fig. 7.8). Golitz et al. (1973) reported four
patients, all black women, with sarcoidosis causing cicatricial alopecia, and
reviewed 13 previously published cases. Other cases have been described by
Brodkin (1969, Case 1) and Andersen (1977), who emphasized the difficulty
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of differential diagnosis from necrobiosis lipoidica affecting the scalp.
Alopecia without scarring, associated with granulomas located dose to
pilo-sebaceous units was described by Greer et al. (1977, Case 2) in a white
woman aged 34, who had had sarcoidosis, initially involving cervical
lymph-nodes, for two years; during six months' observation, hair grew
again in the area first affected, while another area became involved.

Pruritus

Skin sarcoids are usually not itchy, but a few exceptional cases have been
reported. Fong and Sharma (1975) described the case of a black man aged
41 who had had a widespread pruritic maculo-papular eruption for 20 years
before biopsy of the skin showed sarcoid-type granulomas; there was some
enlargement of cervical and inguinal lymph-nodes, and biopsy showed
sarcoid granulomas; the rash and pruritus responded to prednisone, but
large doses were required initially. Poweil and Smith (1976) reported the
case of a 47 year old woman who was under treatment for long-standing
fibrotic pulmonary sarcoidosis, and had been treated by surgery and
radiotherapy for four squamous-cell carcinomas at various sites; she de
veloped a widespread severely pruritic rash, at first thought to be areaction
to one of her medications, but persisting after cessation of all of them;
biopsy showed granulomatous infiltration of the skin, and there was a
prompt response to prednisone treatment.

Pigmentary changes

Cornelius et al. (1973) reported four, and Clayton et al. (1977) eight black
patients with sarcoidosis in whom hypopigmentation was a prominent
feature of skin changes . Clayton et al. studied biopsies by electron micro
scopy in two of their patients, and found changes in melanocytes similar to
those found in other acquired hypopigmentary conditions.

Palms of the hands and soles of the feet

These areas are very rarely affected. Pautrier (1940) described one case in a
patient with iridocyditis, parotid gland enlargement, facial palsy, large
nodular infiltrations of the skin of the arms and thighs, and infiltration of
the lungs. The palms showed patchy erythema, and the soles of the feet
irregular areas of erythema covered with scaly desquamation, suggestive of
psoriasis, and biopsy of the skin of the sole showed infiltration with well
demarcated collections of epithelioid cells. In the child with extensive
erythrodermie sarcoidosis, reported by Morrison (1976) and mentioned
above, there was pitting on the palms and soles shown by biopsy to be due
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to parakeratosis with granulomas in the mid-derrnis. In Case 3 of Greer et
al. (1977), a man with extensive plaques of skin sarcoidosis, the palms and
soles were involved, biopsy confirming that the palmar changes were sar
coid in nature; whereas the changes elsewhere caused no subjective symp
toms, those on the palms and soles were painful. In the patient whose
multiple papular skin sarcoids are illustrated in Plate 7, discoloured,
poorly defined, slightly indurated areas appeared on the palms and soles
simultaneously with the eruption elsewhere, but biopsy was not thought to
be justified .

Subcutaneous nodules

The occurrence of subcutaneous nodules in associanon with erythema
nodosum and BHL has been described in Chapter 5, p. 97; such nodules
usually resolve spontaneously.

More chronic subcutaneous nodules may occur during the course of
sarcoidosis. One of us (JGS) has observed a woman aged 52 who noticed
painless nodules in the pulps of both thumbs and several fingers. Biopsy of
one of these showed typical collections of non-caseating tubercles. Radio
graphy of the ehest showed indefinite soft mottling in the lungs with
collapse-consolidation of the middle lobe of the right lung. Bronchoscopy
showed thickening of the mucosa of the right bronchus with narrowing of
the middle lobe bronchial orifice; biopsy showed fibrosis of the mucosa with
atypical rubercles, of the sort commonly seen in chronic stenosing sarcoido
sis of the bronchi (p. 143). Under observation, the bronchial infiltration
resolved, leaving cicatricial stenosis of the middle lobe bronchus, with clear
lungs apart from the atelectatic middle lobe. The subcutaneous nodules in
the thumbs and fingers were still evident after six years' observation.
Marten and Warner (1967) reported two black patients who presented with
multiple subcutaneous nodules, on the arms in one, and on the arms, legs
and thighs in the other. Borh had BHL and gave granulomatous responses to
Kveim tests, and no response to tuberculin, 100 IU: the nodules were shown
to consist of epithelioid cell granulomas by biopsy. Clayton and Wood
(1974) described the case of a black man aged 41 who presented with
painless nodules up to 0.75 cm in diameter under the skin of the limbs,
cheeks forehead, abdomen and back, parotid gland enlargement, general
ized superficiallymph-node enlargement, BHL and anterior uveitis. Biopsies
of lymph-node, liver, subcutaneous nodule and Kveim test site showed
granulomas; in the node biopsy there was some caseation, and in the
subcutaneous nodule some acid-fast bacilli were seen, but no mycobacteria
were found on culture, and tuberculin tests with up to 2000 IU were
negative.
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Kroll et al. (1972) reported a case in which dystrophie calcification developed
in persistent subcutaneous nodules. This was observed in a Puerto Rican
woman aged 52, in whom the nodules appeared on the left arm, and were
followed by fever, polyarthropathy, parotid gland swelling, cough and
dyspnoea; four years later, a further crop of painful subcutaneous nodules
appeared on both arms. She also had BHL and a pulmonary infiltration
appeared as this subsided. A Kveim test was positive. Biopsiesof the nodules
initially showed discrete and confluent granulomas in the subcutaneous tissue,
the dermis being unaffected. Later, some of the granulomas were hyalinized,
and foci of calcification were seen in the hylanized tissue. Calcifications
became evident radiographically for the first time four years from the onset,
and two years later had increased slightly in number and size. Serum and
urinary calcium levels were found to be within the normal range.

Scadding (1972) observed the evolution of subcutaneous nodules to involve
the skin in four patients. In one, a man aged 58, irregular mottled shadowing
was found in a ehest radiograph. Nine months later, he noticed smalliumps
under the skin. Biopsy of one of these showed sarcoid granulomas. Six weeks
later, there were pea-sized subcutaneous nodules scattercd over the limbs and
the back of the trunk, some visible as prominences under the skin. One on the
back of the arm and one on the trunk had started to infiltrate the skin and had
assumed the usual appearance of a skin sarcoid with a dusky red shiny surface.
In the other three, solitary small subcutaneous nodules on the face, appearing
in one a few weeks before the eruption of erythema nodosum, extended to
cause visible changes in the skin before ultimately resolving completely.

Infiltrations of scars

In the active stages of sarcoidosis, old scars may become raised, red and
indurated, and on biopsy be found to be infiltrated with sarcoid-type
granulomas; in appearance they resemble keloids, but are generally less
indurated on palpation. Scars on any part of the skin surface may be
affected, including those that most people carry on their knees from child
hood falls, those resulting from surgery, and tattoos. Infiltrated scars may be
the only evident skin involvement, or may accompany infiltrations of the
unscarred skin.

In aseries of 500 patients reviewcd by Scadding (1972) and mentioned
above (p. 182), 24 had infiltrations of scars at some time during the observed
course. In 14, these were the only form of skin infiltration, and in ten they
accompanied sarcoidosis of unscarred skin; lupus pernio in two, large
nodular infiltrations or plaques in four, sm all nodular infiltrations in three,
and subcutaneous nodules in one. Unlike sarcoids of unscarred skin, scar
infiltrations as the only skin involvement occurred in a higher proportion
(3.9%) of men than of women (1.8%). They tended to occur at an early
stage of the disease, and the infiltration waned with the cessation of activity,
the scar reverting to its former flat pale appearance; for instance, in two
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young men, old appendicectomy scars became infiltrated simultaneously
with the detection of symptomless BHL, both subsequently subsiding
spontaneously.

Löfgren et al. (1955) studied 23 patients with sarcoidosis who developed
granulomas in scars. In all but two there was the possibility of contarnina
tion by mineral particles; and in all but one of those where this possibility
existed, foreign bodies were found histologically. In some cases these were
shown by X-ray diffraction to be talc, in scars of surgical procedures, and
quartz, in those due to road accidents. In five patients, the granulomas
developed in the scars of scalene node biopsies which had confirmed the
diagnosis of sarcoidosis; these appeared three months to three years after
the biopsy procedure. In the rest, the granulomas appeared at much longer
intervals, varying from 3-27 years, after the wo und, which had presumably
preceded the development of sarcoidosis. It seems clear, from these experi
ences, that during the active phase of sarcoidosis, scars may become infil
trated with sarcoid granulomas; that this is more apt to occur in scars that
have been contaminated with quartz or tale; that scars without such con
tamination may become infiltrated, but more rarely; and that infiltration of
scars is likely to follow a course parallel to that of sarcoidosis elsewhere in
the body. The development of infiltration of scars, without other skin
involvernent, does not seem to have any prognostic significance,

A striking case in which old scars, almost certainly contaminated by
siliceous material, became infiltrated during the active phase of sarcoidosis
is illustrated in Plate 12. In 1948, this man received multiple wounds of .the
left side of the face from the explosion of a mine in desert warfare. These
healed, leaving unremarkable scars . In 1956, the scars became swollen, red
and firm. At the same time, lymph-nodes below the jaw on both sides, in the
rest of the right anterior triangle of the neck and in the right axilia were
found to be enlarged, and in the ehest radiograph mottling was observed at

the bases of both lungs, although he had no respiratory symptoms. Biopsy
of the skin showed infiltration with sarcoid tubercles (Fig. 7.13). Treatment
with prednisolone was followed by a rapid return of the scars to anormal
appearance, but on its cessation they equally rapidly reverted to their
infiltrated state. About six months later, spontaneous resolution started,
and by 1960, the scars presented an unremarkable appearance (Plate 13)
and the shadowing at the bases of the lungs had become much less evident.
A similar case has been reported by Artz (1955).

Tattoos

A number of cases have been reported in which red raised indurations of
parts of old tattoos have proved to be due to infiltration of the tattooed skin
with sarcoid-type granulomas, and has been the first evidence of sarcoidosis
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Figure 7.13. Biopsy of one of the infiltrated scars shown in Plate 12.
H & E. x 100.

(O berrneyer and Hassern, 1955 ; Dickinson, 1964; Weidrnan et al., 1966;
Iveson et al. 1975 ; Kenn edy, 1976; Far zan, 1977 ). In these cases, ehest
radiographs ha ve shown BHL, with or without pulrn on ary infiltration , and
in one (Farza n, 1977) the changes in th e tattoo acco rnpanied erytherna
nodosurn. In th ose cases in which the course was repo rted, spo nta neo us
irnprovernent or clear ing has been observed. Th ese seems to be no special
predilection for any one pigment, altho ugh in some of the s<;po rted cases,
areas wi th one or two of several pigments used were selectively affec ted.
Plate 14 shows a tattoo on the ar m of a man aged 30, in which nodules
appeared; ar the same tim e there were joint-pains and three weeks larer
erythema nodosum. Biop sy sho wed sarcoid infiltrati on of the affected part
of the tattoo, and a ehest radiograph showed BHL. All manifestat ions
subsided spo nta neously.

CONCURRENCE WITH OTH ER SKIN DIS EASES

As noted above, the very wide ran ge of appeara nces presented by sa rcoid
infiltration of th e skin include some which simulate vario us well-recognized
skin diseases. In such cases, differenti al diagnosis is complicat ed by the
possibility of concurrence of sarco idos is and another skin disease, and of
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secondary infiltration by sarcoid granulomas of pre-existing lesions of other
diseases.

A few cases have been recorded in which patients with psoriasis have
developed sarcoidosis, and the lesions of the two diseases have been co
existent in the skin (Farmer and Winkelmann, 1960). One of us UGS) has
observed a patient with long-standing psoriasis (Plate 15) who developed
multiple small papular and nodular sarcoids of skin (Plate16), and pulmon
ary sarcoidosis; the diagnosis of both sorts of skin change was confirmed
histologically. Burgoyne and Wood (1972) reported the case of a 71 year
old woman in whom a psoriasiform eruption accompanied BHL and lung
infiltration; skin biopsies showed psoriatic changes together with granulo
matous infiltration of the dermis; they concluded that sarcoid granulomas
had localized in psoriatic lesions.

Interrelations between sarcoidosis and lymphoma in rhe skin in cases
reported by Attwood et al. (1966, Case 1) and Kahn et al. (1974) are
similarly difficult to interpret. In the first of these, it appeared that mycosis
fungoides developed independently six years after plaques and papules of
cutaneous sarcoidosis; but at necropsy five years after the diagnosis of
mycosis fungioides, only lymphornatous changes were found, no sarcoid
granulomas remaining. In the patient reported by Kahn et al., multiple skin
plaques, initially showing the histology of sarcoidosis, waxed and waned
over a three year period, when one of them enlarged rapidly and on biopsy
showed a malignant lymphoma without granulomas; radiotherapy and
chemotherapy were only locally effective, and the patient died after a few
months. There was no necropsy. The authors speculated that the granulo
matous changes were areaction to lymphoma rather than sarcoidosis.

Lockman (1980) reported the case of a black woman, aged 38, in whom
porphyria cutanea tarda (PCT) was associated with granulomatous changes
in liver and bone marrow, radiographie changes in the lungs, and raised
angiotensin converting enzyme level in the blood. There was a prompt
response to corticosteroid treatment, and it was thought that sarcoid
changes in the liver had precipitated the manifestations of PCT.

Persistent sarcoid plaques may have a partially atrophie centre (Plate 4)
and then resemble granuloma annulare or necrobiosis lipoidica, which are
localized to the skin, and, except for the possible association of necrobiosis
lipoidica with diabetes, are not accompanied by changes in other organs.
They tend to resolve after a course of variable duration, and are little
affected by treatment (Wells and Smith, 1963). The lesions of granuloma
annulare may be solitary or multiple; histologically, the characteristic
appearance is of necrobiotic changes in collagen in the dermis surrounded
by a granulomatous reaction of lyrnphocytes, histiocytes and giant cells
arranged in palisade fashion. Borrie (1957) described a case in which skin
changes having the macroscopic and histological features of necrobiosis
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lipoidica appear ed in a wom an aged 49, six years from the onset of exten-
sive sa rcoidosis involving Iymph-nodes, eyes, and nervous system; he
accepted the skin chan ges as an unu sual variant of skin sarcoidosis . Dicken
et a/. (1969), in a review of 26 cases of widespread granuloma annulare,
mentioned two in wh ich skin changes inte rpreted as granuloma annulare
were accompanied by evidence of genera lized sarco idosis ; and Umbert and
Winkelmann (1977) reported five cases in which granul om a annulare and
sarc oid osis were thought to co-exist. In such cases, the diagnosis of granulo-
ma annulare depend s upon histology; and the hypoth esis that the observed
histological pattern is a variant of thar of sarcoidos is of the skin seems at
least as acceptable as the hypothesis that the patient is suffering from two
aetiologically distinct diseases.

Biro et a/. (196 8) and Singh et a/. (197 1) have reported cases in whi ch
there wa s suggestive, but not unequiv ocal , evidence that widespread
papular eruptions with granulomatous histological features were due to
seconda ry syphilis modified by sarcoi d infiltration; in both cases, penicillin
treatment led to resolution .

CO RRELAT IO N S WITH OTHER FEATURES OF SAR COIDOSIS

In correlations of skin infiltr at ions with other features of sarcoidosis , includ
ing their prognostic impl icat ions and age- and sex-distribution, it has been
found useful to disingui sh between large infiltrations of the lupu s perni o,
lar ge nodular and plaque type, wh ich tend to be persistent , and small
nod ular an d papular infiltra tions, scar infiltra tions and subcuta neous
nodules which are in many cases tran sient (ja rnes, 1959b; Scadding, 1972).

All varieties of sarcoid infiltrat ions of the unscarred skin are mo re fre
quent in wo men than in men. Among the 500 patienrs reviewed by Scadding
(1972) 19.5% of wom en and 6.6% of men had skin infilrrat ion s at some

Table 7.2 Sex incidence of skin infiltr ati ons in 500 pat ients wirh sarco idos is
(Scadding, 1972 ).

Tot al number of pati ent s

Lupu s pern io
Plaqu es
Large nodular infiltrations
Small nodular infilt ration s
Subc uta neo us nodules

Total num ber with infiltrat ion s of unscarred skin

Infilt rations of scars on ly
With ot her infilt rat ion s

Male

228
2
1
5
5
2

15 (6.6%)

9 (3.9%)
3

Female

272

9
8

10
19
7

53 (19.5% )

5 (1.8% )
7
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time during the observed course. On the other hand, infiltrations of scars as
the sole sarcoid involvement of skin occurred in 3.9% of men and only
1.8% of women (Table 7.2). Of 27 patients with sarcoid infiltrations of the
skin reviewed by James (1959), only four were men. A rather smaller
preponderance of women was reported by Gilg (1955) among 191 patients
seen in the Finsen Institute in Copenhagen; 69% were women. The mean
age at the first evidence of sarcoidosis tends to be rather greater in those
presenting with skin changes than in others (james, 1959; Scadding, 1967).

PROGNOSIS

James (1959b) made the important observation that lupus pernio and large
infiltration tend to be persistent for long periods, and to be associated with
chronic changes in other organs, while smaller infiltrations are frequently
transient and associated with resolving changes in other organs. This finding
was confirmed in Scadding's (1972) review, in which lupus pernio, plaques
and large nodular infiltrations nearly all persisted for more than two years
and in many cases very much longer, and were generally associated with
persistent lung changes; whereas small nodular infiltrations and sub
cutaneous nodules in most cases, and scar infiltrations in all, cleared within
two years, and were associated with lung changes of which more than half
cleared within two years (Table 7.3) .

Both Sones and Israel (1960) in Philadelphia and Scadding (1961) in
London observed that the presence of skin sarcoids makes it more likely that
sarcoidosis of the lungs will proceed to fibrosis . The more detailed analysis
of the skin changes into groups shows that it is the 'fixed' lesions, lupus
pernio, plaques and large nodular infiltrations which carry this unfavour
able prognostic implication; the occurrence of transient small nodular
infiltrations probably has no effect on long-terrn prognosis.

RE LAnON TO ERYTHEMA NODOSUM

Though small skin infiltrations of the small nodular type, subcutaneous
nodules, and infiltrations of scars may appear around the time of appear
ance of erythema nodosum and/or febrile arthropathy with BHL at the
onset of sarcoidosis, there is an inverse relationship between the occurrence
of erythema nodosum and the later development of the more extensive and
persistent types of sarcoid infiltration of the skin. Among the 500 patients
reviewed by Scadding (1972) the erythema nodosum/febrile arthropathy
syndrome occurred in 69 (13.8%) of all patients, and in 12 (14.6%) of the
82 with skin infiltrations either concurrently or later. But when the skin
infiltrations are separated into the persistent and the transient types , an
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Table 7.4 Relationship between erythema nodosum and skin infiltrations in 500
eases of sareoidosis (5eadding, 1972).

(2.9%)

Whole series

No skin infiltration

With skin infiltrations

Lupus pernio, plaques
Large nodular infiltrations

5mall nodular infiltrations
5ubeutaneous nodules
Infiltration of sear only

Number ofpatients

500
418

20}35
15

24!9 47
14

Erythema nodosum andlor
febrile arthropatby

69 (13.8%)
57 (13.6%)

°1
4
3 11 (23 .4% )
4

important difference appears. Erythema nodosum was observed in only one
patient out of 34 with persistent skin infiltrations, and in 11 of 48 with
infiltrations of the more transient types (Table 7.4) . This difference, which
attains statistical significance, is to be regarded as one aspect of the generally
favourable prognosis of those cases of sarcoidosis which start acutely with
erythema nodosum.

TREATMENT

The skin lesions of sarcoidosis are, of themselves, not dangerous to life, and
treatrnent of patients with skin changes will usually depend upon the
associated changes, especially in the lungs. The importance of the skin
changes to the patient depends upon their effect upon his appearance, which
may be extremely disfiguring when the face is involved, especially with
lupus pernio. The only therapeutic agents which can be relied upon to affect
the course of sarcoidosis are the corticosteroids. Chloroquine and its ana
logues have a suppressive effect which is of slower onset and usually less
impressive. The therapeutic use of these agents in sarcoidosis is discussed in
Chapter 27 . Onl y some special aspects of the treatment of sarcoids of the
skin will be considered here.

The effect of corticosteroids in sarcoidosis is suppressive. Most patients
with skin sarcoids, given sufficient dosage of a corticosteroid, will show
clearing of the skin. With the smaller, less persistent types, this may be
achieved with modest doses, and the eruption may not recur on cessation of
treatment. Unfortunately, large persistent infiltrations, such as lupus pernio,
may be supprcssible only by large doses liable to cause serious side-effecrs on
continued administration, necessitating reduction of dose or cessation of
treatrnent; and the morale of a patient with a disfiguring eruption is not
hclped by improvement under intensive corticosteroid treatment, only to
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relapse on necessary reduction or cessation of treatment. Sarcoids on the
trunk or limbs do not call for such treatment, apart from indications that
might arise from associated visceral changes. In some circumstances, an
attempt to treat disfiguring facial sarcoids, or some of the more exuberant
eruptions e1sewhere, is justifiable. Decision should be based upon the
absence of contra-indications to corticosteroid treatment, and upon a trial
to discover whether in the individual patient initial improvernent, secured
by full doses, was maintained by a reasonable dose of a corticosteroid. Such
adecision should be made in the knowledge that treatment is likely to be
required for a long time, certainly measured in years, if the skin changes are
not to recur.

Occasionally, it has been observed that skin sarcoids appear for the first
time shortly after cessation of corticosteroid treatment that has been given
for relief of some other manifestation of sarcoidosis. This illustrates the
essentially suppressive effect of corticosteroids. Scadding (1972) observed
four women in whom small nodular infiltrations appeared soon after the
withdrawal of corticosteroid treatment for pulmonary sarcoidosis. One of
these was a West Indian, whose eruption is illustrated in Plate 7. On
resumption of corticosteroid treatment both this eruption and the pulrnon
ary infiltration, which had recurred, were suppressed. Similarly, in the case
of ulcerating sarcoids of the lower legs reported by Meyers and Barsky
(1978), and mentioned above, the eruption appeared shortly after cessation
of corticosteroid treatment for uveitis.

Local treatment with corticosteroid topical applications has been found
generally to be ineffective. Since the granulomas are beneath an intact
epidermis, this is not surprising. Intralesional injections may cause regres
sion of particularly prominent local infiltrations, but the effect is of limited
duration.

The possibility that certain antimalarial drugs might be useful in the
treatment of sarcoidosis was first suggested by observations of the effects on
skin sarcoids of mepacrine (Shaffer et al. 1953; Klauder, 1953; Söderstrom,
1960), and subsequently of chloroquine (Morse et al., 1961; Siltzbach and
Teirstein, 1964). Mepacrine has more severe toxic effects than chloroquine,
and causes yellow staining of the skin on prolonged administration, and
consequently was displaced by chloroquine or hydroxychloroquine in all
later studies. Siltzbach and Teirstein (1964) treated 14 patients with skin
sarcoids with chloroquine; all improved, but nine relapsed during limited
periods of observation after the end of treatment. The use of chloroquine in
the treatment of sarcoidosis in general is discussed in Chapter 27, p. 594. The
effect is temporarily suppressive, like that of corticosteroids, but appears
more slowly; and possibly relapse after cessation of treatment which has led
to improvement is also slower. The toxic immediate effects include anorex
ia, nausea and abdominal discomfort, giddiness and tremor, which may be
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severe enough to put a stop ro treatment in 5-10% of patients; and on
long-term treatment bleaehing of hair and temporary photosensitivity (Dall
and Keane, 1959), and some potentially serious oeular eomplieations. These
include ehanges in the cornea, with white or yellowish linear or punctate
deposits eausing blurring of vision and eoloured haloes round bright lights
(Hobbs and Calnan, 1958), and retinopathy eausing visual field defeets
(Hobbs et al., 1959). Beeause of these side-effeets, and the need for ophthal
mologieal supervision of patients on long-term treatment, the plaee of
ehloroquine in the treatment of skin sareoidosis is evidently limited. Gilg
and Brodthagen (1967) observed no effeet on eutaneous sareoidosis after
treatment with up to 2 g of hydroxyehloroquine for at least one year; but
more favourable reports by others suggest that it may oeeasionally be useful
in patients with disfiguring persistent infiltrations, and with eontra
indieations to, or severe side-effeets from, long-term eortieosteroid treat
ment.

Veien and Brodthagen (1977) . treated 16 patients with disfiguring
eutaneous sareoidosis with methotrexate, 25 mg onee weekly by mouth,
deereasing if improvement oeeurred; the 'maintenanee' dose in most was
10 mg. In 12, the skin lesions flattened, in eight after four months and in the
others after longer periods up to 26 months. After discontinuance of treat
ment, the skin sareoids generally relapsed to their former state or worse
within 2-4 weeks ; three experieneed such relapse after longer periods, up to
two years. In three of four who had uveitis, this cleared during treatment, but
no effeet on radiographie ehanges in lungs or hilar Iymph-nodes was
observed in six. Side-effeets, usually nausea on the day of treatment oeeur
red in ten, and led to eessation of treatment in two. Thus methotrexate
appears to have a suppressive effeet limited to the period of its administra
tion on some eases of sarcoid infiltration of the skin, but indieations for its
use must be greatly limited by its toxie effeets.

Veien (1977) found that levamisole had no effeet on eutaneous sareoido
sis in an open study of 16 patients. This is in line with studies of the effeets
of this agent in other forrns of sareoidosis.



Chapter 8

Ocular Changes

The early history of the development of knowledge about involvement of
the eye in sarcoidosis has been described briefly in Chapter 1. Uveitis is the
most commonly recognized ocular change in sarcoidosis, but the eye may
also be affected by infiltration of the conjunctiva, by reduced lacrimal
secretion due to involvement of the lacrimal glands, causing in some cases
kerato-conjunctivitis sicca, by involvement of the retina and optic nerve
head , by deposition of calcium salts in the bulb ar conjunctiva and in the
cornea (band keratopathy) in patients with hypercalcaemia, by involvement
of the lacrimal sac and duct, and by infiltration of the orbital fat causing
exophthalmos.

These ocular changes in their milder grades may be symptomless and
discoverable only by ophthalmological examination. Hence it is not surpris
ing that in reported series the proportions of patients with symptoms refer
able to the eyes are lower, and vary less between series, than the proportions
found to have objective evidence of involvement of the eyes. In an inter 
national study, the percentages of patients in whom ocular changes were a
presenting feature were 10% in London, 8.5% in Paris, 7% in New York
and 10% in Los Angeles; whereas the percentages in which involvement of
the eye was detected at any time were 27%,11 %,20% and 11% respective
Iy, and 32 % in Tokyo, for which city the number presenting with ocular
symptoms was not stated (Siltzbach et al., 1974). There are probably
differences in liability to serious eye involvement between ethnic groups,
series from North America including high proportions of blacks showing
large numbers with such changes. Obenauf et al. (1978) reviewed 532 cases
of sarcoidosis in North Carolina, of which three-quarters were in black
patients; 19% had ocular symptoms on presentation, and 38% were found
to have some sort of ocular involvement during the course of the disease,
described as chronic granular uveitis in 20%. By contrast, in North Finland
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Table 8.1 Frequency of diagnosed and symprornaric ocular changes in 281
cases of sarcoidosis in North Finland. Dara extracted from Tables V and VI of
Karma (1979), by kind permission of Or A. Karma.

Uveitis
Fundalchange

(without evident uveitis )
Reduced lacrimal secretion
Enlarged lacrimaJ gland
Oacryostenosis
Conjunctival granuloma
Episcleritis
Band keraropathy

Diagnosed

22 7.8 %

3 1.1%
32 12.6% *

6 2.1 %
5 1.8%

37 17.0%t
5 1.8 %

11 3.9%

Symptomatic

17 6.0%

1 0.4%
12 4.3 %
3 1.1%
5 1.8%
4 1.4%
5 1.8%
2 0.7%

» of 254 examined t of 218 examined

Karma (1979) carried out detailed ophthalmological examinations in 281
patients with sarcoidosis, repeatedly when indicated, and found eye changes
of some sort in 28.1 % (Table 8.1). The incidence of eye changes in these
Finnish patients was relatively low; but this study, in which all patients were
studied ophthalmologically, gives information both about the relative Ire
quency of the various ocular changes and about the liability of each of them
to cause symptoms. Most, but not all, cases of uveitis were symptomatic;
whereas the two most frequent objective findings, reduced lacrimal secre
tion and conjunctival granulomas demonstrable by biopsy, were associated
with symptoms in only a minority of cases.

UVEITlS

Uveitis is the most frequent manifestation of sarcoidosis in the eye to cause
symptoms. Schumacher (1909) was the first to refer to it in abrief report of
bilateral chronic irido-cyclitis in a 42 year old woman with Boeck's sarcoids
on the limbs, which had erupted after the subsidence of bilateral parotid
gland swellings. In the same year, Heerfordt described the syndrome of
uveo-parotid fever, but had no idea that it was related to sarcoidosis; and
uveitis was known to be a frequent finding in sarcoidosis before the Heer
fordt syndrome was generally recognized to be a rare combination of
features of that disease.

Affection of the anterior part of the uveal tract, giving rise to subacute or
chronic iridocyclitis is the most prominent feature in most cases of sarcoid
uveitis. The posterior part mayaIso be affected, with choroidal and retinal
changes, which are difficult to detect if they are peripherally located or in
the presence of severe involvernenr of the anterior chamber. Crick et a/.
(1961) found evidence of uveitis in 61 (33%) of 185 patients with sarcoido
sis examined ophthalmologically, the anterior part of the uveal tract being
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involved in 55 and the posterior in 40; in 29 (16% ) eye symptoms were the
presenting feature. This study, in London, resembled that of Karma (197 9),
in which only 7.8 % of patients were found to have uveitis, in that all
patients were examined by one ophthalmologist using all available methods.
Different methods of referral of patients may account for part of the
considerable difference in apparent incidence of uveitis. The Finnish study
included all known patients with sarcoidosis in a defined area, whereas in
London patients referred to specialist clinics were studied. Nevertheless, it
seems likely that this difference is in part due to a lower liability of Scandi-
navian patients with sarcoidosis to develop uveitis. Other studies in London
have shown incidences similar to that found by Crick et al. (1961). Of 275
patients reviewed by one of us UGS) in 1967, 27 (10%) presented with
symptomatic uveitis and another 12 developed uveitis at intervals ranging
up to seven years from the apparent onset of sarcoidosis; thus 39 (14%)
were found to have uveitis at some stage. Among 537 patients attending a
sarcoidosis clinic, James (1974) found 107 (20%) to have anterior, and 34
(6%) posterior uveitis.

In most published series, the incidence of uveitis was higher among
women than among men, both as a presenting feature and later in the course
of sarcoidosis. Among Scadding's 275 patients, 16% of women and 12% of
men had uveitis. jarnes (1974) found uveitis to be twice as common in
women as in men. Karma (1979) detected uveitis in 17 of 163 women and
five of 118 men with sarcoidosis in North Finland.

Although uveitis is generally recognized to be a possible manifestation of
sarcoidosis, onl y a few of the many patients attending ophthalmological
clinics with uveitis of obscure cause are found to be suffering from sarcoido
sis. Perkins (1958) reported that of 653 patients with uveitis investigated at
the Institute of Ophthalmology, London, only 2.1 % had evidence of sar
coidosis; and ten years later, when the number studied had increased to
1846, the proportion remained the same (Perkins, 1968), in spite of possibly
increased awareness of sarcoidosis. In a survey of 653 parients presenting
with uveitis at a hospital in northern Finland, Saari et al. (1975) concluded
that only nine (1.4%) were due to sarcoidosis. Findings in such surveys can
be interpreted only with knowledge of the source of referral of patients.
Nordentoft and Moller (1970) reported the results of mediastinoscopy in 77
of 108 patients with uveitis referred from ophthalmologists; lymph-nodes
showing changes characteristic of sarcoidosis were found in 14 (13% ).
James et al. (1976) described the findings in 368 patients admitted to a
Medical Ophthalmology Unit for investigation of 'endogenous' uveitis; a
recognized cause or associated systemic disorder was identified in 171, and
there was sarcoidosis in 25 (7%) .

The uveitis of sarcoidosis presents with symptoms similar to those of
other forms of iridocyclitis, in some cases less severe than might be expected
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from the objective findings, and occasionally discovered only by routine
examination. In most cases, the symptoms are watering and redness of the
eye with discomfort or aching and possibly some photophobia, blurring of
vision and floating specks in the fie1d of vision. Most commonly, both eyes
are affected, sometimes consecutive1y, but in a few cases the changes are
unilateral. The objective findings are those common to all sorts of iridocycli
tis, such as circumcorneal ciliary congestion, irregularity of the papillary
margin and of the pattern of the iris, sluggish papillary responses, keratic
precipitates in the anterior chamber and aqueous flare. Nodules are
observed in the iris in only a minority of cases. Crick et al. (1961) found
them in one-quarter of their cases, and commented that they were seen only
in association with cells in the anterior chamber and keratic precipitates,
and that they might also occur in non -specific uveitis.

As noted above, the proportion of cases in which the posterior part of the
uveal tract has been found to be affected varies greatly between reported
series; this variation is in large part due to differences in extent of investiga
tion . Karma (1979) using three-mirror contact lens ophthalmoscopy to
examine the periphery of the fundus, found that in only one of 22 cases of
sarcoid uveitis was the posterior segment unaffected during an average of
four and a half years' observation; she commented that in many cases
fundal changes were peripheral and might not have been observed without
this procedure. Vitreous haze and opacities are frequent in the active stage.
Landers (1949) drew attention to discrete grey-white bodies in the lower
part of the vitreous body, varying in size up to one-third or more of the disc
diameter. These may be scattered or in chains; larger ones have been called
'snowball' opacities. They may lie so far in front of the retina that they cast
shadows. Karma (1979) found opacities in 21 of 22 cases of sarcoid uveitis,
of 'snowball' type in nine. Gould and Kaufman (1961) found that in 30% of
reported cases of sarcoid involvement of the fundus, vitreous globoid bodies
or 'strings of pearls' were seen. Changes that may be observed in the fundus
include choroido-retinitis of non-specific appearance, and retinal nodules,
exudates alongside veins (periphlebitis retinae) and masses at the optic nerve
head, all probably granulomatous, papilloedema and macular oedema;
these are discussed below.

Sarcoid uveitis may present acutely or insidiously. Correlations between
mode of onset, initial ophthalmological findings and course are inconstant,
but there seems to be a group of cases in which an acute or sub-acute
irido-cyclitis without features suggestive of granulomatous changes occurs
at an early stage of sarcoidosis, and runs a benign course, clearing spon
taneously or after local treatment only and leaving no or insignificant
seque1ae (jarnes et al. 1964). Clinico-pathological correlations cannot be
made in such cases; but it seems possible that in them, irido-cyclitis, like the
erythema nodosum and febrile arthropathy that may occur at a similar stage
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of the natural history of sarcoidosis, is non-granulomatous. But some cases
beginning insidiously also follow a benign self-limiting course; and although
many of those with a prolonged course begin without acute symptoms,
uveitis with appearances suggesting granulomatous changes, and following
an unfavourable course with poor response to treatment, may begin acutely.
Crick et al. (1961) found no evidence that acuteness of onset was related to
prognosis. Among 35 patients with sarcoid anterior uveitis, the onset was
sub-acute in 24, of whom seven did weil, ten were left with mild symptoms,
and seven did badly; it was chronic in 11, of whom six did weil, four
continued with mild symptoms, and one did badly. Karma (1979) found a
correlation between ophthalmological findings and course ; among nine
patients with a more or less sudden onset, remission in six months, and no
recurrence, five were classified as 'non-granulomatous', because they did not
show ar any stage iris nodules, fatty keratic precipitates, snowball vitreous
opacities, candle-wax exudates, or chorio-retinitis; among 13 with an in-
sidious onset and prolonged course, or with prolonged remittent course, all
showed one or more of these changes. There was no clear correlation
between the course of the uveitis and other manifestations of sarcoidosis,
either in the eye or elsewhere in the body, with the exception that hypercal-
caemia and band keratopathy occurred in four of those with a chronic
course, and none of those with a favourable short course.

HEERFORDT'S SYNDROME

Uveitis is one of the cardinal features of the syndrome of uveoparotid fever;
but only a minority of patients with sarcoid uveitis show any of the other
features of the syndrome described by Heerfordt (1909), which in its com
plete form is very rare. The term 'Heerfordt's syndrome' has been used in a
variety of ways deviating from the original description and not always
clearly stated. Its continued use can thus cause confusion, and can usually be
avoided. The syndrome is of mainly historie interest. 'Febris uveo-parotidea
subchronica' was described by Heerfordt (1909) as characterized by a
protracted course, low fever, localization in the parotid gland and in the
uveal tract, and the frequent appearance of complicating pareses of the
cerebro-spinal nerves, especially the facial. Heerfordt thought that since this
syndrome had some features in common with epidemie parotitis (mumps), it
was very possible that it might be caused by the same or related agent.
Bering (1910) seems to have been the first to describe a case in which
features of this syndrome were linked with sarcoidosis; in this case, there
were enlargements of parotid and submaxillary salivary glands, irido
cyclitis, and skin sarcoids, and biopsy of a submaxillary gland showed
infiltration with epithelioid and giant cells and Iymphocytes, without necro 
sis or discoverable acid-fast bacilli. Garland and Thompson (1933) analysed
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46 published cases and reported one of their own, and their review provides
an excellent summary of the earlier literature on the subject. Nearly two
thirds of the cases they reviewed occurred in female patients, and a similar
proportion in the second and third decades of life. Fever was observed in
only half the patients, Parotitis, bilateral in all but two patients, and uveitis
were, by definition, constant features. The submaxillary glands were in
volved as weil as the parotids in five, and the sublingual in one. The salivary
gland enlargerneni gradually subsided after intervals varying from two
weeks to three years. Facial palsy was noted in 20 cases, and was bilateral in
eight; it usually followed the parotitis at intervals of up to six months, but in
a few cases preceded it. It usually persisted for only a few weeks, the longest
reported duration being one year. Evidence of involvement of other cranial
nerves was found in a few cases; it consisted in dysphagia in six cases,
palatal paralysis in one, paralysis of the vocal cords in one, and ptosis in
two. Evidence of peripheral neuropathy in the form of muscle weakness,
loss of tendon reflexes, and disturbances of sensation were found in five.
Involvement of lacrimal glands and of other organs and tissues, especially
Iymph-nodes, lungs and skin, is frequent in Heerfordt's syndrome. In rhe
case of Garland and Thompson, the myocardium was found at necropsy to
be extensively infiltrated; and Longcope and Freiman (1952) reported a
black female patient (Case 16) who presented with the complete Heerfordt
syndrome, BHL and sarcoid skin lesions, and developed c1inical and electro
cardiographic evidence of myocardial changes.

The association of uveitis with enlargement of salivary glands, sometimes
accompanied by cranial nerve palsies is a striking and memorable clinical
picture. But uveitis, parotid gland enlargement and facial palsy are related
only by their being possible features of sarcoidosis; each occurs mo 'e
frequently alone than in association with the others. Crick et al. (1961)
commented on the rarity of Heerfordt's syndrome in their study of 61
patients with sarcoid uveitis; only two had both parotid gland enlargerncnt
and facial palsy, four having each of these without the other. Of the 275
patients with sarcoidosis reviewed by one of us OGS) in 1967, 29 (14%)
had uveitis producing symptoms; of these four had parotid gland enlarge
ment, and two facial palsy, none having both. Stjernberg and Wiman (1974)
reported 15 patients, among 299 seen in northern Sweden, as cases of
Heerfordt's syndrome, defining this as 'sarcoid affection of the eyes and
parotid glands'; but of these, only seven had uveitis and parotid )and
enlargernent, only one of these having also facial palsy, one had uveit sand
facial palsy without parotid gland enlargement, and the rest had p arotid
gland enlargement with eye changes other than uveitis. Of 22 patients with
sarcoid uveitis reported by Karma (1979), three had parotid gland enlarge
ment and four facial palsy, but these occurred together in only one; in three
of these seven patients, lacrimal glands were enlarged.
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Greenburg et al. (1964) studied parotid gland enlargernent in sareoidosis.
Th ey found it in 23 (6%) of 38 8 patients, bilaterally in 19; only eight had
uveitis.

Thus Heerfordt's syndrome ean be regarded as an oeeasion al assoeiation
in one patient of a number of features of sareoidosis, whose praetieal
importanee is that it is virtually diagnostie of sareoidosis, in man y eases
widespread and persistent.

DIAGNOSIS OF SARCOID UVEITIS

That a uveitis is a manifestation of sareoidosis is not reeognizable from the
loeal appearances alone, although it may be suspeeted; it depends upon the
finding of other evidenees of sareoidosis, and the establishment of this
diagnosis on the lines diseussed in Chapter 26 . In many eases, uveitis is the
first clinieal evidenee of sarcoidosis; among 39 of the 275 patients with
sareoidosis reviewed by Seadding (1967) who at any time had uveitis , it was
the presenting feature in 22 (70%) . In 33, the state of the lungs at the onset
of uveitis was known; BHL, with or without lung infiltration, was present in
27, and lung infiltration in the remaining six, in one of whom it was known
to have been preeeded by BHL. Of james's (1959a) 30 patients with sareoid
uveitis, 16 had BHL with or without lung infiltration, and four had radio
graphieally normallungs. Of the 22 patients with uveitis in Karrna 's (1979)
study of oeular sareoidosis, ten had BHL, ten had BHL and lung infiltration,
and two radiographieally normallungs; four had erythema nodosum, seven
sareoids of the skin and six symptoms referable to joints. Assoeiations with
the other features of Heerfordt's syndrome, parotid gland enlargement and
faeial palsy are mentioned above. Thus, most patients with sareoid uveitis
show easily found evidenee of sareoidosis elsewhere. In some, other evi
denees of sareoidosis in the eye are found ; among her 22 eases, Karma
(1979) found that five had eonjunetival granulomas, ten redueed laerimal
seeretion, two enlargement of laerimal glands, and four band keratopathy.
Conjunetival biopsy as a souree of confirmatory histology is diseussed
below.

When uveitis develops in a patient already known to have sarcoidosis, it
will usually be aeeepted as part of that disease. Oeeasionally doubt may
arise beeause of the concurrenee of a second possibly relevant disease . One
of us OGS) has observed a man aged 25 with eoncurrent sarcoidosis, with
BHL followed by lung infiltration, histologieally confirmed by sealene node
biops y and resolving spontaneously, and ank ylosing spondylitis with ehar
acteristic clinieal features and radiographie ehanges in saero-iliae joints, also
beeoming quiescent with physioth erapy; uveitis app eared while both these
proeesses were aetive , and resolved with loeal treatment only. Thi s patient
remained weil during several years of further observat ion, and it was not
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possible to decide whether the uveitis should be related to sarcoidosis or to
ankylosing spondylitis.

Weinberg and Tessler (1976 ) studied serum lysozyme levels in patients
with uveitis; mean levels were higher in those with active sarcoid uveitis
than in those with 'idiopathic irido-cyclitis', but the ranges overlapped. Low
levels were found in those with inactive sarcoid uveitis. Weinreb and
Kimura (1980) studied serum angiotensin-converting enzyme; in 20 patients
with sarcoidosis and ocular changes and in 27 with uveitis classified on local
appearances as granulomatous but without evidence of systemic sarcoido
sis, levels were significantly (P<0.001) higher than in controls, while 17
with uveitis of other recognized sorts levels were similar to those in controls.
Thus although high levels of either of these enzymes may suggest a diagnosis
of sarcoidosis in a patient with unexplained uveitis, detection of manifesta
tions of sarcoidosis elsewhere remains desirable for the establishment of this
diagnosis.

PROGNOSIS

The prognosis of sarcoid uveitis is difficult to assess, because of the difficulty
of observing aseries of cases which represents a fair sampie of all those
occurring in the community. Scadding's (1967) series probably included an
unduly high proportion with anterior uveitis accompanying an early stage
of sarcoidosis and having a strong tendency to spontaneous resolution, and
low proportion with persistent changes localized in the eyes. Of 37 patients
observed long enough to permit assessment of the outcome, 30 had
recovered with no impairment of vision; three no longer had active uveitis
but had moderate or severe visual impairment; and four still had active
uveitis requiring corticosteroid treatment, Crick et al. (1961), whose series
contained a higher proportion of patients with severe ocular changes, re
ported that visual acuity was reduced to below 6/9 in 11 of their 61 patients;
six of those left with impaired vision had had severe uveo-parotitis, and had
first been treated before corticosteroids became available. The complica
tions common to all forms of uveitis, which it is beyond the scope of this
monograph to discuss, may occur. Crick et a/. (1961) noted glaucoma in
three of their patients. The findings of Karma (1979) in a survey of all
known patients with sarcoidosis in a defined area give an indication of the
general prognosis in the population studied. Changes in the posterior seg
ment, found in 21 of the 22 patients, may have affected visual prognosis in a
few; cataract and glaucoma were prominent among the causes of severe
visual loss. Raised intra-ocular pressure was noted at some time in seven
patients. Ir was attributed to corticosteroid treatment in two; in three of the
others, it fell to normal as the uveitis subsided, and in two it required
surgical treatment. Six patients developed cataracts; of these one required
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operation because of imminent capsular rupture and one proceeded to
complete opacity of one lens, while the other four developed slight posterior
cataract during prolonged corticosteroid-treated uveitis. One, with retinal
vascular changes, suffered retinal detachment, and one developed cystoid
macular oedema. Overall, during the period of observation, visual acuity of
24 eyes remained unchanged, of 12 deteriorated and of eight improved.

Discussion of the treatment of uveitis is outside the scope of this mono
graph, except in relation to the use of corticosteroids in sarcoidosis (Chapter
27). In general, manifestations likely to run a favourable course do not
constitute indications for corticosteriod treatment. But uveitis, especially if
the posterior segment is involved, may lead to impairment of vision by
processes whose active stage can be suppressed by corticosteroids and will
eventually come to an end. Moreover, uveitis may remain active, or become
reactivated, after other evidences of sarcoidosis (in most cases intrathoracic)
have regressed. lt therefore should be considered a strong indication for
corticosteroid treatment, Since its effect is suppressive and not curative, the
duration of this treatment depends upon the unpredictable duration of
activity of the disease, and cannot be decided in advance; and its intensity
should be determined by the varying needs of individual patients. Some
cases of anterior uveitis will respond to local instillation of corticosteroid
drops, together with the usual treatment of uveitis with mydriatics. Crick et
al. (1961) treated 20 patients in this way; five resolved and eight improved.
Posterior uveitis is not affected by local corticosteroid treatment, and they
therefore treated patients presenting with severe uveitis, those with post
erior uveitis, and those failing to respond to local treatment with systemic
corticosteroids; of 12 patients so treated, four showed resolution and eight
improved. They noted thar where nodules were present in the iris, systemic
treatment was more effective than local. Karma (1979) treated a11 her 22
patients with uveitis with dexamethasone drops topically, and 14 with oral
prednisolone as weil. She noted that there was an initial good response in all
cases, and that fresh iritic nodules might respond rapidly to local treatment;
but many cases proved chronic, uveitis reactivating when treatment was
discontinued or reduced to 'maintenance' level, and in nine cases, uveitis
was still under treatment at the end of her study. A mild anterior uveitis
should therefore be treated initially with topical corticosteroids, and in
some cases will resolve without visual impairment. If this fails, or if the
posterior segment is involved, systemic corticosteroid treatment is indicated.

THE OCULAR FUNDUS

lt is convenient to consider together the changes that may be found in the
ocular fundus, including those in the choroid, the retina and its vessels, and
the optic disc. Findings in series of cases have been published by Geeraerts et
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al. (1962), Letocha et al. (1975) and Spalton (1979) and reviews by Gould
and Kaufman (1961), Turner et al. (1975) and Sanders and Shilling (1976).

Choroido-retinal changes described as non-specific or as scarring were
found in 40% of 66 cases reviewed by Gould and Kaufman, and in 50% of
33 reported by Spalton (1979). Changes regarded as specially suggestive of
sarcoidosis include various sorts of choroido-retinal nodules, perivasculitis,
and tumour-like masses in the region of the optic disc, Macular oedema and
papilloedema without raised cerebro-spinal fluid pressure may also be seen.

Nodule-like changes, usually near vessels, range from small round well
defined pale spots to larger irregular-shaped areas. Franceschetti and Babel
(1949) described an appearance which they likened to spots of candle-wax
(taches de bougie) in a patient with sarcoidosis. One of the affected eyes
became blind and painful with cataract and glaucoma and was removed;
granulomas were found in choroid, retina, optic nerve and sclera. This
appearance has been found to be very suggestive of sarcoidosis. Karma
(1979) found taches de bougie exudates in ten of 22 cases of sarcoid uveitis.
They are associated in many cases with periphlebitis, the first report of
which in a patient with sarcoidosis was by von Bahr (1938), who observed
well-defined sheathing of retinal vessels by grey-white infiltration in a
patient with uveo-parotitis; these perivascular infiltrations resolved in six
months. It seems likely that in sarcoidosis periphlebitis is an especially
perivascular distribution of granulomatous change similar to thar which
underlies taches de bougie . Witmer (1948) found granulomas of epithelioid
cells and a few Langhans giant cells distributed along retinal veins in an eye
enucleated because of painful blindness due to long-standing sarcoidosis. In
a review of 40 published cases of sarcoid retinopathy, Gould and Kaufman
(1961) found that 20 had periphlebitis and 14 taches de bougie, 12 having
both these appearances. Among ten patients presenting with retinopathy as
the first manifestation of sarcoidosis, Letocha et al. (1975) found periphlebi
tis in nine and candle-wax spots which they regarded as a more florid
change of the same sort in five; of these ten patients, two had no evidence of
anterior uveitis, and the other eight showed only mild changes of this sort.
Spalton (1979) reported perivenous sheathing in 20 of 33 patients with
sarcoid retinopathy. Perivascular infiltration may result in narrowing of the
lumen, and the vessel wall itself may be involved (Levitt, 1941; Gass and
Olson, 1973). Rarely, venous thrombosis has been reported (Goldberg and
Newell, 1944). Like other forms of periphlebitis, that of sarcoidosis may be
complicated by haemorrhage. Retinal, subhyaloid and vitreous haemorr
hages may be observed in sarcoid retinopathy, in some cases apparently due
to periphlebitis; in others, neovascularization of old lesions is the apparent
source of bleeding. Ainslie and James (1956) reported a patient with sarcoid
uveitis in whom periphlebitis retinae was accompanied by recurrent vitreous
haemorrhages. Only one of the 61 patients with sarcoid uveitis reported by
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Crick et al. (1961) had a vitreous haemorrhage; there were multiple foci of
choroido-retinitis, but the changes seen after the haemorrhage had cleared
were not thought describable as periphlebitis. During the time of their
study, these authors had observed six patients with perivasculitis retinae
with no evidence of sarcoidosis. Chumbley and Kearns (1972) described
'scattered blot haemorrhages' associated with diffuse periphlebitis in one of
their four patients with sarcoid retinopathy, all of whom showed periphlebi-
tis and candle-wax spots. Among their ten patients with retinopathy as the
presenting feature of sarcoidosis, Letocha et a/. (1975) found haemorrhages
in six, of both superficial flarne-shaped and deep round types, the latter
tending to be peripherally located; in two cases, the haemorrhages were seen
to be centred on perivascular exudate, and in one the macula was involved.
Flame-shaped haemorrhages were observed in sarcoid retinopathy by
Quock and Donohoe (1967) and Turner et a/. (1975).

Neovascularization may develop at the sites of taches de bougie, peri
phlebitic and other infiltrations and at the optic disc, and may be the source
of haemorrhage. In a patient with hilar lymph-node and pulmonary sar
coidosis who developed a uveo-parotid syndrome, Algvere (1970) found on
fluorescein angiography leakage from newly-formed vessels and retention of
dye in perivascular exudates. Sanders and Shilling (1976) described in three
cases the development of multiple areas of preretinal neovascularization
leading to haemorrhage after resolution of the acute stage of sarcoid retino
pathy; there was leakage from the new vessels and large areas of capillary
non-perfusion. Spalton (1979) studied fluorescein angiograms from 26
patients with sarcoid retinopathy, and found evidence of neovascularization
in seven, involving either the site of previous perivenous infiltration or the
optic disc, where it was thought to be secondary to retinal hypoxia. Asdou
rian et a/. (1975) reported the cases of three black patienrs with sarcoidosis
in whom peripheral fan-shaped areas of neovascularization were seen on
fundoscopy; one showed also periphlebitis, candle-wax spots, choroido
retinal scars, and old and new vitreous haemorrhage; one also had anterior
uveitis and periphlebitis; and the third had no other ocular sign. Fluorescein
angiography showed profuse leakage from the abnormal vessels and avascu
larity of the retina anterior to them, The similarity of this neovasculariza
tion to that seen in some other conditions, notably sickle-cell anaemia, was
noted; a feature seen in the sarcoid patients, who were shown to have
normal haemoglobin, that had not been observed in retinal neo
vascularization in other diseases , was the presence of a few vessels passing
through the neovascular area into avascular retina. The problem of differen
tial diagnosis in black patients with both sarcoidosis and homoz ygous sickle
cell disease who were found to have this sort of neovascularization has been
discussed by Madigan et a/. (1977) and by Raymond et a/. (1978).

Other studies of sarcoid retinopathy by fluorescein angiography have
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show leakage frorn venules involved in periphlebitis and fluorescence of
candle-wax spots (Chumbley and Kearns, 1972; Letocha et al., 1975;
Franccis et al., 1977). Turner et al. (1975) in one case found that there was no
leakage from candle-wax spots; lare leakage was seen from capillary dilata
tion in nodular areas, both in the region of the swollen optic discs and more
peripherally. Kobayashi (1974) observed increased permeability of both
veins and arte ries on fluorescein angiography in all of 13 patients with
ocular sarcoidosis. Karma (1979) found that fresh 'granulomas' of the
retina and optic disc pushed vessels aside or hid them, and did not fluoresce;
older ones showed intense late fluorescence; perivenous exudates and taches
de bougie showed leakage of dye in the active stage. She also reported
fluorescein angiographic studies of the iris in anterior uveitis; more granulo
mas were seen than could be seen by biornicroscopy, with leakage of dye in
the active stage, usually diminishing or ceasing as the condition became
inactive.

As already noted, retinopathy may occur without anterior uveitis. There
was no evidence of anterior uveitis in one-third of the 40 published cases of
sarcoid retinopathy reviewed by Gould and Kaufman (1961), in any of four
reported by Chumbley and Kearns (1972), in two of ten by Letocha et al.
(1975) and in eight of 33 by Spalton (1979) . In her study of 281 patients
with sarcoidosis, Karma (1979) observed three with fundal changes without
evident uveitis.

Swelling of the optic disc has been observed as part of a sarcoid retino
pathy in patients without overt evidence of intracranial sarcoidosis; e.g. by
Spalton (1979) in nine of 33. In view of the frequency of concurrent
involvement of the fundus oculi and the central nervous system, noted
below, differential diagnosis frorn papilloedema due to intracranial sar
coidosis or to involvement of the optic nerve within the optic foramen,
discussed in Chapter 14, p. 305, may be difficult (james et al., 1967).
Nodular masses, presumably of sarcoid granuloma, may be seen at the
margin of or over the optic nerve head (Goldberg and Newell, 1944;
Mackensen, 1952; Laties and Scheie, 1972) . They follow an unpredictable
course; Laties and Scheie watched the shrinkage of two such lesions in a
patient with BHL and lung changes, leaving very minor 'gliosis' and no
visual defect; in Case 1 of Goldberg and Newell (1944), a white mass
extending three dioptres into the vitreous and associated with haemorrhage
led to extensive new vessel formation. In other cases, masses at the optic
nerve head have been part of more widespread ocular changes, with an
unfavourable course which has resulted in a few in indications for enuclea
tion, providing the possibility of histology which confirmed the granuloma
tous nature of the nodular masses (Laval, 1952; Kelley and Green, 1973).
Gass and Olson (1973) reported the necropsy findings in a black man aged
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41 with sarcoidosis involving lungs, hilar nodes, liver, central nervous
system and eyes in whom a large white mass near the left optic disc had been
part of extensive changes in the optic fundus; candle-wax perivascular
exudates, preretinal and int ravitreal nodules, and localized tumefactions at
the optic nerve head which had been seen ophthalmoscopically were found
to be due to epithelioid cell granulomas. Brownstein and jannotta (1974)
reported the case of a black man aged 17 who presented with coma due to
obstructive hydrocephalus, and died after an operation at which a ' turnour'
was found in anterior part of the third ventricle; at necropsy, there were
granulomas in the leptomeninges and in the brain in perivascular spaces
especially i-n the hypothalamus, tuber cinereum, the lentiform nucleus
and the optic chiasma and tracts; in the left eye the retina showed a
white elevated mass of sarcoid-type granuloma, and the right optic nerve
was found to be infiltrated by a similar granuloma; there was no
evidence of anterior uveitis. In the enucleated eye whose pathology was
described by Laval (1952), granulomas in the retina and a granulomatous
nodule in the optic nerve head were accompanied by papilloedema. Possibly
granulomas within the optic nerve head account for some of the cases of
optic disc swelling without evidence of raised intracranial pressure which
have resolved spontaneously or after corticosteroid treatment (Fine and
Flocks, 1953; james et al., 196 7; Hart and Burde, 1979) .

Oedema of the macula has also been observed in active sarcoid retino
pathy (Goldberg and Newell, 1944; Chumbley and Kearns, 1972, one case
out of four; Letocha et al., 1975; Turner et al., 1975; Karma 1979, three of
21 cases with fundal changes). Fine and Flocks (1953) and Hart and Burde
(1979) observed contluent swelling of the optic disc and of the macula. Of
the ten cases reported by Letocha et al. (1975), two showed macular
haemorrhage and and one macular oedema. These changes may be due to
venous narrowing by periphlebitis.

In their review of published cases of sarcoid retinopathy, Gould and
Kaufman (1961) found that one-third had also evident involvement of the
central nervous system, as did two of the four reported by Chumbley and
Kearns (1972) . In the series of ten patients seen by Letocha et al. (1975) as
out-patients, only one had signs of central nervous system involvement. The
magnitude of the association between sarcoid retinopathy and symptomatic
involvement of the central nervous system probably lies between the high
estimate suggested by the review of published cases, likely to include many
with an unfavourable course or unusual features, and the lower figure
suggested by a study of out-patients. There is no evidence that patients with
anterior uveitis as the predominant ocular manifestation have an unusually
high incidence of intracranial sarcoidosis; the occasional association with
cranial and other neuropathies is discussed above.
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LA CRIMAL APPARATUS

Lacrimal gland

In 1934, before Heerfordt's syndrome was generally recognized to be a
manifestation of sarcoidosis, Savin reviewed 66 published cases ; in nine
lacrimal gland enlargement had been noted. Later, cases were reported in
which painless enlargement of lacrimal glands was found by biopsy and
association with other features of sarcoidosis to be apart of that disease
(Rosenbaum, 1941; Sniderman, 1941; Schultz, 1945; Longcope and Frei
man, 1952; Ainslie and James, 1956; Gruber et al., 1956; Crick et al., 1961;
Cook et al., 1972), and granulomas have been found in lacrimal glands of
normal size in patients with sarcoidosis (Crick et al., 1961; Greenburg et al.,
1964). Lacrimal secretion, when tested, is frequently found to be deficient in
patients with sarcoidosis, with or without evidence of other sorts of ocular
involvement; it may lead to the syndrome of kerato-conjunctivitis sicca.
Crick et al. (1961) noted that many of their patients with sarcoidosis
complained of dryness, soreness and redness of the eyes attributed to lack of
lacrimal secretion and consequent degeneration of rhe epithelial cells of the
cornea and conjunctiva, especially in their exposed parts. Eighty-eight pa
tients with sarcoidosis were examined by slit-lamp microscopy after the
instillation of 1% rose bengal solution; staining was observed in 66% as
compared with 6% of a control series. In another group of 30 patients, they
estimated lacrimal secretion by Schirrner's test, and found that changes in
the cornea demonstrated by rose bengal staining correlated weil with de
ficient secretion. In two cases, one with and one without palpable swelling
of lacrimal glands, biopsy of the gland showed infiltration with sarcoid
tubercles. They concluded that the deficiency of tears was due to sarcoid
infiltration of the lacrimal glands, which must therefore be more frequent
than had been suspected. These evidences of lacrimal gland involvement
were not specially correlated with uveitis or conjunctival granulomas. The
incidence of kerato-conjuctivitis sicca reported by observers who have used
less intensive methods for its discovery is much lower. For instance, James
(l959a) observed it in seven of his 200 patients. Karma (1979) found
diminished lacrimal secretion in 32 of 254 patients with sarcoidosis sub
mitted to Schirmer's test; of these, only 12 complained of relevant symp
toms. Of 22 patients with uveitis, less than half (ten) also had reduced
lacrimal secretion; and of '30 with reduced lacrimal secretion submitted to
conjunctival biopsy, nine (30 %) showed granulomas, compared with 17%
of all patients so investigated.

The kerato-conjunctivitis sicca of sarcoidosis might be confused with that
of Sjögren's syndrome, especially since in this syndrome the salivary and
lacrimal glands may be enlarged. The dryness of the mouth, the inflamrna-
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tory and often painful nature of the salivary gland enlargement, usually with
variations in size, occurrence predominantly in post-menopausal women,
associated with features of connective-tissue disorders ranging from
rheumatoid arthritis to atypical systemic lupus erythematosus with non
organ-specific auto-antibodies, and the absence of c1inical or histological
evidence of sarcoidosis should distinguish Sjögren's syndrome without un-
due difficulty . Usually, lacrimal gland sarcoidosis is accompanied by easily
detected evidence of sarcoidosis e1sewhere; very occasionally, as in Case 1 of
Cook et al. (1972) it presents as the first evidence of sarcoidosis, diagnosis
being made only by biopsy and search for sarcoidosis in other locations.

Lacrimal passages

A few cases in which sarcoidosis has involved the lacrimal sac have been
recorded (Neault and Riley, 1970; Fisher et al., Coleman et al.,
1972), some complicated by bacterial infection leading to dacryocystitis
which may be suppurative and need treatment with antibiotics and possibly
incision. Five female patients among the 281 studied by Karma (1979) had
epiphora due to dacryostenosis; three had suffered from nasal obstruction,
presumably due to involvement of nasal mucosa. Dacryorhinostomy was
performed in three cases, but was successful in only one; this operation was
performed also in the cases reported by Neault and Riley (1970) and by
Fisher et al. (1971). In the case of Neault and Riley, involvement of the nasal
mucosa was demonstrated, and it seems likely that in most cases obstruction
of lacrimal passages is secondary to nasal sarcoidosis (Chapter 13).

CONJUNCTIVA

Lutz (1919) seems to have been the first to describe sarcoid nodules in the
conjunctiva, with histological findings. Some scattered references were made
subsequently to conjunctival lesions in sarcoidosis in the ophthalmological
literature (e.g, Blegvad, 1931). Crick et al. (1955) reported that in patients
with sarcoidosis examination of the conjunctiva for suspicious-looking
follicles, usually in the lower fornix, and subsequent biopsy had frequently
led to the finding of typical sarcoid lesions . Crick et al. (1961) described
their extended experience with conjunctival biopsy. Of 139 patients, 79
were found to have conjunctival follicles; in 20 of these biopsy showed
appearances regarded as typical sarcoidosis. All the positive biopsies were
obtained from follicles in the lower forn ix of the conjunctiva. Typical
follicles were described as small e1evations, translucent and slightly yellow
in colour, and just visible to the naked eye, most frequent in the fornices,
where they may be confluent, but occasionally in the bulbar conjunctiva.
They may be confused with lymphoid follicles, which are frequent in the
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conjunctiva, and from which they can be distinguished with certainly only
by biopsy and examination of serial sections. Crick et al. also noted that in
acne rosacea small elevations may be present in the bulbar conjuctiva with
the histological appearance of sarcoid tissue; but in this disease, the fornix
conjunctiva appears to be unaffected. Another possible source of error has
been pointed out by Zimmerman (1961) . Obstruction of the Meibomian
glands in the tarsal plate causes the common chalazion. Multiple small
chalazia might be confused with sarcoid nodules; Blegvad (1931) described
the appearances of the conjunctival sarcoidosis in his three cases as small to
large chalazion-like tubercles, varying from single to many, studding the
conjunctiva. Histologically the typical chalazion presents no sarcoid-like
features, though occasionaly epithelioid cells and giant cells may be present,
presumably as areaction to the fatty content of the retained secretion, and
the giant cells may even contain inclusion bodies of theSchaumann and
asteroid types,

Bornstein et al. (1962) found granulomas on conjunctival biopsy in 25%
of 64 patients with sarcoidosis and in none of 28 control subjects with other
diseases. Conjunctival involvement was not specially related to other evi
dence of ocular sarcoidosis. Three of the 16 patients with positive biopsies
and seven of 48 with negative biopsies had signs of intraocular sarcoidosis.
A positive conjunctival bioposy was obtained in only one of 25 patients
with sarcoidosis limited to the intrathoracic organs, as compared with 15
out of 39 with clinical evidence of involvement of both extrathoracic and
intrathoracic organs.

Karma (1979) found granulomas in 17% of biopsies taken after careful
inspection of the conjunctiva in 218 patients with sarcoidosis; 41 % of 66
cases in which nodules thought suspicious of sarcoidosis had been seen, and
6.6% of 152 without such findings showed granulomas. Sarcoidosis of the
conjunctiva was usually symptomless, but in four patients it caused redness
and oedema, and in one, large vegetations on the conjunctiva of the lower
lid and fornix, which appeared at the same time as infiltration of old scars
on the skin and lung infiltration, causing discomfort. In 12 patients
cutaneous sarcoids and conjunctival granulomas became evident at the same
time. Granulomas were found in 35% of patients with active and in 10%
with inactive sarcoidosis; and in 10% of those with BHL and clear lungs,
24% of those with BHL and prefibrotic lung infiltration, and 43% of those
with chronic lung changes . In relation to other eye changes, the proportion
of those with uveitis showing granulomas was 25%, only slightly higher
than that for the whole series; with reduced lacrimal secretion it was 30 %
and with lacrimal gland enlargement 67% ; and with band keratopathy
40% .

lt is evident that granulomas are present in the conjunctiva of many cases
of sarcoidosis, usually scanty and rarely causing symptoms. They are most



Ocular Changes 223

likely to be numerous in the active stages of the disease and when there are
widespread changes in other organs. Only exceptionally is conjunctival
biopsy likely to be helpful in difficult cases where c1inically evident rnanifes-
tations are localized in one organ. A case of this sort has been reported by
Fulton et al. (1976); in a patient investigated for dyspepsia, endoscopy
showed polypoidal changes in the antrum of the stomach, histologically
granulomatous; search for evidence of sarcoidosis elsewhere showed minute
nodules in the lower fornix of the conjunctiva, biopsy of ~hich showed
granulomas of sarcoid type, no other change suggestive of sarcoidosis being
found in other organs or elsewhere in the eye. In general, conjunctival
biops y is least likely to be helpful as a diagnostic procedure when it is most
needed. The possibility of its successful use depends upon expert examina-
tion to discover typical-Iooking follicles for biopsy, followed by serial
sectioning and interpretation of the sections by an observer thoroughly
familiar with the histology both of sarcoidosis and of the eye. The method is
therefore likely to be of more value to the ophthalmologist who can perform
the minor biopsy procedure with little trouble in the course of a complete
examination, than to the physician who will usually find biopsy of some
other tissue not only more convenient and easier to interpret, but also more
likely to be helpful in obscure cases.

The conjunctiva mayaiso be affected by non-granulomatous changes.
Kerato-conjunctivitis sicca, secondary to deficient lacrimal secretion, has been
discussed above. Punctate calcification may occur as a consequence of
hypercalcaemia, often with band keratopathy, discussed below. In the early
acute stage of sarcoidosis, episcleritis may occur, usually with erythema
nodosum. Karma (1979) observed it in five cases, coinciding with the
appearance of erythema nodosum in four, and subsiding within a few
months;

CORNEAL AND CONJUNCTIVAL CHANGES ASSOCIATED
WITH HYPERCALCAEMIA

The hypercalcaemia that occurs in a few patients with sarcoidosis can give
rise to deposition of calcium salts in the cornea and conjunctiva (Haldi
mann, 1941). Of the 19 patients with band keratopathy due to hypercal
caemia reported by Cogan et al. (1948), two had sarcoidosis. Calcium salts
tend to be deposited especially in the exposed parts of the conjunctiva (Fig.
8.1) and cornea. Crick et al. (196 1) observed such changes in seven of their
185 patients, four having both corneal and conjunctival, two corneal and
one conjunctival deposits. Karma (1979) found band keratopathy, associ
ated with white crystals in varying number in the limbal conjunctiva in 11 of
282 patients, and confirmed the association with hypercalcaemia. With very
high calcium levels, acute deposition of calcium salts in the cornea and
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Figure 8.1 Biopsy of conjunctiva of a woman aged 35 with sarcoidosis and
hypercalcaemia, showing deposits of calcium salts staining deeply with von
Kossa's stain, X 170.

conjunctiva may give rise to photophobia, redness and aching in the eyes.
Treatment of the hypercalcaemia (Chapter 19) leads to subsidence of these
acute changes, and gradual removal of the calcium deposits.

It is probable that deficiency of lacrimal secretion is in many cases a
contributory factor to the deposition of calcium salts in the conjunctiva and
cornea. Karma (1979) found reduced lacrimal secretion in half her patients
with band keratopathy, and hypercalcaemia in rather more than half those
with reduced lacrimal secretion.

EXOPHTHALMOS DDE TO SARCOID INFILTRAnON
IN THE ORBIT

In 1931, Reis and Rothfeld reported the case of a girl who died at the age of
17 years . At the age of 15, she had developed sarcoid infiltration of the skin of
the cheeks and later of the limbs, chiefly on the upper arms. Biopsy showed
epithelioid cell tubercles without caseation, and no tubercle bacilli, either on
direct examination or on guinea-pig inoculation.She also had spindle-shaped
swellings of the fingers with dystrophy of the nails and radiographie changes
characteristic of sarcoidosis of the metacarpals and phalanges. The skin gave
no reaction to a Mantoux or a Pirquet test . She later developed headache,
vomiting and loss of vision. She was found to have bilateral exophthalmos,
more severe on the left; papilloedema and optic atrophy on the right side;
and involvement of the whole left retina in a white tumour over which the
retinal vessels were running. There was also some weakness in the right leg
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and extenso r plant ar responses on both sides. Shortly before her death one
and a half years after the beginning of the iIlness she developed epileptic
seizures. At necropsy, there was an extensive somewhat translucent yellowish
infiltration over the base of the skulI, extending from rhe cerebra l peduncles to
the optic chiasma, involving borh temporal lobes laterally and infiltrating the
floor of the third vent ricle. Th is was found to have rhe same histological
pattern as had been seen in the skin biopsy, consisting in epithelioid cell
tubercles without giant cells or casearion. The 'turnour' involving the left optic
nerve and retina had a similar histology. The authors did not discuss the cause
of the exophthalmos, nor did they state whether the infiltration extended into
the orbit, Their account of the case was devoted mainly to a derailed descrip-
tion of the pathology of the enucleated eyes. In relation to the other organs,
they stared that a generalized tuberculosis was found, with the primary
changes in the peribronchiallymph-n odes and in the lungs at various stages
of development from fresh tubercles with very little tendency to casearion to
fibrosis and calcification; no bacteriological studies were report ed.

Melmon and Goldb erg (1962) described the case of a 37 year old black man
who not iced pain and redness of the right eye, which became protuberant.
Later a small mass was noticed in the upper lid, and the left eye became
protuberant. In addition to bilateral exophthalmos, a generalized superficial
lymph adenopath y, hepatosplenomegaly, bilateral hilar lymph-node enlarge
ment with lung infiltration and evidence of right-sided anterior uveitis were
found. A tuberculin test with 0.005 mg PPD was negat ive. Biopsies of the
orbital mass and of a supraclavicular Iymph-node both showed sarcoidosis,
The condition responded to prednisone trearrnent. but relapsed when it was
stopped.

In th ese two ca ses, there was evidence of wi despread involv ement of other
organs and tissues, just ifying rhe di agnosis of sa rcoidos is. A number of
o rhe r cases have been recorded (King, 1939; Ben edi ct , 1949, tw o cases;
Knapp and Knott, 1949; Rider and Dodson, 1950; Bodian and Lask y,
(1950) in which masses of sarcoid tissue in the orbit have ca used exophthal
mos. In these cases no inc ontrovertible evidence of sarco id lesions e1sewher e
has been found, although Kin g's (1939) patient had an un explained bron
ch ial ste nosis and transient weakness and numbness in th e left leg, and in
th e pati ent reported by Rider and Dodson (1950) th ere was a gene ra lized
adenopathy, a single biopsy showing no evidence of sarco idosis . Local
excision of a mass of sarco id tissue w as followed in so me cases by no
recurrence (King, 1939; Benedict, 1949, Case 1), but in others (Benedict,
1949, Case 2; Rider and Dodson, 1950) by recurrence. In th e case reported
by Rider and Dodson, part o f th e bony orbit was ero ded, and th e maxillary
antrum invaded .

One of us UGS) has observ ed a patient with exophthalmos du e to sa rcoi d
infiltration of th e orbital fat, wi th so me other features of sa rcoidosis and
so me aty pica l features,

A woman, aged 54, developed swelling round both eyes, starring with
subcutaneous nodule s in the upper lids, and leading to progressive proptosis
and left-sided ptosis. Tissue was removed from both orbits for biopsy; it
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showed well-defined epitheli oid cell tubercles with some giant cells, and no
caseation, set in loose fibrous tissue arranged in a rather who rled pattern
around them. A ehest radiograph at this time was normal. One year later, she
had iritis for six weeks only. About this time she had pain in the left side of the
ehest and radiographieally the left side of the diaphragm was 'tented'. After
this, she remained well- apart from the pto sis and dryness of the eyes - for
three years, when she developed left seiatiea, shown to be due to a prolapsed
intervertebral dise. While in hospital for the treatment of this, she developed
fever, with left-, then right-sided pleurisy with small clear effusions, whieh
resolved spontaneously leaving slight basal pleural thiekening. One year later ,
she was free from symptoms apart from those of the oeular eondition. The
exophthalmos had diminished but was still evident ; there was left ptosis, and
dryness of the eyes but not of the month. The oeular movements were
restrieted in all direetions. There was radiographie evidenee of slight bilateral
hilar Iymph-node enlargement with some ealcifieation on the right side. There
were several small papules on the right shin and an infiltrated sear on the left
shin, whieh appeared eompatible with sareoid infiltration, but were not sub
mitted to biopsy. Th e skin reaeted to 100, but not to 10 IU of tubereulin.
Thirteen years from rhe onset, no further symptoms or signs of sareoidosis had
developed, but vision was severely impaired by ptosis, symblepharon, interfer
enee with external oeular movements, and cataracts.

In this case, the uncharacteristic intrathoracic changes , bilateral pleural
effusions, and failure to demonstrate sarcoid-type granulomas elsewhere
than in the orbit, must lead to doubt about categorization as sarcoidosis.
The cases reported by Reis and Rothfeld (1931) and by Melmon and
Goldberg (1962) certainly showed evidence of generalized sarcoidosis,
and infiltration of the orbit causing exophthalmos must therefore be aecepted
as a possible though very rare rnanifestation of this disease. Some
of the other cases reported suggest the possibility that an exuberant sarcoid
tissue infiltration may sometimes occur in the orbit as an isolated phenome
non in response to some unknown local stimulus. Detailed study of indiv
idual cases is necessary before it can be decided whether the orbital changes
are part of a generalized disease.



Chapter 9

Bones, Joints and Skeletal Muscles

BONES

The early his tory of the development of knowledge about the changes in the
bones of the hands and feet in sarcoidosis is briefly described in Chapter 1.
After the original description of the typical changes in cases of lupus pernio
by Kreibich (1904), a number of accounts of one or two cases were pub
lished (e.g. Bloch, 1907; Rieder, 1910; Schaumann, 1919; Jüngling, 1920).
The first detailed accounts of the radiology were those of Fleischner (1924)
and Jüngling (1928). Schaumann's paper in 1919 contained a full study of the
histological changes, and emphasized the location of the specific granuloma
in the marrow. Although as early as 1907, Bloch had described a case in
which the uln a as well as two metacarpals were affected, radiologically
evident involvement is much less frequent in the long bones, the vertebrae
and the skull than in the bones of the hands and feet .

Incidence

The frequency of bone changes reported in different series varies, like that of
other manifestations, with the population from which the eases were drawn,
the interests of the observer, and the methods of investigation. A high
proportion of patients with ehronie forms of skin sareoidosis, espeeially
lupus pernio, have ehanges in the bones of the hand and feet, Kissmeyer
(1932) found that among 26 eases with skin sareoids seen in Copenhagen,
seven had radiographie ehanges in the bones of the hands and feet. Gravesen
(1942) observed 112 patients in Denmark, and found that 32, all with skin
sareoids, had radiographie ehanges in bones of hands and feet; of these four
had ehanges in other bones - the ulna and the tibia in one ease eaeh, and the
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nasal bones in rhe other two. Reisner (1944), in New York, found that
among 35 patients, of whom 30 were blaek, nine had ehanges in the bones
of the hands and feet; and in three, other bones were affeeted, the earpal
bones in one, the ulna in one, and the tibia, fibula, radius and ulna in the
third. Longeope and Freiman (1952) found thar among 55 patients in
Baltimore nine (15.8 % ) and among 45 in Boston ten (22% ) had radio
graphie ehanges in the bones of the hands and feet; in one of the Boston
group the radius and ulna and in one of the Baltimore group the radius,
ulna, tibia and fibula were also involved. In 15 of the 19 eases skin sareoids
were also present. Stein et al. (1956) in Philadelphia studied aseries of 175
patients. Among 81 with histologieal evidenee, 14 (17.2% ), and among 94
with c1inieal evidenee only three (3.1 %), had definite radiographie ehanges
in bones. In six eases, earpal or tarsal bones as weil as metaearpals or
metatarsals and phalanges were involved. Extensive radiographie surveys of
bones were made in ten patients with ehanges in the bones of the extremi
ties; one was already known to have ehanges in radius, ulna and tibia, but
no previously undeteeted lesions were found in this or any of the other nine
eases. Unlike other observers, they were unable to deteet any eorrelation
between the bone and skin ehanges. Gilg (1955 ) studied aseries of 191
patients, of whom 91 % had skin lesions; among 179 of thern who had
radiographs of the hands and feet, 42 (23 .5%) were found to have bone
ehanges.

All the series just quoted eontained high proportions either of eases with
skin sareoids, or of ehronie eases with extensive organ involvement. At the
other end of the seale , Löfgren (1953) deseribed 212 early eases at the stage
of bilateral hilar Iymph-node enlargement, of whom more than half had
erythema nodosum; in 30 of these, the hands and feet were examined
radiographieally soon after the disease was diseovered, and two were found
to have skeleral lesions. Under observation for periods of 2-16 years, only
one other was observed to develop bone ehanges; but radiography of the
extremities does not appear to have been performed routinely. Series whieh
include a high proportion of early eases at the stage of BHL, eertainly in
Europe, appear to contain fewer patients with bone lesions than the series
including high proportions of blaek patients or those derived from derrnato
logieal c1inies. Mather (1957) in London found that of 120 patients, nine
(7.5 %) had radiographie ehanges in the bones of the hands or feet; of these
five had skin lesions. jarnes (1959b), also in London, in aseries of 200
patients found 11 with bone lesions; there were 33 with skin sareoids, of
whom ten had bone lesions, but only one of the 167 without skin sareoids.
In aseries of 275 parienrs, not all of whom had radiographs of the hands
and feet beeause it was found that the ineidenee of bone ehanges among
those without skin sareoids or other manifestations of ehronie sareoidosis
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was low, one of us (JGS) deteeted bone ehanges in the hands or feet in ten,
of whom seven had skin sareoids, all of the lupus pernio type, and one had
subeutaneous nodules in the pulps of two fingers, the bones of whieh were
not affeeted. Among the seven patients with lupus pernio, the skin over the
affeeted bones was involved prominently in four, slightly in one, and not
evidently in two; the face was involved prominently in four, slightly in two,
and not evidently in one. In the latter ease skin ehanges were evident only
over the affeeted bones, with the exeeption of infiltration of a sear on the
knee. In two eases in whieh great toes were involved, there was a c1ear
history that the ehanges appeared soon after an injury, Neville et al. (1977)
reported that of 567 patients attending a sareoidosis c1inie in London, 26
had ehanges in the bones of the hands or feet, one in the temporal bone, one
in the hard palate and three in the nasal bones in association with nasal
mueosal involvement. Skin sareoids were present in 19 (66%) of those with
bone ehanges, and took the form of lupus pernio in 14. Erythema nodosum
had oeeurred in only one of the 26 with bone invol vement, as eompared
with 33 % of the whole series .

Pathology

Schaumann (1919, 1926) gave a detailed aeeount of the pathology of the
ehanges in the small bones of the hands and feet, based upon the exarnina
tion of two amputated toes. These eame from a woman who had had
sareoidosis of the skin of the face and of superfieial lymph-nodes, both
histologieally eonfirmed, and histologieally specifie ehanges in the tonsils
removed for biopsy. Radiographie ehanges were found in two toes, at first
without external evidenee; but four years later, the toes had beeome swollen
and were amputated though the skin stilllooked normal. Even in parts of the
bone showing a normal radiographie pattern, tubereuloid follicles sur
rounded by Iymphoeytes replaeed the marrow between normal trabeeulae;
in the parts showing rarefaction, the trabeeulae were resorbed, leaving a
spaee filled with a large mass of the tubereuloid granulation tissue. In the
eompaet bone, there was irregular resorption of bone with enlargement of
Haversian eanals whieh eontained a few granulomas. In a few places,
espeeially near the ends of the phalanx, granulomatous tissue extended into
the tissues around the bone; it infiltrated tendon sheaths, but did not affeet
tendons. Schaumann eoncluded that the granulomatous proeess may remain
eonfined to the marrow, without producing any radiographie change; it
may eause general rarefaction of bone; this rarefaction may be aeeentuated
loeally to eause the radiographie cyst-like spaees; and periosseous infiltra
tion ma y oeeur, though tendons remain intact. Similar ehanges to those
deseribed by Shaumann were found by Hollister and HarreIl (1941) in a toe
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removed ar necropsy from a black man with extensive sarcoidosis; although
it was not externally abnormal, a typical cyst-like rarefaction had been
deteeted radiologieally during life in its middle phalanx.

Indieations for biopsy of bones of the hands or feet affeeted by sareoidosis
rarely arise, sinee the diagnosis is usually evident without it. Very occasion
ally, patients have presented with loealized swelling of a finger, radiographie
ehanges have been found in an underlying phalanx, and biopsy has led to
the diagnosis of sareoidosis, subsequently eonfirmed by other clinieal
features. Sueh eases have been deseribed by Griffiths (1969) and Pierson et
al. (1978). We have reeords of two, one of whieh is illustrated in Figs 9.1
and 9.2. Involvement of other bones is rarer, but eauses diagnostie diffieulty
leading to biopsy in a higher proportion of eases. In general, the findings
have been eoneordant with Sehaumann's deseription of the ehanges in
phalanges. As noted below, in a few eases there has been radiographie

Figure 9.1 Radiograph showing sarcoidosis of proximal phalanx of ring
finger in a woman aged 30. She had noticed swelling of this finger for eight
months.
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Figure 9.2 Biopsy of the affected phalanx shown in Fig. 9.1. Between the
bone trabeculae there are densely packed non-casearing epithelioid cell
tubercles, with here and there a narrow zone of lymphocytic infiltration
between them. H & E. x 55. After this biopsy, she was found to have bilateral
hilar lyrnph -node enlargement, and a Kveim test gave a granulomatous
response.

evidence of increase d bone density, and in so me of these biopsy has shown
thickening of bone tr ab ecul ae (Bonakdarpour et al., 1971; Young an d
Laman , 1972). In one case, the biopsy sampie from a swe lling in the
par ieto-occipital region of the skulI, where an area of bone rarefaction was
found, showed fibrobl asts wi th a few gia nt eells and oeeasiona l epithelioid
eells, and was thought sufficiently sugges tive of meningiom a to be treat ed by
wide removal of affeeted skulI; histol ogy of th is lar ger speeimen showed
epithelioid eell granulomas, and in the pre sene e of a symptomless radio
graphie infiltration of the lungs established the dia gnosis of sa reoidosis
(T urne r and Wei ss, 1969).

Hands and feet

In some eases, bone eha nges a re found incidentally on ro utine ra diogra phy
of the hands and feet and cause no symptoms at any time; e.g . in four of the
ten with chan ges in the se bon es in 275 eases reviewed by one of us (JGS). Of
the 26 pati ents with invo lvement of digits in the group reported by Neville
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et al. (1977) half had no symptoms. The commonest symptom is swelling of
soft tissues over affected bones, with varying degrees of lividity, up to the
full picture of lupus pernio (Chapter 7). When terminal phalanges are
involved, the nails often become dystrophie, with thickening, ridging and
disto~tion (Plate 2). Affected parts may be tender, and movement of joints
adjacent to affected bones stiff and painful, but in most cases these symptoms
are less severe than the degree of swelling might suggest. Tendons are
very rarely involved, but in a patient under the care of one of us (JGS) the
extensor tendon became detached from an affected terminal phalanx, leav
ing permanent weakness of extension, although the bone and skin changes
eventually resolved almost completely. In very florid cases, complete resorp
tion of parts of affected bones leads to severe deformity, sometimes made
worse by pathological fractures . Neville et al. (1977) observed destructive
changes in three of their 26 patients.

Accounts of the radiographie changes have been published by Fleischner
(1924), Jüngling (1928), Nielsen (1934), Holt and Owens (1949), Stein
et al. (1956), and Neville et al. (1977) . Fleischner (1924) discussing
bone changes in lupus pernio and Boeck's 'miliary lupoid' described a type
showing sharply defined round foci of rarefaction principally in the
phalanges wirhout affection of the cortical bone, and accompanying the
nodular form of Boeck's sarcoids; and a type affecting also metacarpals and
metatarsals with a generalized lattice-like or honeycomb-like alteration of
trabecular structure and accompanying lupus pernio or diffuse infiltrating
sarcoids of the skin. Jüngling (1928) described three types of change in
phalanges. In Type I, the phalanx is diffusely expanded, the compact bone is
thinned, and the bone appears to consist of a number of cyst-like spaces of
various sizes. In Type 11, the changes consist only in localized round or oval
well-defined 'punched-out' areas of featureless transradiancy. In Type III,
the radiographie shadow cast by the bone has a uniform fine lattice-like
structure. Jüngling thought that Type I was the early active stage, and Type
11 represented the stage of healing; and in one case, he observed a transition
between these two types du ring the course of 16 years' observation, the
transition from diffuse to localized changes having occurred in seven years.
But in two of four cases in which one of us (JGS) observed localized cyst-like
changes, principally at the ends of phalanges (Fig. 9.3), it was known that
these repres ented an early stage of the disease. The illustrations of Jüngling's
case suggest that the 'late' cyst-like spaces were surrounded by some irregu
lar sclerosis, which is not evident in the 'early' cyst-like spaces. Neville et al.
(1977) descr ibed 'lytic' lesions consisting of either small cortical defects in
phalangeal heads or larger rounded cysts usually in the heads of middle and
proximal phalanges, occasionally in metacarpal heads; they noted that in
healing these lytic lesions become corticated. Thus cyst-like spaces may be
an early or a late change. Jüngling's Type III seems to correspond with that
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Figure9.3 Cyst-like rarefactions in distal phalanx of left great toe, distal end
of proximal phalanx of left index fingerand base of proximal phalanx of left
middle finger,causing no symptoms in a woman aged 22 with sarcoidosis
involvingalso lungs, lyrnph-nodes and liver.

described by Neville et al. (1977) as 'perrneative', whieh they observed in
nine out of their 26 patients. This sort of change is eommonly aecompanied
by evident swelling of soft tissues, and possibly by ehanges in the overlying
skin. It is illustrated in Fig. 9.4.

With all patterns of bone change, periosteal reaetion is rare; sclerosis
oeeurs only perifoeally as part of the healing proeess; joints are involved
only when adjaeent bone is destructively involved; there is no sequestration;
and the proeess is usually very indolent, the possibility of healing being
limited only by the degree of bone destruetion and deformity in severe eases .

In North Ameriea, blaeks seem to be more liable than whites to severe
and deforming sarcoidosis of the bones of the hands. Morrison (1974),
reporting 18 blaek South Afriean patients with extensive skin sareoidosis
eommented on the frequeney and extent of involvement of bones of the
hands; radiographie ehanges were found in ten, and in many of these eyst
formation eneroaehed on joints , in some with virtual disappearanee of
phalanges and gross deformity. In a eomparative study in Cape Town,
Benatar (1977, 1980) confirmed that changes of this sort were frequent in
blaek and rare in white patients with sarcoidosis.

The effeet of eortieosteroid treatment on sareoidosis of the bones of th e
hands and feet is diffieult to assess . In some cases, treatment may be
indicated for changes at other sites - e.g. in the lungs or the eyes; in a few,
loeal pain, swelling and stiffness may call for relief. In general these symp-
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Figure 9.4 The index, middle and ring fingers of a woman aged 48 with
sarcoidosis involving also the lungs and lymph-nodes, (a) and (b) Lattice-Iike
rarefactions in rhe middle phalanx of the left middle finger and more irregular
changes with some periosteal involvement in the corresponding phalanx on
the righr side . (c) and (d) Two years later, showing considerable resolution
under corticosteroid treatment, undertaken for painful swelling of the right
middle finger.
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toms are alleviated by corticosteroids. With prolonged suppression of the
activity of sarcoidosis, reparative changes may be observed in affected bones
(Fig. 9.4), but it is of course impossible to say whether this might have
occurred in the untreated course of the disease.

Skull

Involvement of nasal bones is weil recognized in cases of lupu s pernio
affecting the nose (Hudelo et al., 1925; Jüngling, 1928; Neville et al., 1976)
and of intranasal sarcoidosis (Chapter 13). _

Cases of sarcoidosis in wh ich the cranium has been involved as the only
detected site of bone involvement have been reported by Teir stein et al.
(1961), Olsen (1963), Nou (1965), Turner and Weiss (1969) , Perrin-Fayolle
et al. (1971), and Neville et al. (1977); and as one among several bones by
Posner (1942), Franco-Saenz et al. (1970); Toomey and Bautista (1970,
Case 1), Lin et al. (1973), Zimmerman and Leeds (1976), Silver et al.
(1978 ) and Rohatgi (1980, Case 2). Most of these cases occurred in patients
already known to have sarcoidosis, in some florid and long-standing; e.g.
that of a 38 year-old black wom an, reported by Teirstein et al. (1961), who
for six months had had lacrimal gland enlargement and subcutaneous
nodules both showing sarcoid changes on biopsy, hepatomegaly, BHL, and
a positive Kveim test , when she developed frontal headache and swellings in
this area. Three oval areas of rarefaction were found in the skulI, and biops y
confirmed local sarcoid infiltration . In the case reported by Olsen (1963)
multiple transradiant areas were found in the parietal bone wh en a woman
aged 51 was investigated for persistent cervical lymph-node enlargement
and a swelling in the left labium major; biopsies from these three sites all
showed sarcoid-type granulomas; without treatment, alllesion s resolved in
18 months, Headache wh ich led to radiography of the skull showing many
areas of rarefaction in the fronte-parietal parts of the skull wa s a present
ing symptom in a 46 year old woman whose case was reported by Perrin
Fayolle et al. (1971 ); later BHL with fine mottling at the bases of the lungs,
regressing with corticosteroid treatment, made the diagnosis of sarcoidosis
probable. A swelling appearing shortly after a minor injury in the parieto
occipital region in a man aged 34 with no previous symptom was found by
Turner and Weiss (1969) to overlie an area of bone rarefaction; as described
above (p. 231) initial biopsy was thought suspicious of meningioma, but
material provided by a wide excision of bone was histologically compatible
with sarcoidosis.

In a few other cases, local soft-tissue swellings (Neville et al, 1977) or
headache (Nou, 1965; Rohatgi, 1980), drew attention to cranial lesions in
patients with sarcoidosis; bone surveys in patients found to have changes in
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other bones have occasionally revealed them; but in some reports, the
reasons for radiography of the skull which led to their discovery are not
stated. Radiographically, multiple areas of rarefaction, ranging from a few
millimetres to 3 cm in diameter have been found in most cases; only three
were seen in the case reported by Teirstein et al. (1961), and one in the
unusual case of Turner and Weiss (1969). Most ob servers have noted
the absence of reactive sclerosis; but Perriri-Fayolle et al. (1971 ) found
so me irregular peripheral sclerosis, and Silver et al. (1978) reported a case in
which widespread changes in bones, including the skulI, were radio
graphically dense.

Vertebrae

Although, as noted below, there are a number of reports of the finding of
granulomas in vertebral bone-marrow at necropsies in cases of sarcoidosis,
there are relatively few records of the detection of sarcoidosis of vertebrae
during life. In most cases, attention has been drawn to it by back-pairr in
patients with sarcoidosis. Cases in which vertebrae were the only detected
osseous localization of sarcoidosis have been reported by Robert (1944),
Rodman et al. (1959), Goobar et al. (1961), Zenem et al. (1963) and Stump
et al. (1976); and in association with evident involvement of other bones by
Bloch et al. (1968), Young and Laman (1972), Baldwin et al. (1974), Brody
et al. (1976), Zimmerman and Leeds (1976) and Cutler et al. (1978). The
case reported by Rodman et al. (1959) is quoted as an example of those with
vertebral involvement only.

A 33 year old black man, three years after a diagnosis of sarcoidosis had been
made because of lung changes and confirmatory cervical lymph-node biopsy,
presented with low back pain and fever. There was a generalized slight
enlargement of superficial lymph-nodes; hilar node enlargement and a diffuse
reticular pattern in the ehest radiograph; and evidenceof a lytic lesion of
adjacent parts of the bodies of the 11th and 12th thoraeie vertebrae . At
operation, a bone fusion was performed, and biopsy of tissue removed con
firmed the diagnosis of sarcoidosis. Improvement followed the operation
without further treatment.

The case recorded by Young and Laman (1971) provides an example of
more widespread bone involvement, predominantly in the vertebrae.

A 23 year old black man had a history of BHL, with sarcoid changes in a
scalene node biopsy, which had resolved. It was noted that the left 5th rib
became radio-dense anteriorl y during the follow-up period. He complained of
intermittent pain in the right eye, the only abnormality found being slight
proptosis . Survey of bones showed areas of abnormal density with thickening
of trabeculae in the righr sphenoid bones, the bodies of several vertebrae (C2;
C5, T6-10, L3-5, S1) and the medial parts of both iliac bones. The affected
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part of the left 5th rib was removed, and showed thickening of bone trabecu-
lae, with replacement of the marrow by cellular connective tissue with many
non-caseating granulomas. A Kveim test gave a granulomatous response. A
year later, there was no c1inicalor radiological change. The slight proptosis
remained unexplained, but the changes in the sphenoid bone suggest the
possibility of sarcoid infiltration of the orbital fat.

The generally sclerotic radiographic appearance of the affected bon es in
this case seems exceptional. In most cases, the changes have been described
as Iytic or destructive, in some with collapse or wedging of vertebral bodies
(Bloch et al., 1968; Stump et al., 1976; Cutler et al., 1978). Zenen et al.
(1963) described sclerotic changes in two vertebrae, with a small rarefaction
peripherally in one of them, and sclerotic margins to areas of rarefaction
have been noted (Bloch et al., 1968; Brody et al., 1976). Paravertebral soft
tissue shadows adjacent to affected vertebrae were found by Zenen et al.
(1963), Baldwin et al. (1974) and Stump et al. (1976); Zenen et al. noted
that this mass disappeared du ring an observation period of one year. Disc
spaces adjacent to affected vertebrae were narrowed in several cases (Bald
win et al., 1974; Brody et al., 1976; Stump et al., 1976; Cutler et al., 1978).

In several cases, the condition of affected vertebrae improved (Zenen et
al., 1963; Brody et al., 1976), or resolved (Berk and Brower, 1964) under
observation. Baldwin et al. (1974) observed symptomatic improvernent but
not radiological change in the spine, though BHL subsided, and, as noted
above, Young and Laman (1972) observed no clinical or radiological
change after one year. Responses to corticosteroid treatment appeared
favourable in the cases of Goobar et al. (1961) and Stump et al. (1976, Case
1), and doubtful in that of Bloch et al. (1968). Spinal fusion operations were
performed in cases reported by Robert (1944), Rodman et al. (1959), and
Zimmerman and Leeds (1976). The results were said to be satisfactory in
the first two of these. In the case of Zimmerman and Leeds, a white woman
aged 72 with 'biopsy-proved sarcoidosis', multiple Iytic defects were found
in the skull and later in the odontoid process of the second cervical vertebra
with a pathological fracture; surgical fusion was followed by quadriplegia
which later resolved; unfortunately, there is no record of the histology of the
bone.

Long bones

As noted above, in severallarge series of cases of sarcoid involvement of the
bones of the hands and feet, a few have been found to show localized
rarefactions in the distal ends of the bones of the forearm and lower leg, or
in carpal and tarsal bones.

Jordan and Osborne (1937) described two cases, both in black men with
widespread sarcoidosis and much cyst-like rarefaction in the bones of the
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hands and feet; one had similar changes in all the long bones of the limbs, and
the other in the head of the radius and the distal third of the ulna, confirmed
in both by biopsy from an affected long bone to have the histology of
sarcoidosis.

In other cases, long bones have been involved with skull or pelvis.

Posner (1942) reported the remarkable case of a two year old white girl with
loss of weight, fever, generallymphadenopathy, and a hypoplastic anaemia
with granulocytopenia, requiring blood transfusions. Radiography of bones
showed rounded areas of rarefaction in long bones and skull. Under observa
tion, diabetes insipidus developed. The Mantoux test was negative to 1:500
old tuberculin. At necropsy , non-caseating tubercles were found in the lungs,
liver, kidney, lymph-nodes and pituitary, and were especially numerous in the
spleen and bone-marrow; no acid-fast bacilli were seen in sections of the lung.
In a complex case reported by Toomey and Bautista (1970, Case 1), a white
girl aged 14 with sarcoidosis affecting mediastinal and peripherallymph
nodes and eyes, with hypercalcaemia, was found to have multiple areas of
rarefaction in skulI, humeri, and femora, shown by biopsy of the skull to be of
sarcoid histology; treatment with prednisone was followed by evidence of
recalcification . In the case of sarcoidosis of the skull reported by Franco-Saenz
et al. (1970), small rarefactions were found in both humeri; and in the case
of osteosclerotic changes affecting mainly the pelvic bones reported by
Bonakdarpour et al. (1971), the upper thirds of both femora were
similarly affected .

Watson and Cahen (1973) reported the case of a black woman with sarcoido
sis involving lungs, mediastinal and peripheral lyrnph -nodes, skin and nasal
mucosa in whom localized rarefactions in both olecranon processes were
observed. A fallied to fracture of the right olecranon; biopsy at an operation
for internal fixation showed non-caseating granulomas; six months later
because of non-union the olecranon was excised, with synoviectomy; there
was granulomatous synovitis, and infiltration of bone. On continued
treatment with prednisolone, there was good movement at the elbow 18
months later, but further rarefaction in the left olecranon.

Rohatgi (1980, Case 1) described the case of a woman aged 29 with fever,
joint pains, mediastinal and peripherallymphadenopathy, biopsy showing
sarcoid changes both in a lymph-node and a skin lesion on the nose; skeletal
survey showed widespread rarefactions in long bones and two metatarsals,
with periosteal reaction over lesions at the ends of both tibiae. Radio-isotope
scans showed increased uptake over areas of rarefaction, and also the femoral
condyles and some phalanges not showing such changes. Treatment with
prednisone led to relief of symptoms, but a repeat scan was unaltered.

Pelvic bones

Involvement of pelvic bones has been reported by Bloch et al. (1968),
Bonakdapour et al. (1971), Lin et al. (1973) and Silver et al. (1978), all
in black patients with extensive sarcoidosis. The patient described by Bloch
et al. (1968) was a boy aged 15 with a uveo-parotid syndrome, hepato-



Banes, Joints and Skeletal Musc1es 239
splenomegaly, hilar lymph-node enlargement and maculo-papular skin
lesions; he had pain in the back, cyst-like rarefactions with sclerotic margins
being found in the 11th and 12th thoracic vertebral bodies, with wedging,
and areas of rarefaction in the left ilium and ischial tuberosity and in some
proximal phalanges, and iliac crest and conjunctival biopsies showing sar-
coid granulomas. In this case, the bone changes were found at the clinical
onset of sarcoidosis. In the other three, they were found six months, 13
years and 19 years after the diagnosis of sarcoidosis, and the radiographie
changes consisted of areas of increased density. Biopsy of the iliac crest in
one of these (Bonakdapour et al.) showed thick cancellous bone with little
osteoblastic or osteoclastic activity, and scattered non-caseating granulomas
in the haemopoietic and fatty marrow. In this case, the bone changes, found
13 years from the onset, produced no symptoms; in the pelvis they were
located in the medial parts of the ilia, in the ischia and in the superior rami
of the pubis, and in the lateral parts of the sacrum; other bon es similarly
involved were the femora in their upper thirds and one phalanx. The patient
described by Silver et al. (1978) was a black woman who complained of
lower back pain 19 years after the diagnosis of sarcoidosis, and was found
to have dense areas in both iliac bones and in the skulI; 99 m technetium
pyrophosphate scan showed increased uptake in these areas and also in the
femora and ribs; biopsy from the iliac crest showed sarcoid granulomas;
treatment with prednisone led to relief of pain, but radiographie and
radioisotopic findings remained the same. The patient reported by Lin et al.
(1973) with diffuse osteosclerotic changes in the pelvis and sacrum, a black
man aged 36, ~omplained of back pain six months after the diagnosis of
sarcoidosis, but the lung changes were said to be fibrotic, suggesting a
longer duration of the disease; biopsy of iliac crest , lymph-node and a
Kveim test confirmed the diagnosis.

Ribs

Involvement of ribs was noted in conjunction with vertebral sarcoidosis in
cases reported by Young and Laman (1972), Baldwin et al. (1974), Stump et
al. (1976) and Cutler et al. (1978), and was detected by radio-isotope survey
in the case of extensive bone sarcoidosis reported by Silver et al. (1978) .
Radiographically, there may be localized rarefactions (Baldwin et al., 1974;
Cutler et al. 1978), or densities (Young and Laman, 1972). Baldwin et al.
performed an open biopsy of a rib which showed radiographically an
erosion of its lower boarder with an associated pleural reaction, and found
the periosteum oedematous and the rib soft, with many non-caseating
granulomas. As noted above, Young and Laman (1972) on biopsy of a rib
showing increased density found thickening of bone trabeculae and replace
ment of marrow by connective tissue and well-defined granulomas.
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Bone-marrow

As noted above, it is the marrow that is principally involved in sarcoidosis
of the bones. There are several reports of the finding of granulomas in
bone-marrow at necropsy, without evidence of bone changes during life.
Nickerson (1937) examined the vertebral bone-rnarrow in five cases of
extensive sarcoidosis, and found typical lesions in three ; they were sparse,
usually in small groups in haemopoietic tissue. He found sarcoid tubercles
in femoral bone-marrow in the one case in which it was examined, but none
in tibial marrow in another. Hollister and Harrell (1941) found granulomas
in the marrow of a vertebra and a rib; and Rubin and Pinner (1944) in a
black woman who had died of miliary tuberculosis after an illness starting
with uveo-parotitis, generalized lymphadenopathy and lung infiltration,
with negative tuberculin test and sarcoid histology in a lyrnph-node biopsy,
found both fibrosing and caseating granulomas.

The first reference to the diagnostic use of sternal puncture in sarcoidosis
appears to have been by Dressler (1938) . He described the case of a man
with hilar lymph-node and lung changes and splenomegaly, in whom the
material obtained by sternal puncture contained two clearly defined sarcoid
tubercles. Lucia and Aggeler (1940) examined sternal marrow in three cases
of sarcoidosis, and found no specific changes. Gormsen (1948) found
epithelioid cell granulomas in sternal marrow obtained by puncture in ten of
39patients with sarcoidosis, all of five with miliary tuberculosis, and 15 of
22 with brucellosis. He considered that sarcoid granulomas could not be
differentiated from non-caseating tubercles, but that in most instances the
granulomas of brucellosis could be distinguished from caseating or non
caseating tubercles. In 31 patients with pulmonary tuberculosis, neither
miliary in type nor terminal, he found no granulomas; but among 20 who
had died of pulmonary tuberculosis, examination of the sternal marrow at
necropsy showed tubercles in eight.

Joints

The most frequent form of involvement of the joints in sarcoidosis is the
febrile arthropathy which may occur in the early stage of bilateral hilar
lymph-node enlargement, either as an accompaniment of erythema nodo
sum, or especially in men, without this exanthem (Chapter 5). This usually
involves several joints , has the clinical characters of an inflammatory pro
cess, and usually resolves spontaneously; limited evidence available suggests
that it is not granulomatous, and in the following discussion it will be called
acute polyarthritis. Two sorts of more chronic arthropathy may occur at a
later stage. There are involvement of joints adjacent to affected bones,
especially in the hands and feet, and granulomatous infiltration, principally
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of synovial membranes. Both these sorts of chronic arthropathy have been
reported more frequently in blacks than in other ethnic groups, in which
they are rare; and are less frequent even in blacks, than the early acute
polyarthritis. Gumpel et al. (1967) observed joint changes in 45 of 118
patients in Baltimore with sarcoidosis, most of whom were black. They
recognized a transient polyarthritis at or near the onset in 29, of whom
two-thirds had erythema nodosum; and a less widespread chronic arthro-
pathy later in the course in 16. Siltzbach and Duberstein (1968) reviewed
joint changes observed in 311 patients with sarcoidosis. Arthropathy
thought to be unrelated to sarcoidosis occurred in four; 38 had joint
changes related to sarcoidosis. In 30 of these there was an acute poly
arthritis, associated with erythema nodosum in 21; in eight, the arthritis
was chronic. In this series, in New York, the frequency of the erythema
nodosum-acute arthropathy syndrome was highest in Puerto Rican (30%),
lowest in black (6%), and intermediate (10%) in white patients. Both these
series contained a high proportion of black patients; the incidence of
chronic arthropathy in series consisting wholly or predominantly of white
patients is much lower, joint changes tending to be exclusively of the acute
transient sort. Thus, in Finland, Putkonen et al. (1965b) found polyarthritis
of this sort in 23 of 94 patients with sarcoidosis, none having chronic
sarcoid arthropathy; one had definite and one probable rheumatoid arthri-
tis, a frequency similar to expectation.

Acute polyarthritis

The acute arthropathy that accompanies erythema nodosum in the early
stages of sarcoidosis is discussed in Chapter 5. Its severity varies from case
to case; it may occur without erythema nodosum, and seems to be cognate
with erythema nodosum in the course of sarcoidosis. In some populations it
occurs alone in a higher proportion of cases of EN-acute arthropathy-BHL
in men than in women. The joints most frequently affected are the ankles,
knees, small joints of the hands and feet, wrists, and elbows, though the
shoulders and hips may be involved (Williams, 1961; Gumpel et al., 1967).
In mild cases, there may be no objective signs, pain and stiffness in the joint
being the only evidence; in the more severe, swelling, tenderness and limita
tion of movement are found. Joints are usually affected symmetrically;
various groups may be affected consecutively, but migration from one joint
to another, as may occur in rheumatic fever, is rare . Painful oedematous
swelling of the an kies may occur, with or without erythema nodosum,
especially in patients who remain ambulant (Gumpel et al., 1967). The
duration of the arthropathy varies greatly; it may clear within a few weeks,
but may persist for several months. The symptoms respond nearly always to
non-steroidal anti-inflammatory drugs (Chapter 27); corticosteroids are
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rarely, if ever, required for the suppression of this sort of inflammatory
arthropathy in sarcoidosis.

There is little information about the pathology of this acute self
terminating arthropathy, since there can rarely be a valid indication for
biopsy. Ferguson and Paris (1958) reported a case of typical febrile arthro
pathy, BHL and lung infiltration with histological evidence of sarcoidosis in
a scalene node biopsy and in a Kveim reaction, and eventual complete
resolution; in this case biopsy of the synoviaI membrane of the knee showed
only an infiltration of mononuclear cells around small blood-vessels and
into the synovial layer, no specific changes being found. Siltzbach and
Duberstein (1968) performed biopsy of the synovium of the knee in the
tenth week after the onset of a typical EN-arthropathy-BHL syndrome in a
16 year old girl, and found normal synovium.

A few cases in which acute polyarthritis has recurred du ring the course of
sarcoidosis have been reported. Moreau (1949) reported two cases, and
Ridley (1957) one case with recurrent episodes of febrile arthropathy and
generalized lymph-adenopathy leading eventually to the appearance of
multiple sarcoids of the skin, histologically confirmed. Erythema nodosum
occurred in the second episode in one, and in the first in the other of
Moreau's cases, but not in Ridley's. These appear to be cognate with the
rare cases of recurrent erythema nodosum (Chapter 5, p. 96).

Joint changes accompanying bone involvement

When the small bones of the hands and feet are severely affected, the
intervening joints are frequently involved also. In thse circumstances, con
fusion with primary diseases of joints is unlikely, especially when, as is the
rule, there are also changes of lupus pernio type in the overlying skin. Very
occasionally, the bone changes may present an untypical appearance and if,
in such cases, there are no skin changes, the clinical picture may resemble
that of rheumatoid arthritis.

Two eases reported by Moyer and Aekerman (1950) illustrate this point. In
one, the diagnosis of sareoidosis rested upon symptomlessBHLwith lung
infiltration and histologieal ehanges in a eervieallymph-node; radiologieally,
the hands showed osteoporosis, narrowing of joint spaees,erosion of inter
phalangeal joint spaees, but no eystierarefaetions, and the possibilityof
coineidental rheumatoid arthritis was not excluded. In the other, there were
similar but more severeradiographie ehanges in the hands, with gross defor
mity, and at first no skin ehanges. Coneomitant eystierarefaetions in the heads
of several metaearpals, and the later appearanee of multiple skin sareoids,
histologieallyproved, espeeially over the affeeted joints, left no doubt that the
joint ehanges were of speeifieally sareoid eharaeter.

Synovitis of tendon sheaths may occur in association with lupus pernio, as
in Besnier's original case (p. 1), and it is probable that granulomatous
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changes in tendon-sheaths and in the synovium of joints adjacent to affected
bones contribute to the soft tissue swelling which occurs in some cases of
sarcoidosis of the bones of the hands.

Chronic arthropathy

Chronic changes may occur in JOInts without evident involvement of
adjacent bone, but are rare; as noted above, most of the reported cases have
been in black patients. Sokoloff and Bunim (1959) reported five cases of
sarcoidosis with conspicuous polyarthritis, all in young black men. In three,
the joints were affected early in the clinical course, and in two about two
years after other symptoms. In all the patients several other systems were
involved and histological evidence of the disease was obtained from at least
one site other than the joints . In three the joint symptoms had persisted for
periods up to eight years, and involved large as well as small peripheral
joints. Biopsies of synovia I tissue from the knee (three cases) and the elbow
(one case) showed non-caseating tubercles, typical in three and compatible
with sarcoidosis in one . In the fifth case, with five brief episodes of polyar
thritis in three years, biopsy from the wrist showed non-specific changes in
the synovial tissue . One patient had, in addition to the polyarthritis, severe
changes in the hands associated with lupus pernio, and another had some
cystic change in phalanges of the feet; but there was no radiographic
evidence, either in these or in other cases, of destruction of bone in the
vicinity of the involved joints, including those from which tissue for biopsy
was obtained. Serological tests for rheumatoid arthritis and search for lupus
erythematosus cells were both negative. Bianchi and Keech (1964) studied
12 patients, all black, with sarcoidosis and chronic joint changes . Biopsies
of synovium from affected joints were obtained in six; five of these showed
sarcoid-type granulomas in addition to synovitis with hypertrophy of lining
cells. Spilberg et al. (1969) studied seven selected patients with arthropathy
appearing during the course of sarcoidosis, seven months to six years from
the onset; none with persistent arthritis had erythema nodosum. They noted
tenosynovitis at the wrists in two; tendon sheath biopsies showed granulo
matous changes .

Grigor and Hughes (1976) reported the case of a Nigerian man, aged 34, in
whom ehronie symmetrieal polyarthritis of the knees, ankles, interphalangeal
joints and extensor rendon-sheaths at the wrists was the presenting feature ;
rheumatoid and anti-nuclear factors were not found; small plaques of skin
infiltration appeared on the back, and old sears beeame infiltrated, slight
enlargement of superficiallymph-nodes and of the spleen and diffuse radio
graphie shadowing in the lungs were found, and the diagnosis of sareoidosis
was established by the finding of granulomas in biopsies of skin, tendon
sheath synovium and a Kveim test.
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Bjarnason et al. (19 73 ) reported rhe ease of a blaek wornan, aged 51, who had
been treated with prednisone for one year for sarcoidosis, with BHL , lung
ehanges and hepatosplenornegaly, when she presented with pain and stiffness
in the knees; there was radiographie evidenee of bone atrophy in the lateral
eondyles of the femora with a small sequestrum; under observation these
ehanges progressed to extensive destruction of the epiphyses; arthroscopy
showed hypertrophied synoviurn, and biopsies of it and of bone from the
femoral condyle showed granulomas. In this case, it seems possible that
corticosteroid treatment may have been a factor in thedestructive changes in
bone.

In a review of 154 patients with sarcoidosis in South Africa, of whom 30
were black, 27 white and 102 of mixed race, Benatar (1980) found 'deforrn
ing arthritis' in two black patients and none in the other two groups, and
stated that it was recorded in 15 of 56 published cases of sarcoidosis in
South African blacks. lt appears, however, that this term refers to changes in
the hands secondary to bone involvement as described by Morrison (1974).

Polyarthritis in children

Single cases of polyarthritis in young children with extensive sarcoidosis
have been published by Burman and Mayer (1936), Zweifel (1946), Castel
lanos and Galan (1946), Schweizer and Kanaar (1967) and Toomey and
Bautista (1970, Case 2), and six cases from several centres in the United
Stares and Canada by North et al. (1970). In all these 11 cases, the disease
starred at a very early age, the first evidence of sarcoidosis appearing
between four months and four years of age, and of arthropathy between
nine months and four and a half years. All but one were reported to have
skin eruptions, generally widespread, and described as confluent papules or
macules, and confirmed to be granulomatous on biopsy ; in two cases
subsidence of this eruption, either under corticosteroid treatment (Schweiz
er and Kanaar, 196 7) or spontaneously (North et al., 1970) left slightly
atrophie macules. All but two had uveitis, and salivary glands were noted to
be involved in five. Hypercalcaemia was noted in two, and band kerato
pathy in three more; and splenomegaly in four. In only three was involve
ment of the lungs mentioned; Castellanos and Galan found miliary shadows
in their case, and North et al. transient infiltration in one, and persistent
lung changes with cardiac decompensation in another of their six cases. The
joints most commonly affected were an kIes, wrists, knees, elbows, the
meracarpo-phalangeal and interphalangeal joints being also involved in a
few cases. Tendon-sheaths at the wrists or the dorsum of the hands were
noted to be involved in some. The diagnosis of sarcoidosis was established
by biops y from other sites in all, from multiple sites in most, and from
biopsy of synovium from large joints or from tendon-sheaths in most cases.
The resemblance of the clinical picture of the joint changes to that of Still's
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disease was remarked by several authors, but the florid signs of sarcoidosis
e1sewhere were unmistakable.

The case reported by Schweizer and Kanaar (1967) exemplifies this peculiar
group of cases. A male child aged 18 months developed an eruption of
closely-packed papules on shoulder and hip areas, extending to trunk and
face, biopsy repeatedly showed sarcoid-type granulomas. Shortly afterwards
both ankles and the proximal phalanges of the fingers, and later the knees and
wrists became swollen. At the age of two and a half, he was found to have
hypercalcaemia; biopsy of the knee capsule showed granulomatous inflamma
tion. Treatment with prednisone led to rapid subsidence of the eruption,
leaving slightly atrophie macules in the skin, and of the joint swelling, and
normocalcaemia. This improvement was maintained only by continuation of
lower doses, but at the age of five, bilateral iridoc yclitis appeared, and was
controlled by local corticosteroid treatment. Growth and development
remained normal; a younger brother developed skin sarcoids about the time of
the report.

The case of a Cuban child, reported by Castellanos and Galan (1946) is of
interest becau se of its termination. This boy developed a polyarthritis resemb
Iing Still's disease at the age of three, and later a maculo-erythematous rash on
the face and arms. At the age of six, he was found to have generalized
lymph-node enlargement, splenornegaly and swelling and limitation of move
ment of large joints ; miliary shadows in the ehest radiograph; tuberculin test
with 100 IU negative; and biopsy showed non-caseating granulomas with
some hyalinization in subcutaneous tissue and skeletal muscle, and chronic
inflamrnatory changes in synovial membrane of the knee. Four months later, a
pleural effusion appeared, and ruberculosis of the dorsal spine developed ,
followed by death from tuberculous meningitis.

Associated arthritis of other types

It is to be expected that sarcoidosis will occasionally be associated by chance
with one of rhe common varieties of arthritis. Davis and Crotty (1952)
described the case of a 24 year old woman who had both sarcoidosis, with
BHL, lung infiltration, and a histologically typical skin lesion on the fore
head, and rheumatoid arthritis with characteristic joint changes and a
histologically proved rheumatoid nodule on the e1bow. In a patient under
the care of one of us, chronic sarcoidosis was accompanied by mild arthritis
of rheurnatoid type, with histologically-confirrned rheumatoid nodules over
the olecranon processes (Clinico-pathological Conference, 1950). In
another ankylosing spondylitis and sarcoidosis co-existed (p. 213) . As noted
above, Putkonen et al. (1965b) found two patients with rheumatoid arthritis
among 94 with sarcoidosis. Siltzbach and Duberstein (1968) in the series of
311 patients in which the y found 38 with joint changes attributed to
sarcoidosis found one with systemic lupus erythematosus, one with osteo
arthritis, and two with transient arthritides, unspecified.
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SKELETAL MUSCLES

The first published case of sarcoidosis of skeletal muscle appears to have
been that of a 17 year old girl demonstrated at the Moscow Dermatological
Society by Licharew (1908). She had lupus pernio, an enlarged spleen, and
multiple nodules in muscles. Since then, many cases of sarcoidosis involving
muscles have been reported. In only a few of these did the muscle involve
ment take the form of symptomless nodules, as in Licharew's case. In most,
the clinical picture was that of a polymyositis with widespread weakness,
usually with wasting, and occasionally with additional features such as
fibrosis and induration, contractures, palpable nodules, and , rarely, pseudo
hypertrophy. In 1952, Myers et al. first reported that in cases of act ive
sarcoidosis granulomas might be found in clinically normal muscles. Since
then, it has become evident that such symptomless infiltration of muscles is
probably frequent, although clinically evident muscle involvement is rare . In
the following discussion, 'random muscle biopsy' refers to biopsy of a
muscle showing no clinical evidence of disease.

Clinically inapparent granulomas in muscles

Myers et al. (1952) reported four cases of early active sarcoidosis with fever,
arthralgia, erythema nodosum in three, bilateral hilar lymphadenopathy in
all, and such other manifestations as uveitis, palpable enlargement of
lymph-nodes, and splenomegaly each in one or more. Biopsies of gastrocne
mius muscle in three of these all showed epithelioid and giant-cell granulo
mas of sarcoid type, although there were no symptoms specifically referable
to muscles. Similar findings in random muscle biopsies in patients with
active sarcoidosis were reported by Powell (1953), Maurice (1955), Lafon et
al. (1955), and Phillips and Phillips (1956). Wallace et al. (1958) performed
random muscle biopsies in 42 patients with sarcoidosis with histological
support from biopsies from other sites in 32 and from Kveim tests in ten.
Although most of the biopsies were from gastrocnemius, some were from
other muscles (pectoralis, sternomastoid, platysma and other neck muscles).
Twenty-three of the 42 showed sarcoid granulomas in muscle. Of six with
erythema nodosum or febrile arthralgia and BHL, five had positive muscle
biopsies. The more organs involved, the more likely were the muscles to be
found to be infiltrated. Of 552 muscle biopsies, only one showed a sarcoid
type granuloma without clinical evidence of sarcoidosis elsewhere.

These observations suggest that symptomless infiltration of muscles with
sarcoid granulomas is frequent in active sarcoidosis, and that this resolves
in the great majority of cases in the natural course of the disease. In
this respect, the course of events in the muscles is similar to that in the
liver (p. 260).
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Palpable nodules in muscles

Licharew's (1908) case has been mentioned above . There are only a few
descriptions of cases in which palpable nodules were the only clinical
evidenee of sareoidosis of muscles. Sundelin (1925) described the case of a
man with uveitis, radiographie ehanges in the bones of the fingers and
symptomless nodules in the muscles of the limbs, head and neck, whieh on
biopsy showed hard tuberdes, many elongated in the direetion of the muscle
fibres; power in the affeeted muscles seemed normal. Of the six eases
deseribed by Powell (1953), three, all with sareoidosis involving hilar
lymph -nodes, lungs and other organs, showed multiple nodules in musdes.
More frequently, however, palpable nodules have been found in assoeiation
with weakness or other symptoms referable to musdes.

Figure 9.5 shows the histology of a palpable sareoid nodule in the trieeps
braehialis of a man aged 40; the only other manifestation was bilateral hilar
lyrnph-node enlargement.

Symptomatic granulomatous polymyositis

In most of the reported eases, symptoms arising from the muscles have been
the presenting feature, and in some no unequivoeal evidenee of granuloma-

Figure 9.5 Biopsy of a palpable nodule in the trieeps muscle of a man aged
40, who also had bilateral hilar Iymph-nodc enlargement. H & E. x 100.
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tous ehanges in other organs have been found, leaving legitimate doubt
about the diagnosis of sareoidosis. Among patients with known sareoidosis,
symptomatie granulomatous myopathy is rare, eontrasting with the
frequeney of symptomless transient granulomatous infiltration. Silverstein
and Siltzbaeh (1969) reviewed 800 patients with eonfirmed sareoidosis;
severe persistent sareoid myopathy oeeurred in two; one with febrile arthro
pathy and BHL had muscle pain and tenderness whieh proved to be
transient, and was found to have granulomas in the gastroenemins muscle
on biopsy; and in eight, all with extensive, aetive sareoidosis, but no muscle
symptoms, random muscle biopsies showed granulomas.

The muscles most frequently involved are those of the limb girdles and the
proximal parts of the limbs, though any muscle may be involved. Some
eases have presented with progressive wasting and weakness of muscles.
Cases of this sort in patients with evidenee of sarcoidosis elsewhere have
been reported by Bates and Walsh (1948), Bammer (1958), Crompton and
Macfrerrnott (1961, Cases 1 and 2), Rothfeld and Folk (1962), Dyken
(1962), Pauli et al. (1969), Dumas et al. (1971, Case 1) Groslambert et al.
(1971), Powell-Jaekson et al. (1971), Callen (1979) and Khan et al. (1981).
The relationship of the myopathie to other manifestations varied from an
established diagnosis of sareoidosis followed years later by muscle weakness
and wastihg, to diagnosis of sareoidosis only at neeropsy in a patient
presenting with myopathy. The patient reported by Powell-Jaekson et al.
(1971) was a woman who, seven years after sareoidosis had been diagnosed
by the finding of symptomless radiographie lung shadows and lymph-node
biopsy, developed weakness and wasting of proximal shoulder and pelvie
girdle muscles, biopsy showing non-caseating granulomas. Case 1 of
Crompton and Macl.iermott (1961) was that of a woman who presented
with weakness of the legs, and later the arms, thought to be attributable to
polymyositis, but not responding to eortieosteroid treatment; she died
suddenly three and a half years from the onset, and at neeropsy was found
to have widespread granulomatous ehanges in muscles, and in lungs, lymph
nodes and spleen. In some eases, other manifestations of sareoidosis have
appeared simultaneously with the myopathy; Khan et al. (1981) reported
the ease of a West Indian man aged 30, who presented with proximallimb
muscle weakness, and was found to have a harsh pulmonary systolie murrnur
due to eompression of the pulmonary artery by an enlarged Iyrnph-node at
the hilum of the left lung. Muscle biopsy showed sareoid granulomas, and
eortieosteroid treatment was followed by symptomatic improvement, fall of
high ereatine phosphokinase levels to normal, subsidenee of the enlarged
hilar node, and disappearanee of the systolie murrnur. In eases reported by
Weinberger (1933), Bates and Walsh (1948), Powell (1953, Case 1), Coers
et al. (1956), Garein and Lapresle (1958), and Crompton and MaeDermott
(1961, Case 1), pain and tenderness in affeeted muscles and, in some, fever
suggested a polymyositis rather than a myopathy or progressive muscular
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atrophy; in all of these there was evidence of systemic sarcoidosis, either
clinically or at necropsy.

Cases of granulomatous myopathy without detected manifestations of
sarcoidosis elsewhere have been reported by Snorasson (1947), Devic et al.
(1955), Warburg (1955), Ammitzbell (1956), McConkey (1958), Brun
(1961), Harvey (1959), Kryger and Ronnov-Jensen (1959), Crompton and
MacDermott (1961, Case 3), Hinterbuchner and Hinterbuchner (1964),
Talbot (1967), Dumas et al. (1971, Case 2), Gardner-Thorpe (1972) and
Douglas et al. (1973, Case 2). In most of these, the pattern of the myopathy
resembled that most commonly seen in patients shown to have concurrent
other manifestations of sarcoidosis, and in some there was a past history of
disorders, such as uveitis, which might have been of sarcoid character.
Moreover, in some of the cases with necropsy evidence, onl y late residues of
sarcoidosis were found in other organs; e.g. in Case 2 of Crompton and
MacDermott (1961), giant cells with conchoidal bodies in the lungs were
the only remaining evidence of granulomatous changes apart from those in
muscles. This suggests that in some cases granulomatous myopathy may be
a persistent localization of active granulomas in muscles after those in other
organs have become inactive or resolved in patients who have passed
through the active generalized stages of sarcoidosis without obvious syrnp
toms. A similar pattern of events is known to occur in relation to other
localizations of sarcoidosis; and as in other organs, a provisional diagnosis
of granulomatous myopathy is advisable in the absence of at least suggestive
evidence of past or present other manifestations of sarcoidosis. The problem
of differential diagnosis in such cases has been discussed by Hewlett and
Brownell (1975). Gardner-Thorpe (1972) had drawn attention to the high
proportion of post-menopausal women among patients presenting with
chronic granulomatous myopathy. He reported six cases in women aged
from 56-75 years with widespread weakness in limb and limb-girdle rnus
cles and granulomatous inflammatory changes in the muscles on biopsy; the
only evidence of other localizations of sarcoidosis were enlarged hilar
shadows in one, and a single sclerotic epithelioid and giant-cell granuloma
in a liver biopsy in another of these patients. As weil as weakness and
wasting, affected muscles may show other abnormal signs. Patients reported
by Snorasson (1947), Warburg (1955) and Brun (1961) presented with a
picture of indolent progressive fibrosing myositis, with nodules, contrac
tures and knotty thickenings in the muscles. In none of these was evidence of
sarcoidosis found clinically outside the muscles, the diagnosis being sug
gested by biopsies of affected muscles .

A fcw cases in which granulomatous myopathy in patients with sarcoido-
sis caused pseudo-hypertrophy have been recorded.

Mueha and Orzeehowski (1919) reported the ease of a woman, aged 30, with
slowly developing diffieulty in walking and myalgia, in whom the affeeted
muscles of rhe legs and shoulder girdles were in part atrophie and in part
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pseudo-hypertrophic; she had typical skin sarcoids and the muscles showed
hard tubercles on biopsy. Ozer et a/. (1961) described the case of a black
woman, aged 55, who had hard masses apparently in muscles in both groins,
both thighs and one forearm ; the lumbar muscles were swollen and indu
rated ; she also had a peripheral neuropathy. Biopsies of one of rhe masses and
of apparently unaffected gastrocnemius muscle showed a sarcoid-type granu
loma. She died suddenly of a pulmonary embolism, and at necropsy sarcoid
changes were found in the lungs, spleen, rnuscles, lymph-nodes, stornach and
pancreas, and in the perineural sheath s of lumbar nerves. In Case 1 of Douglas
et al. (1973), a woman aged 59 presented with a fivemonth history of fever
and stiffness and weakness of leg muscles; the weak muscles were swollen,
simulating pseudo-hypertrophy, and biopsy showed exuberant sarcoid-type
granulomas between normal-looking muscle fibres; there was proteinuria,
renal biopsy showing resolving glomerulonephritis. Prednisolone treatment
led to improvement with reduction in the swelling of the muscles. Two years
later, she died of pulmonary embolism, and at necropsy granulomas were
found in muscles, Iiver, spleen, lymph-nodes and bones. The remarkable case
recorded by Furtado and Carvalho (1947) as ' tuberculose musculaire' in a boy
aged six seems better categorized as granulomatous myopathy of sarcoid type.
This boy's development had been delayed since the age of two, and he had
shown increasing rigidity of the limbs from the age of four. The affected
muscles of the shoulder girdle, upper arms and thighs were larger than normal
and indurated. The facial muscles were contracted and the frontal muscles
large and indurated. Several muscle biopsies showed elongated epithelioid and
giant-cell granulomas between the muscle fibres.

In a number of eases of sareoidosis in whieh skeletal muscle has been found
at neeropsy to be involved, myocardial sarcoidosis was also found. Bates
and Walsh (1948) reported the ease of a blaek man, aged 31, who had
widespread atrophy of skeletal muscle, uveoparotitis, and BHL, and died
suddenly; at neeropsy, there was very widespread sareoidosis in many
organs including the skeletal muscles and the heart, in whieh both ventricles
were extensively infiltrated. In one of the six eases of sareoidosis of skeletal
muscle reported by Powell (1953), sareoid lesions were found in the walls of
the superior vena eava and the pulmonary veins in one; and Powell stated
that of seven eases then reeorded in whieh sareoidosis of skeletal muscle had
been found at neeropsy, six also had myoeardial involvement.

Assoeiation of widespread muscle ehanges with nervous system involve
ment may give rise to eonfusing clinieal pietures, as in the two eases
deseribed by de Morsier et al. (1954), and mentioned in Chapter 14
(p. 313). One of these mimieked amyotrophie lateral scleros is. Krabbe
(1949) reported the ease of a man with peripheral neuropathy, eerebellar
signs, and nodules in the limb muscles, eonsisting of epithelioid and giant
eell granulomas. Adams et al. (1962) refer briefly to a ease of sareoid
infiltration of muscle eombined with polyneuritis, presumably of sareoid
origin. In Case 2 of Douglas et al. (1973) eleetromyography suggested
mixed myopathie and neuropathie ehanges .
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Treatment

As would be expected in view of the differing stages of sarcoidosis at which
involvement of muscles may be found , and of the varying pathology of the
muscles, response to corticosteroid treatrnent is variable. Gardner-Thorpe
(1972), reviewing published reports and his own six cases, thought that a
useful response had been obtained in 20 and no benefit in six. In most of the
cases in wh ich improvement has been observed, it has been necessary to
continue 'maintenance' treatment to avoid relapse, and , especially in the
post-menopausal women who constitute a high proportion of those with
chronic sarcoid myopathy, this is apt to have side-effects necessitating
discontinuance.

Diagnostic difficulty may occasionally arise when myopathy appears in
patients with sarcoidosis under treatment with corticosteroids, since corti
costeroid myop athy commonly has a proximallimb and limb-girdle distri
bution similar to that seen in many cases of sarcoid myopathy. One of us
has observed a patient who developed weakness of the proximal muscles of
the limbs while under treatment with triamcinolone for pulmonary sar
coidosis . Muscle biopsy showed no granulomas, and cessation of triamcino
lone was followed by return of power in the affected muscles.

In summary, the available evidence suggests that infiltration of muscle by
sarcoid granulomas, causing no symptoms, is frequent in the early active
phase of sarcoidosis, especially those with an acute onset with fever, arth
ralgia or erythema nodosum. Wallace et al. (1958) described the histological
changes at this stage as consisting in sarcoid granulomas usually next to
blood-vessels but also in the muscle sheaths; adjacent muscle fibres may
show some atrophy and there is usually slight lymphocytic infiltration.
Presumably this early infiltration resolves uneventfully in most cases. In a
small minority, especially of those with progressive sarcoidosis elsewhere,
the muscle infiltration remains active and extends, causing the symptoms of
a polym yositis. In most cases this affects principally the proximal parts of
the limbs and the limb girdles, sometimes with palpable nodules in the
muscles. In an even small number, a picture of chronic painless atrophic
myopathy develops , and in these the sarcoidosis may be confined , as far as
clinical observations go, to the muscles. Histologically, in the progressive
symptomatic types of muscle involvement the sarcoid granulomas tend to be
elongated between muscle bundles ; giant cells and Schaumann bodies are
frequently seen; there is atrophy, fatt y degeneration, and fibrosis of muscle
fibres; and lymphocytic infiltration may be prominent. In the late stages,
contractures may develop, and, very rarely, pseudo-hypertrophy has been
reported.



Chapter 10

Superficial Lymphadenopathy

INCIDENCE

Enlargement of superficial Iymph-nodes is a frequent finding during the
course of sarcoidosis. As with other rnanifestations, the proportion of cases
in which it has been reported varies from series to series, for several reasons.
Ir seems likely that the true incidence varies with the racial composition of
the series; and that the recorded incidence varies with the thoroughness and
frequ ency of clinicalexamination and with the examiner's opinion of wh at
constitutes enlargement of Iymph-nodes, especially in such sites as the axilla
and the groin. Series reported from the United Stares, and including many
black patients, show a high proportion with evident superficial lymph
node enlargement; e.g. Reisner (1944) all of 35 patients, Ricker and Clark
(1949) 74 % of 300, Riley (1950) all of 52 cases, Longcope and Freiman
(1952) 80 % of 142, Israel and Sones (1958) 69 % of 160, and Mayock et al.
(1963) 76% of 145 . In reports from Europe, the incidence has generally
been lower: e.g. Nitter (1953 ) 31 % of 90 patients, ]ames (1956) 37 % of
150, and Smellie and Hoyle (1960) 30 % of 125. Cowdell (1954) reported
peripheral lymphadenopathy in 82% of 90 cases, but his series included a
large proportion discovered through a Lymph-Node Registry. ]ames et al.
(1976) in a survey of 3676 patients reported from 12 centres around the
world found that lymphadenopathy was noted in 808 (22%) . Mikhail et al.
(1980) noted palpable lyrnph-nodes, predominantly axillary and /or cervical ,
in 7.7 % of 401 patients presenting with sarcoidosis at a general hospital in
London.

Lymph-nodes in any group may be involved, the cervical most frequently,
followed by the axillary. Lötgren and Lundback (1952) found cervical
nodes palpable in 55 (26%) of 212 cases of bilateral hilar Iymph-node
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Table 10.1 Sites of palpably enlarged superficiallymph-nodes in 85 out
of 275 cases of sarcoidosis.

Neck
anterior triangle only
posterior triangle only
anterior and post erior triangles

Axillae
Epitrochlear
Groins
Pre-auricular

3
43
15

61

36
18
11

1

enlargement attributed to sarcoidosis; those in the supraclavicular fossa,
especially on the right side, were most frequently affected. Longcope and
Freiman (1952) among 52 patients with sarcoidosis, mostly black, in Boston
found cervical nodes enlarged in 28, axillary in 16, inguinal and femoral in
14, and epitrochlear in six; in the neck, nodes in the anterior triangle, below
the jaw, were frequently affected. In aseries of 275 patients with sarcoidosis
in London, one of us (JGS) found enlarged superficial lymph-nodes in 85
(31%). In nine, all four principal groups - cervical, axillary, epitrochlear
and inguinal- were affected , and in six more, nodes in three of these groups
were abnormally palpable. But in most cases, nodes in only one or two
groups seemed abnormal. The group most frequently involved was the
cervical, followed by the axillary, the epitrochlear and the inguinal, in that
order (Table 10.1).

In the neck, the nodes of the posterior triangle, and especially those just
above the clavicles, were most frequently affected; when those of the anter
ior triangle were affected, it was usually in association with those of the
posterior triangle, and in only three cases were anterior triangle nodes alone
palpable. Epitrochlear nodes were enlarged in about one-fifth of the patients
with palpable superficial lymph-nodes. The proportion in which inguinal
nodes were recorded as enlarged was less than that reported by Longcope
and Freiman (1952); this difference may be in part a reflection of difficulty
in deciding whether palpable nodes in this site should be regarded as
abnormally large . Another difference between the London and the Boston
patients was that in London the anterior triangle of the neck was less
frequently involved .

CLINICAL CHARACTERISTICS

The superficial lymphadenopathy of sarcoidosis generally gives rise to no
more than slight enlargement of the affected nodes, and is found in the
course of clinical examination. In some cases, the enlargement is sufficient
to attract the patient's attention, or even to cause a visible swelling. They
may thus constitute a presenting feature, as in ten of Scadding 's 275 cases.
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Sarcoid lymph-nodes are characteristically discrete, firm and elastic, mobile,
not adherent to skin or to deeper structures, painless and not tender. Of the
two varieties of enlarged lyrnph-nodes with which they are most likely to be
confused, they generally resemble those of Hodgkin's disease more than
those of caseating tuberculosis both in clinical characteristics and in their
preferred sites; but exceptionally they may form confluent masses, partially
adherent and, especially if located in the anterior triangle of the neck,
resemble those of caseating tuberculosis.

Very occasionally, lyrnph -nodes enlarged by sarcoidosis become painful.
Inguinal nodes may become large enough to cause discomfort. This may be
associated with symptomatic involvement of abdominal lymph-nodes
(Chapter 17, p. 377) . We have seen one patient, under the care of Dr K. M.
Citron, with long-standing sarcoidosis of which painful enlargement of
inguinal and cervical lymph-nodes became a prominent feature. This
woman's illness began with uveitis and BHL, and lymphadenopathy affect
ing cervical, inguinal and abdominal lymph-nodes became apparent nine
years from the onset. Tenderness and pain in the superficial lymph-nodes,
especially in the groins, were a troublesome feature, Control of this by
corticosteroids was made difficult by diabetes; eventually, the most painful
group, in the right groin, was removed surgically, with relief of symptoms.
Other features of sarcoidosis in this patient were hypercalcaemia and
narrowing of the right middle and apical lower bronchi.

DIFFERENTIAL DIAGNOSIS

Diagnosis rarely remains long in doubt, both because associated clinical and
radiological features are likely to give a clue to it, and because removal of a
node for biopsy is a simple and safe procedure. It is a possibility, though a
remote one, for local sarcoid reactions in lymph-nodes (Chapr-r 2) to cause
confusion; and histology may be equivocal between sarcoidosis and caseat
ing tuberculosis. Zettergren (1954) in an extended study of the histology of
lyrnph-nodes containing tuberculoid granulomas emphasized the difficulty
of distinguishing between sarcoidosis and caseating tuberculosis of the
chronic hyperplastic type, and found that necrobiotic changes in sarcoid
granulomas were more prevalent in lymph-nodes from patients with recent
acute sarcoidosis. Among lymph-nodes obtained by mediastinoscopy from
250 patients with sarcoidosis, Carlens et al. (1974) found 15 in which the
degree of granular necrosis was difficult to distinguish from caseation; all
came from patients with an acute febrile illness, many with erythema
nodosum or arthropathy, and six with positive tuberculin tests . Thus histo
logical findings in lyrnph-nodes must be supported by a compatible clinical
picture and course, or by evidence of granulomas in other organs or at a
Kveim test site to establish the diagnosis of sarcoidosis.
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Among the ten cases in the series reviewed by one of us in which
superficial Iymphadenopathy was a presenting feature, the principal alter 
native diagnosis to be considered was caseating tuberculosis in three and
Hodgkin's disease in seven.

In a11 three of the cases in which there was doubt whether they should be
classified as sarcoidosis or caseating tuberculosis, there had been an episode
of tuberculous lymphadenitis of the neck, at an interval varying from 4-7
years before the appearance of the manifestations interpreted as sarcoidosis;
in one, this had been proved by the culture of tubercle bacilli from pus, in
another the Mantoux test was recorded as positive, and in a11 the clinical
course at this time was compatible with the diagnosis of caseating tubercu
losis. In two, the sarcoid manifestations appeared as a generalized super
ficial Iymphadenopathy, accompanied by a palpable spleen, low or absent
tuberculin sensitivity, typical enlargement of hilar Iymph-nodes and
symptomless radiographie shadowing in the lungs, together with, in one,
.iridocyclitis and, in the other, a sarcoid skin lesion on the forehead; and
Iymph-nodes removed for biopsy showed typical non-caseating sarcoid
tubercles. In both of these cases, spontaneous regression of the sarcoidosis,
to complete disappearance in one and to slight residual inactive fibrosis in
the lungs in the other, was observed. In the third patient, the initial tubercu
losis adenitis of the neck responded partia11y to two short courses of
treatment with antituberculosis drugs; but seven years from the first epi
sode, the Iymph-nodes enlarged once again, and now there was enlargement
of hilar Iymph-nodes and later mottling in the ehest radiograph, non
caseating tubercles in the cervicallymph-node removed for biopsy, failure to
respond to antimycobacterial drugs, and a typical response to corticosteroid
treatment, symptoms and signs being suppressed but recurring on with
drawal of the treatment. In these patients, then , the diagnosis of sarcoidosis
rather than a recurrence of caseating tuberculosis rested upon the combina
tion of a clinical syndrome characteristic of sarcoidosis together with the
finding of non -caseating tubercules in Iymph-nodes removed for biopsy. The
patient in whom the initial tuberculous adenitis was confirmed bacteriolo
gica11y reverted several years after the 'sarcoid' episode to a frankly caseat
ing phase, and this event is of sufficient interest to warrant a brief summary
of the case.

A man, aged 22, developed tuberculous adenitis in the left side of his neck; this
softened and was aspirated, tubercle bacilli being cultured from the pus . Four
years later, he developed a generalized enlargernent of lymph-nodes , affecting
cervical, axillary, and inguinal groups; anode removed for biopsy showed
non-caseating epithelioid cell tubercles . The spleen was easily palpable. A few
months later, he developed iridocyclitis in the right eye. A ehest radiograph
showed bilateral hilar lymph-node enlargement, with diffuse fine mottling
mainly in the middle zones of both lungs. A tuberculin test gave a moderate
reaction to 1010. Over the next six rnonths all these manifestations gradually
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subsided, the lyrnph-nodes and the spleen becoming impalpable, the eye free
from inflammatory changes, and the ehest radiograph clear . He remained
quite weil for four years, when a Iyrnph-node swelling appeared again in the
left side of the neck. The skin now reacted to 10 IV with an area of induration
20 X 20 mm. He wa s treated with isoniazid and p-aminosalicylic acid. The
lyrnph-node softened and sterile pus was aspirated from it; after rhis the
adenitis subsided completely, and the patient has remained weil since. Culture
of the pus failed to grow tubercle bacilli, but the specimen was taken after one
and a half years' antibaeterial treatment. Thus in this case, there was a change
from caseating tuberculosis to sarcoidosis and then back again to a caseating
phase.

Among the seven patients in whom initially the possibility of Hodgkin's
disease had to be considered, two presented with a widespread superficial
adenopathy, affecting principally the cervical graup, and the spleen was
palpable; the ehest radiograph showed slight enlargement of hilar nodes and
some mottling in the lungs; and biopsy of superficiallymph-nodes showed
the typical histological pattern of sarcoidosis. In four, the adenopathy was
limited to the neck; two of these had also enlarged hilar nodes and mottled
shadowing in rhe lungs, one also with a few papular skin lesions on the face
and shoulders; and two had no clinical signs apart fram the cervical adeno
pathy. The diagnosis was established by biopsy of a cervical Iyrnph-node in
three and of a skin lesion in the fourth. In the remaining case of the seven,
enlargement of inguinal lymph-nodes to a size sufficient to incommode the
patient was accompanied by less obvious enlargement of cervical lyrnph
nodes and a mass in the abdomen shown at laparotomy to be due to
enlargement of mesenteric lymph-nodes; diagnosis was established by two
biopsies of inguinal nodes, the second resulting from surgical excision of the
nodes because of their inconvenient size, and by a persistently negative
reaction to intradermal tuberculin. Thus the differential diagnosis between
sarcoidosis and Hodgkin's or other lymphoma was not difficult in any of
these cases.

Nevertheless, occasionally much more difficulty may be met, as in the
following case, where the diagnosis finally was reticulum cell sarcoma,
although for a long time repeated biopsies suggested sarcoidosis.

A man, aged 21, noticed a swelling in the left side of the neck, at first without
other symptoms. Five months later, he started to feel ill, and W;iS found to be
febrile, with a mass of enlarged rubbery discrete lyrnph-nodes in the left side of
the neck, and a just palpable spleen. The ehest radiograph was normal. On
three occasions, nodes were removed for biopsy and showed non-caseating
epithelioid cell tubercles. In the third biopsy specimen, the epithelioid cells
were arranged rather diffusel y, but there were some definite sarcoid-like
follicles, and some hyaline connective tissue like that seen in scarred sarcoid
lesions . Because of the persistent fever, prednisolone was given with relief of
symptoms and considerable diminution in size of the enlarged cervical lyrnph
nodes. However, when the dosage was reduced , the sympto ms returned.
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Seventeen months from the beginning of the illness, a fourth lymph-node
biopsy sho wed equivocal appearances, con sisting of a mixture of granulorna-
tous foci of sarcoid type including a few Schaumann bodi es and others
resembling Hodgkin's disease having eosinophils, reticulum cells and som e
giant cells, together with zones of old hyaline-fibrosis, The clinical picture now
strongly suggested Hodgkin's disea se, with increase in size of the nodes in
both sides of the neck, new enlargement of inguinal nodes, and masses in the
abdomen. In spite of radiotherapy, the pati ent died just under two years after
the first enla rgement of the cervica l nod es had been noticed. At necropsy, there
wa s gross enlargement of abdorninal lympb-nodes, especially the para-aortic,
and of rnediastinal lyrnph-nod es, and man y nodules in much enlarged liver
and spleen. Histologically, the appeara nces were int erpreted as ret iculum cell
sarcoma.

In this case, presumably the underlying disease throughout was the lyrn
phoma, and the misleading appearance of the Iymph-nodes removed for
biopsy was due to an unusually extensive local sarcoid reaction to this
disease. Ir is significant that at no time was there evidence of involvement in
a manner characteristic of sarcoidosis of the lungs, the skin, the eyes or any
other organ except the locally affected Iymph-nodes.

Cowdell (1954, Case 90 ) mentioned briefly a case in which sarcoid
changes were found in lyrnph-nodes on one side of the neck , at the same
time as a larger mass on the other side due to Hodgkin's disease. In a case
reported by Oppenheim and Pollack (1947) and mentioned in Chapter 17,
p. 368 ), sarcoidosis of superficial lyrnph-nodes was followed after some
years by Hodgkin's disease. The occurrence of lymphoma in patients with,
or known to have had sarcoidosis, is discussed in Chapter 24, p. 535.

BIOPSY OF SUPERFICIAL LYMPH-NODES

Palpable superficial Iymph-nodes are favourable materi al for biop sy. The
neck, especiall y its supra-c1avicular area, and the axilla are the most fre
quently involved area s; but since enlarged nodes at any site may show
granulomas in patients with sarcoidosis, careful search of all area s may be
rewarding in obscure cases. Israel and Sones (1964) found that of 200
palpable Iymph-nodes removed for biop sy, 86 % showed confirmatory his
tological changes. Löfgren and Snellman (1964) reported that of 194 palp
able lymph-nodes removed from patients c1inically suspected of sarcoidosis,
173 (89% ) confirmed this diagnosis , and four gave evidence of other dis
eases. In the series of 275 patients with sarcoidosis reviewed by JGS,
palpable nodes were removed for biopsy in 72, of which 66 (92 %) showed
sarcoid-rype granulomas; four from the epitrochlear region and two from
the groin all showed such changes, as did one high in the posterior tri angle
of the neck, just below the mastoid process, which was the onl y palpable
Iymph-node in a patient with uveitis and lung changes .
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The finding of sarcoid-type tubercles in a lyrnph-node without evidence of
changes suggestive of sarcoidosis elsewhere poses a diagnostic problem. The
possibilities that this finding ma y be explicable either as a local sarcoid
reaction to a malignant tumour in the related area, or as a non-caseating
reaction peripheral to a focus of caseating tuberculosis should be consi
dered. In such cases, if all reasonable investigation has failed to produce
corroborative evidence of an y of the possibilities, it may be wise to await the
development of further manifestations before making adefinite diagnosis.

SCALENE NODE BIOPSY

The procedure of removing the pad of fat which overlies the scalenus
anticus muscle and usually contains a number of small Iymph-nodes in
order to obtain material for biopsy in intrathoraeie disease was introduced
by Daniels (1949), and became widely used as a method of seeking histolo
gical evidence in sarcoidosis and in intrathoraeie diseases, especially malig
nant disease. Ir is convenient to consider this method of biopsy here,
although the nodes contained in the scalene fat pad are not, strictly speak
ing, superficial. If they are sufficiently enlarged, of course, these nodes may
become palpable. Some confusion has arisen in terminology, some authors
including biopsy of palpable as weil as impalpable nodes under the heading
scalene node biopsy.

Carstensen et al. (1956) reported scalene node biopsies in 23 7 patients
with clinical and radiographie evidence of sarcoidosis, with supporting
evidence in 148 (62%), and positive evidence aga inst this diagnosis in one,
which showed Hodgkin's disease. Lillington and]amplis (1963) in a general
review of this method of biopsy tabulated the results obtained by a number
of investigators; in 14 series, excluding that of Carstensen et al., quoted
above, 138 (83 %) of proven cases of sarcoidosis showed specific changes in
nodes in scalene fat pads removed from patients without palpable super
ficiallymph-nodes. Stjernberg et al. (1980) compared the results of complete
removal of the scalene fat pad by a surgeon with special experience of this
technique in a group of 39 patients with clinical and radiographie evidence
of sarcoidosis, with those obtained in 43 patients with similar clinical
findings submitted to 'scalene node biopsy', presumably by a less meticulous
technique by several surgeons. Nodes with histological changes compatible
with sarcoidosis were found in 82 % of the first, but only 47% of the second
group.

Scalene fat pad biopsy involves dissection in an area through which
important and vulnerable structures run. Although most authors who have
discussed it minimize its risks , several refer to such complications as haema
toma and infection in the wound, transient Horner's syndrome and damage
to the thoraeie duct or right Iymphatic duct. Berger et al. (1963) described
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three serious complications in 320 scalene node biopsies . All the complica-
tions occurred in patients with bronchial carcinoma; one had serious dam -
age to the subcla vian artery and two damage to the subclavian vein with air
embolism.

Medi astinoscopy, which prov ides a means of obtaining lymph-nodes
from the superior mediastinum, entails no greater risk than scalene node
biopsy, and is now generally regard ed as a preferable procedure where
differenti al diagnosis of mediastinal lymphadenopathy is in question, and
no superficial lymph-nodes are palpable. lt is considered in Chapter 26.



Chapter 11

The Liver

Few pat ient s with sarcoidosis show clinically evident involvement of the
liver, altho ugh both biopsy an d necropsy studies show that in many the liver
contains granulomas . In most cases, these cause no sympto ms and resolve
uneve ntfully, though tests of liver function may show transient abnormali
ties. In a very few, they progress to cause varying com binations of portal
hypertension, jaundice and hepato-cellular failure . Especia lly if these occur
in patients in who m the diag nosis of sarcoidosis is not readi ly evident from
involvement of other organs, a wide range of diseases in which gra nuloma
tous changes may be found in the liver must be considered in different ial
diagnosis.

IN CID EN CE OF HIST O LO GI CAL IN VOLVEM ENT
OF T HE LIVER

Branson an d Park (1954) reviewed 117 reported necrop sies in sarcoidosis,
and found that in 78 (66.5%) the liver was sta ted to be invo lved, while in 3 1
(26.5%) there was a definite sta tement that it was not invo lved.

The best available evidence of the frequency of symptomless gra nulomas
in the liver in sarcoidos is comes from studies made when aspira tion liver
biop sy was widely used to obtai n histological support for the diagn osis of
sa rco idosis . In 194 3', Van Beek and Haex were the first to report the use of
aspiration Iiver biopsy in sarcoidosis; they found typical non- caseating
tubercles in biopsies from 2 of 4 cases with clinica l featu res of sarco idosis ,
altho ugh there was no other evidence of liver involvement. Van Buchem
(1946) found specific cha nges in liver biopsies in all of 14 cases of sarcoido 
sis. Scadding an d Sherloc k (1948) found sarco id granulomas in the liver in
all of three cases, and in addition reported that in one pa tient, wit h no
clinical evidence of either sarcoidosis or tub erculosis, liver biopsy unex-
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pectedly showed two non-caseating tubercles. Granulomas of sarcoid type
were found in liver biop sies in 16 of 21 cases in wh ich the diagnosis of
sarcoidosis seemed likely on other grounds by Shay et al. (1951). Mather et
al. (1955) studied 93 patients with sarcoidosis, of whom 59 (63%) showed
tub erculoid granulomas on liver biop sy; 11 had had erythema nodosum,
and of these ten showed specific changes. Among patients with intrathoraeie
changes, the liver showed granulomas in a higher proportion (75%) of tho se
with hilar lymph-node enlargement, with or without lung infiltr ation, than
in those with lung infiltration only (38% ). In aseries of 275 pati ents under
the care of one of us OGS) with a final diagnosis of sarcoidosis, liver biops y
was performed to help in diagnosis in 73; granulomas were found in 48
(66%) of these, more frequentl y in the earlier stages of the disease. Of the
biop sies done when the intrathoraeie changes consisted in hilar lymph-node
enlargement only, 87 % were positive; when there was also an infiltration of

Figure 11.1 A small typical sarcoid rubercle in a liver biopsy fro m a wom an
aged 22 with sympto mless infiltr at ion of the lungs, the cystic changes in
phalanges sho wn in Fig. 9.3 , and non-caseating granulomas in a cervica l
lymph-node rem oved for biop sy. H & E. X 344.
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the lungs, 67% were positive; and when there was infiltration of the lungs
without hilar node enlargement, 59% were positive. A lower incidence of
hepatic granulomas was reported in Finland by Lehmuskallio et al. (1977).
Needle biopsies in 121 patients with sarcoidosis showed granulomas in only
29 (21%), and in patients with BHL only the proportion (16%) was lower
than in those with lung infiltration (30%).

In biopsy sampies from the liver in patients with sarcoidosis, granulomas
may be situated either within the lobule or in the portal zone. They are
rounded or oval in shape, and of very variable size, the lower limit being set
by the need to have sufficient cells in recognizable arrangement to give a
specific appearance (Fig. 11.1), and the upper for a non-confluent lesion
being about 1 mm. They are clearly demarcated from the liver cells, and
there is no cellular reaction around them. Sherlock (1958) pointed out that
in a glycogen-stained section they stand out very clearly from the surround-

Figure 11.2 A sarcoid tubercle in the liver, show ing the contrast with liver
cells in a section stained for glycogen. Best's carmine. X 176.



The Liver 263

Figure 11.3 A confluent group of sarcoid tuberdes in a liverbiopsy from
a woman aged 35 with sarcoidosisof four years' duration, showing
commencinghyalinization. H & E. X 104.

ing liver cells (Fig. 11.2). They have the usual structure of a non-caseating
epithelioid cell tubercle; there may be a few lymphocytes especially at the
periphery, and the number of giant cells is very variable. Asteroids are only
occasionally and Schaumann bodies very rarely seen in the liver. In older
lesions, there is a variable amount of hyaline fibrosis and the number of
epithelioid cells decreases and of lymphocytes increases (Fig. 11.3); and
sometimes groups of hyalinizing tubercles become confluent, in extreme
instances giving rise to extensive fibrosis (Fig. 11.4). Mather et al. (1955)
found an average of three (range 1-25) tubercles in biopsy specimens which
they estimated to represent on an average about 1/50000 part of the liver;
this would suggest between 50000 and 1 250000 in the whole liver. In
spite of the large number of tubercles which may be present, it is essential to
section the biopsy specimen serially, both to ensure that a single tubercle is
not missed, and also to follow an equi vocal abnormality into adjacent
sections.
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Figure 11.4 Extensive fibrosis in the liver, with hyalinized sarcoid granulo
mas and some giant celIs, fou nd at necrop sy in a wo man who died at the age
of 42 with long-standing fibrot ic pulm onary sarcoidosis. H & E. X 80.

Hepatic granulomas

The contribution to the diagnosis of sarcoidosis of the finding of granulo
mas in a liver biopsy must be considered in relation to the tot al clinical
picture, like that of other biopsy proeedures (Chapter 26 ), and is limited by
the frequeney of granuloma tous eha nges in the liver in a variety of other
loeal and systemie diseases. Sueh ehanges may be a response to a wide
variety of infeetive agents, parasitie infesta tions, and dru gs and toxic sub
stanees, may oeeur in systemie granulomatous diseases of unknown eause,
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or may be a feature of disease affecting predominantly the liver (Holdstock
et al., 1979). A few cases remain which after full investigation cannot be
placed in any of these categories.

Among infective agents, those causing predominantly granulomatous
inflammation, notably M. tuberculosis, and in endemic areas histoplasma
and coccidioides, are most likely to cause hepatic granulomas resembling
those of sarcoidosis.

Van Beek et al. (1948, 1949) found tubercles in liver biopsies from seven
often patients with erythema nodosum attributed to primary tuberculosis,
and from all of seven with acute haematogenous tuberculosis . Klatskin and
Yesner (1950) found tuberculoid granulomas in liver biopsies from seven of
18 patients with tuberculosis; only one of these showed caseation. Mather
et al. (1955) investigated 32 patients with various forms of tuberculosis. All
of three with miliary tuberculosis, four of ten with active primary tuberculo
sis, and only one of 19 with other forms of tuberculosis showed tubercles in
the liver. The tubercles were indistinguishable from those of sarcoidosis,
and no tubercle bacilli were demonstrated in them. The same authors
surveyed 34 necropsies in cases of tuberculosis and found that of 12 with
tubercles in rhe liver all had miliary or meningeal tuberculosis. They
classified the results of liver biopsy from several published series according
to the type of tuberculosis, and found that all of 13 with miliary tuberculo
sis, 16 of 25 with primary tuberculosis, and only 16 of 152 with other forms
of tuberculosis had been reported to show tubercles. Korn et al. (1959) in a
study of the liver in extrapulmonary tuberculosis performed biopsies in 30
patients, mainly with peritoneal and lymph-node involvement, but some
with miliary or meningeal tuberculosis; 24 showed granulomas. Bowry et
al. (1970) found granulomas in eight of 32 patients with pulmonary tuber
culosis; of five who also had extrapulmonary, including miliary, disease,
four had hepatic granulomas. Klatskin (1976) found granulomas in liver
biopsies in 43% of 164 patients with tuberculosis; 94% of those with
miliary tuberculosis, 71 % with both pulmonary and extrapulmonary
disease, 31 % with active pulmonary and only 10% of those with inactive
pulmonary disease had hepatic granulomas. Acid-fast bacilli were seen in
granulomas in three of 18 patients with miliary tuberculosis, in three of five
with 'primary' hepatic tuberculosis, in one of six with tuberculous lyrn
phadenitis, but in none of 33 with pulmonary or of eight with other forms
of tuberculosis.

Granulomas may be found in the liver in a number of other infectious
diseases, such as brucellosis (Spink et al., 1949; Barrett and Rickards, 1953),
histoplasmosis (Pinkerton and Iverson, 1952), blastomycosis (Martin and
Smith, 1939) and tularaemia (Bernstein, 1935). Klatskin and Yesner (1950)
also found granulomas in the liver in infectious mononucleosis, in influenza
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B, in unidentified viral infection and in actinomycosis, but the granulomas
were small and atypical. In general, the granulomas in the liver in these
diseases tend to be less well-defined than those of sarcoidosis, and to be
accompanied by non-granulomatous inflammation. For instance, Barrett
and Rickards found granulomas in liver biopsies in ten of 12 patients with
chronic brucellosis; most of them were well-defined though without a clear
limiting sheath, but some merged indefinitely into the surrounding liver, and
there appeared to be more inflarnmatory cell infiltration than is found in
sarcoidosis. In the remaining two patients, there were focal Iymphocytic
infiltrations in the portal tracts.

In chronic beryllium disease (Chapter 22) there may be granulomas in the
liver. In Agate's (1948) patient epithelioid cell granulomas were found in a
liver biopsy, and Hardy (1951) referred to similar findings without saying
anything about their frequency. In necropsy material, Chesner (1950) found
granulomas in the liver in two of three cases, but Martland et al. (1948)
found none in four cases. Klatskin and Yesner (1950) found none in a liver
biopsy from one patient, but later (1976) Klatskin stated that granulomas
were present in biopsies from all of four with 'berylliosis'.

Among parasitic infestations, schistosomiasis is especially liable to eause
widespread granulomatous ehanges in the liver; the ova that ineite the
formation of granulomas may be demonstrable.

As in other organs, granulomas in the liver may be a response to malig
nant or inflammatory disease . Of 72 patients with liver biopsies showing
granulomas not attributable to any systemic or loeal hepatic disease
reported by Klatskin (1976), ten were assoeiated with intra-abdominal
lymphoma, five with carcinoma, and four with inflammatory bowel dis
ease. Bagley et al. (1972) studied liver biopsies in Hodgkin's disease, and
found non-caseating granulomas in five of 89 untreated patients; none of
those with granulomas had evidenee of Hodgkin's disease in the liver.

Granulomatous elements may be found in the histology of many of the
commoner eategories of liver disease, but in most are insignifieant and eause
no diagnostic difficulty. In primary biliary eirrhosis (ehronie non
suppurative destruetive eholangitis) granulomas are frequent, being found
in 42% of one series (Fox et al., 1969); and there may be problems of
differentiation from sarcoidosis discussed below. The large series of liver
biopsies reported by Klatskin (1976) provides an indication of the propor
tions of eases of the eommoner eategories of liver disease in whieh granulo
matous elernents ean be found in the histopathology: 40% of 148 eases of
biliary eirrhosis, and 5% of 1051 eases of other sorts of cirrhosis; 2% of
632 cases of viral hepatitis and 7% of 191 eases of toxie and drug-indueed
hepatitis, and 12% of 34 cases of ehronie aetive hepatitis showed such
ehanges.
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CLINICAL EVIDENCES OF SARCOIDOSIS OF THE LIVER

At the time when liver biopsy was used in some cent res to help in the
diagnosis of sarcoidosis, it was the common experience that most patients
found in this way to have granulomas in the liver had no clinical evidence of
liver dysfunction. The proportion of patients in unselected series of cases of
sarcoidosis reported to show enlargement of the liver varies greatly; prob
ably differing criteria of wh at constitutes enlargement are in part responsi
ble for this variability, but differences in severity of sarcoidosis in popula
tions studied and in selection of cases for study are also likely to be
important. Mayock et al. (1963) in a series of 145 patients in Philadelphia
of whom 70% were black, found the liver palpable in 43 %, though only
four had evident liver disease. They reviewed a number of published series,
in which the proportion with palpable livers ranged from 7-21 %. One of us
(JGS) in aseries of 275 patients in London found the liver palpable more
than one finger's breadth below the costal margin in only four, adopting this
criterion as indicating unequivocal enlargement; in all four the spleen was
also palpable, and in two hepatosplenomegaly was initially gross. Lehrnus
kallio et al. (1977 ) found the liver palpable 1 cm below the costal margin in
11.4 % of 325 patients in Helsinki.

The proportions of patients in unselected series showing abnormalities in
biochemical tests of liver function vary similarly. In aseries of 500 patients
with sarcoidosis in Baltimore, of whom a large majority were black, Mad
drey et al. (1970) reported that 20 (4% ) had both granulomas in liver
biopsies and biochemical and clinical evidence of liver dysfunction; an
unstated number had granulomas in the liver without other evidence of liver
disease. Of the 20 with liver dysfunction, 18 were black, one Indian, and
one white: nine had unequivocal evidence of hepato-cellular disease with or
without portal hypertension. In aseries of 325 patients in Helsinki, all
white, Lehmuskallio et al. (1977) found elevation of alkaline phosphatase
in only 1.3%, of aspartate aminotransferase in three of 61 examined, and
of bromsulphthalein retention in 8%. These abnormalities were found
principally in patients with erytherna nodosum, and a comparative group of
patients with erythema nodosum not associated with sarcoidosis showed
similar proportions with abnormal results for these tests . Only two showed
slightly elevated bilirubin levels, and in both these returned to normal.
Among the 121 submitted to liver biopsy, abnormal enzyme levels were
found in a higher proportion of those with than of those without detected
granulomas, but the presence of granulomas was not correlated with palpa
bility of the liver. These Finnish patients had less severe and extensive
sarcoidosis than those in Baltimore; none had portal hypertension or liver
failure.
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In those cases in which involvement of the liver in sarcoidos is has cause d
overt symptoms, vario us combina tions of porral hypertension , jaundice and
hepato-cellular failure have been observed. Since many cases have presented
with one of these as the predominant feature, it is convenient to discuss
them under these head ings, although, of course, they overlap. In some cases,
it is difficult to decide whe ther such facto rs as vira l infection, alcoholism,
and malnutrition may have played a part in the causa tion of changes in the
liver which include no n-granulomatous inflarnmatio n and fibros is, as weil
as granulomas, especially if these are scanty or und ergoing hyalinization. An
idea of the relat ive frequ ency of clinical syndromes of liver disease associ
ated with granulomas in the Iiver in patients with sarcoidosis can be
obtained from the series reported by Maddrey et a/. (1970). Of their nine
such cases, five were shown to have portal hypertension and in four of these
it wa s the principal cause of symptoms, giving rise to bleeding from
oesophageal varice s in two ; hepato-cellular dysfunction was the principal
feature of five; serum bilirubin was raised in six, and jaundice with obstruc
tive features was observed in two; three deaths of pati ents with severe liver
disease were reported, one after an operation for portal-systemic shunt , and
two from the combined effects of hepatic and pulm on ary sarcoidosis.

Portal hypertension

Cases in which portal hypertension was an impo rta nt feature of hepatic
sarcoidos is have been reported by Min o et a/. (1948), Dunlap and Hall en
beck (1952), Klarskin (1976), Frai mow and Mye rson (1957), Cheitlin et al.
(1960), Porter (196 1), M istilis et a/. (1964), Nelson and Schwabe (196 6),
Maddrey et a/. (1970), Vilinskas et a/. (1970) and Rosenb erg (1971).
Bleeding from oeso phageal varices causing haematemesis and melaena was
an important symptom in about half these cases: ascites was noted in five of
them ; in a few the diagnosis of portal hypertension was established in
pati ent s with out either of these indicants by the finding of oesophageal
varices, and in some confirmed by measurement of splenic pulp or wedged
hepatic vein pressure. In most, both liver and spleen were enlarged, usuall y
gro ssly. Enlargement was slight or not noted in a few, e.g. tho se of Dunlap
et a/. (1952), Fraimow et a/. (1957), and Case IV A of Maddrey et a/.
(1970). Portal hypertension may occur both with pre-fibrotic granuloma
tou s infiltr ation and at a later stage with extensive fibrosis. Vilinskas et a/.
(1970) reported the case of a black man aged 19 who presented with
haemat emesis and gross splenomega ly known to have been present a year
earlier; oesophageal varices were found, and the hepatic vein wedge pressure
was 3 1 mm Hg and the splcnic pulp pressur e 370 mm saline; a liver biopsy
showed non- caseati ng granulomas without fibrosis. Eighteen months Iarer,
splenecto my and spleno-rena l shunt were performed: the portal vein pres-
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sure was 390 mm, the liver was normal in size but cirrhotic, having a
hobnail appearance, and histologically showed disruption of the lobular
pattern by bands of connective tissue with lymphocytic infiltration but no
granulomas, and the spleen, weighing 1220 g contained many epithelioid
and giant-cell granulomas, as did an adjacent lymph-node. In this case, as in
several others with gross splenomegaly (e.g. Dunlap and Hallenbeck,
1952; Lebacq et al., 1956a; Cheitlin et al., 1961), there was pancytopenia,
which was relieved after splenectomy; and less degrees of hypersplenism
have been noted in other cases.

Maddrey et al. (1970) and Valinskas et al. (1970) discussed the mechan
isms of portal hypertension in hepatic sarcoidosis. In most cases in which
both wedged hepatic pressure and splenic pulp pressure have been
measured, both were raised, as is observed in most forms of cirrhotic portal
hypertension. Mistilis et al. (1964) described a case in which the wedged
hepatic vein pressure was normal, with an intrasplenic pressure of 460 mm,
suggesting presinusoidal obstruction by granulomas in the portal areas,
though it seems that granulomas so located would need to be more profuse
than has been observed in some patients with portal hypertension in the
absence of extensive fibrosis. In cases where there is fibrosis amounting to
cirrhosis the mechanisms concerned in other forms of fibrosis probably
operate. Other possible factors include raised splenic blood flow in patients
with grossly enlarged spleens; in Case IV 4 of Maddrey et al. (1970) wedged
hepatic venous pressure fell from 25 to 8 mm Hg after removal of a spleen
that extended 20 cm below the costal margin.

Corticosteroid treatment has in general been found to be ineffective in
reducing raised portal venous pressure, although manifestations of sar
coidosis in other organs, rhe size of the spleen, pancytopenia, biochemical
evidence of hepato-cellular dysfunction and constitutional symptoms may
improve. Portal-systernic shunt with (Mino et al., 1948; Dunlap and Hallen
beck, 1952; Fraimow and Myerson, 1957; Vilinskas et al., 1970) or without
(Klatskin, 1976; Maddrey et al., 1970; Rosenberg, 1971) splenectomy has
in most cases given satisfactory results, and appears to be indicated in
patients with portal hypertension due to sarcoidosis without serious hepato
cellular dysfunction; in those with enlarged spleens and hypersplenism,
splenectomy and spleno-renal shunt may be the operation of choice.

jaundice and hepato-cellular failure

Cases of sarcoidosis of the liver in which jaundice and/or hepato-cellular
failure were leading features have been reported by Goeckerman (1928),
Klatskin et al. (1950) , Shay et al. (1951), Dagradi et al. (1952), Wagoner et
al. (1953), Branson and Park (1954), Kelley and McHardy (1955 ), Porter
(196 1), Nelson and Sears (1968 ), Maddrey et al., (1970 ), Rudzki et al.
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(1975) and Bass et al. (1982). Several of these - e.g. Cases III 4 and 5 of
Maddrey et al. - showed evidence of portal hypertension also; and some
which presented with bleeding from oesophageal varices - e.g. that of
Nelson and Schwabe (1966) - proceeded to jaundice and hepatic coma .

Jaundice may be due to intrahepatic cholestatis, resulting in a clinical and
biochemical picture resembling that of primary biliary cirrhosis. Foxworthy
and Freeman (1952) reported briefly the case of a young black man with
jaundice, hepatosplenomegaly, cutaneous xanthomas and high serum lipids
and granulomas in liver and lymph-nodes; all these features improved on
treatment with ACTH and cortisone. Rudski et al. (1975) reported five
young black men with sarcoidosis, the diagnosis being established in all by
involvement of several organs and histology, who either presented with or
developed hepatomegaly and cholestatic jaundice, with pruritus and eleva
tion of serum alkaline phosphatase and cholesterol levels. In one, skin
xanthomas appeared. In three ascites and oesophageal varices developed
late in the course, death in one beingdue to bleeding from varices. One died,
ten years after the first evidence of sarcoidosis and six years after the
appearance of jaundice, from renal failure, cause unspecified; three died
from the effects of the liver disease nine, 11 and 18 years from its onset, and
one was surviving at 16 years . Histologically, the livers showed granulo
mas, intrahepatic cholestatis, diminishing numbers of interlobular bile
ducts, periportal fibrosis leading to micronodular cirrhosis, and high copper
levels in hepatocytes. None of the patients had been exposed to known
hepatotoxic drugs or environmental factors, and tests for antibodies to
mitochondria, nuclei and smooth muscle were negative in all. Respons e to
corticosteroid treatment was limited to temporary reduction in bilirubin
levels in two patients and relief of pruritus in one. Bass et al. (1982) reported
two similar cases in West Indians in London. In both the diagnosis of
sarcoidosis was based on compatible clinical features, granulomatous re
sponses to Kveim tests, and the finding of granulomas in tissues, including
the liver. In both, bile ducts were reduced, and portal hypertension de
veloped; one progressed to biliary cirrhosis and the other suffered variceal
haemorrhage; mitochondrial antibody tests were negative in both.

Cases with features leading to combined diagnoses of sarcoidosis and
primary biliary cirrhosis have been reported by Holtzman (1961) and
Karlish et al. (1969).

Obstructive jaundice was due to narrowing of the common bile duct by
granulomatous infiltration of its wall and involvement in a mass of sur
rounding granulomatous lymph-nodes in a black woman aged 29 whose
case was reported by Bloom et al. (1978); she presented initially with
broncho-pulmonary and hilar lymph-node sarcoidosis and 18 months later
with jaundice. Corticosteroid treatment after temporary biliary drainage by
T-tube led to relief of jaundice.
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In some reported cases of liver disease in patients with sarcoidosis, the
evidence available leaves doubt whether the liver changes were parhogenetic
ally part of the generalized sa rcoidosis, or partly or wholly due to some
other factor, and thus to be regarded as indicative of another disease. lt
seems possible thar in patienrs with sarcoidosis exposure to pathogenetic
factors potentially damaging to the liver may determine the development of
granulomas in the liver, producing complex clinico-parhological pictures.
There is no evidence that sarcoidosis patients have any special liability to
hepatitis. Sharma et al. (1970) tested the sera of 45 patients in Los Angeles
for Australia antigen, with negative results ; Fouts et al. (1970) tested 130 in
Philadelphia and found only two positive, in both of whom there were
explanations for the carrier state.

DIAGNOSIS OF LIVER DISEASE WITH
GRANULOMATOUS FEATURES

Although a few present diagnostic difficulties, most patients with granulo
mas in the liver present a total clinical picture and other histological features
in the liver which permit appropriate categorization with little difficulty. In
a survey of 2813 liver biopsies in the practice of a general hospital, Iversen
et al. (1970) found 19 with epithelioid cell granulomas; the final diagnosis
was sarcoidosis in six, miliary tuberculosis in one, acute hepatitis in three,
cirrhosis of the liver in two, chronic alcoholism in three, fatty liver in one,
hepatomegaly (not further categorized) in one, fever of unknown origin in
one, and malignant pleurisy in one. Two others with less weil formed
'lipogranulomas' were suffering from mononucleosis and acute hepatitis.
The authors emphasized that if epithelioid cell granulomas are found in an
otherwise normal or nearly normalliver, the probable diagnosis is either
sarcoidosis or tuberculosis. This conclusion might need to be modified in an
area with differing prevalences of infectious diseases.

The recognition of mycobacterial infection as the cause of a granulorna
tous hepatitis may be difficult if the liver is the only evidently involved
organ. Acid-fast bacilli are found only in very few cases . A positive tubercu
lin test favours but does not establish a diagnosis of tuberculosis. If the
tuberculin test is positive, and the general clinical picture is suggestive of
this diagnosis, a therapeutic trial of antimycobacterial chemotherapy is
advisable. Unequivocal response to such treatment was observed in a case
reported by Frank and Raffensperger (1965) and in two by Fitzgerald et al.
(1971), supporting the provisional diagnosis of tuberculosis.

Differential diagnosis between primary biliary cirrhosis and hepatic sar
coidosis causing hepato-cellular dysfunction with or without cholestatic
jaundice may be difficult both clinically and histologically. In primary
biliary cirrhosis, granulomas are part of the histological pattern in many
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cases, usually in relation to characteristically abnormal bile-ducts; occasion
ally they can be found in Iymph-nodes at the hepatic hilum. The disease
most commonly affects middle-aged women, and the serum contains anti
bodies to mitochondria in nearl y all cases. As in sarcoidosis, impairment of
Type IV hypersensitivity reactions is commonly found (Fox et al., 1969).
Stanley et al. (1972) reported two otherwise typical cases in which at
necropsy granulomas were found in lymph-nodes in the abdomen and
mediastinum, and in the spleen in one, and in the lungs, where during life
they had caused radiographie mottling and dyspnoea. Many of the cases of
cholestatic jaundice attributable to sarcoidosis have been in men (Foxwor
thy and Freeman, 1952, Karlish et al., 1969; Maddrey et al., 1970, Case
III 2; Rudzki et al., 1975; Bass et al., 1982, Case 2). Points of differential
value are clinical and other evidence of granulomatous changes in other
organs, of uveitis, of erythema nodosum in the past, or of hypercalcaemia,
favour a diagnosis of sarcoidosis. Pruritus and xanthomas are common
in primary biliary cirrhosis, but may occur in sarcoidosis. Antibodies
to mitochondria are an expected finding in primary biliary cirrhosis, and not
in sarcoidosis. A granulomatous response to a Kveim test is evidence in
favour of sarcoidosis, but can be expected only in a minority of patients
with predominantly hepatic involvement. Areport by Fagan et al. (1983) of
four middle-aged women with hepatic granulomas, lung changes, and high
titres of mitochondrial antibody il!ustrates the difficulties of diagnostic
categorization. All had hepatomegaly, and other histological changes corn
patible with biliary cirrhosis; one had eholestatie jaundice and one died of
fulminant hepatic failure. All had pulmonary infiltrations causing symptoms
and signs, and shown in three to be granulomatous. Kveim tests were
performed in three, with a granulomatous response in one, and negative
responses in the other two, who were receiving corticosteroid treatment.
One also had features of systemic sclerosis, and one eoeliac disease; both of
these had antinuclear antibody. Evidently it is not possible to fit such cases
into current diagnostic categories.

The case of sarcoid splenomegaly with thrombocytopenia, treated by
splenectomy, with persistent equivocal histological changes in the liver,
described in Chapter 12, p. 285, il!ustrates the simulation of biliary cir
rhosis by a condition which seems to be appropriately categorized as
sarcoidosis.

Diagnostic problems of patients presenting with granulomatous hepatitis
have been discussed by Israel and Goldstein (1973) and Simon and Wolfe
(1973). Israel and Goldstein studied 30 patients with granulomas in liver
biopsies and normal ehest radiographs. In 16 there was clinical and/or
biopsy evidence of changes in other organs justifying a diagnosis of sar
coidosis; Kveim tests were performed in 15 of these, but only one was
positive, indicating that this test has no value in excluding a diagnosis of
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sarcoidosis; four imp roved spontaneo usly and ten on corticos teroid treat -
ment, one died of an unrelated cause, and in one the outco me was
unknown. Of 14 with no evidence, direct or indirec t, of granulomas in other
organs, one was fou nd at necrop sy to have Hodgkin 's disease, and the liver
granulomas were thought to be a respo nse to th is. One had pos itive reac-
tions both to tuberculin, 5 IV of PPD, and to a Kveim test, and there was no
response to two years of anti-rn ycob acterial chemoth erapy. This, and the
other 12 cases, in which there was no evidence of any recognized systemic
disease or infection, were left with no final diagnosis, beyond granuloma-
tous hepat itis; seven recovered spo nta neously, three after tetracycline given
on an unsub stantiat ed suspicion of Q fever. Simon and Wolfe (1973)
ana lysed 13, among 200 pat ient s investigated for prolonged fever, who
were found to have gran ulomas in liver biop sies. Of these, one had had
bilateral hilar lyrnph-node enlargement , and in spite of some cent ra l necro-
sis in the granulomas wa s thought to have sarcoidos is; one respond ed to
anti-rnycobacterial chemo therapy, and in one the final diagnosis was
Hodgkin' s disease. In the remaining ten, the change s in the liver could not
be assoc iated with any systemic disease or causal factor. Evidently, there are
cases in which diagnostic categorization can be carried no furth er than
granulomatous hepatitis, a category which should be regard ed, at least
initially, as provision al.

GaU bladder

Lloyd-D avies and Forbes (1965 ) reported the case of a man who at the age
of 21 presented with a histo ry of vomiting and pain in the right hypochon
dr ium. An adherent fibroti c gall-bladder was removed; non-c aseatin g gra
nulom as of epithelioid cells and a few giant cells were present in the fibrot ic
wall and mucosa of the gall-bladder, and in the adherent liver. No other
evidence of sarcoidos is was found, and a Kveim test was negat ive; but two
years earlier, he had had unexplained transient enlargement of submandibu
lar glands, and the Mantoux test was negative both then and later. Although
the evidence is incomplete, it seems likely that this was a case of sarco idosis
with localization in the gall-bladder.

In the case of ob structive jaundice due to involvement of the common bile
duct reported by Bloom et al. (1978) and mentioned above (p.27 0),
the gall-bl add er wa s removed and found to be infiltrated with sarcoid
gra nulomas .



Chapter 12

The Spleen and the Blood

THE SPLEEN

Involvement of the spleen at necropsy in cases of sarcoidosis has been
reported with variable frequency, ranging from 17 of the 22 reported by
Ricker and Clark (1949) and 31 of the 40 reports collected from the
literature by Longcope and Freiman (1952) to only ten of the 26 spleens
from their own necropsy cases examined microscopically by the latter
authors. Selroos (1976) performed aspiration biopsies of the spleen in 77

Table 12.1 Palpability of spleen in sarcoidosis.

Author Location
No .of
patients

Spleen recorded
as palpable

Nitter (1953 )
Kimbrell (1957)
Israel and Sones (1958 )
]ames (1959)
Smellie and Ho yle (1960)
Ma yock et al. (1963)
Scadding (1967)
Siltzbach et al. (1974)

Reisner (1944) New York
Ricker and Clark (1949) United Stares
Riley (1950) NewYork
Robinson and Pound (1950) Australia
Longcope and freiman (1952) Baltimore

Boston
Copenhagen
Virginia
Philadelphia
London
London
United States
London
London
New York
Los Angeles
Paris
Tokyo

35
195
52
30
90
52
90
80

160
200
125
145
275
537
311
150
329
282

No . %
8 23

16 8
21 40

6 20
22 24
22 42
5 6

13 16
24 15
27 13.5
28 22
43 30
31 11
62 12
57 18
20 13
22 6.7

4 1.4
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patients with sarcoidosis; in six of these the spleen wa s judged radiographic-
ally to be enlarged, but in onl y one was it palpable. Groups of epithelioid
cells were found in the splenic aspirate in 53 % of all cases, and in five of the
six with enlarged spleens. The proportion varied little with the extent of
intrathoracic changes, or with the presence of overt extrarhoracic changes.
In c1inical series, the proportion reported to have palpable spleens varies
gready (Table 12.1).

Clinical features of spIenic involvement

In sarcoidosis, enlargement of the spleen rendering it no more than palpable
a few centimetres below the cosral margin causes no identifiable symptoms,
apart from the rare cases, discussed below, in which it is associated with
thrombocytopenia or, more doubtfully, haemolytic anaemia; nor does it
seem to be indicative of generally extensive disease or an unfavourable
prognosis. On the other hand, a grossly enlarged spleen is in many cases a
part of chronic and extensive sarcoidosis, and tends to be accompanied by
important involvement of the liver , and by depression of some or all aspects
of haemopoeisis; and it ma y cause local symptoms by its size. In a ser ies of
275 patients followed for periods up to 20 years, one of us UGS) recorded
the spleen as palpable in 3 1. In five of the se it wa s grossly enlarged, and in
all of these lung changes became fibrotic ; in four the liver wa s at some time
enlarged, in three as much as a hand's breadth below the costal margin. On
the other hand, milder degrees of splenic enlargement had no special prog
nostic significance. Kataria and Whitcomb (1980) found that of 233 pa
tients with sarcoidosis, 32 had enlargedspleens. Of the se, 69 % had hepa
tomegaly compared with onl y 3 % of a matched group with impalpable
spleens. The proportion with skin sarcoids was 38 %, compared with 19 %
among those with impalpable spleens, but pulmonary involvement was
similar in the two groups.

The association 'of hepatic and splenic involvement ma y lead to compli
cated c1inical pictures, with various combinations of gross splenomegaly,
hepatomegaly, thrombocytopenia, purpura, bleeding from oesophageal
varices and hepatic failure. These are discu ssed in Chapter 11.

In a few cases reported as sarcoidosis of the spleen, the only detected site
of granulomas was a surgically removed spleen, and in these it is legitimate
to doubt wh ether the criteria for the diagnosis of sarcoidosis were satisfied.
But in others, otherwise similar, evidence of sarcoid lesions in other organs
and tissues ha s been available, leaving no doubt of this diagnosis. As has
been noted previously, a simi lar situation exi sts in relation to involvement
of certain other organs - e.g. the lungs and the central nervous system 
where in a proportion of case s the c1inically evident disease appears to be
confined to one organ or system. In the case of the spleen, however, if the
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liver has been investigated, it has generally been found to be infiltrated as
weil, even though no evidence of involvement of other organs is available.

Several cases reported in the past as tuberculosis of the spleen probably
belong rather to the category sarcoidosis, e.g. the two reported by Hickling
(1938) and probably two of the four reported by Engelbreth-Holm (1938).

Among the symptoms attributed to sarcoidosis of the spleen are local
pain, discomfort, anorexia and vomiting (Culligan and Snoddy, 1945;
Hickling, 1938, Case 2; Kay, 1950, Cases 1, 2 and 3; Partenheimer and
Meredith, 1950); and general ill-health and weakness (Culligan and Snod
dy, 1945; Hickling, 1938, Cases 1 and 2; Kay, 1950, Case 1).

Young and Mouney (1968) reported the ease of a man aged 41 with a short
history of tiredness and left abdominal pain relieved by lying on the right side,
who was found to have gross spleneetomy and generalized enlargement of
superfieiallymph-nodes; the spleen, weighing 1933 g, was removed, and both
it and an axillary lymph-node eontained sareoid-type granulomas; relief of
symptoms followed, and the lyrnph-node enlargement slowly subsided.

In many cases in which an enlarged spleen has been removed surgically,
the surgery was undertaken principally for haematological reasons; these
are reviewed below. In some, gross enlargement with or without local
symptoms seems to have been an additional or the principal indication.

Kay (1950) reported the ease of a blaek male, aged 33 , with extensive
sareoidosis, from whom an infilrrated spleen weighing 4800 g was removed,
partly beeause of paneytopenia. ]aekson (1957) reported the removal of a
spleen weighing 2400 g and densely infiltrated with sareoid granulomas from
a woman, aged 39, in whom it was eausing no special symptoms, although she
had a hypoehromie anaemia which improved afterwards; an abdominal
lymph-node removed at the same time showed similar histologieal ehanges,
and radiographie ehanges were present in the lungs. Case 2 of Bertino and
Myerson (1960) was that of a blaek man, aged 29, with abdominal enlarge
ment due to gross hepatosplenomegaly, the Iiver being 12 em below the costal
margin. The spleen, weighing 1820 g, was removed. Ir was found to be
infiltrated with granulornas including oeeasional Schaumann bodies, and
biopsy of the Iiver showed both granulomas and eirrhotie ehanges. The
operanon was followed by relief of symptoms. In rhe complex ease observed
by us over many years, and reviewed on p. 515, an infiltrated spleen weighing
3600 g wa s removed beeause it was eausing abdominal discomfort. Splenee
tomy was performed in ten of 12 seleeted patients with gross splenomegaly
reported by Webb et al. (1980), the indieations being abdominal discomfort in
six, infaretion in one, rupture in one, and haematologieal in two.

Even a very large spleen may diminish either spontaneously or under
corticosteroid treatment.

Two parienrs observed by us illustrared this. One, a woman aged 33, sought
adviee beeause she had feit a lump in the abdomen, and denied other symp
toms. She was found to have an enlarged firm spleen extending to the umbili
eus, widespread mottling in the ehest radiograph, and sareoid-type granulo-
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mas in a sealene lymph-node. Under observation, the spleen gradually re-
eeded, beeoming impalpable in four years, and the lung infiltration largely
resolved, leaving some residual fibrosis but no disability. The other, a woman
aged 24, presented with symptomless bilateral hilar lymphadenopathy; the
spleen was found to be palpable. Two years later, the spleen had inereased
greatly, so that the patient herself notieed it, and it extended to the umbilicus;
the BHL had subsided but there was a widespread fine mottling in the ehest
radiograph. Under prednisolone treatment, both the splenomegaly and the
pulmonary shadowing diminished, so that after one year the spleen was only
just palpable. Burt and Kuhl (1971) reported the ease of a woman who at the
age of 43 was found to have enlargement of eervieallymph-nodes and of the
left parotid gland , biopsy of whieh showed sarcoid-type granulomas. Four
years later, the spleen was found to be palpable. Two years later, the spleen
had inereased greatly, so that the patient herself notieed it, and it extended to
the urnbilicus; the BHL had subsided but there was a widespread fine mottling
in the ehest radiograph. Under prednisolone treatment, both the splenomegaly
and the pulmonary eosteroids, six showed reduetion in spleen size during
treatment, but this was not maintained when treatment was withdrawn.

Ir is probable that if splenomegaly is due to sarcoid infiltration it will
respond to the suppressive effects of corticosteroids; but, as in other organs,
hyalinization and changes secondary to it, and enlargement attributable to
portal hypertension from sarcoid involvement of the liver (Chapter 11)
which frequently accompanies splenic involvement cannot be expected to
respond.

Traumatic rupture of the spleen in a patient kriown to have sarcoidosis
was reported by Roberts and Rang (1958).

A boy aged 13 presented with epigastrie pain, vomiting and low fever; the
liver and spleen were palpable, and liver biopsy showed epithelioid and
giant-cell granulomas. A short period of prednisone treatment led to relief of
symptoms and diminution in the size of the liver and spleen. A year later, a fall
from his bieycle in whieh he hit his lefr side on the handlebars was followed
by severe abdominal pain. At laparotomy, the spleen weighing 370 g was
rernoved; there was a transverse tear extending from the hilum, and sareoid
tubercles similar to those in the liver were found in the splenie substanee. No
evidenee of sarcoidosis elsewhere than in the liver and spleen was found, even
after 18 months' further observation. Sharma (1967) reported the ease of a
woman aged 28 who developed left upper abdominal pain after a blow on the
left side. A ruptured spleen whieh showed multiple non-easeating granulomas
was removed. A Kveim test was reported as 'positive', and although the ehest
radiograph was normal, lung volumes, earbon monoxide transfer faetor and
eomplianee were slightly redueed.

Apparently spontaneous rupture of spleens infiltrated by sarcoid tubercles
has been described by James and Wilson (1945) and by Philips and Luchette
(1952).

In the first of these cases, a man, aged 49, suffered spontaneous rupture of a
normal-sized spleen; it was removed, and found to be infiltrated with sareoid
tubercles. There was no evidenee of sareoidosis elsewhere, but the Mantoux
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test was negative to 1:100 OT, and was not converted to positive by vole
bacillus vaccination. The second was that of a man aged 21 j at laparotomy a
spleen weighing 306 g was found to have a linear tear on its convex surface
and was removed; it was found to contain scattered epithelioid cell tubercles
with occasional giant cells, but no caseation or acid-fast bacilli. The skin gave
no reaction to 1:100 OT, but no evidence of sarcoidosis elsewhere was found.

The macroscopic appearance of sarcoidosis in the spleen varies from
small pale foci difficult to distinguish from germinal centres ro large grossly
evident nodules. Histologically, there may be discrete or confluent well
formed non-caseating epithelioid cell tubercles; but in some reported cases
epithelioid cell aggregations have been less clearly defined. The number of
giant cells also varies greatly. The presence of many asteroid bodies in
affected spleens has been reported by Friedman (1944) and by Kay (1950).

BLOOD CELL CHANGES

Lymphopenia

Apart from the pancytopenia, thrombocytopenia and possibly haemolytic
anaemia that occur in a few cases, usually in asscociation with splenomega
ly, and are discussed below, the only feature of the peripheral blood count
that is generally agreed to be a feature of sarcoidosis is lymphopenia in the
active stages. Early observers (Snapper and Pompen, 1938; Harreli, 1940;
Reisner, 1944; McCort et al., 1947; Leitner, 1950; Longcope and Freiman,
1952) reported a variety of changes in varying proportions of cases; these
included low total leucocyte counts, monocytosis and eosinophilia, but,
apart from the association of splenomegaly with leucopenia, could not be
correlated with clinical features or course.

The lymphopenia of active sarcoidosis was first described by Hoffbrand
(1968), and has been confirmed by subsequent authors. Ir has immuno
logical implications, and is discussed in Chapter 20, p. 428 .

Selroos and Koivunen (1979) investigated the prognostic significance of
the initial white cell count in 140 patients, of whom 22 later developed
chronic sarcoidosis. There was no correlation between initial granulocyte
count and clinical course; low lymphocyte counts were observed especially
in those patients over 40 years of age, with negative tuberculin tests, and
found to require corticosteroid treatment. Those with low initial lympho
cyte count were especially liable to develop chronic disease. Those with
initial erythema nodosum had high monocyte counts,

Pancytopenia: 'hypersplenism'

Like other forms of splenomegaly, splenic enlargement in sarcoidosis may
be associated with low erythrocyte, granulocyte or thrombocyte counts in
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the peripheral blood; and, as noted above, the causal relationship may be
confirmed if there is a clinical indication for splenectomy, which is usually
followed by return of counts to normal. Millbourne (1950) reported the
case of a 53 year old woman with anaemia, reticulocytosis, leucopenia and
thrombocytopenia, hepatomegaly and splenomegaly; a spleen weighing
2100 g was removed; it and a lymph-node both contained discrete and
contluent non-caseating tubercles; no other evidence of sarcoidosis was
found, though the Mantoux test was negative to 1:100 OT; post
operatively the blood count became normal. Pancytopenia was found
accompanying very large spleens in Case 2 of Hickling (1938), in the
case described by Meira, Ferreira and Jamra (1949), in the four cases
described by Kimbrell (1957), and in Case 13 of Ferguson and Paris (1958).
Of the 32 patients with enlarged spleens reviewed by Kataria and Whitcomb
(1980) seven, all of whom had very large spleens, showed such evidence of
'hypersplenism': three had pancytopenia, one anaemia and leukopenia, one
leukopenia and thrombocytopenia, one anaemia and one thrombocytope-
rua.

Hess et al. (1971) reviewed 14 patients with 'dilutional anaemia of
splenomegaly' in whom splenectomy was performed; in only one of these
was sarcoidosis the cause of the splenomegaly.

Nilsson et al. (1978) reported a case of sarcoidosis with splenomegaly,
anaemia and hypercalcaemia; anaemia remitted after splenomegaly, but
hypercalcaemia persisted and required continued corticosteroid treatment.
A man aged 25 presented with symptomless BHL, followed by pulmonary
infiltration, the diagnosis of sarcoidosis being confirmed by mediastinos
copy and by a granulomatous response to a Kveim test . Four years later, he
was found to have a moderately enlarged spleen, with a normochromic
normocytic anaemia, without evidence of haemolysis, and hypercalcaemia.
Removal of a 720 g spleen was followed by relief of the anaemia, but
hypercalcaemia persisted; it was noted that the granulomas in the spleen
showed some central necrosis, whereas those in the liver and abdominal
lymph-nodes removed at splenectomy showed sclerosis, suggesting that the
splenie granulomatosis was more recent and acute.

We have observed over many years the course of a patient with chronic
sarcoidosis in whom increasing splenomegaly was associated with pancy
topenia, which remitted after splenectomy, though granulomatous hepatitis
remained active and became fibrotic .

Aman aged 27 was found at a routine examination to havewidespread
mottling in a ehest radiograph, maximalin the upper halvesof the lungs.The
skin gave no reaetion to 100 IU.Kveim test, sealenenode and liverbiopsies
were all negative.Cultures for tuberclebacilliwere negative, but in viewof the
distribution of the radiographie shadowing, treatment with PAS and isoniazid,
initiallyaeeompanied by streptomycin,was givenfor two years. He returned
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to work as a road patrolman, and remained symptom-free, with little change
in radiographie appearance. After nine years, at the age of 36, he developed a
cough, lost some weight, and was found to have a slightly elevated sedimenta
tion rate. Bronchoscopy and bronchial mucosal biopsy showed no abnormal
ity. Shortly after this, a superficial abscess appeared on the right forearm, just
below the flexure of the elbow.lt was incised, and biopsy of its wall showed
granulomatous changes with some necrosis suggestive of tuberculosis; culture
of the pus produced both Staph. aureus and, later, M. tuberculosis, sensitive to
streptomycin, PAS and isoniazid. He was treated with isoniazid and PAS and
the abscess healed. At this time the spleen was noted to be palpable. Over the
next two years, he continued at work, but did not feel weil; the spleen was
observed to be increasing in size and the liver became palpable. At the age of
39, 12 years after the initial abnormal radiograph, he was fully investigated.
The spleen was palpable 6 cm below the costal margin, and was very firm, and
the liver 4 cm and soft. There was no change in the ehest radiograph. The
haemoglobin level was 12.0 g dl- I

, leucocytes 2000 and platelets 81000 mrn>':
the bone marrow showed normal numbers of haemopoietic cells, but few
mature. Urinary calcium excretion was elevated at 777 and 612 mg/day, and
serum calcium on the high side at 10.6 mg 100 rnl"". Transaminase and alka
line phosphatase levels were elevated. Needle biopsy of the liver showed some
Iymphocytic infiltration focally and in portal tracts. A tuberculin test with
100 IU gave a 10 mm reaction. A Kveim test gave a granulomatous response.
Splenectomy was performed, the spleen being noted to be very large. Enlarged
Iymph-nodes were seen around rhe splenie pedicle and along the pancreas; the
spleen, Iymph-nodes and a sampie of liver removed for biopsy all showed
many sarcoid-type granulomas. After an initial excessive rise in platelet count,
the cell-counts in peripheral blood returned to normal, and serum calcium was
recorded ar 9.4 mg 100 mr',Two years after splenectomy, he had renal colic,
with passage of two small stones, and the following year a spontaneous
pneumothorax, which required pleurectomy to secure re-expansion, Hepa
tomegaly with elevated liver enzymes persisted, and four years after splenec
tomy, at the age of 45, he had haematemesis and melaena, with evidence of
oesophageal varices and portal hypertension; ar this time, liver biopsy showed
hyalinization of many granulomas with surrounding inflammatory cell in
filtration.

Thrombocytopenia and purpura

In most reported instances of the association of thrombocytopenic purpura
with sarcoidosis, purpura has appeared in patients known to have sarcoido
sis; in some, purpura has been the presenting feature, the diagnosis of
sarcoidosis having been made in a few from the histology of tissues
removed at splenectomy, or at necropsy; and in a very few cases, purpura
has preceded the appearance of clinical evidence of sarcoidosis. Most of
the early reports concerned either fatal cases, or patients treated by
splenectomy.

Among the early reports is that of jersild (1938) who described the case of a
man with uveo-parotid fever and lung changes who also had thrombocyto
penia, varying from 16 000-57 000 mm", and purpura. Berblinger (1939)
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reported rhe case of a man , aged 35, who, having had iridoc yclitis and fever
five months previously, developed purpura and haematuria with almost
completely absent platelets and died from cerebral haemorrhage; at necropsy
'atypical tuberculosis' was found in lymph-nodes, spleen, Iiver and lungs. The
patient reported by Kraus (1942) with hypopituitarism due to sarcoidosis had
been anaemic for ten years , had been known to have thrombocytopenia, and
died of epistaxis; at necropsy the spleen weighed 500 g and contained many
sarcoid nodules. Case 2 of Catrell and Wilson (1951 ) was thar of a 19 year old
man with splenomegaly and thrombocytopenia but no purpura; the spleen
removed weighed 1460 g, and it and a piece of liver removed for biopsy were
found to be infiltrated with sarcoid tubercles. Edwards et al. (1952) reported
the case of a 15 year old white girl who had had iritis leading to impairment of
vision for three years, a generalized lymphadenopathy, shown histologically to
be sarcoid, hilar Iymph-node enlargement, and a moderately enlarged spleen;
she developed purpura with epistaxis, with no platelets visible in the periph
eral blood, and died of a massive cerebral haemorrhage. At necropsy extensive
sarcoidosis was found, involving the lyrnph-nodes, spleen, liver, kidneys, lungs
and stornach, but the spleen was only slightly enlarged, weighing 210 g.

Before the introduction of corticosteroid treatment, splenectomy was the
principal therapeutic procedure, and in most cases was found to lead to
remission of symptoms, though the period of observation after operation in
some was brief.

Nordland et al. (1946) described the case of a woman whose spleen was
removed for thrombocytopenic purpura in the sixth month of pregnancy. She
had had hilar node tuberculosis with later development of calcification in
childhood; the Mantoux test was then recorded as positive, but when she was
24 it had become negative. At the age of 25, she first had multiple petechiae in
the skin with a low platelet count. A year later, at the fifth month of pregancy,
the purpura and low platelet count recurred, and in spite of transfusions,
haematuria developed. The spleen removed weighed 275 g, and showed
replacement of malpighian bodies by non-caseating epithelioid and giant-cell
tubercles. There was no further purpura, and anormal delivery at term .
Ribaudo et al. (1949, Case 2) reported a good symptomatic response to
splenectorny in a woman, aged 23, who had had recurrent purpura for seven
years. The platelet count was 110 000 mm-3 and the bone-rnarrow showed
'hyperplasia of megakaryocytes'. The spleen removed was slightly enlarged
and histologically was infiltrated with sarcoid tubercles. Bruschi and Howe
(1950) recorded the case of a man, aged 37, who had been ill for four years
with nausea, vomiting, jaundice, anaemia, splenomegaly and miliary shadows
in the ehest radiograph, when he developed purpura, epistaxis and bleeding
from the gums . The platelets numbered 36000 mm- 3

. After removal of a
spleen weighing 680 g, he made a good recovery, and was weil 15 months
later . Borh the spleen and an abdominallymph-node showed sarcoidosis
histologically. The case described by Kunkel and Yesner (1950 ) was rhat of a
man, aged 55, who had had purpura for six weeks and suffered a subarachnoid
haemorrhage. No platelets were seen in the peripheral blood , bur man y
megakaryocytes in the marrow. The spleen, weighing 210 g, and several
accessories were removed with disappearance of the purpura and return of the
platelet count to normal. The skin failed to react to 250 TU of PPD. A ehest
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radiograph was said to show changes consistent with diffuse sarcoidosis. The
spleen removed showed rounded sub-capsular nodules, and histologically
epithelioid cell granulomas of varied size; no granulomas were seen in a liver
biopsy. Case 1 of Cattell and Wilson (1951) was that of a ten year old girl who
had had purpura for several years. A platelet count was 58000 mm>'.
Removal of a spleen, weighing 135 g, and infiltrated wirh sarcoid-type tuber
eIes, was followed by remission. Ehrlich and Schwartz (1951) in a discussion
of 110 cases of thrombocytopenic purpura mentioned one in a girl aged 16,
wh ich appears to have been described previously by Schwartz (1945). She had
had purpura and menorrhagia for one month. She had a large spleen, a low
platelet count (15000 mm -3) and anaemia (haemoglobin 6 g dl-1)j
diffuse shadows were seen in a ehest radiograph. The spleen, weighing 507 g
and infiltrated with sarcoid nodules up to 0.4 cm in diameter, was removed. In
spite of a prompt rise of platelet count, she developed a subarachnoid haernor
rhage four days after the operation, from which she nevertheless made a good
recovery. Wright et al. (1951) referred briefly to the case of a boy aged four
years, in whom a spleen removed for thrombocytopenic purpura and a speci
men of liver removed at the same time for biopsy both showed evidence of
sarcoidosis. Elliott and Turner (1951) reviewed splenectomy for purpura
haernorrhagica; of ten cases associated with systemic diseases, three, all in
young women, showed histological changes interpreted as sarcoidosis in the
spleen, though no evidence of sarcoidosis was found elsewhere; all improved
after splenectomy. The case described by Klein and Lehotan (1952) was that
of a woman, aged 33, who developed severe purpura with a platelet count of
4000; a large hard spleen with many accessory spleens was removed and
showed miliary tubereIes without caseation or acid-fast bacilli; the Mantoux
test was negative to 1:500 OT; radiographie changes were found in the lungs
and in a metacarpal bone; and splenectomy was followed by remission of the
purpura and rise in platelet count. Schrijver and Schillings (1952) reported the
case of a girl, aged 16, with bleeding from the gums, purpura, no platelets
detectable in the blood and bilateral hilar lymph-node enlargement; after
initial treatment wirh blood transfusion and corticotrophin, a spleen weighing
95 g and densely infiltrated with epithelioid cell granulomas was removed,
with remission of the purpura.

Treatment with corticosteroids has generally been reported to lead to
improvement or remission of thrombocytopenia, though in some cases the

follow-up period has been brief. In a few cases, response to corticosteroids
has been unsatisfactory, and in some of these, splenectomy has been fol
lowed by remission.

Dickerman et al. (1972) reported two cases, both in black boys : the first was
aged 13 when he presented with purpura, and was found to have enlarged
cervical and axillary lymph-nodes, a spleen palpable 2 cm below the costal
margin, a platelet count of 7000 mm" , many young megakaryocytes in the
bone marrow, and sarcoid-type granulomas in a cervicallymph-node removed
for biopsy . There was a prompt response to treatment with prednisone,
platelers rising to 164 000 mm-3

; a year later the platelet count remained
normal, but active bilateral uveitis had appeared. The second had been known
to be suffering from sarcoidosis involving liver and lungs since the age of 11
years: when he was aged 14 the cessation of prednisone treatment was
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followed by uveitis and after three months by purpura, epistaxis and haerna-
turia. There was hepatosplenomegaly, and platelets were much reduced. The
platelet count rose and bleeding ceased on treatment with platelet infusions
and meth ylprednisone, and was maintained during a follow-up period of two
months. In the case described by Sempie (1975) thrombocytopenic purpura
and haemolytic anaemia, both responding to prednisolone, preceded the
appearance of clinical evidence of sarcoidosis by a year. A man aged 25
presented with thrombocytopenic purpura, responding to prednisolone; seven
weeks later, he was found to have a Coombs test positive haemolytic anaemia,
with haemoglobin 10.3 gdl- 1 and reticulocyte count of 19% . This also re-
sponded to prednisolone, which was discontinued without relapse. One year
later, a soft tissue swelling over the left shoulder showed sarcoid-type granulo-
mas on biopsy, a Mantoux test with 100 IU was negative, a Kveim test gave a
granulomatous response, and a ehest rad iograph showed BHL. Eighteen
months later, uveitis and enlargement of the parotid glands and of a cervical
Iymph-node appeared, with no recurrence of either thrombocytopenia or
anaemia. Kremer et al. (1975) reported the case of a man aged 17 who
presented with purpura, with a platelet count of 41 000, falling to 1200 mm>'.
BHL was found radiographically, and a lymphangiogram showed enlarged
int ra-abdominal lyrnph-nodes. The bone-marrow contained a 'high normal'
number of megakaryocytes. Treatment with fluocortolone 90 mg daily, was
followed by gradual improvement, the platelet count reaching 150 000 rnrn>'
by the 19th day. At this time, mediastinoscopy was performed, and a lyrnph-
node removed showed sarcoid-type tubercles. Winter (1976) described briefly
the case of a man who at the age of 23 presented with thrombocytopepic
purpura responding to corticosteroid treatment; two years later recurrent
bleeding led to splenectomy which was followed by remission, maintained
during eight years' observation; the spleen showed histological changes of
sarcoidosis. A clinico-pathological conference in 1978 (Case 39-1978), dis-
cussed the case of a woman aged 24 who presented with purpura and a
platelet count of 6000 mrn" . BHL was demonstrated radiographically. The
bone-marrow showed plentiful megakaryocytes . Prednisone at a maximal
dose of 100 mg/day led to gradual increase in numbers of platelets, reaching
475000 on the 23rd day, and relief of purpura. A mediastinal lyrnph-node
removed by mediastinoscopy showed the histology of sarcoidosis. Two
months later, rhe platelet-count remained high, at 400 000 mm>' . A maternal
aunt and cousin of this patient had sarcoidosis.

Thrombocytopenic purpura in patients with sarcoidosis may be rapidly
fatal, and may fail to respond to corticosteroids or splenectomy.

Otero et al. (1967) described the case of a woman aged 30 who presented with
purpura and menorrhagia, with splenomegaly and enlarged superficial lyrnph
nodes . She died of massive gastro-intestinal haemorrhage; generalized sar
coidosis was found at necropsy. Knodel and Bechman (1980) reported a case
of thrombocytopenic purpura in a woman aged 23 which failed to respond to
platelet infusions and dexamethasone. At necropsy, the immediate cause of
death was found to be massive cerebral haemorrhage; epithelioid cell granulo
mas were found in the much enlarged spleen and in liver, lung, pleura and
lymph-nodes, some of those in the lung showing central necrosis .

We have observed four patients with sarcoidosis in whom thrombo-
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cytopenia remitted after removal of infiltrated spleens. In the first three,
purpura developed 2-6 years after the first c1inical evidence of sarcoidosis.
In the third, abdominal discomfort due to the very large spleen was an
additional indication for surgery. In the fourth case, splenomegaly later
found to be associated with thrombocytopenia was the first c1inical feature,
the diagnosis of sarcoidosis being established only after splenectomy; and
persistent granulomatous and chronic inflammatory changes in the Iiver
gave rise to a differential diagnostic problem (see Chapter 11, p. 271).

(1) A woman aged 23 was found to have a widespread pulmonary infiltra
tion, with a tuberculin test positive to 10 IV, negative cultures for tubercle
bacilli, and a palpable supraclavicular lymph-node biopsy of which showed
non-casearing epithelioid cell tubercles. Antimycobacterial chemotherapy had
no effect on the infiltration, but prednisolone 20 mg daily led to slow resolu
tion, which was maintained when it was reduced to 7.5 mg. After nearly two
years, prednisolone was gradually withdrawn. Three months later, purpura
appeared on the lower limbs, the shoulders and the buccal mucosa, the platelet
count was reduced to 41 000 mm" , and the bone-marrow was found to
contain many immature megakaryocytes. The spleen, weighing 400 g, was
removed it was srudded with pale nodules, which histologically consisted of
epithelioid and gianr-cell tubercles, many with central hyalinization. There
were enlarged lymph -nodes along the lesser curve of the stomach and in the
porta hepatis, and the liver was enlarged; biopsy of one of the nodes and of the
liver showed widespread sarcoid-type tubercles but without hyalinization. The
post-operative course was uneventful, and the parienr became symptom-free,
with normal platelet counr, Shortl y afterwards, small skin infiltrations, con
firmed histologically to be sarcoids, appeared and slowly increased in size, and
rhe pulmonary infilrrarion became denser. Two years after the splenectomy,
prednisolone treatrnenr was re-instituted. There was no recurrence of the
thrombocytopenia. Nearl y three years later, a pregnancy ended in still-birth at
the 8th month; three months after this she died, ar the age of 31, apparently of
pulmonary thrombo-embolic disease, not directl y related to sarcoidosis. There
was no necrop sy.

(2) A woman aged 26 was found to have symptomless BHL; scalene node
biops y showed sarcoid-rype tubercles. Over the next few years, BHL slowl y
subsided and widespread mottled shadows appeared in the lungs, without
symptoms. When she was aged 31, the platelet count was found to be low,
ranging between 28 000 and 48 000 mrn":', the blood count being otherwise
normal, but it was not until two years later thar she first noticed spontaneous
bruising. The spleen-tip was just palpable on deep inspiration. The platelet
count was berween 20 000 and 41 000 mrn>', the only other abnormality in
rhe blood count being a leucocyte count berween 3000 and 5000 with a
relative lymphopenia . The bone-rnarrow showed many immature megakary
ocytes and the half-life of radio-Iabelled platelets was reduced to 30 min
(normal 5-7 days ). In spite of rhe widespread radiographie mottling, tests of
lung ventilatory function and gas transfer were within normal limits. The
spleen was removed. It was about twice normal size and contained clusters of
yellowish nodules up to 2 mm in diameter, as weil as Malpighian follicles
1mrn in diameter; the nodules consisted of well-defined epithelioid granulo
mas with a few giant cells, man y showing fibrosis and a few cenrral fibrinoid
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necrosis. The post-operative course was uneventful, with a rise in platelets to a
maximum of 706 000 mm>', wh ich settled to and remained at normal levels .
The pulmonary infiltration slowly cleared. Seven years after splenectomy, she
remained free from further manifestations of sarcoidosis.

(3) A man aged 44 was found at a routine examination to have slight BHL
and light mottling in the lung-fields. The tuberculin test was negative.
Although he was symptom-free, he was treated at various times with predniso
lone, hydroxychloroquine and oxyphenbutazone. Six years later, when he was
receiving 5 mg prednisolone daily, spontaneous bruising appeared and the
platelet count was found to range between 54 000 and 90 000 mrn":'. The
bruising ceased spontaneously, but splenomegaly was noted for the first time,
and a Kveim test gave a granulomatous response; slight hypercalciuria was
found . A year larer, now aged 61, he complained of nausea and upper
abdominal discomfort. The spleen was found to be further enlarged, firm and
non-tender, about 8 cm below the costal margin. The liver was palpable 2 cm
below the costal margin. The platelet count was 78 000 mm", the blood
count showing no other abnormality. The bone-marrow was normal ; a
platelet survival test showed destruction in the spleen. The serum calcium level
was normal, and urinary calcium excretion between 260 and 320 mg daily,
with normal creatinine clearance. ehest radiography showed fine not very
dense mottling, little changed over the previous few years. A tuberculin test
with 100 IU was negative. Liver enzyme levels were normal. In view of the
thrombocytopenia with platelet destruction in the spleen, and the possibility
that the splenomegaly might be at least in part responsible for the abdominal
pain and nausea, splenectomy was performed. The spleen was very large and
contained many sarcoid-type tubercles; a sampie of liver and an abdominal
lymph-node contained similar tubercles. Post-operatively, the platelet count
rose to 600 000 rnrn>' and then settled and remained at normal levels.
Followed for five years after the splenectomy, he has shown no further
manifestations of sarcoidosis ; slight middle zone fibrosis has developed in the
lungs without disability.

(4) Splenomegaly was no ted in a woman aged 23 during a pregnancy. Three
years later, the spleen was palpable to the umbilicus and firm, and the liver 2 cm
below the costal margin. Platelets ranged between 96 000 and 128 000 mm>' .
Leucocytes numbered 2300 mm":', of which only 16% were lymphocytes, and
the haemoglobin was 11.2 g dl. The ehest radiograph was normal. Lyrnphan
giography showed enlarged para-aortic nodes. The Heaf tuberculin test was
negative. A Kveim test was negative. The spleen, weighing 990 g, was removed,
together with a Iymph-node and a biopsy sampie of liver. These all showed
many epithelioid and giant-cell granulomas, with slight central necrosis in
places; the liver also showed lymphocytic infiltration of portal tracts with
widening and distortion of interlobular pattern . Post-operative course was
uneventful, the platelet count after an initial rise to 498 000 returning to
normal levels. Followed eight years after the splenectomy, she has remained
free from further manifestations of sarcoidosis, or symptoms referable to liver
disease; but the liver remained palpable, and for several years liver enzyme
levels were variably and slightly raised. Serialliver biopsies up to five years
after the splenectomy continued to show inflammatory cell infiltrations of
portal tracts with some focal collections of Iymphocytes, epithelioid cells and
occasional giant cells. This gave rise to suspicion of primary biliary cirrhosis,
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but there was no evidence of developing cirrhosis , tests for antimitochondrial
and other auro-antibodies were negative, and enzyme levels eventually became
normal.

Death from haemorrhage after splenectomy was reported by Enzer
(1946).

His case was thar of a 32 year old man who had had purpura, anaemia,
thrombocytopenia and leucopenia for eight rnonths; there were radiographie
changes in the lungs and a negative tuberculin test; at necropsy the lungs and
lymph-nodes but not the bone-rnarrow were infiltrated with sarcoid granulo
mas as was the removed spleen.

Haemorrhagic tendency not shown to be related to thrombocytopenia
has been recorded by several authors.

üf the 22 necropsy cases reported by Ricker and Clark (1949), one had had
severe epistaxis and died with subarachnoid haemorrhage; there was extensive
sarcoidosis and petechiae in all organs . In Case 1 of Ribaudo et al. (1949), the
single platelet count recorded was 570000 mrn>', but the clinical picture was
that of severe purpuraj the patient was an 18 year old black man with recent
purpura and bilateral hilar lyrnph-node enlargement who died of cerebral
haernorrhage; at necropsy the spleen was of normal size, but it, the lungs, the
lyrnph-nodes and the myocardium were infiltrated with sarcoid granulomas.
Case 2 of Engelbreth-Holm (1938), reported as tuberculous splenomegaly,
was that of a 44 year old woman who had had several episodes of jaundice,
purpura, haematemesis, anaemia and ascites; a spleen 30 cm long and infil
trared with non-casearing tubercles was removed, with remission of symp
toms. Blum and Mitchell (1952) recorded the case of a man, aged 50, who had
had enlarged cervical and hilar lyrnph-node enlargement, and splenomegaly
for several months, and died with persistent gastro-intestinal bleeding for
which no source was found at laparotomy or at necropsy ; extensive sarcoido
sis was found in the lungs, spleen, liver and Iymph-nodes.

In general, in the treatment of thrombocytopenia and purpura in patients
with sarcoidosis, corticosteroids lead to improvement in most, and to remis
sion in some, cases; splenectomy nearly always leads to permanent remission
of the thrombocytopenia, though it has no effect on the evolution of the other
manifestations of sarcoidosis, especially in the liver.

Haemolytic anaemia

Although fewer cases of haemolytic anaemia than of thrombocytopenia
have been reported in patients with sarcoidosis, the number is sufficient to
suggest that it occurs rather more frequently than would be expected by
chance. The relative importance of factors concerned in the pathogenesis of
haemolytic anaemia and of the immunological abnormalities of sarcoidosis
remains a matter for speculation. The Coombs test in cases in which it has
been reported has been found positive in most, though negative in a few.
Response to treatment has been variable. Corticosteroid treatment has led
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to improvement in some cases, in a few amounting to remission, though the
folow-up in man y has been brief; but a few have shown no response.
Similarly, splenectomy may or may not be followed by remission ; and
haemolytic anaemia has appeared after removal of the spleen for pancytope-
nia or thrombocytopenia (Lebacq et al., 1956b; Thudani et al., 1975).

Case 4 of Englebreth-Holm (1938), reported as tuberculous splenomegaly,
was that of a 57 year old woman who had anaemia with a haemoglobin
concentration of 45 %, and a reticulocytosis of 26% ; she died after removal of
a spleen weighing 400 g, which was infiltrated with non-caseating tubercles, as
was the liver. Stars et al. (1947, Case 1) described the case of a black girl who
had long-standing haemolytic anaemia, with a haemoglobin of 43% and
reticulocytosis of 15%, without sickling, spherocytosis or abnormal fragility
of erythrocyres; iridocycl itis, generalized lymphadenopathy, and spleno
megaly; a lyrnph-node biopsy showed sarcoid changes and the Mantoux test
was negative. Bruschi and Howe (1950) referred briefly to rhe case of a black
woman, aged 45, who had severe haemolytic anaemia; a spleen weighing
500 g was removed, and showed sarcoid changes with many giant cells, as did
the liver and a lymph-node removed for biopsy. Improvement was said to have
followed the splenectomy. Schubothe (1952 ) mentioned the case of a 12 year
old boy known to have pulmonary sarcoidosis for several years who
developed Coombs test positive haemolytic anaemia remitting after corti
costeroid treatment. Davis et al. (1954) recorded the case of a black man, aged
34, who had been known to have an abnormal ehest radiograph for two years,
and presented with a haemolytic anaemia (haemoglobin 6.3 g 100 ml ",
reticulocytes 25%, iron turn-over five times normal) and fever; a cervical
lyrnph-node biopsy showed sarcoid changes; after a temporary response to
cortisone, a spleen wieghing 450 g with three accessory spleens was removed ;
the spleen showed grey nodules 3 mm in diameter with sarcoid histology ; only
temporary improvement was observed after splenectomy , and further corti 
sone treatment was required. Lebacq et al. (1956) described the case of a
woman aged 23, whose sister had died after removal of a granulomatous
spleen, no other details being available . She presented with anaemia , leuco
penia and splenomegaly; on a diagnosis of Banti's syndrome, the spleen
weighing 1100 g was removed, and was found to contain many large nodules
of epithelioid and giant cell granulomas. The anaemia improved after the
operation. Six months later, anaemia recurred with jaundice, and was found
to be of haemolytic type with positive direct Coombs test. Treatment with
corticotrophin followed by hydrocortisone led to improvement. Biopsies of an
enlarged lacrimal gland and of a pre-auricular lymph-node showed sarcoid
changes. A relapse of haemolytic anaemia, haemoglobin falling to 32%,
responded to transfusion and furthe r corticotrophin treatment. Six months
later she died, apparently of a generalized infection on a visit abroad. Michon
et al. (1957) reported a coal-miner aged 52 who presented with Coombs test
positive haemol ytic anaemia with warm haemagglutinins; he had enlargement
of hilar and paratracheal lyrnph-nodes radiographically, and palpable supra
clavicular nodes, biopsy of which showed sarcoid-type granulomas. The
anaemia improved on corticosteroid treatment, relapsed when it was wirh
drawn, and improved again when it was re-instituted. Johansson (1958)
reported the case of a 53 year old woman with severe haemolytic anaemia,
Coombs test positive, and BHL with pulmonary infiltration, in whom
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haemolysis persisted in spite of both corticosteroid treatment and splenectomy
and led to death, The patient described by Garcia et al. (1959) was a man aged
31 who had had generalized lymphadenopathy with the histology of sarcoido
sis for three years . He developed haemolytic anaemia, haemoglobin 76 %,
reticulocytes 23 %, and hypercalcaemia, Removal of the spleen, weighing 430 g
and containing sarcoid granulomas was followed by remission of haemoly-
sis. The case reported by West (1959) was thar of a 32 year old woman with a
six week history of weakness, dyspnoea and, later, jaundice; the anaemia was
of haemolytic type w~th a negative Coom~s test (haemoglobin 6 g, bilirubin
2.9 mg 100 rnl " , reticulocytes 29.8% ); biopsy of an enlarged paratracheal
lymph-node removed by thoracotorny showed sarcoid change s; the spleen,
weighing 530 g, was removed and it and the liver also showed histological
evidence of sarcoidosis; some improvement was observed du ring seven
months ' observation after splenectomy. Wyss et al. (1967) reported the case of
a man aged 35 who had been known to have sarcoidosis involving hilar nodes
and lungs for five years, when he developed haemolytic anaemia, the haemog
lobin falling to 48 %; direct Coombs test was negative; the spleen was en
larged. Removal of the spleen weighing 630 g and containing many granulo
mas, was followed by remission of the anaemia during five months of further
observation: liver biopsy showed no granulomas. Thudani et al. (1975) re
ported the case of a man aged 53 who presented with heparo-splenornegaly
and pancytopenia; the spleen weighing 1250 g was removed and showed
replacement of Malpighian corpuscles by groups of epithelioid cells and some
pulp fibrosis, and liver biopsy showed many sarcoid-type granulomas, The
haemoglobin and blood-counr stabilized at normal levelsafter the operation.
A Kveim test was negative. One year later, he developed Coombs test positive
haemolytic anaemia, and died in an acute haemolytic crisis before treatment
could be starred. At necropsy, granulomas were found in liver, kidneys and
bone-marrow. The patient described by Sempie (1975) in whom thrombocy
topenia, followed by haemolytic anaemia, both responding to corticosteroid
treatment, preceded the appearance of overt sarcoidosis, has been mentioned
above (p. 283 ).

In some reported cases, it seems likely that sarcoidosis and haemolytic
anaemia though occurring in the same patient were pathogenetically
unrelated.

In several, the spleen removed for haemolytic anaemia in patients with
sarcoidosis has been found to show no specific changes.

Crane and Zetlin (1945) reported the case of a woman, aged 46, from whom a
spleen weighing 485 g and showing no tuberculoid granulomas was removed
for haernolytic anaemia, with only temporary improvement; two months
later, the anaemia recurred with fever and in spite of repeated transfusions the
patient died. At necropsy, the lymph-nodes and the sternal marrow showed
multiple small epithelioid cell granulomata wirh a few giant cells; there were
foci of erythropoiesis in the lungs, kidneys, liver and Iymph-nodes; but the
lungs and liver were not invaded by the granulomas. McCort et al. (194 7 )
described the case of a 58 year old man who had been known for two years to
have enlarged mediastinallymph-nodes, reported on biopsy to show 'rubercu
loma', when he was found to have a haemolytic anaemia and splenomegaly;
the spleen removed showed no sarcoid lesions. Eight months later the hilar
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lyrnph-nodes were larger and radiographs of the hands showed 'cysts' in the
bones of rhe finger . Cox and Donald (1964) described the case of a man aged
29, who had been known to have sarcoidosis involving superficial Iyrnph
nodes since the age of 14, wirh pulmonary infiltration, and developed Coombs
test negative haemolytic anaemia, which failed to respond to corticosteroid
treatment : the spleen weighing 1200 g and srated not to show sarcoid changes
was removed, but haemolysis conrinued.

Palazzo et al. (1972) described the case of a woman who ar the age of 41
developed haemolytic anaemia with a high cold agglutinin titre; three and a
half years later she was found to have BHL with sarcoid-rype granulomas in a
bronchial mucosal biopsy and a positive Kveim test, which subsided without
treatment, some pulmonary infiltration appearing. In this case, it seems
unlikely rhe cold-agglurinin disease and the sarcoidosis were pathogenetically
related.



Chapter 13

The Upper Respiratory Tract

As early as 1905, Boeck recorded infiltration of the nasal mucosa in a case
of multiple benign sarcoid, and in 1908 Kreibich and Kraus described a case
of sarcoids of the skin of the nose and forehead with nasal symptoms, due to
thickening of the mucosa, though the mucosa was not examined histologic
ally . Schaumann in 1914 reported that in two out of three cases of lupus
pernio the tonsils showed specific histological changes. Subsequently many
reports of changes in the upper respiratory tract (URT) have appeared, but
relatively few studies of their incidence in unselected series of cases of
sarcoidosis presenting in other ways .

Incidence

The great variation in reported incidence of URT involvement, as of other
manifestations in a specialist field of interest, is probably determined in
large part by selection. Barrnwater (1936) stated that among 42 patients
studied at the Finsen Institute, Copenhagen, 13 had mucosal lesions of the
URT, and of these only two had no skin lesions. Gravesen (1942) in aseries
of 112 cases collected from a number of Danish hospitals, and apparently
including at least some of those reported by Barmwater, found that the URT
was involved in 39, of whom 32 had skin changes, most of them including
the face; among the 39, the nasal mucosa was involved in 37, the mouth and
pharynx in 14 and the larynx and trachea in six . The very high incidence is
probably related to the high proportion of patients with florid generalized
sarcoidosis in these series. Even in aseries such as that of Reisner (1944)
including a high proportion of North American blacks, a group especially
liable to florid forms of sarcoidosis, the incidence was lower; in aseries of
35 patients in New York, of whom 30 were black, he reported that two
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showed involvement of nasal mucosa, confirmed by biopsy in one, and two
extensive infiltration of the larynx , epiglottis and pharynx. Kämpfer (1964)
studied 277 patients with sarcoidosis, and found evidence of granulomatous
changes in nasal mucosa in nine, in the lingual tonsil in one, and in the
larynx in one. Neville et al. (1976) submitted 100 successive patients artend-
ing a sarcoidosis clinic to special stud ies for evidence of URT involvement,
and found such evidence in six, of whom three had lupus pernio. Selroos
and Niemistö (1977) found a comparable incidence of URT involvement,
but no special association with skin changes. In a study of 192 patients with
sarcoidosis, they found that 14 had nasal symptoms, and 11 of these had
granuloriias in nasal mucosa; only one patient, with florid nasal polypoid
granulomatous changes had skin sarcoids, and these were maculo-papular
and not of the lupus pernio type.

Among reported cases of URT sarcoidosis, the nasal mucosa , especially
of the inferior turbinates and adjacent part of the septum is the most
frequently involved site, the nasal sinuses, pharynx, soft palate, epiglottis
and larynx being less frequently involved. In studies of unselected cases of
sarcoidosis, the nasal mucosa is by far the most frequent site within the URT
to be affected: of the 11 with nasal granulomas found by Selroos and
Niemistö (1977) in their survey of 192 consecutive patients, none had
changes elsewhere in the URT. On the other hand, studies of patients
selected because they have URT sarcoidosis tend to include a high propor
tion with extensive involvement. Lindsay and Perlman (1951) reported nine
cases, all with nasal mucosal changes, with involvement also of the
nasopharynx in two, the pharynx in three, the epiglottis in four , the glottis
in one, and the trachea in three; McKelvie et al. (1968) reported 14, the nose
being involved in 11 and the larynx in five, both being involved in two; and
of the 17 reported by Neville et al. (1976), all with nasal mucosal granulo
mas, five also had laryngeal involvement. Nevertheless, for convenience the
principal sites of involvement will be considered separately.

The nose

We have reviewed 116 recorded cases of generalized sarcoidosis in which
granulomas were found clinically in the nasal cavities and histologically
confirmed (Ulrich, 1918 ; Allison and Mikell , 1932; Novy, 1936; Kistner
and Robertson, 1938; Seifert, 1939; Poe, 1940 a and b, 1942, the same case
being reported later by Poe and Seager, 1950; Bordley and Proctor, 1942;
Wille, 1946; Rubin and Kling, 1948 ; Robinson and Pound, 1950, Case 13;
Larsson, 1951, Cases 7, 8, 9 and 10; Lindsay and Perlman, 1951 , nine
cases; Livingstone, 1956; Ferguson and Paris, 1958, Case 5; Weiss, 1960,
three cases; Creston and Dibble, 1961 ; Arova, 1963 ; Siltzbach and Blau
grund, 1963, six cases; Kämpfer, 1964, ten cases; Dowie, 1964, three cases;
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Black, 1966; Scadding, 1967, three cases; Mckelvie et al., 1968, 11 cases;
Page and Seth, 1969; Di Benedetto and Lefrak, 1970; Carosso, 1974;
Wright et al., 1974, two cases; Gordon et al., 1976, three cases; Kirschner et
al., 1976; Neville et al., 1976, 17 cases ; Delaney, 1977, Case 1; Selroos and
Niemistö, 1977, 11 cases; Maillard and Goepfert, 1978; Allen, 1979; Som
and Krespi, 1979; Coup and Hopper, 1980; Hammond and Kataria, 1980).
Of the cases in which the sex of the patient was mentioned, 73 were in
women and 25 in men; the excess of women is much greater than the usual
slight excess of women in large unselected series of cases of sarcoidosis, and
suggests that involvement of the URT is relatively more frequent in women.
Forty-two were stated to be in blacks, of whom 28 were women. Although
Selroos and Niemistö (1977) found skin sarcoids in only one of the 11 cases
of nasal involvement they found in the ir survey of 192 consecutive patients
with sarcoidosis, others have commented on the frequency of association
between nasal mucosal involvement and skin sarcoids, espec ially of the
lupus pernio type. Thus, Neville et al. (1976), reviewing the records of a
sarcoidosis c1inic, found 34 patients with involvement of the URT and/or
the skin of the nose, 26 having skin changes of lupus pernio type and 17
URT sarcoidosis, these features co-ex isting in nine; of six who presented
with nasal mucosal changes, six later developed lupus pernio. Of six
patients with nasal mucosal granulomas reported by Siltzbach and Blau
grund (1963) all had skin sarcoids, the skin near the nostrils being involved
in four . It is probable that involvement of the vestibule of the nose and of
the nasal mucosa occurs in many cases of lupus pernio involving the nose ,
but has not been specifically recorded because not thought remarkable. In
view of the association between persistent skin infiltrations and changes in
the bones of the hands and feet (Chapters 7 and 9), it is not surprising that
such changes have been found in a proportion of cases of URT sarcoidosis.
Neville et al. (19 76) found them in two of eight patients with involvement of
the URT without lupus pernio, and in three of nine with lupus pernio.

The symptoms of nasal sarcoidosis are those to be expected from thicken
ing of the mucosa, sometimes with polyp formation (Lindsay and Perlman,
1951; Mckelvie et al., 1968 ; Neville et al., 1976). The most frequent
symptom is nasal obstruction; other common symptoms include nasal dis
charge and crusting, and epistaxis or blood-staining of the discharge may
occur. The most frequent finding on examination is thickening of the
mucosa, sometimes extensive, but tending to affect predominantly the in
ferior turbinates and the adjacent part of the septum. Minute yellowish
nodules may be visible in or under the mucosal surface, which may be
obscured by pus or muco-pus with or without crusting. Polypoidal granulo
matous masses may develop, and may be large (Selroos and Niemistö,
1977) . Perforation of the septum may occur. In several cases, it has been
reported after surgical procedures, notably submucous resection of the
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septum (Allison and Mikell, 1932; Neville et al. 1976, two cases; Harn-
mond and Kataria, 1980). In a few cases, surgical procedures on the septum,
with or without inferior turbinectomy, have been undertaken for relief of
obstruction without this complication (Wright et al., 1974; Maillard and
Goepfert, 1978); and perforation may occur in patients treated conserva-
tively (Barmwater, 1936; Neville et al., 1976, one case). Association with
lupus pernio and with infiltration of the vestibule of rhe nose and the
adjacent upper lip and nostril has already been noted. The bridge of the nose
may be swollen, without evident involvement of the skin (Dowie, 1964,
Case 2; Black, 1966; McKelvie et al., 1968, Case 19). Rarefaction of nasal
bones may be evident radiologically (Curtis, 1964; Neville et al., 1976).
Collapse of the bridge of the nose from destruction of cartilage and bone has
been reported (Di Benedetto and Lefrak, 1970; Allen, 1979).

In their survey of nasal involvement in aseries of patients with sarcoido
sis, Selroos and Niemistö (1977) found three with symptoms and an abnor
mal-looking mucosa but no granulomas on mucosal biopsy. In view of the
frequency of non-specific nasal symptoms, this is hardly surprising. Syrnp
tomless sarcoid infiltration of the nasal mucosa appears to be rare . Random
biopsies from the inferior turbinates in patients with sarcoidosis without
symptom or sign of nasal involvement showed granulomas in only one of
six cases reported by Weiss (1960) and in none of seven by Siltzbach and
Blaugrund (1963).

Nasal sinuses

The diagnosis of sarcoidosis involving nasal sinuses may be suggested by
radiographs showing thickening of their mucosal lining in patients known
to have granulomatous infiltration of nasal mucosa (Lindsay and Perlman,
1951, in three of nine cases; Gordon et al., 1976, Case 2), and occasionally,
polypoid granulomatous masses may be seen protruding from antral open
ings (Lindsay and Perlman, 1951). Loss of transradiancy of the antra with
negative proof puncture in such patients has also been accepted as evidence
of antral involvement (Dowie, 1964). Histological confirrnation of granulo
matous infiltration of the mucosa lining nasal sinuses has been obtained
from tissue removed at antrostomy or ethmoidectomy (Bordley and Proctor,
1942; Robinson and Pound, 1950; Livingstone 1956; Page and Seth, 1969;
Maillard et al. 1978). In a case of massive sarcoid infiltration of the orbit
causing exophthalmos, recorded by Rider and Dodson (1950) and men
tioned in Chapter 8, the maxillary antra were also involved.

Two patients whom we have had under prolonged observation illustrate
the frequent association of sarcoidosis of the nasal mucosa with sarcoids of
the skin, especially of the nose, and its variable but sometimes prolonged
course.
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The first is a West Indian, aged 40, who first notieed a nodule in the left nostril
and several small superfieial nodules on the upper lip (Chapter 7, Fig. 7.16) .
Biopsy of the nodule in the nasal vestibule showed infiltration with an epithe
lioid eell granuloma. There was a generalized slight enlargement of superfieial
lymph-nodes and the spleen was palpable. The ehest radiograph showed faint
mottIing in the middle zones of the right lung, with slight hilar enlargement.
The Mantoux test was negative to 1:100 OT. Under treatment with eortisone,
all the manifestations subsided, and did not reeur when it was withdrawn after
only four weeks. Last seen six years later, he remained free from evidenee of
disease.

The seeond is a woman who at the age of 36 first developed seattered
nodular sareoids of the skin, eventually involving the legs, the buttoeks, the
upper arms and the forehead, sears on the knees also being infiltrated. Biopsy
of a skin lesion eonfirmed the diagnosis. There was seattered irregular infiltra
tion of the lungs radiographieally. Three years from the onset, she developed
gradually inereasing nasal obstruetion with mueoid diseharge. At the age of
43, she was found to have thiekening and granularity of the mucosa over the
middle turbinate, wh ich on biopsy showed typical non-caseating epithelioid
cell tuberc1es. The antra were opaque, but puncture produced nothing, and it
was inferred that the mucosa was probably thickened by the sarcoid granu
loma. Treatment with prednisolone, starring with 30 mg daily led to rapid
improvement in the skin sarcoids, and relief of nasal obstruction, Under
observation for a further 14 years, she has continued to require prednisolone
in variable dosage to control activity of sarcoidosis, manifested mainly in the
skin. Nasal obstruction has not recurred, and the lungs have shown gradual
development of typical fibrotic changes, now non-progressive, and with mild
to moderate functional deficit.

Olfactory disorders

Changes in the olfactory nerves and their connections are the most frequent
causes of disorder of the sense of smell in sarcoidosis, and are considered in
Chapter 14. Delaney et al. (1977) reported five cases with disorders of taste
or smell; in one of these, wirh granulomatous nasal and laryngeal changes
and no evidence of involvement of the nervous system, decrease in ability to
detect or recognize vapours at the primary olfactory area was attributed to
nasal sarcoidosis.

Nasopharynx

In several of the reported cases of nasal mucosal sarcoidosis, the
nasopharynx has been noted to be involved. Larsson (1951) reported ten
cases of generalized sarcoidosis in which enlargement of the lymphadenoid
tissue in the nasopharynx gave rise to masses detectable radiologically as
polypoid soft tissue shadows and proved by biopsy to be due to sarcoid
infiltration. Four of these also had nasal mucosal infiltrations. In six, the
nasopharyngeal mass simulated hypertrophy of the normal lymphadenoid
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tissue, in one it affected principally the right side, in one it was ulcerated,
and in one it presented as a lobulated tumour, obstructing the Eustachian
tube in one. Fishman and Canalis (1979) reported the case of a black
woman aged 26, complaining of hearing loss, in whom this was found to be
due to serous otitis media caused by obstruction of the Eustachian tubes by
a smooth mass in the vault of the nasopharynx; this on biopsy showed
non-caseating granulomas, and gallium scans showed increased uptake in
lungs and parotid glands, though the ehest radiograph was normal; and
serum angiotensin-converting enzyme levels were high. These findings,
together with a good response to small doses of prednisone, made the
diagnosis of sarcoidosis probable.

Tonsils

Schaumann in his 1914 paper drew attention to the presence of sarcoid
tubercles in apparently normal tonsils, and in 1936 he stated that in all of 21
active cases of sarcoidosis in which tonsils had been removed for biopsy,
specific changes were found. Gravesen (1942) found infiltration of the
tonsils in 64% of 70 cases. Others have found a considerably lower inci
dence. Weiss (1960) reported that of five patients with proved sarcoid
lesions elsewhere, biopsy of apparently unaffected tonsils showed specific
changes in only one, while of a total of 22 tonsillar biopsies in known or
suspected cases of sarcoidosis, only two were positive. Reisner (1944)
examined the tonsils in two established cases, and found specific histological
changes in one. Barmwater (1936) reported that in some cases in which he
took small biopsies from both tonsils, he found changes in one but not in the
other. It is not surprising that there are few reports of large series of routine
removals of tonsils for biopsy; most of the references are to no more than a
few incidental findings . Larsson (1951) obtained positive biopsies from
tonsils in ten cases with other nasopharyngeal lesions . Macroscopically
evident abnormalities of the tonsils have very rarely been recorded. Barm
water (1936) mentioned one case in which nodules were visible in the upper
poles of the tonsils. Lindsay and Perlman (1951) refer to one case in wh ich
there was a granuloma of the left tonsil, and Siltzbach and Blaugrund
(1963) described the tonsils in two cases in which they were found histolo
gically to be infiltrated with sarcoid tubercles as 'Iarge, pale and cryptic'.

Palate

Localized sarcoid infiltration of the palate was an incidental finding in two
young women with skin sarcoids and extensive involvement of the upper
respiratory tract reported by Ulrich (1918). Infiltration of either the hard or
the soft palate, generally without symptoms and not ulcera ted, has been
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reported also in association with other upper respiratory tract localizations
of sarcoidosis by Barmwater (1936, two cases), Poe (1942), Weiss (1960,
Cases 1, 4, 8 and 9), Creston and Dibble (1961), Carasso (1974) and
Kirschner and Holinger (1976). In a case of very extensive and chronic nasal
sarcoidosis reported by Allen (1979), the palate was 'thickened and ulcer 
ated', and biops y showed an epthelioid and giant cell reaction.

Differential diagnosis of naso-pharyngeal granulomas

Many systemic and local diseases may give rise to naso-pharyngeal granulo
matous changes, and among them sarcoidosis is relatively infrequent. In a
review of 19 unselected cases in which nasal biopsies showed granuloma
tous changes, Coup and Hopper (1980) found that the final diagnosis was
sarcoidosis in only one; it was tuberculosis in two, leprosy in one, Wege
ner 's granuloma in three, choJesterol granuloma in four, unusual rnalig
nant neoplasms in rwo, and in six ' idiopathic granuloma'. In the latter
group, of which three involved the post-nasal space, no evidence of general
ized granulomatosis was found, and the local condition resolved or im
proved under observation. The categorization as sarcoidosis of granulomas
in the nose, as in other locations, depends not only upon their histology but
also upon acceptable evidence that they are part of a widespread non
caseating epithelioid cell granulomatosis (Chapter 26) .

Larynx

Among reported cases of sarcoidosis of the larynx which we have reviewed
and in which the sex of the patient was stated, 31 were female, and 12 male.
There is thus an excess of women, as for patients with nasal involvement
without laryngeal changes.

The first description of laryngeal sarcoidosis appears to have been by
Ulrich (1918), in whose two cases of URT sarcoidosis the epiglottis and
ary-epiglottic folds were infiltrated. Only a few cases of sarcoidosis in which
the larynx was affected but the nose was srated to be uninvolved (McKelvie
et al., 1968, Cases 12, 13 and 14; Vico and Larsen, 1979) or not mentioned
(Firooznia et al., 1970, three cases) have been reported.

All parts of the larynx may be involved, but the epiglottis, the ary
epiglott ic folds, the false vocal cords and the ventricles are affected more
frequently that the true vocal cords, which may be unaffected in the pre
sence of extensive supraglottic and sometimes subglottic changes (Neville et
al., 1976) . When the vocal cords are affected, it is usually as part of
widespread changes in the larynx and the URT generally (Reisner, 1944;
Poe and Seager, 1950, Ferguson and Paris, 1958, Case 5; McKelvie et al.,
1968, Case 10; Firooznia et al., 1970, Case 1; Weisman et al., 1980, Cases 3
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and 4), though in a few cases they were the principally involved part
(Rosedale, 1945; Siltzbach and Blaugrund, 1963). Sparing of the cords in
the presence of extensive changes elsewhere was noted by Carasso (1974),
in whose patient the true cords appeared normal although the epiglottis, the
ary-epiglottic folds and the false cords were extensively involved causing
stridor, and by Kirschner and Holinger (1976) in a 14 year old black male
with very extensive sarcoidosis involving epiglottis, arytenoids and ary
epiglottic folds, both false vocal cords and the sub-glottic region, but whose
true cords showed erythema only. The epiglottis is very frequently affected,
either as the only evidently involved part (Barrnwater, 1936, two cases;
Seifert, 1939, Lindsay and Perlman, 1951, four cases; Weiss, 1960, Cases 1
and 6; Weisman et al., 1980, Case 1), or with the arytenoids or ary
epiglottic folds (Allison and Mikell, 1932; Kämpfer, 1964, Case 5; Devine,
1965; Di Benedetto and Lefrak, 1970; Firooznia et al., 1970, Case 2; Som
and Krespi, 1979). Airflow may be obstructed by general thickening of
mucosa by widespread granulomatous infiltration or by local polypoid
masses; in active stages, the appearances may suggest some oedema, and in
the later stages, fibrosis may narrow and distort the laryngeal airway.
Polypoidal masses may develop, usually above rhe vocal cords, and most
commonly on the epiglottis, the arytenoid region, the ary-epiglottic folds ,
the false cords, or in the laryngeal ventricles (T rible, 1958; Devine, 1965; Di
Benedetto and Lefrak, 1970; Carasso, 1974). Involvement of the sub-glottic
region and the trachea (see below) may contribute to obstruction (Barm-
water, 1936; Poe and Seager, 1950; Devine, 1965; Firooznia et al., 1970,
Case 1; Kirschner and Holinger, 1970; Weisman et al., 1980, Case 2).

In many of the reported cases, the laryngeal changes have been accorn
panied by extensive sarcoidosis elsewhere, especially in lungs , lymph-nodes
and skin. If the larynx is the only clinically evident site of granulomatous
changes, the diagnosis may remain doubtful (Chapter 26 ). For instance,
Nickol (196 1) reported the case of a woman with healed apical pulmonary
tuberculosis in whom dyspnoea was due to tumour-like swelling of both
ary-epiglottic folds; on the strength of a biopsy this was regarded as sarcoid,
but there was no evidence of sarcoid changes elsewhere, nor was the
tuberculin rest reported. And in Devine's (1965) report of eight cases, only
one showed unquivocal evidence of generalized sarcoidosis; in five, char
acteristic macroscopic appearances of the laryngeal changes, with dernon
stration of granulomas on ar least one occasion and a compatible long-term
clinical course made the diagnosis of sarcoidosis acceptable, while in the
remaining two, the diagnosis remains in doubt.

Even extensive granulomatous changes in the larynx, as elsewhere, may
show complete or substantial resolution, as in two cases briefly mentioned
by Reisner (1944) and Cases 1 and 2 of Weisman et al. (1980). But
especially when the larynx is involved as part of extensive and chronic
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sarcoidosis, the laryngeal changes tend to be persistent or recrudescent, and
to cause obstruction to airflow, giving rise to stridor and dyspnoea; changes
in the voice may occur, but are less frequent. This is illustrated by the
patient whose course over ten years was described by Poe (1940 a and b,
1942), and by Poe and Seager (1950).

A black woman with sarcoidosis of the skin of the face,the nose and the
external ear, hilar Iymph-nodes and rhe bones of the hands and feet was found
to have extensive changes in the URT. There was infiltration of the mucosa of
the nasal septum and inferior turbinates, of the hard palate, of the epiglottis,
ary-epiglottic folds and arytenoids, spreading to involve the cords and the
trachea. Local removals of exuberant tissue from the larynx and trachea on
several occasions having failed to relieve obstruction, tracheostomy became
necessary; obstruction recurred after the tracheostomy was allowed to dose,
and at this time rhe whole larynx was described as a mass of granuloma but
with intact mucosa , and the condition was treated by thyrotomy and
piecemeal removal of the exuberant tissue which was histologically confirmed
as sarcoid.

A patient the earlier part of whose case was reported by McKelvie et al.
(1968, Case 10) and has been observed by us for 18 years similarly illus
trates the chronic course of sarcoidosis affecting the larynx and the nose.

A previously healthy woman first noticed epiphora from obstruction of the
right lacrimal duct ar the age of 28 years. Six months later, she complained of
nasal obstruction, followed by slight swelling of the bridge of the nose. Two
years from the onset of symptoms, she was found to have granulomatous
masses in the ethmoid region obstructing the airway, and biopsy showed
epithelioid cell tuberdes; a Kveim test showed a granulomatous response .
Radiography of the nose showed rarefaction of the nasal bone (Fig. 13.1) and
of the ehest enlargement of Iymph-nodes at the hilar especially the left, and in
the right paratracheal region, with dear lung-fields. Under treatment with
prednisolone, rhe intrathoracic lymph-nodes subsided, and initially nasal ob
struction and the swelling of the bridge of the nose diminished; but two years
later, when prednisolone had been reduced to 7.5 mg daily, nasal obstruction
and epiphora gradually recurred, although the ehest radiograph showed
persistently dear lung-fields, and no recurrence of the Iymph-node enlarge
ment. Throughout the subsequent course, the ehest radiograph remained
normal. At this stage, granulomatous masses were removed from the nose,
and aseries of local injections into the affected areas of adepot preparation of
methylprednisolone were given. This was followed by subsidence of the
intranasal granuloma, leaving a persistent atrophie rhinitis. One year later,
slight stridor was noted; indirect laryngoscopy showed diffuse chronic in
flarnmarion, and biopsy showed no granulomas. The stridor gradually in
creased, with huskiness of the voice, and some dyspnoea . Increase in predniso
lone dosage to 30 mg daily led to lessening of dyspnoea, but little change in
the stridor. At this stage there was evident supraglottic swelling, and at
laryngofissure the inlet was enlarged by excision of part of the false vocal
cords; the tissue removed showed principally submucous fibrous thickening,
in which one epithelioid-cell granuloma was seen. Depot methylprednisolone
was injected into the area from which the exuberant tissue had been removed .
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Figure 13.1 Radiograph showing rarefaction of nasal bones in a woman
aged 30 who had extensive sarcoidosis of the upper respiratory tract.

After this procedure, there was considerable diminution in stridor and dysp
noea . The oral prednisolone was very gradually withdrawn over the next 18
months. The patient became pregnant two years after the end of prednisolone
treatment. At the 7th month she developed stridor after arespiratory infec
tion, and at laryngoscopy it appeared that the scarred rernnant of the epiglottis
was causing intermittent inspiratory obstruction which was relieved if the
tongue was pulled forward. In spite of this, she successfully completed the
pregnancy. Paroxysmal cough recurred a month later; there was no change in
the laryngoscopic appearancej biopsy of tissue from the anterior commis sure
showed chronic fibrosis only, with no granulomas. There was no radiological
evidence of subglottic disease . The paroxysmal cough was controllable only
by morphine; reinstitution of prednisolone treatment had no effect on it, and
tracheostomy was therefore performed, with complete relief of cough . One
year later, at the age of 39, she had the first episode of paraesthesiae in the
limbs, ataxia and transient visual disturbance which after full investigation and
further observation for more than eight years proved to be due to multiple
sclerosis, wh ich has followed a typical course. There has been no further
evidence of activity of sarcoidosis in the nose, the larynx or elsewhere; the
tracheostomy was closed after four years without recurrence of the symptoms
for which it was performed.
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Trachea

In rare cases, the trachea has been involved with the larynx. Barmwater
(1936) mentioned a case in which infiltration of the larynx extended down
the trachea to its bifurcation, as it did in the case described by Poe and
Seager (1950) and mentioned above. Sarcoidosis of the larynx was accom
panied by radiographie evidence of tracheal sterosis above the carina and
narrowing of both main bronchi confirmed bronchoscopically with biopsy
confirmation of granulomatous infiltration in the case described by Di
Benedetto and Lefrak (1972). In the 14 year old black male reported by
Kirschner and Holinger (1976) extensive sarcoidosis of the nose and larynx
was accompanied by polypoid subglottic masses and narrowing of the
trachea radiographically evident at the level of C6 and 7. Similar evidence of
tracheal narrowing in a patient with laryngeal sarcoidosis was noted by
Vico and Larsen (1979) at a rather higher level. In Case 2 of Weisman et al.
(1980) there were subglottic masses, and at bronchoscopy a similar mass
was seen at the carina. Spencer and Warren (1938) reported the necropsy
findings in a case of sarcoidosis involving many organs, including the heart,
in which the treachea contained many irregularly arranged submucosal foci
with fibrosis causing local distortion; there was no note whether the larynx
was involved. Whether the tracheal mucosa tends, like that of the bronchi
(Chapter 6), to be involved by symptomless infiltration in the active stages
of sarcoidosis of the intrathoracic Iymph-nodes and lungs is unknown.

Treatment

Because of the relative infrequency of URT sarcoidosis, and of the urgent in
dications for treatment which some cases present, no systematic study of its
treatment has been made. Corticosteroids should be considered as the first
line of treatment for patients with troublesome symptoms due to this, as to
other localizations of sarcoidosis (Chapter 27).

A few case-reports have stated that nasal (Dowie, 1964; McKeivie et al.,
1968, Cases 3, 7 and 9) or laryngeal (McKelvie et al., 1968, Case 10; Som
and Krespi, 1979) sarcoidosis did not respond to systemic corticosteroid
treatment, but it is doubtful whether dosage and duration of treatment was
optimal. In most cases, corticosteroid treatment in sufficient dosage has led
to at least some shrinkage of swollen mucosa and relief of obstruction in
both nose and larynx, and in a few, to disappearance of large polypoidal
masses from the nose (Selroos and Niemistö, 1977; Fishman and Canalis,
1979). Local treatment of nasal sarcoidosis by corticosteroid sprays has
been found helpful by some (Wright et al., 1974, Case 1; Maillard and
Goepfert, 1976; Hammond and Kataria, 1980), but ineffective by others,
and seems likely to be frustrated by severe obstruction. The local injection
into thickened tissue of corticosteroids, usually in adepot formulation, has
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been found effective both in the nose (McKeivie et al., 1968, Cases 7, 8 and
10; Maillard and Goepfert, 1976, Case 1) and in the larynx (Devine, 1965,
Case 3; McKeivie et al., 1968, Cases 10, 11, 12 and 14; Som and Krespi,
1979) , in some cases after removal of thickened or polypoidal tissue
(McKelvie et al 1965, Case 10). As in other locations, sarcoid granulomas
may recur with relapse of symptoms after cessation of corticosteroid treat-
ment, and the attainment of long-term remission depends upon the end of
the active phase of sarcoidosis. Atrophie rhinitis and atrophie changes in
laryngeal mucosa may develop, and persist after resolution of granu
lomatous changes, possibly aggravated by local corticosteroid treatment
(McKeivie et al., 1968).

Surgical treatment of nasal obstruction by removal of exuberantly swol
len inferior turbinals or polypoidal masses appears to be safe, but unneces
sary if response to corticosteroid treatment is satisfactory. Although in a few
reported cases other procedures such as submucous resection of the septum,
ethmoidectomy and Caldwell-Luc and intranasal antrostomy have been
undertaken without ill-effect (Page and Seth, 1969; Wright et al., 1974;
Maillard and Goepfert, 1978), in others operations on the nasal septum
have been followed by perforation (Neville et al., 1976; Hammond and
Kataria, 1980); and it appears that such operations are generally unneces
sary and should be avoided.

In a few patients with urgent laryngeal obstruction, response to corti
costeroids may not be rapid or complete enough to avoid the need for
temporary tracheostomy (Trible, 1958; Devine, 1965, Cases 1, 2 and 6;
McKelvie et al., 1968, Case 10; Vico and Larsen, 1979; Weisman et al.,
1980, Case 2); and persistently active sarcoidosis of the larynx or fibrotic
narrowing and distortion that may persist after the active stage in severe
cases may necessitate permanent tracheostomy (Rosedale, 1945; Poe and
Seager, 1950; Di Benedetto and Lefrak, 1970). Local removal of obstruc
ting tissue, either endosopically or by laryngotomy may be helpful (Poe
and Seager, 1950; Devine, 1965, Cases 2 and 6; McKeivie et al.,
1968, Case 10). In a black woman with a long history of widespread
sarcoidosis, Carasso (1976) treated laryngeal obstruction by large masses
of granulomatous tissue which had not responded to 40 mg prednisone
daily by radiotherapy to the larynx, with immediate improvement and
no recurrence of laryngeal obstruction in five years' later obser
vation.

In summary, the active granulomatous stage of sarcoidosis of the URT
may be expected to respond to the suppressive effect of corticosteroids. Bur
even at this stage relief of symptoms from severe narrowing of airways,
especially by polypoid masses, may be slow; and later, fibrotic narrowing
and distortion of structure may be irreversible. Thus in a few cases, surgical
procedures, either the removal of obstructing tissue, or, for laryngeal
obstruction, tracheostomy may be required.



Chapter 14

The Nervous System

Sarcoidosis of the nervous system may be considered for convenience under
two headings; neuropathies and infiltrations of the central nervous system.
Both cranial and peripheral nerves may be affected, and the changes in them
may be either granulomatous or non-granulornatous. In the central nervous
system, granulomatous infiltration of the meninges and diffuse and focal
granulomatosis of the brain or more rarely the spinal cord may occur. There
are some relatively frequent patterns of involvement; e.g. facial and other
cranial nerve palsies in the uveo-parotid syndrome, and within the central
nervous system, granulomatous infiltration of the meninges at the base of
the brain and in the adjacent hypothalamus causing neuro-endocrine and
visual disturbanees. But any part of the nervous system may be affected, and
the great variety of possible combinations of pathological changes can give
rise to bizarre clinical features . Diagnostic difficulty may be increased by
occasional association with sarcoid myopathy (Chapter 9) or with the
neuro-psychiatrie effects of corticosteroid treatment or of hypercalcaemia
(Chapter 19).

In a number of large reported series, the proportion of patients with
sarcoidosis found to have nervous system invo lvement has been about 5%
(Siltzbach et al., 1974; Delaney, 1977) . Transient neuropathy, especially of
the facial nerve, has been the most frequently reported manifestation.
Granulomatous changes in the central nervous system, which tend to be
more persistent and may be life-threatening, probably figure unduly prom
inently among published cases. Many of these have been in North American
blacks, among whom involvement of the central nervous system seems to be
more frequent than among white patients with sarcoidosis. Delaney (1977)
reported from Washington, DC, that of 77 patients seen in five years with a
diagnosis of sarcoidosis, five (7% ) had evidence of central nervous system
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involvement; all were black. Douglas (1974) in Edinburgh among over 500
cases of sarcoidosis observed only six (1.2%) with such evidence. In a
review of the material of the US Armed Forces Institute of Pathology, Ricker
and Clark (1949) found that among 195 cases with a histologically con-
firmed diagnosis of generalized sarcoidosis, the incidence of brain and
meningeallesions was 2.6% among blacks. No case was recorded among
white persons who constituted about 40% of the total series; of 22 fatal
cases with necropsy reports three, all blacks, had central nervous system
changes. Among patients under observation with an established diagnosis of
sarcoidosis, the proportion developing clinically evident central nervous
system involvement is low. Silverstein et al. (1965) in New York found such
evidence in six of 450 patients. Of 275 patients followed by one of us OGS)
in London for periods up to 20 years, three developed evidence of central
nervous system involvement. lt seems likely that in at least some patients
with sarcoidosis granulomas are disseminated in the central nervous system
during the active stage and resolve spontaneously without causing symp-
toms, as is known to occur in liver, lungs and skeletal muscles; but the
proportion in which this occurs is unknown.

NEUROPATHIES

The neuropathies that occur in the course of sarcoidosis range from tran
sient facial palsy to widespread involvement of peripheral nerves. Usually,
they take the form of variable and remittent involvement of one or a few
nerves; and in most cases either cranial or spinal nerves are predominantly
or apparently exclusively affected, although in a few both these groups are
involved . Transient, sometimes fluctuating, palsies of cranial nerves are the
most frequent manifestation.

FaciaI nerve

Of the cranial nerves, the facial is the most frequently involved, characteris
tically by a transient palsy of lower motor neurone type. Rarely, an upper
motor neurone paralysis may be observed, usually as apart of a hemiplegia
caused by a deposit in the brain, as in Cases 2 and 9 of Höök (1954) and
Case 4 of Jefferson (1957). The following discussion concerns only the
common lower motor neurone palsy, which is probably the most frequent
clinical evidence of involvement of the nervous system in sarcoidosis.
Colover (1948) found that the facial nerve was involved in about half the
reported cases of sarcoidosis affecting the nervous systern. James and
Sharma (1967) reported that among 38 patients with nervous system invol
vement the facial nerve was affected in 25, bilaterally in seven; by contrast,
other cranial nerves were affected in only four. Facial palsy is one of the
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features of Heerfordt's uveo-parotid syndrome (p. 211). Its association in
this syndrome with enlargement of the parotid gland suggests the possibility
that the nerve may be involved as it traverses the infiltrated gland; but the
complete Heerfordt syndrome is rare, and the facial nerve is affected far
more frequently without than with parotid gland enlargement. Facial palsy
often occurs without either of the other features of rhe syndrome; and of
them, it is uveitis rather than parotid gland enlargement that accompanies
facial palsy more frequently in incomplete forms of the syndrome. Silver
stein et al. (1965), reporting 18 cases of nervous system involvement in 450
cases of sarcoidosis, stated that facial palsy was observed in 12, as the sole
lesion in the nervous system in six; it was accompanied by uveitis in eight
and by parotid gland enlargement in only two. As with other forms of lower
motor neurone facial palsy, if the lesion is above the level of the chorda
tympani, disturbance or loss of taste (ageusia) may accompany, and very
occasionally precedes, the palsy. In most cases, the palsy proves transient,
recovering even though the activity of other manifestations of sarcoidosis
may continue, or fresh manifestations appear. Very rarely recovery is
incomplete (Macbride, 1923; Rothfeld, 1930; Matthews, 1959). The palsy
usually starts unilaterally, but in about one-third of the cases the second side
is involved usually after a variable interval but sometimes simultaneously.
Transient facial palsy affecting the two sides of the face in this way should
direct attention to the possibility of sarcoidosis.

Knowledge of the causation of the facial palsy is surprisingly incomplete.
The facial nerve traverses two sites in which the surrounding tissue may
become infiltrated with sarcoid granulomas, the parotid gland and the
subarachnoid space at the base of the brain; and in the facial canal pressure
by a few granulomas or inflammatory changes may have disproportionate
functional effects. But only in a minority of cases is there associated parotid
gland enlargement, and in even fewer basal arachnoiditis; and the fairly
rapid recovery of many patients suggests that in them the nerve is affected
by non-granulomatous inflammation.

Olfactory nerves

A few cases in which impairment of the sense of smell has been a symptom
of sarcoidosis have been recorded, in some as a presenting symptom (Levin,
1935; Co lover, 1948; Widerholt and Sickert, 1965; Delaney et al. 1977).
Delaney et al. (1977) point out that, as in one of their cases, anosmia may be
due to granulomatous changes in the nasal mucosa, but suggest that olfac
tory impairment of neural origin probably occurs more frequently than the
scanty records suggest. In most of the reported cases, it has been accorn
panied by symptoms and signs of changes at the base of the brain, such as
meningeal involvernent; and affeetion of other cranial nerves, especially the
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second, seventh and eighth, and of the hypothalamus and pituitary gland.
Thus, Levin (1935) observed anosmia, worse on the left side, impairment of
vestibular function and hearing, and loss of sensation in the middle of the
face, in a patient with uveoparotitis who also developed diabetes insipidus;
and Matthews (1959) reported loss of smell in rwo patients who also had
facial palsy with ageusia, and sternomastoid muscle weakness. All four of
the patients with anosmia of neural origin reported by Delaney et al. (1977)
had multiple changes of these sorts, as did two of rhe three reported by
Wiederholt and Sickert (1965), the remaining one having facial palsy only.
Involvement of the olfactory bulbs and tracts in granulomatous changes at
the base of the brain and basal meninges was found at necropsy in cases
reported by Lenartowicz and Rothfeld (1930), Longcope and Freiman
(1952), Wiederholt and Sickert (1965) and Delaney et al. (1977).

Optic nerve

The optic nerve may be affected in any part of its course. Changes in the
retina are considered in Chapter 8. Papilloedema may occur, and in most
cases is due to raised intracranial pressure caused by granulomatous infiltra
tion of basal meninges, or within the cerebrum obstructing interventricular
foramina or simulating cerebral tumours. ]ames et al. (1967) reviewed 422
patients with sarcoidosis, of whom 112 had evidence of ocular and 31 of
nervous system involvement, and found papilloedema in four.

Although granulomatous infiltration of rhe optic nerve is usually bilateral,
and part of widespread changes at the base of the brain, in a few cases
unilateral swelling of the optic disc has been shown by surgical exploration
to be due to local infiltration of the optic nerve within the optic foramen
(Statton et al., 1964; Barbolini and Mastronardi, 1967), or thought to be so
caused because of subsidence after corticosteroid treatment (Blain et al.,
1965, Cases 2 and 3; Kirkham, 1973, Case 1). In the cases reported by
Starton et al. (1964), by Anderson et al. (1966) and by Kirkham (1973, Case
3) the optic foramen on the affected side was shown radiographically to be
enlarged. In cases described by Ingestad and Stigmar (1971) and by]ampol
et al. (1974), localized swellings with sharp margins at the optic nerve head
in patients with sarcoidosis resolved on corticosteroid treatment.

In Case 2 of Morax (1956), loss of vision in the left eye,starting with a
temporal fielddefect, was found ar craniotomy to be due to a tumour-like
mass over the optic nerve near the chiasma; histologicallythis showed sarcoid
type granulomas. A year later, similar loss of vision started in the right eye,
and improved rapidlyon corticotrophin treatment . There were similar
findingsat craniotomy in a parient seen byone of us, and reported as Case 4
by Kirkham (1973). A man aged 30 awoke with severeheadache and loss of
vision in the left eye, followed by impairment in the right. Vision in the left eye
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was reduced to perception of hand movements, and the visual field of the right
eye was restricted in the upper nasal and both temporal quadrants. At crani
otomy, the leptomeninges in the chiasmatic cistern were thickened, and there
was a white mass adherent to the medial side of the right optic nerve, biopsy of
which showed fibrous tissue wirh foci of round cells and degenerate macro
phages, some giant cells and collections of epithelioid cells with some necrosis.
Post-operatively, dexamethasone was given. The ehest radiograph showed no
abnormality. A Kveim test gave a florid granulomatous response with some
necrosis. Treatment was continued with prednisolone, and, in a view of the
strongly positive response to a tuberculin test with 1 IU, isoniazid and
para-aminosalicylic acid . Visual acuity returned to normal, although ophthal
moscopic signs of left optic atrophy persisted. Treatment was continued for 18
months, and three and a half years from the onset the patient was weil with
normal visual acuity.

Widespread involvement of optic pathways is a frequent feature of basal
meningeal and cerebral sarcoidosis. lt is exemplified in its most exuberant
form by the case reported by Lenartowicz and Rothfeld (1930) and Reis and
Rothfeld (1931), in which there was infiltration of the right optic nerve and
the chiasma, replacement of the right retina with a tumour-like mass of
sarcoid tissue, and nodules of sarcoid granuloma over the base of the brain,
the medulla and the cerebellum; there was also exophthalmos, discussed in
Chapter 8 (p. 224). Other cases with widespread involvement of various
parts of the optic pathways, including the retina, have been reported by
Alajouanine et al. (1958), Brownstein and jannotta (1974) and Urich
(1976). After reviewing published cases of sarcoidosis involving the optic
pathway, Urich concluded rhar the intraocular, intraorbital and intracranial
parts may be affected independently. The intraorbital part of the nerve and
the nerve-head may be unilaterally affected, sometimes as an apparently
isolated finding, but the intracranial part of the pathway is usually affected
bilaterally, though not necessarily symmetrically, as part of more wide
spread changes in the central nervous system.

Oculomotor nerves

The oculomotor nerves are rarely affected. In view of the widespread
changes in many cases of central nervous system sarcoidosis, this low
incidence is remarkable.

Colover (1948), reviewing 118 recorded cases of sarcoidosis with involvement
of the nervous system, was able to find records of only three patients with
third nerve palsy, one with sixth nerve palsy and one with fourth nerve palsy.
In Case 2 of PenneIl (1951), mentioned below, there was unilateral abducens
palsy. In Case 1 of Dickinson (1971) meningo-cerebral sarcoidosis initially
causing diabetes insipidus and hypothalmic signs later led to hearing loss and
visual disturbances, and eventually to external ophthalmoplegia with non
reacting pupils, which appeared to be arrributable to extensive involvement of
the mid-brain among other sites found at necropsy. Henkind and Gottlieb
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(1973) reviewed the few recorded cases of sarcoidosis of the central nervous
system in which internal ophthalmoplegia was a feature, and reported the case
of a black woman aged 40 with fever, uveitis, bilateral hilar lymph-node
enlargement, peripheral neuropathy and sarcoid-type granulomas in a muscle
biopsy, in whom internal ophthalmoplegia was attributed after neuro -
pharmacological investigation to a mid-brain lesion.

The trigeminal nerve

The trigeminal nerve is affected more often in its sensory than in its motor
functions, usually unilaterally and with other cranial nerves. Among the 118
cases collected by Colover (1948) there were five with loss of sensation on
the face, and three with diminution of corneal reflexes, but only two with
weakness of the muscles of mastication. Engberg and Jepsen (1936, Case 4)
found numbness of the upper lip and left cheek and diminution of corneal
sensation in a patient with iridocyclitis, facial palsy, partialloss of hearing
and vestibular function, and signs of pyramidal tract involvement. Sensory
loss in the trigeminal area were found in three of the 23 cases reported by
Delaney (1977), associated with anosmia in two and with facial palsy in one.

The eighth cranial nerve

The eighth cranial nerve is relatively frequently affected. In the series of 118
cases of CNS sarcoidosis reviewed by Colover (1948), there were eight with
nerve deafness and four with vestibular nerve damage.

In Case 2 of PenneIl (1951) deafness on one side developed under observation
in a man with skin sarcoidosis, headache, vomiting, abducens palsy on the
opposite side, and pleocytosis in the cerebro-spinal fluid (CSF). In Höök's
(1954) Case 7, iridocyclitis, facial palsy, mental deterioration, and lung
changes were accompanied by nerve deafness and sluggish response to caloric
tests. Gristwood (1958) reported the case of a woman in whom uveitis, left
facial palsy and ataxia preceded sudden deafness; there was bilateral hilar
lymph-node enlargement, and the diagnosis of sarcoidosis was confirmed by
biopsy of a cervicallymph-node; investigation showed nerve deafness and
depressed caloric responses; the condition improved spontaneously at first and
further when prednisone was given. Engberg and jepsen (1963) studied four
patients with sarcoidosis at an early stage as shown by BHL in the ehest
radiograph, and confirmed by histology from biopsy of lymph-nodes in three
and muscle in one. All had uveitis and all but one facial palsy. All had nerve
deafness, confirmed by audiometry, and two had tinnitus. Two complained of
dizziness, and all four showed depression or loss of caloric responses . This
report suggests that routine study of auditory and vestibular function in
patients with active sarcoidosis might reveal a higher proportion with eighth
nerve involvement than the scattered reports in the literature indicate, and that
sarcoidosis may affect the labyrinth itself. One of the patients reported by
Silverstein et al. (1965) with uveitis, generalized lymphadenopathy, and hepa
tomegaly, the diagnosis of sarcoidosis being confirmed both by lymph-node
biopsy and Kveim test, developed tinnitus and rapid hearing loss, together
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with loss of caloric responses on one side; cortisone treatment produced no
improvement in the hearing. Hooper and Holden (1970) reported audio
logical studies in two women who developed hearing loss and vestibular
disturbance shortly after erythema nodosum; borh also developed uveitis, in
one with BHL and a positive Kveim test and in the other with enlarged axillary
lyrnph-nodes showing sarcoid-type granulomas on biopsy. In both, deafness
and vertigo fluctuared, but during limited periods of observation showed
general improvement. Among the 23 cases of sarcoidosis involving the ner
vous system reviewed by Delaney (1977), deafness was noted in three , all with
extensive granulomatous infiltration of meninges and structures at the base of
the brain, found at craniotomy in one and at necropsy in two,

These reports suggest that, like other cranial nerves, the eighth in both its
divisions may be affected early in the course of sarcoidosis by reversible
changes the pathology of which is not established, and later by involvement
in persistent, usually widespread, granulomatous changes at the base of the
brain.

The glossopharyngeal and vagus

These nerves are also relatively frequently affected. Dysphagia due to para
lysis of pharyngeal and palatal muscles was reported in 29 and paralysis of
one or both vocal cords in nine of the 118 cases reviewed by Co lover
(1948). These changes are often accompanied by other cranial nerve palsies
or by uveitis; e.g. in Case 8 of Höök (1954) by facial palsy, uveitis, and left
hemiparesis and partial hemianaesthesia, and in Cases 1 and 3 of Matthews
(1959) by uveitis and involvement of the facial and other cranial nerves.
Singh and Fitzpatrick (1964) reported a case in wh ich six months after the
diagnosis of sarcoidosis in a patient with BHL confirmed by scalene node
and liver biopsies, dysphagia developed and was shown to be due to paresis
of hypopharyngeal muscles; prednisone treatrnent led to rapid improve
ment, with resolution of the slight pleocytosis in the CSF which had been
found in the acute stage.

The spinal accessory nerve

This nerve is rarely affected. Colover (1948) was able to find only one other
case besides one of his own with weakness of sternomastoid and trapezius
muscles.

The hypoglossal nerve

This was affected in seven of the cases reviewed by Colover, with impaired
movement of the tongue, usually with deviation to one side on protrusion;
in one case fibrillation was observed.
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Peripheral neuropathy

In the syndrome of uveo-parotid fever, peripheral as weil as cranial nerves
may be affected, as in one of Heerfordt's (1909) original cases. But peripheral
neuropathy has been reported, with or without involvement of cranial
nerves, in patients with a variety of other manifestations of sarcoidosis.
Colover (1948) summarized 21 published cases of sarcoidosis with
polyneuropathy. In 14, cranial as weil as peripheral nerves were involved;
the [acial nerve was among those affected in 12, and in eight two or more
cranlal nerves were affected. The affection of the spinal nerves was in most
instances of patchy distribution, but in a few was widespread, all four limbs
being involved. The symptoms and signs consisted in varying combinations
of sensory and motor disturbance, paraesthesiae, analgesia and sometimes
hyperaesthesia, flaccid weakness of muscles, sometimes wasting, and
depression or absence of tendon reflexes. In four cases, there was intercostal
neuritis, with sensory disturbance in the relevant dermatomes and loss of
the corresponding abdominal reflexes. Matthews (1959) described three
cases of sarcoidosis with facial palsy in all and with other cranial nerve
palsies in two; all of them had evidence of peripheral neuropathy, consisting
in weakness and patchy hypaethesia in the legs in one, analgesia over the
skin of the abdomen in one, and sensory changes in the left hand and round
the lower ribs in one.

Silverstein et al. (1965) found evidence of peripheral neuropathy in four
of their 18 cases of nervaus system involvemeni: in sarcoidosis. Three of
these also had facial palsy; the neuropathy was exclusively motor in two,
and motor and sensory in two. The CSF was examined in three; the protein
was raised in two and the cell count was normal In all. All improved, two
without and one before the beginning of corticosteroid treatment.

All types of neuropathy, ranging from mononeuritis to widespread sen
sory and motor involvement simulating the Guillain-Barre syndrome, may
occur. In a case of the latter sort, reported by Strickland and Maser (1967),
a woman aged 27, who developed first sensory changes, then motor weak
ness in all four limbs two years after the onset of sarcoidosis with BHL,
improved rapidlyon treatmenr with prednisone, improvement being main
rained on reduced dosage during 18 months' observation.

There are few reports of the pathology of neuropathies in sarcoidosis, and
of these only a minority have shown granulomatous changes. Winkler
(1905) described perineural inflammatory changes in the form of small cell
infiltration with sparse epithelioid cells in a man with multiple cutaneous
and subcutaneous sarcoids.

Mazza's (1908) Case 1 had a very extensive eruption of histologically typical
skin sarcoids with sensory changes in the hands and forearms; the patient died
from an unrelated cause, and at necropsy there were spindle-shaped swellings
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of the median, radial and ulnar nerves, caused by infiltration between the
fibres of granulomas composed of epithelioid and giant cells, lymphocytes,
and plasma cells. Oh (1979) reported rhe case of a woman aged 58 who
presented with polyneuropathy affecting principally the legs, biopsy of the
sural nerve showing showing sarcoid-type granulomas in the epineurium and
perineurium, angiitis and axonal degeneration; other localizations of sar
coidosis were sought, but the only evidences found were radiological changes
in the hands said to be compatible and impairment of ventilatory capacity of
the lungs with anormal ehest radiograph. There was rapid improvement on
treatment with prednisone. This case differs from most of those with
polyneuropathy occurring in the course of sarcoidosis, in which the sarcoido
sis has been extensive or in an acute, possibly febrile, phase. In some such
cases, no granulomatous changes have been found in nerves involved in
peripheral neuropathy. Garland and Thompson (1953) reported that at nec
ropsy in a patient with uveoparotitis, with weakness and hypotonia in the
limbs and slight sensory ataxia, the brain, spinal cord, meninges, and the
median and sciatic nerves showed no pathological change; and Kämpf et al.
(1976) found no granulomatous or inflammatory change in a nerve biopsy
from a patient who developed mononeuritis multiplex two month s after the
onset of sarcoidosis with febrile bilateral hilar lymphadenopathy; unfortun-
ately treatrnent of this had included the ant ituberculosi s drugs ethambutol and
isoniazid, a possible though in view of the short period of administration
unlikely cause of neuriti s.

It must be recognized that nerve biopsy is subject to large sampling errors in
a search for granulomas that may be sparsely distributed, but clinical
evidence is compatible with the possibility that so me of the transient neuro
pathies in the early stage of sarcoidosis may be non-granulomatous, and
cognate with other non-granulomatous inflammatory changes, such as
erythema nodosum, febrile arthropathy, and transient anterior uveitis, that
may occur at this time.

Matthews (1975), discussing pathogenesis in a review of sarcoid neuro
pathy, noted thar while both involvement of cranial nerves and spinal nerve
roots in granulomatous meningitis has been recorded in a few cases, as has
granulomatous infiltration of peripheral nerves, it is difficult to account for
all cases of sarcoid neuropathy, especially of spinal nerves, in these ways;
demyelination as a remote effect of the disease process is an alternative
explanation, although as yet there is little support for this possibility from
histological or nerve conduction studies.

SARCOIDOSIS OF THE BRAIN,
SPINAL CORD AND MENINGES

Sarcoidosis may affect both the meninges and the substance of the brain and
spinal cord. The distribution va ries greatly from case to case; in general, the
meninges tend to be involved more extensively, and the brain is more
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frequently affected than the spinal cord. The meninges generally show
diffuse thickening as weil as granulomatous nodules, with cellular infiltra-
tion accompanying granulomas both in this meningeal thickening and
around blood-vessels in affected parts of the brain. The pathology of sar-
coidosis of the central nervous system has been reviewed by Herring and
Urich (1969), and with special reference to meningeal changes by Meyer et
al. (1953).

Infiltration of the leptomeninges is usually most prominent at the base of
the brain, sometimes extending in the sulci over the brain and cerebellum.
At the base of the brain, it may surround and involve the optic nerve , chiasm
and tracts, the seventh and eighth nerves, and the olfactory nerve, the f100r

of the third ventricle and the pituitary gland; local confluence of granulomas
gives rise to tumour-like masses in some cases. Even where the gross changes
are evident only in the meninges, microscopic granulomas may be found
extending locally into the brain along the Virchow-Robin spaces. In a few
cases, local infiltrations of the brain, and more rarely cerebellum, develop
into well-circumscribed tumour-like masses, which may cause focal syrnp
toms and signs. Although these may occur in any part of the brain, the
hypothalamus and the brain-stem, especially the pons, are common sites for
rhern. In a few cases , local tumour-like masses of sarcoid granuloma have
been the principal feature, with Iittle or no meningeal involvement.

Pathologically, diagnosis presents no problem when non-caseating granu
lomatous changes in the central nervous system occur in a patient with
similar changes e1sewhere, or with acceptable c1inical evidence of their
previous presence. Difficulty has arisen chiefly in two circumstances. In
some cases, there is prominent involvement of vessels in the nervous system,
possibly with more non-granulomatous inflammatory change than is
regarded as characteristic for sarcoidosis; and in some there is no convinc
ing evidence of granulomatosis e1sewhere.

In cases acceptable as sarcoidosis of the central nervous system, the
adventitia of blood-vessels frequently contains granulomas; in a few the
media and even the intima are involved. The prominence of these changes
varies greatly; cases in which they were especially prominent have been
reported by Camp and Friersen (1962) and Aronson and Perl (1973). Cases
of giant-cell granulomatous angiitis of the central nervous system, involving
both arteries and veins, without granulomatous but some with vasculitic
changes in orher organs, have been reported (Cavioto and Feigin, 1959;
Kolodny et al., 1968; Nurick et al., 1972), and it is likely that some, at least,
of these are unrelated to sarcoidosis. Differential diagnosis in cases of this
sort has been discussed by Reske-Nielsen and Harmsen (1962) and Urich
(1977). There remains after full investigation a small group of cases which
can at present be categorized only as granulomatous angiitis of the central



312 Sarcoidosis
nervous system; and this label should carry no necessary implication about
pathogenetic relationships to sarcoidosis or other systemic disease.

Failure to find granul omatous changes in other organs does not con
trov ert a diagnosis of sarcoidosis if histological changes in the central
nervous system are char acteristic, and are distr ibuted in a pattern known to
occur in pati ent s with an established diagno sis of sarcoidosis. Sarcoidosis of
the central nervous system presenting as an apparently localized disease
probably results from locally persistent activity of a generalized disea se
whose manifestations elsewhere have resolved or regressed to an inactive
residue, as is the case with c1inically localized sarcoidosis of oth er organs. In
a number of cases of extensive intracranial sarcoidosis coming to necropsy
e.g. those of Robert (1962), Dickinson (1971) and Snyder et al. (1976) 
scleros ing changes in Iymph-nodes were the only other evidence of past or
present granulomatosis.

.Clinical features of intracraniaI sarcoidosis

Patient s with sarcoidosis of the central nervou s system usually have mani
festations of sarcoidosis outside the nervous system, of sorts that would be
discoverable c1inically if sought ; and in some cases these are obvious. But in
many cases, the changes in the nervous system cause the first symptoms;
and, as already noted, there is good evidence that in some such cases they
are a persistent localized manife station of a disease whose early stages in
other organs have resolved or reached an inactive stage without giving rise
to symptoms.

In order to obtain some idea of the relative frequency of various features,
we have reviewed publ ications over the past 20 years giving information
about 102 cases of intracranial sarcoidosis, with histological evidence from
biops y or necropsy or highly probable on grounds short of this. This group
is, of course, likely to include high proportions of patients with extensive
disease, with localizations giving rise to obvious or medicall y intere sting
symptoms, with indications for surgical intervention, or dying and submit
ted to necropsy; and relativel y few known to have sarcoidosis and develop
ing symptoms and signs suggestive of central nervous system involvement
but not submitted to definitive local biop sy procedures, and improving
spontaneously. Two-thirds of these publi shed cases presented as neuro
logical (or neuro-endocrinological) problems without concurrent c1inical
evidence or past history of sarcoidosis, the histological diagno sis being
made from tissue remo ved at craniotomy or lesser biop sy procedure, or , in a
substant ial minority of cases, at necropsy. In the other one-third, there were
c1inically evident manife stations of sarcoidosis outside the central nervous
system, in some cases florid, when the symptoms referable to the nervous
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system appeared. The large majority of patients were in the age-range
15-60 years at this time .

The youngest recorded case (Naumann, 1938 ) presented unusually florid and
rapidly progressive changes. The patient, a girl aged three months, died after
an illness of six weeks' duration, with skin sarcoids, hepatosplenomegaly,
convulsions, neck rigidity and pleocyrosis in the CSF; at necrops y, sarcoid
infiltration was found in the skin, lymph-nodes, kidneys and in the meninges,
both pia-arachnoid and dura, the region of the falx, the tentorium cerebelli
and the cranial sutures being specially affected . At the other end of the
age-range, a woman aged 72, reporred by de Tribolet and Zander (1978),
showed unusuallocalization, simulating a sub-dural haemaroma, no evidence
of other concurrent localizations of sarcoidosis, and an indolent course.

The great variety of possible clinical presentations of sarcoidosis of the
central nervous system could be described completely only by citing indi
vidual cases. Features suggesting infiltration of basal meninges and adjacent
neural structures, sometimes accompanied by symptoms referable to other
parts of the central nervous system, are especially suggestive of sarcoidosis.
This complexity is illustrated by a review of 14 cases of granulomatous
meningitis by Meyer et al. (1953). In these, there were meningeal signs and
raised intracranial pressure in six; visual disturbances from involvement of
optic pathways in five; other cranial nerve affections in two; convulsiv e
attacks in five, described as focal in one; pyramidal tract signs in three;
cerebellar signs in one; polydipsia in two; and obesity and mental dullness
in one. Five had skin sarcoids, recognized as such before the nervous system
changes in three; in the remaining nine, the diagnosis of sarcoidosis was
made only at surgical exploration or at necropsy. A patient reported by
Zollinger (1941) presented a syndrome suggesting atypical multiple
sclerosis for one year before death at the age of 21, and at necropsy was
found to have sarcoid granulomas in the leptomeninges and scattered in the
bra in, and also in hilar and paratracheal lymph-nodes. Association with
peripheral neuropathy or with sarcoid myopathy (Chapter 9) may further
complicate rhe picture, as in Case 2 of De Morsier et al. (1954), a man aged
68 who presented with widespread weakness and muscle pain, mental
confu sion and agitation and sometimes aggressiveness; at necropsy there
was granulomatous infiltration of muscles, and of meninges and scattered in
the brain and cerebellum in relation to blood-vessels. On the other hand, in
some cases the clinical picture suggests a localized lesion, for instance, with
focal epilepsy, evidence of raised intracranial pressure and localizing signs
simulating cerebral tumour.

lt is convenient to consider possible clinical features individually, recog
nizing that they often occur in complex combinations, in which involvement
of the visual pathways, the fifth, sixth and seventh cranial nerves and
hypothalamus are frequent elements.
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Raised intracranial pressure
This may be caused by granulomatous obliteration of the subarachnoid
sp ace at the base of the brain or obstructing the outflow from the fourth
ventricle (Lukin et al., 1975), by granulomatous infiltration of the
ependyma of rhe ventricles and the subjacent brain, especially in the region
of the aqueduct (Kumpe et al., 1979), and by the space-occupying eHeet of
granulomatous masses, both above and below the tentorium, discussed
below (p, 317).

Hypothalamic syndromes
Symptoms such as a rapid gain of weight, somnolence, polydipsia and
polyuria, loss of libido, disturbances of temperature regulation and hypoven
tilation may occur, either as elements in a complex picture, or as the leading
features. Specifically endocrine aspects of these are considered in Chapter
16, together with the effects of involvement of the pituitary gland.

In two black men with extensive sarcoidosis, Daum et al. (1965) found
evidence of diabetes insipidus and also of alveolar hypoventilation manifested
bya high arterial Pcm which could readily be reduced by voluntary respira
tory eHort; they suggested that this was attributable to involvement of the
mid-brain. Salm (1969) reported the case of a man who at the age of 25
developed erythema nodosum with BHL, a lymph-node biopsy showing
sarcoid-type granulomas, and later generalized enlargement of superficial
lymph-nodes and nasal obstruction shown on biopsy to be due to granuloma
tous infiltration. Two years later, he began to have episodes of unsteadiness,
headache and diplopia, with occasional drowsiness and mental confusion;
these symptoms continued in spite of trearmenr with prednisolone. At this
time, the hilar lyrnphadenopath y had subsided, and rad iologically the lungs
appeared normal. The cerebro-spinal fluid (CSF) contained 35-450 mg
dl- 1 of protein on repeated examinations with no excess of cells. Polyuria
was noted , and was investigated by a water deprivation test; this resulted in 15
hours of unconsciousness, from which the patient recovered on intensive
corticosteroid treatment. There were no localizing neurological signs. He was
referred to one of us at this stage. On maintenance prednisolone treatment,
30 mg daily, the only abnormality found was alveolar hypoventilation; with
normal ventilatory and gas transfer function of the lungs, the mixed venous
Pcm was found to range up to 58 mm, and was readily reduced by voluntary
hyperventilation. This suggested that central alveolar hyperventilation was at
least a factor in causation of the drowsy episodes. These continued, and six
months later he was admitted to hospital comatose and died. At necropsy, the
brain showed dilatation of borh lateral ventricles, with many small nodules in
the ependyma and choroid plexuses, and of the third ventricle, the aqueduct of
Sylvius being almost occluded by subependymal nodules. Histologically, these
nodules were found to consist of confluent granulomas, and granulomas were
also seen in the leptomeninges ar the base of the brain , and around the spinal
cord and in posterior nerve roors, although all these structures looked normal
macroscopically; none were seen in the pituitary gland. Granulomas were
found microscopically in the lungs, in the respiratory mucosa, and subcarina I
and paratracheallymph-nodes; the latter were largely fibrotic ; none were
found in other organs examined.
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Hyperthermia was observed in patients with widespread granulomatous
ehanges in the basal meninges and hypothalamus reported by Robert (1962)
and by De1aney (1977 , Cases 9,14 and 17).

Convulsive attacks
Convul sive attaeks may be the presenting symptom, or part of a eomplex
c1inieal pieture. They oeeurred in five of 14 eases of granulomatous rnenin
gitis reported by Meyer et al. (1953), as already noted, and in five of 23
eases of sarcoidosis of the eentral nervous system reported by De1aney
(1977 ). They may be foeal or generalized.

Everts' (1947) case presented with right homonymous hemianopia and occa
sional focal epilepsy starting in the right leg; at craniotomy a large occipital
lobe 'tumour' was removed and proved to be a sarcoid deposit. In Aszkenazy 's
(1952) Case 4, left-sided ] acksonian epilepsy, followed by hemiparesis, was
found at craniotomy to be associated with cortical scars in the arm area and a
histologically evident infiltration of the leptomeninges with granulomas. In
]efferson's (1957) Case 4, epilepsy start ing in the left side of the face and the
left arm was found to be associated with a localized indurat ion at the lower
end of the motor cortex with overlying adhesions; this had the histological
structu re of sarcoidosis, and a histo ry of two earlier attacks of uveitis was
elicited. Ross (1955) reported the case of a man who had had uveitis with
parotid gland enlargement and BHL at the age of 24 ; six years later he
developed headache and generalized fits, and was found to have papilloedema,
right homonymou s upper quadrant visualloss, and slight right-sided pyram
idal signs; craniotomy showed an avascular tumour in the left temporal lobe,
which proved to be a mass of non-caseating tubercle s; 14 years later, at the
age of 44 , he died after a fit; at necropsy, sarcoid tubercles were found in the
brain in the neighbourhood of the old left temporallobectomy and in the right
occipital corte x, with histological evidence of calcification in the left temporal
lesions; a few foci of sarcoidosis were found in the liver; and there was patchy
calcificat ion in the enlarged hilar nodes. This is one of the earliest references to
dystrophie calcification in long-standing sarcoidosis. Thompson 's (1961 )
patient had had attacks of focal epilepsy, starting in the left side of the face; at
necrop sy widespread discrete or confluent sarcoid granulomas, some active
and some hyalinized , were found in the meninges and cortex, but the most
striking localized lesion, in the inferior part of the left frontal lobe, with
meningeal adhes ions and involvement of the olfactory nerve, was c1early not
responsible for the focal epilepsy. Convulsions were prominent features in the
cases reported by Do uglas and Ma loney (1973), Griggs et al. (1973), Ho et al.
(1979) and Kumpe et al. (1979).

Fine et al. (1963) reported the case of a man aged 28 in whom headache and
genera lized convulsions preceded by nausea and epigastric discomfort and
visual hallucinations of dazzling yellow-white light were the presenting symp
tom s; rhe only abnormality on examination was left homonymous hemiano
pia; CSF was under high pressure and contained excess cells and protein;
ventriculogram showed dila tation of both lateral and the third ventricles with
a filling defect posteriorly in the right lateral ventricle ; at craniotomy a tough
mass was found extending from the island of Riel to the temporal horn of the
ventricle, and was partially removed. Histologically it showed dense relatively
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acellular collagen cent ra lly with peripheral gran ulomato us follicles extending
into br ain tissue. A history of erytherna nod osum ar the age of 11 was
obtained; a tuberculin test wi th 1:1000 OT was nega tive; the seru m calcium
was elevat ed, th ree estirna tions ran ging from 11.5 to 12.2 mg dr ' . No
other evidence of sa rcoidosis e1sewhere was obtai ned, radiograph s of the ehest
and hands being normal. Left herniparesis developed after the opera tio n; there
was no record of corticosteroid treatment , and deterior ation led to a furt her
opera tion for drainage of the right lateral vent ricle into the cistern a magna, in
which the leptomeninges were found to be infiltra ted with sarcoi d gra nulo
mas. Som e months lat er , the pat ienr was found dea d in bed ; there was no
necrop sy.

In a pati ent under the care of one of us (jGS), visua l ' fits' with dyslexia and
occasiona l generalized convulsions developed in a wo ma n with long-standing
lupus perni o and pulmon ary sa rco idos is. At rhe age of 18, th is right-handed
patient developed lupus pern io on the nose and cheeks. Ov er the next ten
years, small and larg e nodula r sa rcoids appeared on the limb s and trunk.
Biop sy of one of these sho wed the typical histolo gical picture. When she wa s
aged 31, rhe skin lesion s had cea sed to spread and some of them had actua lly
regr essed , when she expe rienced the first of a series of atracks of a visual
disturbance. These con sisted of unformed hallucinat ion s in the right half of
the visua l field, at first lines of wh ite light fallin g like sleet, and Iat er waves or
flashe s of coloured light, lasting usually up to one hour but sometimes lon ger.
These tended to occ ur about ten days befor e th e menstrual period. During the
attac k, she noti ced difficulty in read ing because she failed to understand the
meaning of writte n wo rds, but none with spea king or understan ding spoken
words. On onl y three occasions in the following nine years, these sympto ms
were followed by loss of conscio usness and fa lling to the grou nd. When she
was aged 37, swellings over the middl e ph alan ges of the second, third and
fourth fingers of the righr hand ap peared, an d the nails of the third and fourth
fingers becam e white, opaque an d dyst ro ph ic. When she was aged 40, there
was flor id lupu s pernio of the face and fingers an d sca ttered Ia rge an d sma ll
sa rcoi d infilt rati on s of the skin and subc uta neo us tissues on the limbs and
trunk (Plares 1 an d 2). Rad iographs of the ehest showed motrl ing
predominantly in the middl e zones of the lun gs, with hypertran srad ianc y of
the upper zones, sugges ting so me fibros is in the more densely infiltra ted parts;
and of the hands and feet, multiple ar eas of rar efaction in the proximal and
middle ph aIan ges of th e third and fourth fingers and of some of the terminal
ph alanges on the righr , and in the proximal ph alanges of both great toes. The
mental stare was normal. There was a right upper qu adrantic hemianopia and
the tendon reflexes we re difficult to e1icit in the Iower limb s, but apa rt from
thi s, c1inical examination of the ner vous system showed no abnormality. Th e
cerebro-spinal fluid was under normal pres sure, c1ear, with 4 cells rnm>' , and
increased protein, 120 mg dr ', Th e Mantoux test with 100 IU was
negative. Electro-enceph alograph y showed unstable alpha rhythm of 8 sec:",
disturbed by run s and bursts at 5-7 and 22-24 sec'", the changes being
gene ralized from both hemisph eres with no evidence of a focal abno rrnaliry. Ir
seemed likely that there were sa rco id deposits in the left occipita l an d parietal
lob es, but there seemed to be no just ificar ion for surg ical explorat ion which
alone could prove thi s, Co rt ison e tr eatment was tri ed, with unsati sfactory
results, Alth ou gh ar first some improvement in the skin changes was observed,
there was little effect on the 'a ttac ks', and in view of th is and the excessi ve gain
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in weight and oedema caused by the cortisone, the treatment was discontinued
at the patient's request. During the next 12 years, the attacks gradually
diminished in duration and severity, so that when she was aged 52, they lasted
only half an hour, and occurred not more frequentl y than once a month; the
skin lesions had slowly faded, leaving remarkably little residual change,
though there was some atrophy of the tips of the worst affected fingers. The
concurrent impro vement in the skin sarcoids and the nervous system symp
toms in this case is compatible with the latter being due to cerebral sarcoido
sis, especially in view of their rather bizarre character.

In another patient under the care of one of us, focal epilepsy originating in
the uppe r part of the right Rolandic area developed in a man aged 29 who two
years earlier had been found to have pulmonary and Iymph-node sarcoidosis,
confirmed by biopsy of a peripherallymph-node. Treatment wirh corticoster
oids and anticonvulsants led to diminution in the frequency and severity of
convulsive episodes; it appeared that antico nvulsants were more effective in
this respect than corticosteroids. These episodes ceased when he was aged 40,
but progressive pulmonary fibrosis, leading to pulmonary hypertension led to
his death at the age of 53 . At necropsy, the lungs were grossly fibrotic with
bullous emphysema, but no granulomas were seen histologically in thern;
some granulomas persisted in a normal-sized spleen; the brain was examined
only macroscopically, and no abnormality was reported. We are grateful to Dr
A. T. Hendry for information about the latter part of the course of rhis case.

Simulation of cerebral tumour
In some of the cases mentioned above, the onset of convulsive attacks with
focal neurological signs initially suggested a diagnosis of cerebral tumour.
Localized masses of sarcoid granuloma may cause other syndromes sugges
tive of cerebral tumour.

In Jefferson 's (1957) Case 5, excessive gain of weight, polydipsia, loss of
libido, headache and somnolence and the macroscopic findings at necrops y
suggested a hypothalamic tumour; but histologicall y the diagnosis of sar
coidosis affecting the hypothalamus, hilar lymph-nodes, lungs and liver was
established. Geraud et al. (1965) described the case of a man aged 33 in whom
investigation of episodic intracranial hypertension led to a diagnosis of
tumour encroaching on the third ventricle; at craniotomy this was found to be
composed of sarcoid granulomas, and subsequently a scalene lymph-node
biopsy showed similar granulomas. The patienr developed right hemiplegia
and aphasia, and died 16 months later, in spite of corticosteroid treatment,

Saltzman (1958) reported briefly the case of a boy aged 16 who presenred
with signs of increased intracranial pressure, and was found on
pneumoencephalography to have hydrocephalus with a large mass in the
pineal area ; this was confirmed at craniotomy, part of the mass being removed
and found to have the histological pattern of sarcoidosi s. Schaeffer et al.
(1977) reported a similar case in a 13 year old boy, with abrief history of
headache and disturbance of vision, from whom a localized, apparently
encapsulated tumour was removed from the pineal region, and was found to
consist of granulomas with many giant cells, containing both crystalline and
Schaumann inclusion bodies, and with much sclerosis. In both these cases,
there was radiological evidence of calcification in the region of rhe tumours;
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no other localization of sarcoidosis was found; post-operative progress was
satisfactory; and du ring follow-up periods of seven years and one year, no
other evidence of sarcoidosis became apparent. The question whether the
changes in the pineal gland represented the residue of an originally generalized
sarcoidosis, or were an entirely localized condition must be left open.

That sarcoidosis of the central nervous system may be or become localized is
illustrared by a case reported by Popper et al. (1960) .

A black man aged 23 developed BHL, and 18 months later became weak and
dizzy with cerebellar signs and an abnormal CSF with high protein content.
Symptoms improved at first on corticosteroid treatment but recurred, with
fluctuating levels of consciousness, papilloedema and extensor plantar re
sponses. Ventriculography showed dilatation of the ventricles with a mass in
the posterior part of the fourth ventricle. At suboccipital craniotomy a firm
mass in the inferior vermis , invading both cerebellar hemispheres, and hernia
tion of the cerebellar tonsils through the foramen magnum were found. The
patient died post-operatively, and at necropsy, there was extensive sarcoid
infiltration of the cerebellum, with focal calcification, but none was found in
the brain above the tentorium; granulomas were found in the lymph-nodes,
liver, spleen and kidneys. Skillicorn and Garrity (1955) and Goodman and
Margulies (1959) reported cases in which the clinical syndrome and findings
at craniotomy suggested meningioma at the base of the brain, but the tissue
removed was shown histologically to be granulomatous. No other clinical
manifestation of sarcoidosis was found in either case, but in that of Goodman
and Margulies a Kveim test gave a granulomatous response. The diagnostic
difficulty that may arise from the occurrence of a cerebral turnour in a patient
with sarcoidosis is illustrated by the case reported by Rosen and Wang (1965);
a 41 year old woman was investigated after a single episode of clonic move
ments of the left arm, followed by unconsciousness; she was found to have
enlargement of hilar and right paratracheal lymph-nodes, and scalene node
biopsy showed sarcoid granulomas; brain scans showed increased uptake in
the right parietal region. On a provisional diagnosis of cerebral sarcoidosis,
treatment with prednisone was begun, and was followed by improvement in
the brain scan; but after a year free from symptoms, the patient had a
generalized seizure, and at craniotomy was found to have a meningioma.

Pyramidal tract signs
Such signs may appear, usually as part of a complex neurological picture,
Of the 23 cases reviewed by Delaney (1977), four, a11 with extensive
involvement of the nervous system, developed hemiparesis. In a few cases,
hemiparesis has been an early finding .

Saltzman's (1958) Case 4 was that of a man aged 49 who developed left
hemiplegia one year after sarcoidosis had been diagnosed by lymph-node
biopsy; carotid angiography showed a poorly vascularized expanding lesion in
the right temporal region, At craniotomy, a large mass was found extending
into the temporal horn of the right lateral ventricle, and was partially re
moved. The patient was said to be weil two years later. In a woman aged 36
whose case was reported by Robert (1962) drowsiness, headache and oli-
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gomenorrhoea after childbirth were accompanied by right hemiparesis; she
became hyperthermic and comatose and died after a needle biopsy, and at
necropsy was found to have widespread granulomatous changes in the cere-
bral meninges, the hypothalamus, the caudate nucleus, corpus callosum and
septum pellucidum, perivascular spaces and the walls of large veins being
notably involved. The only evidence of sarcoidosis outside the nervous system
was found in the hilar Iymph-nodes, which were fibrotic centrally with
peripheral epithelioid and giant cells. Griggs et al. (1973) described the case
of a black man aged 18 who after a few months of difficulty with speech,
impaired vision and incoordination had a focal seizure starting in the right
arm, followed by right hemiplegia and aphasia. Investigations showed a mass
in the left temporo-parietal area, confirmed at craniotomy; biopsy showed
granulomatous infiltration of the brain and meninges. No other localization of
sarcoidosis was detected. There was some improvement on corticosteroid
treatment; two and a half years later, further seizures were followed by
left-sided hemiparesis, and a new avascular mass was found in the right
hemisphere on brain scanning and angiography. Intensive corticosteroid treat-
ment was followed by improvement, but continued treatrnent was required to
maintain freedom from further seizures. Norwood and Kelly (1974) reported
the case of a woman aged 59 who developed frontal headache and episodes of
numbness and weakness in the right leg, then in the right arm and face and
finally in the left leg, leading in three months to inability to walk. She was
found to have left hemiparesis and paresis of the right leg, right optic atrophy
with vision reduced to perception of light; brain scan and arteriography
showed bilateral posterior parietal avascular masses. At craniotomy, the
right-sided mass was partially removed, and found to consist of non-caseating
granuloma of the brain and leptomeninges. Post-operatively, there was a
flaccid left hemiplegia, which improved on treatment with prednisone. No
other localization of sarcoidosis was detected; the only possible relevant
finding was a past history of sudden loss of vision in the right eye 20 years
earlier.

Dementia
As is to be expected, impairment of intellectual function may be observed as
part of the clinical picture in patients with cerebral sarcoidosis. Delaney
(1977) noted dementia in six of the 23 cases he reviewed. Very rarely, it is
an early and prominent symptom, as in a case reported by Gaines et al.
(1979).

A 60 year old woman had a seven year history of increasing dementia, with
memory loss and episodes of confusion, and early morning nausea and vornit
ing and disturbance of gait. She was found to be dysarthric with left homony
mous hemianopia, left facial weakness, increased tone in the limbs and grasp
reflexes; hydrocephalus due to obstruction of outflow from the fourth ventricle
was treated by ventriculo-atrial shunt, with improvement; no concurrent
evidence of sarcoidosis in other organs was found, but there was a granuloma
tous response to a Kveim test and review of the histology of an enlarged
Iymph -node removed at earlier cholecystectomy showed non-caseating granu
lomas. The earliest symptom in a man aged 50 whose case was reported by
H öök (1954) was mental deterioration for one year. He was found to have
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generalized lymphadenopathy, including BHL, and hepatomegaly, and de
veloped a left hemiplegia; at craniotomy, a mass of sarcoid tissue was found in
the temporal horn of the right lateral ventricle, arising from the choroid
plexus; two years later he was improved, but still mentally dull and with
pleocytosis and raised protein in the CSF.

Spinal cord

Granulomas have been found incidentally in the spinal cord or its meninges
at necropsy in so me cases with syrnptom-producing sarcoidosis of the brain
and its meninges (e.g., Erickson et al., 1942; Walker, 1961, Case 1; Camp
and Friersen, 1962; Herring and Urich, 1969, Cases 3 and 5). A number of
cases in which histologically confirmed sarcoidosis within the spinal theca

has been the principal or only involvement of the central nervous system
have been reported.

In Aszkenazy's (1952 ) Case 1, the lesion was at Tl level; at necropsy there
was thickening of rhe meninges ventrally, and the affected part of the cord was
atrophic and infiltrated with sarcoid granulomas, associated especially with
blood-vessels, In the case described by de Morsier et al. (1954),11 woman aged
61 presented with weakness in all four limbs and extensor plantar responses.
The clinical picture resembled that of amyotrophic lateral sclerosis, but elec
tromyography suggested an affection of the muscles. At necropsy nine years
later, extensive sarcoid lesions were found in the muscles, and in the liver,
spleen , lungs, heart and Iymph-nodes; and the meninges and the spinal cord
were infiltrated. Jefferson's (1957) case was that of a 66 year old wornan who
had had left-sided focal fits, diminished in frequency by treatment with
phenobarbitone, for three and a half years when she gradually developed a left
spastic hemiparesis sparing the face, diminished postural, touch and pain
sensation in rhe left limbs, and a left Horner's syndrome; at laminectorny five
years from the onset she was found to have a tumour of the cervical cord,
which proved to be a sarcoid granuloma; she died a week later, and at
necropsy, sarcoid lesions were found in rhe cord and the pia-arachnoid in the
cervical region, in the lungs, lyrnph-nodes and liver, but not in the brain.
Wood and Bream (1959) described the case of a man, aged 24, with signs of
cord compression at T 10 level. He had an abnormal ehest radiograph and a
positive Kveim test, Laminectomy showed thickening of the arachnoid, which
was infiltrated with aggregates of epithelioid cells and scattered lyrnphocytes,
The monozygotic twin of this patienr had lyrnph -node and pulmonary sar
coidosis, but no evidence of nervous system changes. In the case described by
Banerjee and Hunt (1972 ) a black woman aged 36 presented with a four
month history of symptoms and signs suggestive of a cervical cord tumour, a
myelogram showing narrowing of the spinal canal at C 6-7 level, with
widening of the cord; at laminectomy a gelatinous tumour was seen to this
site, and as much as possible of it was removed and found to consist of
granulomas with some central necrosis; there was some deterioration post
operatively and limited improvement on subsequent treatment with predni
sone; outside the nervous system, other evidences of sarcoidosis were BHL
and enlargement of lacrimal glands. Semins et al. (1972) reported the case of a
woman aged 68 with paraparesis shown by myelography to be due to an
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intramedullary lesion ar D 6-9 level; at laminectomy, a mass of tissue was
found within the cord and partially removed, and found to contain scattered
granulomatous foci with many giant cells, some containing Schaumann
bodies, separated by dense astrocytosis; no unequivocal evidence of sarcoido
sis elsewhere was found, but there was arecent history of malaise, joint and
muscle pain and erythema nodosum, and a tubereuIin test was negative; some
improvement occurred after corticosteroid treatment. Snyder et al. (1976)
reported the case of a woman aged 43 with an intramedullary mass in the cord
at C 4-5 level, which was partially removed and found to be granulomatous;
in spite of some initial improvement on treatment with prednisone, she
deteriorated, and died of intercurrent osteomyelitis and septic arthritis of the
hip six years from the onset of symptoms; at necropsy, the leptomeninges in
the lower cervical and upper thoraeie segments were fibrotic and adherent,
and the cord enlarged and replaced by firm gelatinous tissue resembling
glioma, found histologically to be 'inactive fibrotic granulornas' ; no granulo
mas were found elsewhere in the cord or brain, and the only evidence of
sarcoidosis outside the nervous system consisted of enlarged mainly fibrotic
hilar Iymph-nodes with some peripheral granulomas. Nathan et al. (1976)
described the cases of two black patients. The first, a woman aged 43, died
suddenly of pulmonary embolism after several months of increasing paraple
gia; at necropsy, the cervical part of the cord was swollen by 'severe granulo
matous panmyelitis and meningitis', with patchy changes of similar sort
elsewhere in the cord, a few granulomas only in the hippocampal region of
the brain, and granulomas in lungs, liver, spleen, lyrnph-nodes and kidneys .
The second, a man aged 19 with established sarcoidosis, developed paraplegia
with a sensory level at T 10, where myelography showed a block ; the course
was remittent, with a response to prednisone in the fourth episode. Baruah et
al. (1978) described the case of a black man aged 25 with weakness and
numbness of the right arm and both legs who was found at laminectomy ar C
3-5 level to have a thick adherent arachnoid with an extramedullary mass
antero-lateral to the right side of the cord, histologically showing granuloma
tous infiltration surrounded by fibrous tissue; other evidence of sarcoidosis
was sought, and BHL found radiographically, and granulomas on bronchos
copic lung biopsy; considerable improvement followed corticosteroid treat
ment. Case 1 of Day and Sypert (1977) was that of a man aged 33 known to
have sarcoidosis with BHL and confirmatory biopsy of a lymph-node, when
spastic weakness of the left leg which he had noticed for six months was found
to be due to an intradural mass adherent to the cord at the level of the T 8-9
intervertebral space; it was partially removed and found to consist of non
caseating granulomas with many giant cells; improvement followed predni
sone treatment. Their Case 2 occurred in a black man aged 43 with weakness
and numbness in both legs for 12 months, later involving the right arm; BHL
was found in the ehest radiograph, and liver biopsy showed granulomas;
myelography showed an intramedullary mass causing partial block at C 5-6;
this was removed as much as possible, and showed histology compatible with
sarcoidosis; post-operatively he was quadriplegic, but this gradually im
roved, so that nine years later, he was quadriparetic but his condition was
regarded as stable; response to prednisone treatment was thought to be
doubtful. Bernstein and Rival (1978) reported the case of a black man aged 31
in whom pain with hyperaesthesia over the left side of the thorax was found to
be due to intramedullary granulomatous infiltration, of which they described
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onl y the biopsy finding s: a liver biopsy also showed granulomas. Delgado et
al. (1981 ) deseribed a ease in whieh the region of the foramen magnum wa s
involved : a blaek woman aged 37 with a three week history of weakness and
numbness in all four limb s was found to have a spastie parapare sis, with a
bloek at C 4-5 on myelogr aph y; lamineetomy at C 1-4 level showed a firm
mass, outside and within the cord extending through and above the eisterna
magnaj thi s was remo ved pieeeme al and shown to be a non -caseating epithe
lioid and giant-cell granulom a; no other loealiz ation of sareoidosis was rnen
tioned.

A number of cases have been reported in which c1inical evidence of a
spinal cord lesion in a patient with sarcoidosis e1sewhere, with improvement
either spontaneously or after corticosteroid treatment, has justified a diag
nosis of sarcoidosis involving the spinal cord.

Moldover's (1958) ease was that of a 24 year old man with symptoms and
signs of a spinaliesion in the lower thoraeic and upper lumbar segmental level,
and a generalized lymphadenopathy, histologieally sarcoid ; after prolonged
intermittent eortisone treatment, the earlier part of which was eharaeterized
by suppression of symptoms during trea tment with recrudeseenee on its
withdrawal, the neurologieal signs cleared up . Cases of probable involvement
of the spinal cord in sarcoidosis have been reported briefly by Zeman (1951) j
Siltzbach (1952); Reisner (1944), further information about th is case being
given by Moldover (195 8)j and Walk er (196 1, Case 6). Reisner's patient
improved without treatrnent, and Siltzbach's showed some response to eorti 
sone but relap sed. In a wom an aged 33 observed by one of us UGS), symptoms
and signs of spina l myelitis at mid-thoracic segmental level were aeeompanied
by radiographie mottling in the lungs, max imal in the middle zones, and hilar
lyrnph-node enlargement, the skin giving no reaetion to 1:10 old tuberculin ;
both the nervou s system symptoms and the lung infilt ration improved spon
taneously during 18 months' observation. Case 3 of Day and Sypert (1977)
was that of a blaek woman aged 49 with sareoidosis involving eyes and hilar
lymph-nodes, confirmed by lymph -node biops y, in whom quadriparesis
developed; the CSF contain ed exeess protein and lymph oeytes, but myelogra
ph y showed no abormality; the qu adriplegia improved rapidlyon prednisone
treatment, with no residual weakness, and reversion of plantar respones to flexor.

Mixed and anomalous syndromes

In view of the wide range of possible sites of infiltration of sarcoid granulo
ma in the central nervous system, and of cranial and peripheral nerve
invo lvement, it is not surprising that a great variety of c1inical pictures may
be produced in this disease. Cases mimicking multiple sclerosis (Zollinger,
1941) and amyotrophic lateral sclerosis (de Morsier et al., 1954)have
already been mentioned. In the presence of evidence of sarcoidosis
elsewhere, the presumption that a bizarre neurological picture is due ro the
same disease is high . If the course is favourable, this supports the
presumptive diagnosis but removes the possibility of objecti ve proof.
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Kahan (1952 ) reported such a case with lefr facial weakness, pyramidal signs
suggesting a right cerebral hemisphere or brain stern lesion, and sensory
changes in the arms suggesting a cervical cord lesion. Howell's (1954) case
was thought to have deposits involving the lefr optic tract and the pyramidal
tract in the spinal cord. In ]efferson's (1957) Case 3, lower motor neuro ne
facial palsy and impairment of trigeminal sensory function, both on the right
side, severe cerebellar araxia and papilloedema recovered within a year. In
Walker's (196 1) Case 7, a man, aged 34, complained of blurring of vision,
dysphasia, dizziness and pain in the legs; he was lethargie and somnolent, and
showed left ptosis, right facial weakness, brisk tendon reflexes on the right
side, and pleocytosis and high protein content in the CSF; and recovered
spontaneously. In H öök's (1954 ) Case 5, dizziness was accompanied by
absence of the right ankle jerk and irregular pupils fixed to light and reacting
sluggishly to accommodation. Internal ophthalmoplegia and peripheral
neuropathy were associated in the cases reported by MacKay (1921), by
Critchley and Philips (1924) and by Henkind and Gottlieb (1973). A woman
under the care of one of us (JGS) was found to have symptomless hilar
lymph-node and pulmonary sarcoidosis at the age of 55; later the lung
changes led to some breathlessness, and she complained of headaches and
mental slowing; at the age of 63, she was found to have unequal and irregular
pupils, the right being larger than the left, reacting poorly to light and briskly
to accommodation, and predominantly right-sided Parkinsonian signs, with
general immobility of posture and no swing of the right arm on walking . The
CSF contained less than one cell mm-3 and 56 mg protein dl-1..Because the
tuberculin test, initially negative, now gave a brisk response to 10 IV, treat-
ment with antituberculosis drugs was given. One year later, Parkinsonian
features were no longer evident; and two years later still, she was noted ro be
more active mentally, with only occasional headaches, and the shadowing in
the ehest radiograph had diminished.

Concomitant disease of the central nervous system
lt is to be expected that in a few cases of sarcoidosis with its possibly
prolonged course unrelated disease of the nervous system will occur. The
diagnostic difficulty caused by the occurrence of cerebral tumour in a
patient with sarcoidosis is illustrated by the case of concomitant mening
ioma reported by Rosen and Wang (1965) and mentioned above (p. 318).

A patient with sarcoidosis mainly affecting the upper respiratory tract
who late in its course developed multiple sclerosis is reported in Chapter 13
(p.298).

Wells (1967) referred briefly to a patient who died of motor neurone
disease, having had the diagnosis of sarcoidosis confirmed by biopsy 16
years earlier; at necropsy, granulomas were found in lungs and lymph
no des, but not in the central nervous system.

Progressive multifocal leuco-encephalopathy, a rare disorder, most cases
of wh ich have been terminal events in patients with malignant lymphoma or
leukaemia (Richardson, 1961), and thought to be due to a viral infection in
a host with depressed immune responses, has been reported in a few patients
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with sarcoidosis. Two of the 22 cases reviewed by Richardson (1961)
occurred in patients with sarcoidosis. ]avitt and Daniels (1959) reported the
complex case of a woman aged 46 who three years from the onset of
myasthenia gravis, at first involving principally the eyes with some general
weakness and later causing dysphagia, developed erythema nodosum, fever,
and pain and swelling of the joints of the hands. She was found to have
granulomas in biopsies of the liver, skeletal muscle, and a Kveim test site.
Chest radiography showed only evidence of healed apical tuberculosis, and
a tuberculin test with 1 IU was positive. Treatment with prednisone was
followed by cessation of the need for pyridostigmine which had been
required to control the myasthenia, but the period of observation was only a
few weeks. Simpson (1960) ment ioned that among 440 patients with
myasthenia gravis, one 'had sarcoid at the onset'; and Wolf et al. (1966)
referred to a woman who developed ocular myasthenia gravis at the age of
31 , and ten years later was found to have symptomless BHL and pulmonary
infiltration, biopsy of a skin lesion showing granulomas. Fiechtner et al.
(1978) referred briefly to a patient with myasthenia gravis and another with
oculocraniosomatic myopathy who were found to have sarcoidosis with
BHL and biop sy confirrnation.

The significance of these rare associations is doubtful.
Infections of the central nervous system and meninges by known agents 

e.g, mycobacteria, cryptococcus - in patients with sarcoidosis are discussed in
Chapter 23.

Diagnostic procedures

The diagnosis of the anatomical location and functional effects of changes
within the central nervous system follows neurological practice. Here only
some special features that have been reported in cases in which changes are
attributable to sarcoidosis will be considered.

Cerebro-spinal fluid
Changes in cell count, protein content and pressure of the CSFare in general in
accordance with expectations from knowledge of the site and nature of the
lesion. The following summary is based on a review of pre-1967 publications
reporting findings in the CSF. In patients with infiltration of the cerebral
meninges, usually at the base of the brain, with or without intracerebral
deposits, the range of values for protein content of the CSF was 90
560 mg dl' , and for the cell content 6-250 mm-3 with a single excep
tional value of 6000. Where the lesion took the form predominantly of a local
deposit in the brain, the CSF was less abnormal; the protein content in eight
such cases ranged up to 120 mg dl- l and the cell-count up to 13 mm:' .
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When the spinal cord wa s affected, the CSF changes depended principally
upon the degree of spinal block; in Walker's (1961) Case 6, the protein content
ranged up to 2360 mg dr' , with anormal cell content; Moldover (1958)
found protein 128 mg dl- 1 and 4 cells mrn"; and ]efferson (1957, Case 7)
found protein 128 mg dr ' and 66 mrn>' cells. In nine patients with
predominantly cranial nerve palsies the findings ranged from normal figures
for both protein and cells to 140 mg dr' and 68 mrn>' respectively.
Among four with polyneuritis, the protein tended to be higher , ranging up to
720 mg dl- 1

, and the cell content about the same, ranging up to 52 mm" .
Ir is possible , of course, that in some of these meningeal infiltration may have
been an additional factor.

Gaines et al. (1970) reviewed 57 patients with sarcoidosis of the central
nervous system, and found that 72% had raised cell counts, 70% high
protein content, and 18% low glucose content in the CSF. In their patient
with hydrocephalus due to obstruction to outflow from the fourth ventricle,
presumably due to meningeal infiltration (see above, p. 314) the glucose
content of the CSF was 25 mg dr', the level in the blood being 84 mg. In 20
patients reported by Delaney (1977), 10 had pleoc yto sis, with cell counts
ranging from 8-300 rnrn" , 14 had high protein levels, ranging from 50
1000 mg dr', and four low glucose content; in six levels of all three were
normal. Opening pre ssure at lumbar puncture was raised in five.

Radiological findings
Radiological findings in sarcoidosis of the central nervous system have been
discussed by Saltzman (1958), Lawrence et al. (1974), Lukin et al. (1975)
and Bahr et al. (1978). Case 3 of Lawrence et al. is of interest in that carotid
angiography showed multiple short narrowings with intervening dilatation
in the anterior and middle cerebral arteries, suggesting granulomatous
angiitis. Radio-isotope scanning has been used to demonstrate enhanced
uptake at areas of sarcoid granulomatosis (Schwart z and Baum, 1968; Virye
et al., 1969; McCartney et al., 1979 ). The use of computer assisted tomog
raphy has been described by Bahr et al. (1978), Babu et al. (1979), Brooks et
al. (1979), Decker et al. (1979), Ho et al. (1979) and Kumpe et al. (1979). In
general, granulomatous masses appear as areas of high attenuation enhanc
ing after intravenous contrast medium injection. Diminution in size of such
areas after corticosteroid treatment has been reported, and regarded as
confirmatory of the diagnosis of sarcoidosis (Bahr et al., 1978, Case 1;
Brooks et al., 1979; Ho et al., 1979). In the case of meningioma in a patient
with sarcoidosis reported by Rosen and Wang (1965) diminution in the area
of enhanced radio-isotope uptake after corticosteroid treatment was
misleading, suggesting the erroneous initial diagnosis of basal meningeal
sarcoidosis.
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Electro-encephalography (EEG)
Reported EEG changes in sarcoidosis of the CNS have been concordant
with the anatomical distribution of lesions. Niitu et al. (l974a) reported the
results of EEG in 28 patients with intrathoracic sarcoidosis, of whom all but
one had BHL. Although no patient had clinical evidence of CNS involve
ment, nine EEG records were regarded as abnormal; of six with abnormal
records who were followed for periods up to two years, abnormalities
disappeared in three and diminished in two. These findings were compatible
with the anatomical distribution of lesions. Niitu et al. (l974a) reported the
lessly disseminated in the CNS in a proportion of patients, and subsequently
resolve spontaneously in the majority of those affected.

Treatment

The effect of treatment is difficult to assess, in view of the variable and un
predictable natural course. lt is useful to distinguish among patients with
sarcoidosis involving the nervous system between those at a labile stage,
capable of resolution, and often accompanied by changes with similar
characteristics in other organs, and those belonging to a generally later stage
of the disease when the clinically important changes tend to be localized in
one organ, to include irreversible fibrotic elements incapable of resolution,
and to be liable to continued activity . Patients with cranial and peripheral
neuropathies as the principal feature generally fall into the first group; it is
possible that in some of them the nerves are not infiltrated by granulomas;
and there is a strong tendency to spontaneous recovery and to respond to
the suppressive effects of corticosteroid treatment. In other cases, with
meningeal, cerebral or spinal granulomatous infiltrations, associated
features may suggest the probability of their belonging to one or other of
those prognostic groups, but only observation of the natural course or of
response to corticosteroid treatment justifies a conclusion on this point.

Difficulty in assessing the results of treatment applies especially to
surgery, which has been undertaken in some cases to establish diagnosis
where it remains in doubt after less invasive investigation, and in others to
relieve symptoms arising from obstructive hydrocephelus or from tumour
like masses involving the brain or spinal cord. Many of the cases in which
surgery has been undertaken have been prognostically unfavourable, and
few reports give information about long-terrn results. Of the 102 published
cases of intracranial sarcoidosis which we have reviewed (p.312), 46 were
explored surgically . In 11 of these, only biopsy was performed, with three
post-operative deaths, In 27 removal of granulomatous masses, inevitably
partial but usually stated to be as complete as possible, was undertaken;
among these there were five post-operative deaths, improvement was noted
after the operation in ten, in one marked, and there was no improvement
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after operation in 12 surviving patients; six later deaths were recorded. In
eight cases, shunt operations for relief of hydrocephalus were performed,
with three post-operative and two later deaths; and improvement was noted
in only four. Of four cases submitted only to needle biopsy of the brain, two
died after the procedure. It must be remembered that these published cases
include a high proportion in which the diagnosis was not established, or in
some suspected, pre-operatively,

Sarcoidosis within the spinal theca presents an even more intractable
problem for the surgeon, with diffuse infiltration of the leptomeninges,
sometimes forming localized masses, usually adherent to the cord and
surrounding nerve-roots, and infiltration of the cord causing enlargement
and sometimes more or less localized masses. We have reviewed 11 pub
lished cases in which laminectomy was performed; piecemeal removal was
attempted in ten, biopsy only being undertaken in one. In three there was
deterioration post-operatively, with increase in extent and degree of paresis.
In those in which improvement was observed, corticosteroid treatment was
given post-operatively.

It seems that for most patients with a strong presumption of sarcoidosis
of the central nervous system surgery has little to offer, and that if a surgical
procedure appears to be indicated - e.g. for the relief of hydrocephalus or
the removal of a mass producing local epileptic or other symptoms - the
possible benefits of corticosteroid treatment should be explored before it is
undertaken.

The effect of corticosteroid treatment is suppressive, and confined to still
active granulomas and associated cellular reactions, whatever tissue is
involved (Chapter 27). Review of published reports and scattered personal
experience suggests that more cases of sarcoidosis of the central nervous
system than of other organs respond poorly or not at all to corticosteroid
treatment; and in view of the pathological features and location of the
lesions in some cases, this is not surprising. Whether the response will be
favourable can be determined only by trial. If it is favourable, with relief of
syrnptoms, treatment must be continued as long as activity of the disease
persists; and this also can be determined only by trial. Of the 102 reports of
intracranial sarcoidosis we have reviewed, information about response to
corticosteroid treatment is given in 27, unfortunately only about short-term
response in most. Useful long-terrn improvement was noted in eight, there
was no response in six, and initial improvement, either transient or during a
limited period of observation, in 13; among these 27 cases, there were 11
later recorded deaths. Of 13 reports in which response of sarcoidosis of the
spinal cord or its meninges was mentioned, usefullong-term response with
substantial restoration of function was observed in two, and with some
improvement in three; some improvement du ring limited periods of obser
vation in seven; and no response in one; two later deaths were recorded.
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In view of the unpredictable natural course of sarcoidosis, it is probable
that tho se patients with involvement of the central nervou s system who do
not relapse after an initial good response to corticosteroid treatment are
those who would have experienced a natural remission even without previous
suppression of the activity of the disease. A trial of corticostero id treatment
is ind icated if sympto ms are persistent and severe; if they are relieved or
improved, the duration of treatrnent can be determined only by occasional
trial of withdrawal; and if response is partial, the benefits of continued
treatrnent must be balanced against the side-effects of long-term corticost
ero id treatment.



Chapter 15

The Hearl

Sarcoidosis may affect the heart either directly by granulomatous infiltra
tion of the myocardium, the conducting tissues, and more rarely the pericar
dium, or secondarily to involvement of the lungs, leading to pulmonary
hypertension, right venticular hypertrophy, strain and eventual failure. The
latter presents a clinical and functional picture similar to that occurring with
other sorts of chronic lung disease and, apart from a few cases with
extensive granulomatous changes in pulmonary arteries, requires only brief
discussion in the present context. Direct involvement of the heart causes
symptoms in only a small minority of patients known to have sarcoidosis,
but in these it may present remarkable features, including a disturbing
liability to sudden death; and sarcoidosis of the heart without evident
involvement of other organs may present clinically with arrhythmias, con
duction defects, congestive heart failure of obscure cause, or a picture
suggesting myocardial infarction, or to the pathologist as sudden death in a
previously symptorn-free individual. Many published reports are of single or
a few cases presenting in one of these remarkable ways. Reports of larger
numbers of personally studied cases, with reviews, have been published by
Fleming (1974), Roberts et al. (1977) and Silverman et al. (1978).

Frequency of cardiac involvement

It is probable that in many cases of sarcoidosis at least a few granulomas are
present in the myocardium in the active stage without causing symptoms, as
in skeletal muscle and many other tissues, bur the proportion is unknown. If
so, these granulomas presumably resolve spontaneously in most cases; and
the only evidence of their presence likely to be obtained clinically is that
provided by electrocardiography (ECG). Mikhail et al. (1974) studied 147
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cases routinely and found 14 with ECG abnormalities. In three, these were
thought to be due to unrelated cardiac disease. In ten, there were no
symptoms related to the heart; all had various combinations of T wave and
ST interval changes, and seven prolongation of PR interval in the acute
stage, all of which resolved later. Only one had symptoms referable to
sarcoidosis of the heart, developing ventricular tachycardia ten rnonths after
the diagnosis of hilar lyrnph-node and pulmonary sarcoidosis, soon after the
start of corticosteroid treatrnent for deterioration in the pulmonary infiltra
tion. The tachycardia was controlled by practolol, with continuation of the
corticosteroid, and did not recur during one year's further observation.
Stein et al. (1973) surveyed 80 patients aged under 40 years attending a
sarcoidosis clinic, with no history or present clinical evidence of cardiac
disease or hypertension. ECG was regarded as abnormal in 41; disturbances
of rhythm and conduction were observed in 15, the most frequent being
prologation beyond 0.2 sec of the PR interval, and minor repolarization
abnormalities in 26 . These changes could not be correlated with ethnic
group, sex, duration of sarcoidosis, radiographie grouping of lung changes,
or treatment.

In unselected clinical series of patients with sarcoidosis, the number
showing clinical evidence of granulomatous changes in the heart is small. In
500 consecutive patients under the care of one of us OGS), four showed
such evidence. In three of these, the diagnosis of cardiac sarcoidosis was
presumptive, consisting in the development of otherwise unexplained corn
plete heart block in a man aged 21 with pulmonary, lyrnph-node and splenie
involvement; unexplained congestive cardiac failure in a woman aged 47
with chronic pulmonary, bronchial mucosal and lymph-node sarcoidosis;
and cardiomegaly with persistent but initially variable T wave changes in
leads V4 - V6 of the ECG in a man with sarcoid BHL. The fourth, a man
who developed ventricular arrhythmia and bundle branch block six years
after the symptomless onset of intrathoraeie sarcoidosis, and died suddenly
eight yea rs later, is described more fully below.

In necropsy studies of sarcoidosis, the proportion of cases with granulo
mas in the heart is much higher than the proportion of known cases of
sarcoidosis with symptoms caused by cardiac involvement du ring life. This
is not only because of the incidental finding of granulomas in the heart in
patients dying from other manifestations of sarcoidosis, but also because of
the inclusion of cases in which sudden death was the first evidence of disease
of any sort, or of cardiac involvement in patients with sarcoidosis. Long
cope and Freiman (1952) found the myocardium involved in four of their 30
fatal cases, and in 18 of 92 necropsies in cases of sarcoidosis reported by
orhers, Of 50 cases of cardiac sarcoidosis occurring in the United Kingdom,
reviewed by Fleming (1974) , 20 were fatal; in 14 of these the diagnosis of
sarcoidosis had not been made in life. Matsui et al. (1976) studied material
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from 72 cases reported as sarcoid or giant-cell myocarditis in Japan, and
finally diagnosed 42 as myocardial sarcoidosis; in only five of these had the
diagnosis of sarcoidosis been made during life, and death had been sudden
in 16. Roberts et al. (1977) reviewed 113 necropsy cases of cardiac sar
coidosis, 35 personally studied at the US National Institutes of Hearh, and
78 reported by others. In 24 of these 113 cases, myocardial involvement
found at necropsy was not thought to have been a cause of death; among
the 89 in which it was the cause of death, the diagnosis of sarcoidosis had
been made during life in only 24, and death had been sudden in 60.
Silverman et al. (1978) reviewed 84 consecutive necropsies on patients with
sarcoidosis at rhe Johns Hopkins Hospital, including 12 of those previously
reported by Longcope and Freiman (1952); they found myocardial involve
mentin 23. A more general perspective is given in the report by Abelen
(1975) based upon 2950 consecutive necropsies at a general hospital in
Oslo . Sarcoidosis was found in 13; the heart was involved in two of these,
and in neither had the diagnosis of sarcoidosis been made during life.

PATHOLOGY

Review of published descriptions of pathology of sarcoidosis of the heart
suggests that a useful distinction can be made between cases in which the
changes are evident only microscopically and those in which they are visible
to the naked eye. Scattered microseopie granulomas have been found most
frequently in patients with sarcoidosis who have died from involvement of
other organs or from unrelated diseases. When local confluence of granulo
mas has led to massive replacement of myocardium visible to the naked eye,
this involvement of the heart has generally been the cause of death. Of the
35 cases of cardiac sarcoidosis studied by Roberts et al. (1977), 26 had
shown symptoms attributable to this finding; in all 26 there were grossly
visible changes in the heart, consisting in pale areas of granulomatous
replacement of myocardium in 25 and transmural scars without coronary
artery disease in one . In the remaining nine with scattered discrete granulo
mas only, this cardiac involvement was not thought to be a cause of death,
although extensive pulmonary sarcoidosis had led to cor pulmonale in four,
and three had other forrns of heart disease. Silverman et al. (1978) classified
the pathological findings in their 23 cases as mild in 19 and severe with
grossly visible changes in four. In all four classified as severe, death had been
sudden and was attributed to cardiac sarcoidosis; in those with mild
changes, there had been a high incidence of cardiac arrhythmias, and death
was attributed in some to cor pulmonale and in some to non-sarcoid heart
disease, but in none was sarcoid involvement of the heart thought to be the
cause of death.
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Sites of cardiac involvement

The myocardium, especially of the ventrieles and interventricular septum, is
the common site of cardiac granulomas. The epicardium and endocardium
are rarely involved except by extension from the myocardium, though a
very few cases of pericardial effusion have been recorded. The valves are
very rarely directly involved, though mitral incompetence due to papillary
museIe involvernent may occur. Exceptionally, the great vessels may show
granulomatous changes; pulmonary hypertension may result from such
changes in pulmonary arteries.

In the myocardium, the parts most often affected by grossly visible
changes are the left ventricular free wall, the interventricular septum and the
papillary museIes, especially on the left side; the right ventricular wall is
rather less often, and the atria relatively rarely, involved. Reviewing the
distribution of visible changes in the heart in 69 cases in which cardiac
sarcoidosis had caused dysfunction, 25 personally observed and 44 reported
with sufficiently detailed necropsy findings, Roberts et al. (1977) found the
left ventriele affected in 94%, the interventricular septum in 75%, the right
ventriele in 40%, the papillary museIes in 42%, the right atrium in 16% and
the left atrium in 13%. In nine personally studied cases in which they found
granulomas microscopically only, without naked-eye changes, the left ven
triele was affected in all, the septum in two, the right ventriele in five and the
atria in none.

Parts of the heart infiltrated by confluent granulomas appear to the naked
eye as pale areas of varying size and usually irregular outline, contrasting
sharply with adjacent normal myocardium, both on its epicardial and
endocardial surfaces and in cut sections. In the ventrieles they tend ro extend
through a considerable part of the thickness of myocardium, and may
replace the whole of it. Such massive replacement may be accompanied by
scattered smaller areas elsewhere. The npper part of the interventricular
septum is more often affected than its lower apical part; this correlates with
the frequency of disturbances of conduction. Several necropsy cases of
aneurysmal dilatation of the ventrieles at the site of extensive sarcoid
replacement have been reported, most of them involving the left ventricle
(Hines and Sancetta, 1963; Duvernoy and Garcia, 1971; Morales et
al.,1974; Chun et al., 1975; James, 1977, Case 2; Roberts et al., 1977, two
cases); the right ventriele may become similarly thinned and dilated (Clark
and Blount, 1966; Harthorne and Freiman, 1975). The aneurysmal wall
may consist of no more than a thin layer of connective tissue, all granulomas
having undergone fibrosis; some residual granulomas are found in most cases.

The atria are less frequently affected than the ventrieles, and when they
are, generally show small scattered infiltrations rather than massive con
fluence of granulomas.



The Heart 333

Sarcoid granulomas in the heart appear to undergo a similar evolution to
those e1sewhere, from a fresh epithelioid and giant-cell non-caseating ruber
eIe to hyaline fibrosis in which the typical appearances are lost; but survey
of the recorded cases suggests that the appearances are more frequently
atypical in the myocardium than e1sewhere. This can perhaps be attributed
to rnodification by the rhythrnic contractile activity of the myocardium.
In several cases, the myocardium has presented either an unspecific
granuloma or a patchy hyaline fibrosis with little remnant of the characteris
tic granuloma, although other organs contained better-defined sarcoid
tubercles (Spencer and Warren, 1938; Jonas, 1939; Güthert and Hübner,
1944; Kulka, 1950; Adickes et al., 1951; Oille et al., 1953; Stephen, 1954;
Porter, 1960). In one of the cases studied by Roberts et a/. (1977) transrnu
ral myocardial scars without coronary artery disease were accepted as the
end-result of earlier granulomatous replacement. Matsui et a/. (1976) in
their study of 42 fatal cases commented that in myocardial sarcoidosis the
granuloma is less weil defined than in other organs, and found fibrotic
changes in most of their cases; lymphocytic infiltration and oedema might
be prominent, and was the principal change in one case; granulomas with
out fibrosis were seen in six, and with fibrosis in 21; and in 11 cases, the
principal change was fibro-hyaline.

Ferrans et a/. (1965) described histochemical and e1ectron-microscopic
studies of the myocardium in a black man who died at the age of 25 from
intractable cardiac failure with ventricular arrhythmias and varying atrio
ventricular block. At necropsy, sarcoid granulomas were found in lungs and
hilar lymph-nodes, and in confluent areas in the heart, in the interven
tricular septum, both ventrieles and the left atrium. Myocardium not in
volved by granulomas showed degenerative changes in myofilaments,
mitochondrial swelling and disruption of some mitochondria, and loss of
mitochondrial enzymes, with many mast cells in the zone adjacent to
granulomas; lipid droplets and increase in pinocytotic vesieles were seen in
some capillaries. Some of these changes were thought to be irreversible;
intensive corticosteroid treatment had been given, and complicated the inter
pretation of these findings.

Valves

The most frequently observed valve dysfunction is mitral incompetence,
from weakness of affected papillary museIes. This is discussed below.

Direct involvement of cardiac valves appears to be very rare. Of the few
reports suggestive of such changes, most are inconelusive.

Cotter (1939) reported the caseof a black man, aged 18, who died of right
ventricular failure after abrief illness. At necropsy,extensive sarcoidosis
involvinglungs, heart, liver,spleen, testis,gut and subcutaneous tissuewas
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found. The myocardium of the left ventricle showed many irregular areas of
confluent sarcoid infiltration; on the contact surface of the aortic cusp of the
mitral valve were several greyish nodules, the histology of which was not
described. Simkins (1951) described the necropsy findings in a woman who
died in a Stokes-Adams attack at the age of 50; there was extensive myocar
dial sarcoidosis, with thickening of the endocardium just below the aortic
valve and a few vegetations in the valve with irregular thickening of the cusps
of aortic and mitral valves; no details of the histology of the valves was given,
but an illustration shows fibrosing granulomas at the base of the aortic valve.
Deneberg (1965) reported the case of a black man who died at the age of 51
after a five month illness characterized by arrhythmias, principally atrial
flutter, initial fever, loss of weight and dry cough, and terminal thrombo
embolic disease with renal infarction. At necropsy, extensive sarcoidosis,
with fibrosis, was found in the lungs and hilar Iymph-nodes, and some
granulomas in the liver; there were pericardial adhesions, and many areas of
fibrosis in the myocardium of the left venrricle and septum, and thickening of
one cusp of the mitral valve, with thrombus on the edge of the valve and in the
left atrial appendage. Histologically, the myocardial changes were found to be
granulomatous; the aorta showed minimal atherosclerosis; there were many
granulomas in the adventitia, partly involving the media. Sales (1953) found
rhe aortic valve stenosed in a black man aged 20 who died of severe rnyocar
dial sarcoidosis, but did not report the histology of the valve. Laroche et al.
(1955) described the case of a man who died at the age of 40 after an illness
lasting three years, with relapsing febrile polyarthritis, hepatosplenomegaly,
tachycardia and terminal cardiac failure; lymph-node and tonsillar biopsies
showed non-caseating epithelioid and giant-cell tubercles. At necropsy the
heart weighed 620 g; the pericardium was adherent; the cusps of the mitral
valve were ulcera ted with irregular vegetations, the tricuspid showed a few
vegetations, and the aortic and pulmonary valves were normal. Histological
Iy the vegetations were fibrinous; the endocardium was thickened with fibrosis,
leucocytic infiltrations, and a few epithelioid nodules, and similar nodules
were seen in myocardium and pericardium. Faivre et al. (1956) reported the
case of a man, aged 42, who after a three year illness with low fever,
enlargement of Iymph-nodes, histologically sarcoid, joint pains and dyspnoea,
died in cardiac failure with mitral and aortic valve disease. At necropsy, there
was a mitral and aortic endocarditis characterized by firm nodular thickening
of the edges of the valves. Histologically, the aortic valve vegetations consisted
of a deepter zone of vascular connective tissue with Iymphocytes, some plasma
cells and fibroblasts, and a more superficial zone formed of a background of
hyalinized fibrin with a few fibroblasts enmeshing large histiocytes; no micro
organisms were seen. The myocardium showed unspecific changes, and the
histology of other organs was not described.

In the absence of unequivocal histological evidence, it must remain doubt
ful whether the changes found in the heart at necropsy in the latter three
cases were artriburable to sarcoidosis. The occasional coincidence of sar
coidosis with heart disease of unrelated cause is to be expected, especially
since it is known that many cases of asymptomatic sarcoidosis coming to
light as a result of screening procedures resolve spontaneously; and several
cases in which evidence of sarcoidosis was found in patients with unrelated
heart disease have been recorded.
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Thorbjarnarson and Glenn (1956) reported the case of a man, aged 48, with
mitral stenosis. A valvotomy was performed; two much enlaryed lymph-nodes
were found at the aortic arch; the mitral valve, less than 1 cm in cross-section
was split, but the patient died from cardiac arrest. At necropsy, the diagnosis
of rheumatic heart disease was confirmed, Aschoff bodies being found in the
left auride, the left ventride and the interventricular septum; there were also
many non-caseating epithelioid and giant -cell granulomas in the mediastinal
and pancreatic lymph-nodes and a few in the myocardium and epicardium;
the lung showed 'rnarked fibrosis and arteriolar sderosis'. Botti and Young
(1959 ) found both sarcoid and rheumatic changes in the heart at necropsy in a
woman, aged 32, who presented with cornplete heart block causing Stokes
Adam s atracks, and aortic valve disease. She died in asystole 60 hours afrer
aortic valvotomy. At necropsy there was rheumatic mitral stenosis , aortic
stenosis and tricuspid valvulitis, and a few Aschoff bodies were found in the
myocardium. The atrioventricular node and bundle were destroyed by infilrra
tion with sarcoid granulomas, some induding asteroids; and similar granulo
mas were found in the lungs, liver, spleen and lymph-nodes. Tice et al. (1967)
recorded the case of a black woman, aged 18, with tetralogy of Fallot, in
whom enlarged hilar shadows were found to be due in part to large lyrnph-
nodes, and scalene node biopsy showed non-caseating granulomas; at
operation for complete repair, myocardial biopsy showed 'collections of lyrn
phocytes, epithelial histiocytes and giant cells' and scattered zones of relatively
acellular fibrosis. The report does not mention the operative appearance of the
hilar nodes. Case 6 of Ghosh et al. (1972) was that of a man aged 38, known
to have had aortic valve disease for many years; the tissue removed at aortic
valve replacement contained granulomas; he died six months later from
subacute bacterial endocarditis, and at necropsy, similar granulomas were
found in the liver and the spleen. One of us UGS) was consulted about a man
aged 50 about to undergo valve replacement for calcific aortic stenosis, in
whom the ehest radiograph had shown a widespread pulmonary mottling.
Biopsy of the lung at the operation showed a mainly pre-fibrotic sarcoid
infilrration. The post-operative course was uneventful, and the infiltration
spontaneously resolved.

Roberts et al. (1977) found calcium deposits in the mitral valve ring in one
of their patients, aged 34, with cardiac sarcoidosis, and mentioned another
with sarcoidosis and heavy calcification in the mitral ring but without granu
lomas or scars in the myocardium; both had had severe hypercalcaemia and
had been treated with corticosteroids.

Great vessels

Involvement of the adventitia of the aorta in a patient with extensive
myocardial sarcoidosis reported by Deneberg (1965) has been mentioned
above. Sarcoid tubercles were found in the aorta in Case 1 of Jonas (1939)
and Case 4 of Powell (1954), and in the superior vena cava and pulmonary
veins in Case 1 of Powell (1954). Matsui et al. (1976) in their review of 42
fatal cases of cardiac sarcoidosis noted that the adventitia of the aorta was
involved in four, and the pulmonary artery in three. In rare cases wide-
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spread involvement of small pulmonary arteries causes pulmonary
hypertension (p. 346 below; Chapter 6, p. 107 and p. 163) .

Pericardium

Although sparse granulomas in borh viscera I and parietal pericardium have
been recorded in a number of cases as part of more widespread cardiac
sarcoidosis, gross changes in the pericardium are rare. Pericardial effusion
(see below) has been recorded during life (Schiff et al., 1969; Gozo et al.,
1971). Matsui et al. (1976) in their 41 necropsy cases noted that visible
nodules were frequent in the epicardium, but were seen in the pericardium
in only three cases, haernorrhagic pericardial effusion being present in one.
Two of the 35 necropsy patients studied by Roberts et al. (1977) had had
recurrent pericardial effusion, both were found to have sarcoid granulomas
in the parietal pericardium and in the left ventricular myocardium.

Conducting tissues

The Iiability of the upper part of the interventricular septum to be the site of
heavy granulomatous infiltration is likely to be a factor in determining the
frequency of atrioventricular and bundle-branch block. Morales et al.
(1974) made special studies of the conducting tissues in four cases in which
sarcoidosis of the heart had led to sudden death, preceded by observed
ventricular tachycardia in one and supraventricular tachycardia followed
by ventricular fibrillation in one. Large parts of the conducting tissues were
affected, granulomas with Iymphocytic infiltration and fibrosis being
observed in two and fibrosis and lyrnphocyric infiltrarion in two. Roberts et
al. (1977) studied serial sections of the atrioventricular node and bundle in
one of their patients with complete heart block, and found cornplete des
truction of the node with disruption of the bundle branches from their
origin. James (1977) found, in the heart of a black woman aged 30 who had
died suddenly after two years of syncopal attacks from ventricular arrhyth
mia, a left ventricular aneurysrn whose wall showed both granulomas and
fibrosis; there were foei of sarcoid granulomas in the sino-atrial and atrio
ventricular nodes, and fatty change in the bundle of His; additionally, while
large coronary arteries were normal, small branches were narrowed by
sarcoid granulomas. Abeler (1979) studied the myocardium in the region of
the pace-rnaking and conducting tissues in nine patients who had died of or
with sarcoidosis. In a woman who had died suddenly at the age of 52,
sarcoid granulomas were found in heart, lungs, liver, spleen, Iyrnph-nodes
and bone-rnarrow; in the sinus node region, confluent granulomas replaced
pacemaker fibres, and in the septum, subendocardial granulomas inter-
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rupted the left bundle branch. In a woman aged 71 who died of aortic valve
stenosis and myocardial ischaemia, widespread sarcoid granulomas, mostly
hyalinized, were an incidental finding; there were some in the interventricu-
lar septum near to but not involving the conducting tissues. No cardiac
granulomas were seen in the other seven patients.

Association with sarcoidosis of other ergans

When sarcoidosis involves the heart extensively, cardiac symptoms tend to
dominate the c1inical picture. Pathologically, gross cardiac sarcoidosis may
or may not be accompanied by obvious changes in other organs. In some
cases, myocardial sarcoidosis is part of florid granulomatosis involving
many organs, including the central nervous system (Vogt, 1949; Clinico
pathological Conference, 1957; Poon and Forbus, 1959). Longcope and
Freiman (1952) noted the frequency with which the heart had been found to
be infiltrated by sarcoid in the recorded necropsies on patients with uveo
parotid fever (Souter, 1929; Garland and Thompson, 1933; Granström et
al., 1946; Bates and Walsh, 1948; van Rijssel, 1947, Case 1; Adickes et al.,
1951; Yesner and Silver, 1951; Longcope and Freiman, 1952, Case 16). On
the other hand, others (Fleming, 1974; Roberi:s et al., 1977; Virmani et al.,
1980) have commented on the rarity of c1inically evident cardiac involve
ment in patients with syrnptomatic sarcoidosis of other organs. This vari
able relationship to changes in other organs is not peculiar to the heart.
Sarcoidosis of the lungs, the skin, the eyes or the Iymph-nodes may similarly
present with predominant involvement of one involved site or as part of an
evidently widespread disease; and in liver and skeletal muscle, granuloma
tous infiltration is known to be frequent in generalized sarcoidosis but rarely
causes symptoms, and when it does tends ro produce obvious symptoms and
signs which may or may not be accompanied by others referable to othcr
organs.

At necropsy, granulomatous changes in the heart, especially if they are
partly hyalinized, cannot be categorized with certainty unless they are
accompanied by granulomas of sarcoid type in other organs, or there is a
history of recognized manifestations of sarcoidosis in the past, preferably
with histological confirmation.

Giant-cell myocarditis

The number of giant cells found in sarcoidosis in the myocardium, as
elsewhere, is very variable. Several reports have emphasized the large num
bers that were present-e.g. Garland and Thompson (1933), Cotter (1939),
Adickes et al. (1951), Forbes and Usher (1962). Giant cells have been seen in
the hearts of patients with infective endocarditis, rheumatoid arrhritis,
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Taka yasu 's arteritis and Wegener 's granulomatosis (Roberts et al., 1977 ),
but form only a small element in a generally recognizable clinico
pathological picture. Granulomatous giant-cell myocarditis, in which the
granulomatous proce ss is found only in the heart, or predominantly in the
heart, with minor changes in one or a few other organs, has been described.
In some of these, not only has the distribution of the granulomatous
inflammation in the heart been similar to that observed in undoubted cases
of sarcoidosis with cardiac involvement, but granulomas have been found in
one or more other sites (Gentzen, 1937; Hirayama, 1939 ; Didion, 1943);
Long, 1961; one of 11 cases reported by Davies et al., 1975; in such cases,
there is little reason to question correctness of categorization as sarcoidosis.
In Case 3 of Lindvall et al. (1978) giant-cell myocarditis localized in the
upper part of the interventricular septum was accompanied by a similar
giant-cell granuloma in the hypophysis, which is another organ in which
localized giant- cell granulomas have been reported (Chapter 16). In a case
reported by Kean and Koekenga (1952), giant-cell myocarditis of similar
distribution to that seen in sarcoidosis was accompanied by caseation in
broncho-pulmonary lymph-nodes in which no micro-organisms were
found. In some cases, such as those reported by Tesluk (1956), Dilling
(1956), Collyns (1959), Rab et al. (1978), most of those of Davies et al.
(1975) and cases 1 and 2 of Lindvall et al., (1978) the organs commonly
affected in sarcoidosis have been shown to contain no granulomas, and in
the heart the principal changes has been inflamm atory fibrosis with
destruction of myocardial cells and many giant cells, and only poorly
formed tuberculoid granulomas. In such cases, ther e may be changes in
oth er organs suggest ing a systemic disease known to include a granulo
matous element; if not, the possibility that the inflammatory changes in the
heart are a peculiar react ion to a localized, possibly infective, cause cannot
be excluded.

CLINICAL FEATURES

Although the presence of sarcoid granulomas in the heart cannot usually be
proved during life, the occurrence of symptoms and signs suggestive of an
infiltrative process in the myocardium in a patient with active sarcoidosis
and without evidence of any other disease which might account for the
cardiac changes is generally sufficient to justify a clinical diagnosis of
cardiac sarcoidosis. Discussion of the clinical features of cardiac sarcoidosis
must therefore be based upon studies in which these criteria have been met ,
as weil as tho se in which direct histological examination of the heart itself
has been possible. As already noted, in clinical series of patients with
sarcoidosis, either as far as possible unselected or selected for involvement
of another organ, the number with evident cardiac involvement is very low.



The Heart 339
Table 15.1 Numbers of cases of cardiac sarcoidosis in two reported series showing
various c1inical features. Fleming (1980) : mostly c1inically diagnosed, 33 %
confirmed or first diagnosed at necropsy. Roberts et al. (1977): all diagnosed at
necropsy, about one-quarter during life.

Roberts et al. (1977)

89
No . %

Number of cases

Diagnosis of sarcoidosis
du ring life

Necropsies
Cornplere heart block
Partial, including bundle branch

block
Ventricular prema ture beats or

tac hycardia
Supraventricular rachycardia
Congestive heart failure
Myocardial disease
Simul ating myocardial infarcrion
Valve involvement
Pericardial invo lvement
Dead ar time of report
Sudden deaths

withour previous illness
with previous illness

Dea rh in road traffic accident

".Percentage of fatal cases

Fleming (1980)

163
No . %

[>72, <84]
53 33
31 19

56 34

64 39
35 21

34 2~}2710
3 2
2 1

70 43

26 37':'}
19 27"" 64 '"
3 4 "'

24
all
25

35

52
15
35

3
89

10
50

27

28

39

58
17
39

3
100

11}67
56

The prineipal c1inieal features in two published series of eases of sympto
matie eardiae sareoidosis are summarized in Table 15.1. Fleming's (1980)
series eonsists of eases seen by hirn in East Anglia and those reported to hirn
from other parts of the Uni ted Kingdom; eardiae sarcoidosis was eonfirmed
or first diagnosed at neeropsy in 53 and based upon c1inieal findings in the
other 110. From the review by Roberts et al. (1977), the 89 eases in whieh
eardiae sareoidosis eonfirmed or found at neeropsy was thought to have
eaused symptoms during life have been seleeted; 26 of these were studied by
Roberts et al., and 63 eompiled from previous publieations. In spite of the
different ways in whieh these two series were colleeted, and relianee upon
clinieal diagnosis in many eases in one of them, the proportions showing
du ring life disturbanees of eonduetion, impulse formation and rhythrn and
evidenee of myoeardia l disease, if 'eongestive eardiae failure' is aeeepted as
eognate wirh this, are strikingly similar, as are the proportions of deaths
that were sudden.

The ages of the patients with symptomatie eardiae sarcoidosis in these
two series was similar, ranging from 18-77 years (mean 45) in Fleming's,
and 18-76 in rhat of Roberts et al. In bo th series the numbers of men and
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women were approximately equal. Among the 24 patients reviewed by
Roberts et a/. with eardiae sareoidosis not eausing dysfunetion and dis
eovered at neeropsy, on the other hand, 16 were men and only eight women.

This age-range, throughout adult life, is extended by a few eases reported
in ehildren. The youngest appears to have been a blaek girl who died at the
age of six years (Taussig and Oppenheimer, 1936; ]onas, 1939, Case 2).

At the age of five, she was found to have sickle-cell anaemia with a haernoglo
bin level of 35 %, and cervicallymphadenitis. She was rreated by blood
transfusions, one of which unfortuntely transmitted syphilis to her; for this
she received appropriare trearrnent, At the age of six, she was found to have a
generalized papular rash, generalized superficiallymphadenopathy, a very
large spleen and enlargement of the heart with a systolic murmur. She died of
cardiac failure . TubercIe-like lesions were found in the lungs, bronchial and
abdorninal lymph-nodes: in the heart there was macroscopically diffuse
yellow mottling, and microscopically dense infiltration with monocytes, some
destruction of muscIe, and some collections of epithelioid and a few giant cells.
Although some of the tubercles showed some central necrosis, no acid-fast
bacilli were found. Serwer et al. (1978) reported the case of a black girl aged
12 who presented with ventricular tachycardia and congestive heart failure;
cervical and inguinal lyrnph-nodes were enlarged and biopsy showed sarcoid
type granulomas. Treatment with quinidine and diuretics relieved symptoms;
prednisone initially was followed by multiple ventricular prernature beats, and
was discontinued. Eighteen months larer, she developed uveitis and skin
nodules shown on biopsy to be sarcoids. Prednisone led to resolution of these
without recurrence of premature beats.

At the other extreme of life is a case recorded by Pascoe (1964), in a white
man aged 83, who had had occasional ehest pain and some shortness of breath
for several years when he was admitted to hospital because of weakness and
confusion for four days . He was found to have some peripheral oedema,
enlargement of the liver and cardiac irregularity rhoughr to be due to atrial
fibrillation; the morning after admission, he was found dead in bed. At
necropsy, the coronary arteries showed moderate atheroma, but were patent
throughout. The myocardium appeared normal, but microscopically many
granulomas were found near vessels in the myocardium, and also in lung,
rnediastinal lyrnph-nodes, liver and spleen.

Sudden death

In about one-third of published eases of sudden death attributable to
sareoidosis of the heart there had been no illness preeeding the fatal event,
neither sareoidosis nor eardiac disease being reeognized du ring life. The
lower proportion without reeognized previous illness in the series of
Roberts et al. (1977) may have been due to its including fewer patients who
died outside hospital than Fleming's. Fleming drew attention to the fact that
three in his series died in road traffic aecidents, and speculated whether in at
least one of these (Fleming, 1974, Case 7) the aeeident may have been a
eonsequenee of the arrhythrnia whieh was the probable immediate cause of
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death. In most of the two-thirds with preceding iIlness, including those
occurring in patients known to be suffering from sarcoidosis, premonitory
cardiac symptoms, such as rhythm disturbanees, syncope, anginal pain or
congestive heart failure, have been noted before death for periods ranging
from a few days to several years. As already noted, grossly visible changes
are usually found in the heart in patients who have died suddenly from
cardiac sarcoidosis; massive confluent fibrosing infiltrations in the ventricu-
lar and septaI myocardium in most, and extensive focal deposits of similar
character in the rest. The following case, whose earlier course was observed
by one of us, ilIustrates these points:

A man aged 33 was found by routine radiography to have bilateral hilar
lymph-node enlargement with some mottling in the middle zones of the lungs.
Four years later, the lung shadows had become rather denser, but he remained
symptom-free, and tests both of ventilatory function and of pulmonary gas
transfer were normal. Two years later, at the age of 37, he had several brief
episodes of palpitations one day, and the following night vomited. ECG
showed right bundle branch block, inverted T waves in leads VI - V4, and ST
segment depression in leads I, Il and V6' Enzyme levels were found to be
normal; a provisional diagnosis of myocardial sarcoidosis was made, and
prednisolone 15 mg daily was given. No further episodes of palpitation
occurred, but ECG abnormalities persisted. Further investigated nine months
later , he was found to have similar ECG changes, now with ventricular prema
ture beats; the pulmonary shadowing had diminished. Coronary angiography
showed normal coronary arteries and left ventricular function. Prednisolone was
continued, 10 mg daily; it was gradually withdrawn after two years. He
remained symptom-free, leading an active life. Three years later, 12 years after
the first evidence of sarcoidosis and six years after the first cardiac symptom,
he suddenly collapsed and died with irreversible ventricular arrhythmia in
spite of prompt and vigorous resuscitatory treatment. At necropsy, large areas
of fibrosing confluent sarcoid infiltrations were found in the basal part of the
posterior wall of the left ventricle and rhe adjacent septum, and separately in
the septum itself; rhe right ventricular wall was in places reduced to a thin
layer of fibrous tissue, and one tricuspid papillary muscle was fibrotic ; there
was atheromatous narrowing of the right coronary artery by 30 % and of a
branch of the left anterior descending arrery by 75 %; in the upper lobe of the
left lung there was an area of fibrosing sarcoidosis, and elsewhere in the lungs
perivascular and peribronchial granulomas; other organs were grossly unre
markable but in the liver a collection of lymphocytes and epithelioid cells was
seen in one portal area .

Conduction and rhythm disturbances

In view of the possibility of widespread changes in the myocardium, some
times confluent in the upper part of the interventricular septum, and in
many cases irregularly scattered in all four chambers of the heart, it is not
surprising that all grades of heart block and varieties of arrhythmia have
been reported both in studies of large series of cases (Fleming, 1974;
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Roberts et al., 1978), and in surveys of published cases (Gozo et al., 1971).

The high incidence of complete atrio-ventricular block is notable. In
many instances it has been observed to be preceded by, or to alternate with ,
prolongation of PR interval or the Wenckebach type. Stokes-Adams attacks
are a feature in many cases, and may be the initial symptom. Bundle-branch
block is also frequent, with or without atrio-ventricular conduction defects.
Of the 89 cases reviewed by Roberts et al. (1978), it was reported in 23; the
block affected the right bundle-branch in 13, the left in five and was
indeterminate in five.

Both ventricular and atrial rhythm disturbances are frequent, those aris
ing in the ventricles being more frequent . Ventricular tachycardia was
observed in 19 of the 89 cases reviewed by Roberts et al. (1977), and was
associated with extensive myocardial infiltration or fibrosis. Ventricular
premature beats are probably the most frequent rhythm change, and are
usually multifocal in origin. Complete heart block and varying tachyar
rhythmias may alternate. Atrial arrhythmias, ranging from premature beats
to rather rare instances of fibrillation or flutter, seem to be less certainly
attributable directly to granulomas in the atrial walls; Roberts et al. (1977)
noted atrial arrhythmias in 15 of the cases they reviewed but granulomas
were reported in atrial walls in only two of these.

Myocardial failure

Congestive heart failure may appear in patients with extensive myocardial
sarcoidosis, often in combination with disturbances of rhythm or conduc
tion; it was noted in 35 of the 89 of Roberts et al. (1977) . The overall
clinical picture may mimic thar of a cardiomyopathy. Anginal pain may
occur, and in combination with ECG changes, may suggest a diagnosis of
myocardial infarction, as in ten of the 163 reviewed by Fleming (1980). The
possible development of ventricular aneurysms at sites of extens ive myocar
dia I sarcoidosis, noted in the discussion of pathology, may add to the
possibility of confusion with myocardial infarction. The diagnosis has been
confirmed du ring life by angiocardiography (Duvernoy and Garcia, 1971;
James, 1977; Lull et al., 1972; Ahmed et al., 1977).

Mitral incompetence

As noted above, direct granulomatous involvement of valves has very rarely
been reported at necropsy. Mitral incompetence due to malfunction of
infiltrated papillary muscles has been diagnosed clinically in a few cases.
The early part of the course of one of these was observed by one of us (JGS).

This patient was a West Indian woman, aged 26, whose case was reported by
Raftery et al. (1966, Case 9). Her iIlness started with uveitis, BHL and
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superficiallymphadenopathy, the diagnosis of sarcoidosis being confirmed by
a Kveim test. About three months from the onset of the ocular symptoms she
suddenly developed mitral incompetence causing pulmonary oedema. Treat
ment with prednisolone controlled the activity of the sarcoidosis, but mitral
valve replacement was required to control the mitral incompetence. At this
operation, performed by Professor H. H. Bentall, the valve cusps were found
to be normal and mobile, but the papillary muscles presented a white glazed
appearance and were so slack that the permitted inversion of the valves.
histologically, the papillary muscle showed fibrosis between the muscle fibres
with focal collections of lymphocytes, plasma cells and histiocytes, and the
valve cusps some fibrous thickening but no specific changes. The non
specificity of the histological changes may have been due in part to the
prolonged prednisolone treatment, and in part to the frequently atypical
appearance and were so slack that they permitted inversion of the valves.
Histologically, the papillary muscle showed fibrosis between the muscle fibres
control of non-cardiac manifestations, but died suddenly fiveyears after the
operation. At necropsy, the free wall of the left ventricle and the interventricu
lar septum were extensively infiltrated, and some granulomas were seen in the
atria; lungs, liver, spleen and mediastinal lyrnph-nodes were also involved
(Fleming, 1974) . Zoneraich et a/. (1974) described the case of a black woman,
aged 29, who presented with palpitations, congestive heart failure, acute
mitral insufficiency and multiple ventricular prernature beats, and died of
ventricular tachycardia ; at necropsy there was extensive fibrosing sarcoidosis
in the left ventricular and septa I myocardium including the papillary muscles.
Roberts et a/. (1977) mentioned briefly two patients with severe heart failure,
who had had loud apical systolic murmurs, and were found at necropsy to
have extensive granulomatous infiltration of the left papillary muscles.

Pericardial effusion

A very few cases of recurrent pericardial effusion attributable to sarcoid
infiltration of the pericardium have been reported. In the one reported by
Schiff et al. (1969), a black woman, aged 31, who had had hilar lyrnph-node
and pulmonary sarcoidosis for six months, a large pericardial effusion
developed; it resolved during prednisolone treatment, but recurred when
this was stopped. At this stage, partial pericardiectomy was performed:
both the pericardium and a biopsy sampie of lung showed sarcoid-type
granulomas. Gozo et al. (1971, Case 1) described the case of a black
woman, aged 27, who presented with congestive heart failure, atrio
venticular block of Wenckebach type, and a large pericardial effusion . She
died during thoracotomy, at which a large blood-stained pericardial effu
sion was found . At necropsy, very extensive sarcoidosis was found in the
myocardium of all chambers of the heart and in the pericardium, in lyrnph
nodes, in liver and in gastric mucosa; in the lungs they were less numerous
and found especially around arteries and veins near the hila . Roberts et al.
(1977) mentioned three cases in which large pericardial effusions, causing
tamponade in two, were shown at necropsy to be associated with epicardial
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sarcoid granulomas. Bailey (1966) reported the case of a 59 year old woman
who presented with acute pericarditis with effusion. In the course of investi
gation she was found to have enlarged hilar lymph-nodes, and a scalene
node biopsy showed sarcoid-type granulomas. A left pleural effusion
appeared. Under treatment with 15 mg daily of prednisone, both effusions
slowly resolved, but only 14 weeks' observation was recorded. In this case,
doubt must remain whether the pericarditis and pleurisy were pathogen
etically related to sarcoidosis, especially as the patient had suffered from
rheumatoid arthritis for ten years, said to have been inactive for four
years.

DIAGNOSIS

The difficulty of diagnosis of cardiac sarcoidosis varies with the circum
stances of the individual case. The cause of sudden death in a person who
has had no occasion to seek medical advice can be established only by
necropsy. In a patient in whom the clinical diagnosis of sarcoidosis is
already or can be established, the appearance of heart block of any degree or
a ventricular arrhythmia is presumptive evidence of cardiac involvement,
certainly in the absence of evidence of other forms of heart disease. The
problem is more difficult when the symptoms and signs are those of myocar
dial disease in a patient known to be suffering from sarcoidosis. These may
range from no more than T wave and ST interval changes in the ECG to
congestive heart failure or an acute illness suggestive of myocardial infarc
tion , If coronary artery disease seems a likely alternative diagnosis, coronary
angiography may provide direct evidence of such disease, though it cannot
exclude co-existing cardiac sarcoidosis. Still more difficult are cases where
the possibility of sarcoidosis is considered for the first time in a patient
presenting with symptorns and signs of cardiac disease, which cannot be
placed in one of the commoner categories. In such cases, the first step is the
establishment of the diagnosis of sarcoidosis (Chapter 26).

Myocardial scanning with 20l thallium has been used to detect sites of
sarcoid infiltration by Bulkley et al. (1977) and Kinney et al. (1980). In five
patients with known sarcoidosis and cardiac dysfunction, Bulkley et al.
found that two with impaired pulmonary function had high uptake over the
right ventricle, and three with unexplained congestive failure, mitral
regurgitation or arrhythmias showed defects in left ventricular uptake,
confirmed to be due to sarcoid infiltration in one at operation for mitral
valve replacement and in one at necropsy. Kinney et al. studied 44 patients
with established sarcoidosis and found defects in the left ventricle images in
14 and in the right in four, but the attribution of these to myocardial
sarcoidosis remained presumptive. The role of this expensive form of inves
tigation remains to be assessed.
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Endomyocardial biopsy is a possible method of obtaining histological
confirrnation of cardiac sarcoidosis (Sekiguchi et al., 1967); but in view of
the patchy distribution of the lesions can be expected to show granulomas in
only a proportion of cases. Numao et al. (1980) stated that among 1000
myocardial biopsies in Japan, two had shown sarcoid granulomas; in two
others in which the biopsy showed no granulomas, the diagnosis of cardiac
sarcoidosis was made at necropsy.

In most cases, the diagnosis of cardiac sarcoidosis du ring life depends
upon inference from clinical findings, and remains without direct histolog
ical confirrnation.

RIGHT VENTRICULAR HYPERTROPHY AND
FAllURE (COR PULMONALE)

Right ventricular hypertrophy, and ultimately failure, may occur in the late
stages of fibrotic pulmonary sarcoidosis, as of other forms of chronic lung
dissease; but in most patients who die with progressive pulmonary fibrosis
consequent upon sarcoidosis, death is due to respiratory failure, perhaps
precipitated by a terminal acute infection, without clinical signs of right
ventricular failure or pulmonary hypertension. Thirteen patients of 275
reviewed by Scadding (1967) were known to have died of the late effects of
pulmonary sarcoidosis; only three of these showed evidence of right ventri
cular failure, with oedema and raised jugular venous pressure. One other,
whose course had been complicated by chronic airflow limitation, presum
ably mainly cigarette-induced, ECG evidence of right ventricular hyper
trophy, which was confirmed at necropsy, but no oedema or raised venous
pressure. In two patients who died after several years of almost complete
disability from dyspnoea, necropsies showed no suggestion of right ventri
cular hypertrophy, Battesti et al. (1978) studied 21 patients with chronic
pulmonary sarcoidosis and radiographic evidence of fibrotic changes not
responsive to corticosteroid treatrnent; they found ECG changes suggestive
of right ventricular hypertrophy in six, with 'clinical right heart failure'
(criteria not stated) in four.

In a few patients with extensive active pulmonary sarcoidosis, right
ventricular changes, presumably due to pulmonary hypertension, have
regressed when the pulmonary disease has improved, either spontaneous\y
or in response to corticosteroid treatment. A case of this sort was reported
by Moyer and Ackerman (1950).

A man, aged 25, was found to have evidence of enlargement of the right side
of the heart, and depression of ST in lead I and inversion of T in leads II and III
of the ECG at the time when he had a dense sarcoid infiltration in the lungs;
these changes returned towards normal as the infiltration regressed. lt is
possible that in such cases granulomas in and around pulmonary arteries and
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veins that have been found in patients with pulmonary sareo idosis, both by
biopsy in the earlier stages and at neeropsy (Chapter 6, p. 107), may eontribute
to pulmonary hypertension. Levine et al. (1971) reported the ease of a man
with a history of pulmonary sareoidosis eausing few symptoms for 25 years,
who developed inereasing dyspnoea leading after two months to orthopnoea
and ankle oedema with clinieal and eleetroeardiographie evidenee of right
ventrieular failure and pulmonary hypertension, suggesting pulmonary embol
ism. He died despite appropriate treatment for this. At neeropsy there was no
evidenee of pulmonary embolism; the lungs showed non-easeating granulo
mas with fibrosis distributed predominantly around small pulmonary arteries
and veins, the alveoli being relatively little affeeted.

Granulomatous changes in pulmonary vessels might be expected to be
suppressible by corticosteroid treatment, leading to relief of pulmonary
hypertension, but there are few recorded cases in which this has been
documented.

MeClement et al. (1953) found that in ten patients with pulmonary hyperten
sion assoeiated with pulmonary sareoidosis, the pulmonary artery pressure
did not fall after eorticosteroid treatment, Davies et al. (1982) reported the
ease of a 33 year old Ghanian who beeame acutely breathless during a
transatlantie flight, having notieed slight dyspnoea on exertion, weight loss
and dry eough for four months. He had clinieal signs of pulmonary hyperten
sion, a palpable spleen, and superfieiallymph-node enlargement. There was
extensive mottling in the lung-fields and BHL in the ehest radiograph. Biopsy
of a lymph-node showed non-caseating granulomas. Cardiae eatheterization
showed a pulmonary artery pressure of 70135 mm Hg, falling slightly on
breathing 50% oxygen to 50/25. Cortieosteroid treatment led to rapid relief of
symptoms, diminution in density of lung shadows, and improvement in a
previously severe restrietive ventilatory defeet. The pulmonary artery pressure
fell after three months'treatment to 40 /18 breathing air, ehanging only to
38/13 on oxygen . Symptomatie improvement was maintained, and eorti
eosteroid treatment was stopped. Reviewed six years later, he remained symp
tom-free, with some residuallung shadowing and a slight restrietive ventila
tory defeet; the pulmonary artery pressure had fallen to 28/10 .

In spite of the high proportion of cases in which granulomas can be found
in blood-vessels if specially sought in open lung biopsies from patients with
active pulmonary sarcoidosis, it is evident rhat these have functional effects
in only a very small minority, and that in the majority they resolve com
pletely or with insignificant residual scarring without ever giving rise to
symptoms. But in exceptional cases, the possibility that pulmonary
hypertension may be related to unusually prominent granulomatous vascu
litis, responsive to corticosteroid treatment, should be considered.

Rarely, sarcoid enlargement of lymph-nodes may cause functionally im
portant compression of pulmonary arteries. Battesti et al. (1978) reported
the case of a white woman aged 49 with chronic pulmonary sarcoidosis,
who developed right heart failure. Angiography showed obstruction of the
pulmonary artery to the left upper lobe and narrowing of the branches to
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the right lower and upper lobes. Necropsy showed that these were due to
compression by many calcified lyrnph-nodes. There were extensive fibrotic
and granulomatous changes in broncho-vascular sheaths, in bronchial and
vascular walls, and in lung s. The Iymph-nodes were hyalinized. The changes
in many vessels had led to narrowing, with evidence of old thrombosis and
recanalization. Ca ses in which sarcoid hilar lyrnphadenopathy in an active
stage cau sed narrowing of pulmonary arteries demonstrated by angiog-
raphy with corresponding defects in perfusion scans but without c1inically
evident haemodynamic effects have been reported by Westcott and de Graff
(1973), fannce et al. (1976) and H ietal a et al. (1977).

TREATMENT

The transient ECG changes without symptoms or signs of cardiac dysfunc
tion which have been reported in a small minority of patients in the early
active stages of sarcoidosis do not seem to indicate a special liability to
subsequent symptomatic cardiac sarcoidosis, and call for no special treat
ment. The following discussion concerns patients with cardiac dysfunction
attributable to granulomatous infiltration.

The treatment of arrhythmias, conduction defects , and heart failure
should follow established cardiological practice. Arrhythmias ma y be rela
tively resistant to anti-arrhythmic drugs, and improved response after corti
costeroid treatment has been reported (Nissen and Berte, 1964, Case 4;
Gozo et al., 1971; Serwer et al., 1978; Walsh, 1978). Valve replacement for
mitraI incompetence due to papillary muscle involvement was successful in
relieving this functional defect in a case reported by Raftery et al. (1966)
and mentioned on p. 342. Successful excision of a large ventricular aneurysm
due to fibro sing sarcoidosis, together with prednisolone treatment, was
followed by at least short-terrn improvement with cessation of ventricular
arrhthymia , in a case reported by Lull et al. (1972).

The effects of corticosteroid treatment on the lesions of cardiac sarcoido
sis are probably similar to those on sarcoidosis e1sewhere: suppression,
partial or complete, of active granulomas with Iittle effect on established
fibrosis (Chapter 27). Published reports suggest that diminution in numbers
of premature bears and of episodes of tachycardia and easier control of
these arrhythmias follows corticosteroid treatment in many cases; improve
ment in conduction defects may occur, but is less frequent (Stein et al.,
1976; Lash et al., 19 79 ; Yamamato et al., 1980). The danger of sudden
death may be diminished, but remains.

In patienrs with evidence of myocardial failure, which is frequently due to
massive infiltration by confluent granulomas with considerable fibrosis,
resulting in replacement of parts of the myocardium by tissue without con
tractile function , the lost tissue cannot be replaced, and the best that can be
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hoped for is suppression of still cellular granulomas and further fibrosis .
Roberts et al. (1977) expressed concern that corticosteroid treatment might
encourage the development of ventricular aneurysm, since they found that
of eight reported patients with aneurysms, all but one had received such
treatment, but more prolonged survival because of the treatment allowing
more time for the development of aneurysmaI dilatation is an alternative
explanation of this observation.

In practice, it seems sensible to institute corticosteroid treatment in any
case with an established c1inical diagnosis of cardiac sarcoidosis, and to be
guided as to its continuance by the general signs of activity of sarcoidosis
(Chapter 27) and by the response of the cardiac symptoms and signs; at the
same time, the various elements in cardiac dysfunction should be treated
appropriately. If the available evidence suggests extensive myocardial
granulomatous changes, and corticosteroid treatment has led to significant
improvernent, decision about the duration of treatment is difficult. In view
of experience of cases in which sudden death has occurred after initial
favourable responses, in some after cessation of treatment, it seems that all
available indices of continued activity should be used in making this deci
sion; and a case could be made out for indefinitely prolonged treatment,
certainly in the absence of serious side-effects.



Chapter 16

The Endocrine Glands

Among the endocrine glands, the pituitary is the most frequently affected in
a manner giving rise to functional effeets. The tendency of sarcoidosis to
involve the meninges and neural structures at the base of the brain has been
noted in Chapter 14. The variability of distribution and localization of
hypothalamic-pituitary changes gives rise to a wide range of clinical syn
dromes. These include secondary effects on other endocrine glands, which
do not appear to be specially liable to persistent granulomatous invasion in
sarcoidosis. In some reported cases, granulomas have been found in thyroid,
parathyroids or pancreas with no evident functional effects; and when
endocrine dysfunction has been observed, it has been arguable in most cases
whether this is a direct effect of sarcoid infiltration, indirectly linked to
sarcoidosis through unidentified common immunological factors, or simply
coincidental with and aetiologically unrelated to sarcoidosis. Sarcoid granu
lomas have very rarely been found in the adrenal glands.

PITUITARY GLAND

Since the pituitary gland is not readily accessible for biopsy, it is not
surprising that in most of the recorded cases of sarcoidosis of this gland the
diagnosis depended upon clinical evidence of pitu itary dysfunction in
patients with sarcoidosis elsewhere. In a minority of cases, the diagnosis has
been proved by histology of the gland, either at craniotomy or at necropsy.
In a very few, the pituitary has been found to be infiltrared with sarcoid
tubercles at necropsy, although there was no record of symptoms of pituit
ary dysfunction during life (Ricker and Clark, 1949, Case 20; Kulka, 1950;
Bleisch and Robbins, 1952, Cases 3 and 4). Cowdell (1954) reported briefly
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the somewhat paradoxical case of a woman who died at the age of 29 with
hypertensive heart failure associated with Cushing's syndrome; and at nec
ropsy was found to have generalized sarcoidosis with extensive involvement
of the anterior lobe of the pituitary, the Cushing's syndrome being attribut
able to adrenal cortical hyperplasia.

As is to be expected from the widespread but patchy distribution of
granulomas that may be found in the hypothalamic-pituitary area, a great
variety of disorders of pituitary function may occur in patients with
sarcoidosis; and these have been found to be due to varying combinations of
deficiencies of pituitary hormones and hypothalamic releasing factors
(Stuart et al., 1978). Nevertheless, syndromes related to deficiency of one
aspect of pituitary function predominate in many cases.

Diabetes insipidus and thirst disorders

The most frequently reported disorder of pituitary function in sarcoidosis
has been diabetes insipidus. In only a few of the recorded cases has morbid
anatomical confirrnation of sarcoid infiltration of the neurophypophysis or
hypothalamus been available. In the cases reported by Tillgren (1935),
Wahlgren (1936), Posner (1942) and Longcope and Freiman (1952, Case
15), extensive sarcoidosis was associated with polyuria and polydipsia, and
the pituitary was found at necropsy to be infiltrated. The cases described by
Aszkenazy (1952, Case 2) and Jefferson (1957, Case 5), in which a syn
drome including diabetes insipidus was due to sarcoid infiltration of the
hypothalamus without significant infiltration of the pituitary, have already
been mentioned in connection with sarcoidosis of the nervous system
(p.314).

In most of the reported cases of diabetes insipidus in sarcoidosis the
diagnosis has been based upon extreme polydipsia and polyuria in patients
with sarcoidosis and without evidence of renal disease. The earliest was one
of Heerfordt's original cases of uveo-parotid fever (Heerfordt, 1909, Case
3), a man, aged 27, who developed polydipsia and polyuria, up to 5 litres
daily, one month after the onset of parotid gland enlargement with uveitis
and multiple cranial nerve palsies. The frequency with which polyuria and
polydipsia has been reported subsequently in association with the uveo
parotid syndrome (Gjessing, 1916; Merrill and Oaks, 1931; Garland and
Thompson, 1933; Levin, 1935; Folger, 1936; Arbuse and Madonick, 1938,
Case 1; Jersild, 1939; Harreli, 1940, Case 1; Appelmans and van
Horenbeeck, 1941; Franceschetti and de Morsier, 1941, Case 1; Spillane,
1953, Case 1; Höök, 1954, Case 3) suggests that this syndrome may be
especially liable to be accompanied by hypothalamic-hypophyseal disturb
anees. But diabetes insipidus also occurs with other sorts of sarcoidosis.
Occasionally this is of limited extent, as in cases reported by Lemming
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(1940b) and Boman (1952) in which polyuria, transient or persistent, occur-
red with sarcoidosis clinically manifest only in the lymph-nodes and lungs.
But in most cases, the sarcoidosis has been florid and extensive. Lesne et al.
(1935) described the case of a boy, aged ten, with lupus pernio, extensive
changes in the bones of the hands, subcutaneous nodules having a sarcoid
histology, and polyuria controlled by pituitary posterior lobe extract. Other
cases in which sarcoidosis with multiple clinical manifestations has been
accompanied by clinical evidence of diabetes insipidus have been reported
by Flandin et al. (1936) , Snapper and Pompen (1938), Walsh (1939, Case
6), Terpstra (1944), Cameron and Dawson (1942) , Rey et al. (1947) and
Shealy et al. (1961, Cases 1 and 4); and, as would be expected, signs of
central nervous system involvement and diabetes insipidus not infrequently
occur together (jefferson, 1957; Matthews, 1965; Morgan et al., 1965;
Silverstein et al., 1965; Wiederholt and Sickert, 1965). Signs of involvement
of the hypothalamus and structures at the base of the brain are especially
frequent; e.g. anosmia (Levin, 1935), left optic atrophy with right upper
temporal quadrantic visual field defect (Walsh, 1939), obesity and somno-
lence (Franceschetti and de Morsier, 1941); bitemporal hemianopia with
changes in the cerebro-spinal fluid (Terpstra, 1944), and deafness and
vertigo (Höök, 1954, Case 3).

Case 1 of Shealy et al. (1961) was that of a black man aged 44, with sarcoids
of the skin of the face, polyuria of 6-10 litres daily controlled by pitressin, and
impotence; the visual fields were normal, but the cerebro-spinal fluid showed a
high protein level; corticosteroid treatment led to cessation of the polydipsia,
but had no effect on the impotence. In their Case 4, a girl, aged 13, presented
with amenorrhoea for three rnonth s, polydipsia for one month, and loss of
vision in rhe left eye for three weeks; the loss of vision was due to a vitreous
haemorrhage and there was papilloedema with a constricted visual field on the
right side; the diagnosis of diabetes insipidus was supported by the responses
to water deprivation, to hypertonie saline infusion and to pitressin, and of
sarcoidosis by scalene node biopsy.

Although diabetes inspidus has been reported relatively frequently in
patients with central nervous system sarcoidosis, only a very small propor
tion of all patients with sarcoidosis show evidence of ir. Only 0.5% of 2416
reviewed by Silverstein et al. (1965) were so affected. Similarly, sarcoidosis
is infrequent as a cause of diabetes insipidus; it was found in only one of 65
patients with diabetes insipidus by Thomas (1957).

The diagnosis of diabetes insipidus is generally suggested by the clinical
syndrome of polydipsia and polyuria, the urine being of low specific gravity,
but otherwise normal, and failing to concentrate after water deprivation;
absence of evidence of renal disease; and the relief of polyuria by vasopres
sin or pituitary posterior lobe extracts. Sruart et al. (1980) investigated the
endocrine diagnostic problems of polyuria and polydipsia in 11 patients
with sarcoidosis and evidence of hypothalamic-pituitary involvement; five
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had polyuria and polydipsia, but of these only two had anti-diuretic
hormone (ADH) deficiency. The other three had excessive thirst with
adequate reserve of ADH. Excessive water-drinking was tentatively attri
buted to resetting of the osmotic thresholds for thirst and ADH release,
presumably of central hypothalamic origin.

Discussion of rhe diagnostic problems of thirst disorders is outside the
scope of this monograph. lt may be noted, however, that in sarcoidosis
polyuria is probably more often due to hypercalcaemia and the nephropathy
associated with it than to hypothalamic-pituitary disorders; and Panitz and
Shinaberger (1965) reported a case of granulomatous infiltration of the
kidney in which polyuria was controlled by cortieosteroid treatment
(Chapter 19).

Another differential diagnostie problem of importance in relation to
sareoidosis arises from the fact that in histiocytosis X (p. 171), widespread
lung ehanges, presenting radiologieally first as generalized mottling in the
lung fields and later beeoming transformed into 'honeycombing' may be
accompanied by diabetes insipidus. Thus both sarcoidosis and histiocytosis
X may give rise to the combination of diffuse infiltration of the lungs and
diabetes insipidus (Spillane, 1952). The differential diagnosis may be diffi
cult, and in the absence of histological evidence from a more accessible site
lung biopsy may be necessary to establish a diagnosis in a case of this sort.
In Case 1 of Penneli (1951), for instance, diabetes insipidus was accom
panied by a diffuse pulmonary infiltration, a cervical lyrnph-node biopsy
showed only 'chronic lymphadenitis' and Kveim test was negative; although
the case was included as one of sarcoidosis, histiocytosis X seems an equally
tenable diagnosis on the evidence available.

Hypopituitarism

Deficient anterior pituitary function has been recorded in sarcoidosis rather
less frequently than polydipsia of hypothalamic-pituitary origin, and in
many cases these two types of disorder have been associated. Varied com
binations of features attributable to deficiencies in anterior pituitary
hormones and in hypothalamie releasing hormones and neuro-regulatory
funetion may be observed.

Kraus (1942) deseribed the neeropsy findings in a woman, aged 41, who
had had anaemia, thromboeytopenia, genital hypoplasia with amenorrhoea
sinee the age of 17, and polyuria; there was generalized sareoidosis involv
ing lyrnph-nodes, lungs and spleen, and infiltrating the infundibulum, stalk
and body of the pituitary gland. In Case 1 of Bleisch and Robbins (1952), a
woman who died at the age of 33 had suffered from polydipsia for many
years, amenorrhoea for seven years , loss of weight, and loss of body hair;
she had a low basal metabolie rate (BMR) and low urinary ketosteroid
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excretion; at necropsy, sarcoid granulomas were found in lung s and lyrnph-
nodes, and replacing 85 % of the anterior and 50 % of the posterior lobe of
the pitu itar y, with much fibrosis and man y giant cells containing
Schaumann bodies.

Jackson and Hood (1958 ) reported the case of a man who had erythema
nodosum and bilateral hilar lyrnph-nod e enlargement ar the age of 32; later he
develop ed sparse bod y hair, gynaecomas tia, dry skin, and hepatospleno
megaly, and lyrnph -node biopsy confirmed the diagnosis of sarco idos is; ar the
age of 43, he was found to have polyuria of 6-8 litre s dail y, controlled by
pitressin, a low BMR , low excretion of FSH and a low uptake of 131) in the
thyroid, incre ased after thyrotrophic hormone. Nora et a/. (1959) described
the case of a black man aged 38, in whom the diagnosis of sarcoidosis was
established by lymph-node and liver biop sies; he suffered from lassitude, loss
of libido, and loss of bod y hair; on treatment with corti sone, the urine volume
whi ch had been 3-4 litres daily increa sed to 11 and 12 litres, and rhis polyuria
was controlled by pitressin; he had a low BMR, low 131) uptake in the thyroid
gland, increased by thyrotrophic hormone, and low urinary gonadotrophin
output. This case illustrated weil the fact that the polyuria of diabetes insipi
dus can be manifested only in the presence of sufficient anterior piruitary
function ra maintain adrenocortical function. It may be contrasted with Case
1 of Shealy et al. (196 1), in which diabetes insipidus associated with sarcoido
sis was improved by corticosteroid treatment; presumably in this case some
anterior pituirary function remained, and the improvement was due to sup
pression of the sarcoid granuloma in the neurophypophysis or hypothalarnus.
In Case 3 of Shealy et a/. loss of bod y hair, testicul ar atrophy, and impotence,
together with low blood pressure, low BMR and low 13 1) upt ake in the thyroid
suggested hypopituitari sm, and polyuria was controlled by pitressin; the diag
nosis of sarcoidosis was supported by biopsy of an epitroch lear lyrnph-node and
the cerebro spinal fluid conrained 26 cells/mrrr' and 164 mg of protein ll 00 rnl.
Plair and Perry (1962) reported rhe necropsy findings in a black man aged 29,
who had suffered from loss of vision, loss of libido and polydip sia; there was
infiltration with fibro sing sarcoid granulomas in lepto-rneninges in the inter
peduncular fossa and the lower ends of the Sylvian fissures, involving also the
adjacent parts of the brain, including the floor and lateral walls of the third
ventricle and the frontal lobes in the region of the optic nerves; about two
thirds of the pituitary gland was infiltrated, the posterior lobe more than the
anterior; and sarcoid tubercles were found in the spleen and mediastinal
lyrnph-nodes, though only on e in the lung . Vesely et al. (1977) reported the
case of a man who was investigated at the age of 17 for delayed puberty and
short stature, with a bone age of 12-13 years; he was found to have BHL, and
lymph-node biopsy showed sarcoid-type granulomas. At the age of 20, there
were diffu se lung changes with restricted ventilatory function, and osteolyric
lesions were found radiologically in the skulI; plasma levels of testo sterone
were normal, and of growth hormone low and not increased after insulin
induced hypogl ycaemia. Treatment with prednisone led to improvement in
respiratory symptoms and in the osteolytic skull iesions, and growrh of 2.5 cm
in height in six months.

Cases in which sarcoid infiltr at ion at the base of the brain caused such
symptoms as somnolence, impotence and amenorrhoea ha ve been men-
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tioned above in connection with sarcoidosis of the nervous system (p. 314).
Similar changes may occur without overt neurological signs.

Cjersee and Kjerulf-Jensen (1950) reported the ease of a woman who died
at the age of 29; she had had sareoidosis sinee the age of 17, starting with
uveitis leading to blindness, the diagnosis being established by examination of
enucleated eyes; for two years before death she had beeome moody and
somnolent and developed polyd ipsia and polyuria; at neeropsy, there was
infiltration of the hypothalamie region with fibrosing epithelioid and giant-eell
tubercles. Selenkow et al. (1959) deseribed the case of a woman who died at
the age of 27; at the age of 20, a large spleen was removed, no pathologieal
details being available; at the age of 25, she rapidly gained weight, beeame
tired and slow and eeased menstruating, and skin lesions, histologieally sar
eoid, appeared; at eraniotomy later, thiekening of the araehnoid at the base of
the brain, histologieally granulomatous and eons istent with sareoidosis, was
found; in spite of replaeement therapy she died six months later; at neeropsy,
extensive infiltration of the meninges at the base of the brain was found, but
the pars anterior of the pituitary was normal and the pars posterior reported
to be eondensed and 'hyper-nuclear', with only a few sareoid granulomas at
the superior margin of the gland; the floor and walls of the third ventricle were
involved in the sareoid infiltration, whieh filled the infundibular part of its
caviry; e1sewhere in the body, sareoidosis was found in Iyrnph-nodes, lungs,
liver, peritoneum and vertebral bone-marrow. Bast et al. (1964) reported the
neeropsy findings in a man who had failed to develop secondary sex eharacters
and had been found to have BHL at the age of 15, and died at the age of 29;
there was granulomatous infiltration of the meninges at the base of the brain,
the hypothalamus, and the optie chiasma and hypophysis, and granulomatous
arteritis leading to aneurysmal dilation of both frontal rami of the circle of
Willis.

Similar hyporhalamic-pituitary syndromes, without necropsy evidence,
have been reported by Doub and Menagh (1929, two cases), Barber (1945)
and Magnus (1956). All these four cases were in males with widespread
sarcoidosis, the skin being involved in three, and the evidence of pituitary
insufficiency consisted in loss of body hair and loss of sexual function in all
four, accompanied in some by such symptoms as obesity, somnolence,
weakness and changes in mentality. Toulant and Morard (1936) reported
the case of a boy, aged 17, with the uveo-parotid syndrome whose develop
ment was retarded and corresponded with an age of 12-13 years; Haas and
]oseph (1908) reported what appears to be a similar ca se as one of infant

ilism with Miculicz syndrome and iridochoroiditis.

Owen and Henneman (1953 ) reported the remarkable case of a man who died
at the age of 52 with hypertension and uraemia, after 15 years of ill-health
with tiredness and weakness, and loss of body hair and libido. Sarcoid
tubercles, some hyalinized, were found in lung, liver, spleen and lymph-nodes,
and a few in rhe myoeardium. The sella tureiea was empty, no pituitary gland
being diseoverable; the adrenals and testes were atrophie. Seetion of the
infundibular stalk and adjaeent hypothalamus showed no sareoid granuloma.
The eause of death was a glomerulonephritis, with some granular debris and
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an occasional calcium deposit in the tubules ; there was no record of the serum
calcium level. The relationship of the complete pituitary atrophy in this case to
the sarcoidosis must remain a matter for speculation.

Recent endocrinological studies suggest that in patients with sarcoidosis
of the central nervous system who have symptoms and signs of deficiency of
pituitary hormones the functional defect is principally hypothalamic. Stuart
et al. (1978) studied ten patients with generalized sarcoidosis and hypo
pituitarism. Most had evidence of nervous system involvement: six had
visual field defects, three olfactory loss, two trigeminal sensory changes, and
one sensorineural hearing loss, and three had had seizures; and the CSF
showed pleocytosis and raised protein content in five. All showed evidence
of diminished gonadal function, with diminished libido, impotence or
amenorrhoea, and low testosterone or oestrogen levels in the serum. Three
of the seven women had galactorrhoea. Mild hypothyroidism with normal
thyroid stimulating hormone (TSH) levels was found in three, and severe
hypothyroidism with raised TSH in one ; all nine tested with thyrotrophin
releasing hormone (TRH) showed increases in TSH. In all patients, defici
encies of at least two anterior pituitary hormones were found; but tests with
releasing hormones and with clomiphene and chlorpromazine indicated that
the pituitary remained capable of response. Similar conclusions were
reached by Caro et al. (1980), who studied responses of growth (GH) and
luteinizing (LH) hormones to stimulation by luteinizing hormone releasing
hormone (LHRH) in 22 patients with sarcoidosis, of whom seven had
central nervous system involvement. Of those with CNS changes, one had
amenorrhoea, absent secondary sex characteristics, hypothyroidism and
diabetes insipidus, one hypothyroidism, one transient diabetes insipidus,
and one was excessively somnolent. Six of the seven had impaired re
sponses, three showing no response to the standard test; but these three on
further testing after prolonged LHRH infusion showed responses, suggest
ing a hypothalamic rather than a pituitary defect.

Galactorrhoea occurs in a few women with sarcoidosis. Turkington and
MacIndoe (1972) studied four women aged 29 to 38 years with sarcoidosis
referred to an endocrine clinic because of galactorrhoea and amenorrhoea,
and 30 patients, ten men and 20 women, with pulmonary and extra
pulmonary sarcoidosis. Serum prolactin levels were raised (5-100 ng mr',
controls < 2 ng) in the four with galactorrhoea and seven others. Eighteen
patients with pulmonary tuberculosis showed normal levels. Among the
sarcoidosis patients with high prolactin levels, only the four with galactor
rhoea-amenorrhoea had low urinary gonadotrophin levels. Treatment with
L-dopa for two months led to fall in serum prolactin and rise in urinary
gonadotrophin levels in three of these four patients, with relief of galactor
rhoea and amenorrhoea. Shortly after the study, the male patient with the
highest prolactin level died suddenly; at necropsy, granulomas were scat-
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tered throughout the hypothalamus and median eminence, and some were
found in the meninges, but none in the pituitary gland. In the study of ten
patients with sarcoidosis and hypopituitarism by Stuart et al. (1978 ), three
of the seven women had galactorrhoea, and all had amenorrhoea. Serum
prolactin levels were raised in six, induding rhe three with galactorrhoea.
In all ten patients, serum prolactin levels were increased by TRH indicating
that the prolactin-secreting system of the pituitary was intact. All three
women with galactorrhoea had evidence of central nervous system involve
ment. Among the patients with CNS sarcoidosis whose endocrine function
was studied by Caro et al. (1980) , none had galactorrhoea; they also
studied five with galactorrhoea found among 300 women attending a sar
coidosis dinic. Prolactin levels were raised in four of the seven patients with
CNS sarcoidosis and in three of the five with galactorrhoea. Prolactin
responses of L-dopa and TRH were normal; to chlorpromazine they were
absent in those with galactorrhoea and low in those with CNS involvement.
According to Tolis et al. (1973) the combination of response to TRH and no
response to chlorpromazine suggests a functioning pituitary with failure of
hypothalamic controI. This is concordant with the limited morbid
anatomical evidence in sarcoidosis. Granulomatous changes in the hypo
thalamus presumably result in deficiency of prolactin secretion inhibitory
factors, and consequent excess of pituitary prolactin secretion; but it is evi
dent that some additional factor is required to induce galactorrhoea, since
some women with galactorrhoea have been found to have normal prolactin
levels, and hyperprolactinaemia is found more frequently than galaetorrhoea.

Turkington and MacIndoe (1972) suggested that some cases of
' idiopathic' galactorrhoea and amenorrhoea may be related to sarcoidosis.
A case reported by Fromantin et al. (1975) is relevant to this suggestion. A
woman aged 23 developed amenorrhoea and three months later hyperthy
roidism, followed by erythema nodosum, arthropathy and fever, and galac
torrhoea. She was found to have BHL and a negative tuberculin test.
Corticosteroid and carbimazole led to subsidence of the BHL, return to an
euthyroid state and reappearance of menses, but galactorrhoea continued.
However, among 222 women with galactorrhoea studied by Kleinberg et al.
(1977) only three had sarcoidosis; all three also had amenorrhoea.

Serum prolactin levels were studied in series of cases of sarcoidosis by
Malarkey and Kataria (1974) and Munt et al. (1975). In both studies, raised
levels were rare and were not correlated with evidence of hypothalamic or
other nervous system involvement. Munt et al. found normal levels in two
women with galactorrhoea. They suggested that differences in assay
methods might account in part for differences between their findings and
those of Turkington and MacIndoe (1972).

Brun et al. (1964, 1965) investigated pituitary function in sarcoidosis by
the metyrapone test of Liddie et al. (1959). They found that there was an



The Endocrine Glands 357

abnormally large increase in urinary excretion of 17-hydroxycorticoids and
of compound S after metyrapone in patients with active intrathoracic sar
coidosis, especially those in the early stage of BHL, indicating abnormal
responsiveness of the pituitary gland to the stimulus of a reduced blood
cortisollevel. Patients with 'completely stabilized' sarcoidosis, with tubercu-
losis and with pneumoconioses gave normal responses. Israel and Goldstein
(1968) and Nielsen (1968) could not confirm these findings; though some
patients with active sarcoidosis showed rather higher increases than normal
subjects or patients with other pulmonary diseases, the differences between
groups were not statistically significant.

Other granulomas of the pituitary gland

The diagnosis of sarcoidosis of the pituitary gland can be made with
confidence only if there is acceptable evidence that non-caseating epithelioid
cell granulomas are present both in the pituitary and in other organs. Other
granulomas that may involve the pituitary are those of tuberculosis and of
syphilis, and histiocytosis X. In addition, cases have been described in which
a giant-cell granuloma has involved, and, in some, destroyed the pituitary
without convincing evidence of relationship to any known infective granu
loma, to sarcoidosis or to histiocytosis X.

Simmonds (1917) described the finding at necropsy in five elderly women,
who had died of unrelated causes, of infiltration of the pituitary gland with
foci of lymphocytes, epithelioid cells and giant cells; they closely resembled
miliary tubercles, but Simmonds thought they were not due to either
tuberculosis or syphilis, and speculated whether they might be the
cause of asecretory anomaly. Other cases probably belonging to the same
group have been published by Boiler and Goedel (1935), Sheehan and
Summers (1949), Oelbaum and Wainwright (1950), Doniach and Wright
(1951), and Rickards and Harvey (1954). The features that distinguish these
cases from sarcoidosis, according to Rickards and Harvey, are the older age
group, the greater frequency in the female sex, and the fact that whereas, as
has been noted above, the great majority of the acceptable cases of sarcoido
sis of the pituitary have been associated with diabetes insipidus and only a
minority with hypopituitarism, the lesion described as giant-cell granuloma
of the pituitary has either been associated with panhypopituitarism or has
been an incidental necropsy finding. Moreover, although granulomas may be
found in other organs, their distribution is less wide than, and different
from, that usually found in sarcoidosis. The lungs and lymph-nodes are
generally not involved; the liver may bei and the adrenals have been
reported to be involved in some cases (Oelbaum and Wainwright, 1950;
Doniach and Wright, 1951; Rickards and Barrett, 1954); whereas, as noted
above, the adrenal is notably free from liability to invasion in sarcoidosis.
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In the present state of knowledge about the pathogenesis and aetiology of

sarcoidosis, it is not possible to come to adefinite conclusion about the
relationship of the so-calied giant cell granuloma of the pituitary to sar
coidosis. In cases in which the pituitary alone is involved the possibility that
the granuloma is areaction to some primary disease of the pituitary and
analogous to a local sarcoid reaction elsewhere cannot be excluded, since
such reactions to a variety of pathological processes are weil recognized.
Where other organs are involved, the question whether the syndrome is one
of the many which can properly be included in the nosological group
sarcoidosis cannot at present be answered definitely.

Although some cases in which there can be no doubt of the diagnosis of
tuberculosis of the pituitary have been described - e.g. by Von Hann (1913)
and Kirshbaum and Levy (1941) - the pituitary seems rarely to be involved
in cases of extensive tuberculosis. Kirshbaum and Levy stated that in no case
among 368 of tuberculous meningitis was the pituitary affected. In some of
the reported cases, the evidence available seems insufficient to permit a
definite opinion whether tuberculosis or sarcoidosis is the more appropriate
diagnostic category.

Haushalter and Lucien (1908) recorded the case of a six and a half year old
girl whose mother had died of tuberculosis; she developed symptoms of
diabetes insipidus and died in coma; a massive non-casearing tuberculoid
granuloma was found at the base of the brain, involving the pituitary; no
acid-fast bacilli were found in it, but on the other hand there was a fibrotic
nodule at the apex of the right lung and a caseous paratracheal lymph-node,
undoubtedly a primary complex of tuberculosis. Coleman and Meredith
(1940) described the case of a woman, aged 57, who presented with neuro
logical evidence of a pituitary tumour, and at operation was found to have a
large intrasellar mass which was removed and reported histologically to
consist of diffuse non-ca seous tuberculosis ; she made a good recovery and was
weil more than three years later; no information about involvement of other
organs is available, and it is impossible therefore to atternpt to categorize this
case. Glass and Davis (1944) reported the case of a man, aged 54, who had
had a pleurisy diagnosed as tuberculous at the age of 35; he was suffering
from a refractory macrocytic anaemia, weakness, headaches , loss of vision in
the right eye, and loss of body hair and of libido ; he had a low BMR and low
urinary hormone excretion; the Mantoux test was strongl y positive, and
acid-fast bacilli were seen in gastric lavage specimens on two occasions. At
necropsy , a caseous nodule was found in the right lung, and an infiltration at
the right hilum which histologically was a granuloma with much fibrosis and
some caseation; about nine-tenths of the pituitary was replaced by dense scar
tissue with some calcification and even in places bone formation; no acid-fast
bacilli were seen in appropriately stained sections.

There seems to be good reason to categorize this case as one of indolent
caseating tuberculosis, though Rickards and Harvey group it as one of
sarcoidosis of the pituitary. In the cases of diabetes insipidus associated with



The Endocrine Glands 359

sarcoidosis reported by Wahlgren (1936) and by Rey et al. (1947) and
mentioned above, terminal caseating tuberculous lesions developed and
were found at necropsy together with older-standing sarcoid lesions.

THYROID GLAND

The incidence of symptomless involvement of the thyroid gland in sarcoido
sis is unknown. A few necropsy reports have mentioned the presence of
granulomas in the gland, usually in cases with extensive organ involvement.
Granulomas were stated to be present in the thyroid in five of the 117
necropsy reports reviewed by Branson and Park (1954). Cowdell (1954)
found granulomas in the thyroid in three of seven necropsies in cases of
sarcoidosis; in none had there been clinical evidence of thyroid dysfunction.
Several reports of fatal myocardial sarcoidosis have mentioned the inciden
tal finding of granulomas in the thyroid gland (Jonas, 1939; Yesner and
Silver, 1951; Powell, 1954).

An unequivocal diagnosis of sarcoidosis of the thyroid during life is
possible only if occasion arises for surgical removal or biopsy of the gland in
a patient with sarcoidosis. A few cases in which nodules in the thyroid were
found to be confluent sarcoid granulomas have been recorded. In a black
woman who died at the age of 53 with very extensive sarcoidosis, reported
by Arkless et al. (1958), a nodule found in the thyroid two years before
death was excised and shown to consist of sarcoid granulomas. Buckle
(1963) reported the case of a woman, aged 48, with bilateral uveitis, hilar
node enlargement and lung shadows, and a nodule in the thyroid unaccom
panied by clinical evidence of thyroid dysfunction, though the blood level of
protein-bound iodine was low and of cholesterol high. The skin gave no
reaction to 1:100 OT. Biopsy of the thyroid nodule showed a mass of
non-caseating epithelioid and giant-cell tubercles; and a cutaneous nodule
on the thumb showed similar histology.

An exceptional case in which the thyroid was generally enlarged by
sarcoid granulomas was reported by Hemmings and McLean (1971).

A white girl aged ten who had had a recurrent erythematous rash for four
years presented with fever, generalized lymphadenopathy, hepatospleno 
megaly, slight thyroid enlargement, and retarded growth. Granulomas were
found in a liver biopsy, but a Kveim test was negative. The following year, the
thyroid was larger; biopsy of it showed granulomas; a Kveim test was again
negative . Anterior uveitis appeared and ehanges were found in the lungs
radiographieally. The generally enlarged thyroid was partially removed, the
volume removed from the left lohe being 4x3 xl em and from the right
6x4x 1 em. The thyroid tissue was reported to be replaeed by granuloma.
After this, thyroid replaeement therapy was maintained. At the age of 13, she
was again febrile, weak and dyspnoeie , the radiographie ehanges in the lungs



360 Sarcoidosis

were worse, and BHL was evident , and hyperealcaemia was found . At this
stage she was treated for the first time with prednisone with 'dramatie
improvement', including inereased growth-rate.

In other recorded cases, hyperthyroidism has been the indication for
thyroidectomy in patients with sarcoidosis. In some, granulomas have been
found in the gland. In Oldberg's (1943) case, hyperthyroidism with general
thyroid enlargement and a nodule in the isthmus was accompanied by
long-standing redness of the eyes and by fine mottling in the lungs radio
graphically; biopsies of both the thyroid and a lacrimal gland showed
sarcoid tubercles, the thyroid also showing small empty vesicles typical of
hyperthyroidism. This case was complicated by the finding of a single
acid-fast rod in one of the thyroid tubercles. Rywlin (1952) reported the
case of a woman, aged 58, whose thyroid was removed for an adenomatous
toxic goitre. At the periphery of the adenomas, epithelioid and giant-cell
tubercles were seen, and lymph-nodes showed similar tubercles. The case
reported by Stark (1963) seems to be best interpreted as sarcoidosis de
veloping in a patient already suffering from hyperthyroidism.

A woman, aged 49, was treated for iron-defieieney anaemia and was found to
have firm enlargement of the thyroid gland, biopsy of whieh showed ehanges
suggesting a primary toxie goitre and no granulomas. In the next few months,
she developed evidence of hyperthyroidism and, radiographically, of hilar
lymph -node enlargement, not present previously. Thyroideetomy was per
formed, and now, in addition to the changes previously noted, there were
non -caseating tubercles with a few giant cells, and similar granulomas were
seen in a sealene lymph-node. Cases 1 and 2 of Karlish and MaeGregor (1970)
occurred in women aged 32 and 50 who nine months and 18 months after rhe
deteetion of BHL, accompanied in one by pulmonary mottling, and confirmed
as sareoid by scalene node and bronchial biopsy respeetively, developed
hyperthyroidism; both were treated by thyroideetomy, scattered granulomas
being found in the glands removed. Selroos and Liewendahl (1972) reported
the case of a woman who had had a partial thyroidectomy for hyperthyroid
ism at the age of 50 ; at the age of 70 she developed erythema nodosum with
BHL, and ar the same time moderate hyperthyroidism. A Kveim test gave a
granulornatous response. Biopsy from the right lobe of the thyroid, which had
been shown to be active on scanning showed high follicular epithelium, many
lymphocytes, and epithelioid and giant-cell granulomas in interfollieular con
nective tissue.

Several cases have been reported in which hyperthyroidism and sarcoido-
sis co-existed, and histology of the gland showed no granulomas.

Case 6 of Karlish and MacGregor (1970) was that of a man aged 57 who
presented with hyperthyroidism; six rnonths later BHL was found, a Kveim
test being negative but scalene node biopsy showing granulornas; biopsy of the
thyroid isthmus showed no granulomas. Selroos and Liewendahl (1972)
referred briefly to the case of a woman aged 37 with a non-toxic goitre who
developed acute sarcoidosis which resolved in two years; one year later she
developed hyperthyroidism, treated by carbimazole and subtotal thyroidec-
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tomy; the gland showed the ehanges of toxie nodular goitre without granulo
mas. Leppard (1971) reported the ease of a man aged 57 who developed
hyperthyroidism with slight thyroid enlargement and was found to have BHL;
the Kveim test was twice negative, but sealene node biopsy showed granulo
mas. Biopsy of the thyroid showed foeallymphoeytie infiltration but no
granulomas.

Cases in which hyperthyroidism occurred during the active stages of
sarcoidosis, but no information about the histology of the thyroid was
available, have been reported by Harvier et al. (1950), Karlish and MacGre
gor (1970, Cases 3, 4 and 5), Selroos and Liewendahl (1972), Cohen and
Clarke (1974) and Fromantin et al. (1975).

In a case reported by Cummins et al. (1951) partial thyroidectomy was
performed for hyperthyroidism after preliminary treatment with propyl
thiouracil; the gland showed changes compatible with this diagnosis,
together with epithelioid and giant-cell tubercles, some with slight central
necrosis, but no evidence of sarcoid changes outside the thyroid gland was
recorded. Thompson et al. (1973) reported two cases, both in young
women, in which firm smooth goitres were accompanied by hyperthyroid
ism; after treatment with carbimazole, subtotal thyroidectomy was
performed, the glands showing the histological changes of treated hyper
thyroidism, together with occasional sarcoid-type granulomas; Kveim tests
were reported to be positive, but no other evidence of sarcoidosis was
found.

Reported associations berween sarcoidosis and hyperthyroidism have thus
included all possible combinations, and their number is too small to suggest
any important causa I relationship. When granulomas have been found in
the gland, they have usually been too few to be likely to affect function, and
in some cases in which they have been extensive, there has been no evident
disturbance of thyroid funcrion. For instance, Turiaf et al. (1950) reported
the case of a woman with extensive lung and bronchial sarcoidosis and a
nodule in the thyroid isthmus, without thyroid funcrional disturbance;
partial thyroidectomy showed sarcoid infiltrarion of the gland with a weil
defined cystic adenoma.

There are a few reports of various forms of thyroiditis in patients with
sarcoidosis. Mayock et al. (1963) mentioned briefly the occurrence of the
clinical picture of thyroiditis during the acute stage in three of aseries of 145
patients with sarcoidosis. Karlish and MacGregor (1970) reported live
patients, all middle-aged women, with both sarcoidosis and Hashimoto's
thyroiditis, proved histologically in three and presumed from antibody
studies in two. In one, there was also evidence of Addison's disease, and this
is discussed below (p. 364). In one of the other four, generalized lyrnph
adenopathy was shown to be due to sarcoidosis by biopsy; 15 years previous
ly goitre had been found and rhyroidectorny was said to show adenoma; the



362 Sarcoidosis
diagnosis of immune thyroiditis rested upon auto-antibody studies. The
remaining three all had BHL, with erythema nodosum in two and lung
infiltration in one; thyroid enlargement was noted at the same time in two,
though the diagnosis of Hashimoto's thyroiditis was not made until later,
and five years after BHL in one. Selroos and Liewendahl (1972) mentioned
briefly a woman aged 55 with pulmonary sarcoidosis who was found to
have thyroiditis with a high anti-thyroglobulin titre; initially hyperthyroid,
she became hypothyroid. In spite of treatment with prednisone, hypothyr
oidism persisted and needed replacement therapy. Leader and Dollberg
(1974) reported that ar necropsy in a woman aged 59 who died of post
operative pulmonary embolism they found clinically unsuspected sarcoido
sis in lung and Iymph-nodes together with Hashimoto's thyroiditis. Stallard
and Tait (1939) and Ustvedt (1939) recorded cases, both in women, in
which myxoedema and extensive sarcoidosis were associated. Brun et al.
(1959) reported the case of a woman who at the age of 56 was found to be
suffering from myxoedema, and was treated with thyroid extract, At the age
of 59, she became dyspnoeic, and the ehest radiograph, previously clear,
showed a diffuse infiltration. Biopsy of the thyroid gland showed dense
sclerosis with some lymphoid islets and rare thyroid vesicles; there were also
some non-caseating epithelioid cell tubercles and giant cells, but a cervical
lymph-node showed no granulomas. In these cases it seems likely that myxoe
dema was probably due to Hashimoto's thyroiditis, especially in the case
reported by Brun et al. (1959) in which the histology of the thyroid gland
was compatible with this diagnosis, and antedated the appearance of sar
coidosis. A case of De Quervain's thyroiditis in which there was equivocal
evidence of sarcoidosis was reported by Birchall (1966). A woman aged 65
presented with an irregular firm swelling in the right lobe of the thyroid;
thyroidectomy showed the changes of De Quervain's thyroiditis (Meachim
et al., 1963); three months later there was transient painless swelling of both
parotids, ahistory of recurrent iritis in the past was obtained, and a Kveim
test gave a small granulornatous response.

The occasional cases in which sarcoidosis has been associated with
various sorts of thyroiditis, and those in which BHL with constitutional
symptoms, with or without erythema nodosum, and hyperthyroidism have
appeared and subsided together, have led to speculation whether the dis
turbance of function of the immune system in active sarcoidosis in some
way favours auto-immune changes in the thyroid. It is uncertain whether
sarcoidosis and disease of the thyroid gland, apart from granulomatous
infiltration, occur together more often than would be expected by chance;
and no common causal factor, immunological or other, between sarcoidosis
and such disease has yet been identified.

Hypothyroidism may result from sarcoidosis involving the hypo
thalamus; as noted above. Jawali et al. (1980) investigated four patients
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with presumed hypothalamic-pituitary sarcoidosis, and found hypothala-
mic hypothyroidism in three . Campbell et al. (1980) reported in detail two
patients with hypothalamic sarcoidosis in whom hypothyroidism was an
important feature .

PARATHYROID GLANDS

Involvement of the parathyroid glands in sarcoidosis is rare . Ir is discussed
in relation to calcium metabolism in Chapter 19.

ADRENAL GLANDS

There are remarkably few reports of the finding of granulomas in the
adrenal glands at necropsy in patients with sarcoidosis. Kulka (1950) in a
patient who had died suddenly with myocardial sarcoidosis mentioned 'a
few characteristic nodes in gastric mucosa, liver, kidneys, thyroid, adrenals
and pituitary gland' . A few cases in which sclerotic changes which might
have been the fibrotic end-result of sarcoid granulomas were found in the
adrenals have been recorded. Teilum (1951) found hyalinization with a few
remnants of granulomas in the thickened capsules of the adrenal and
pituitary glands of a woman aged 49 who had died with long-standing and
extensive sarcoidosis; the secretory part of the glands was normal, and there
had been no evidence of adrenal insufficiency. The only recorded case in
which possibly sarcoid changes in the adrenals seemed to be the cause of
Addison's disease is one briefly mentioned by Mayock et al. (1963); at
necropsy in a patient who had died in an Addisonian crisis, there were
sarcoid granulomas in lungs, liver, spleen and bone-marrow, most of the
cortex of the adrenals had been replaced by dense fibrous tissue with a
whorled appearance, no granulomas being found, and the medulla largely
spared.

Horton et al. (1939) and Riley (1950) reported cases with concurrent
sarcoidosis and mycobacterial tuberculosis in which caseating and non
caseating granulomas were found in the adrenals. Ricker and Clark (1949,
Cases 10 and 11) recorded two cases in which sarcoidosis was accompanied
by caseous changes in the adre nal gland which caused death from Addison's
disease. In both, typical sarcoid changes were found scattered through many
organs and caseous lesions resembling old tuberculosis in the adrenal
glands; no acid-fast bacilli were found in the caseous glands or elsewhere,
except that in one of the two cases two acid-fast bacilli were found in a
section from the apex of the right lung . Pinkerton and Iverson (1952) later
re-exarnined the material from these two cases and found structures resernb
ling Histoplasma capsulatum in the caseous parts of the adrenal glands
(p. 522). A patient with chronic sarco idosis under the care of one of us died
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of malignant lymphoma (p, 535); at necropsy the right adrenal contained an
encapsulated nodule of caseation, in which no bacteria or fungi were found.

The extreme rarity of non-caseating granulomas in the adrenals is striking
in view of the frequency with wh ich caseating changes in these glands occur
in mycobacterial tuberculosis, and of the importance of tuberculosis as
a cause of Addison 's disease in populations with a high incidence of
tuberculosis.

Karlish and MacGregor (1970, Case 11) reported the case of a woman, aged
47, who presented with myxoedema, treated with thyroxine; nine months
later she developed Addison's disease with skin pigrnentation and low blood
pressure, and confirmed by hormone assays; adrenal antibody tests were
strongly positive. She was found to have BHL and fine pulmonary infiltration,
sarcoid-type granulomas in a scalene node biopsy and a granulomatous res
ponse to a Kveim test. Thyroid biopsy confirmed Hashimoto's thyroiditis.
Hormone replacement therapy relieved her symptoms, and BHL and lung
changes resolved. In this case, adrenal failure, presumably auto-immune, and
Hashimoto's thyroiditis and active sarcoidosis were concurrent. One of us has
observed a patient with concurrent Addison's disease and resolving active
sarcoidosis. This patient, under the care of Dr H. Kopelman, was found to
have Addison's disease, with skin pigmentation and low blood pressure, at the
age of 29. At the same time, BHL, splenomegaly, and infiltrarion of old tattoos
on the arms were found , and scalene node and Kveim test biopsies both
showed granulomas. Adrenal antibody tests were negative initiall y, bur later
became positive. An unde of the patient was said to have died of Addison's
disease. The sarcoid manifestations subsided spontaneously, and the patient
was known to be weil on hormone replacement therapy ren years later.
Although the concurrence of sarcoidosis and auto-immune Addison's disease
raises the possibility of some common pathogenetic factor, its extreme rarity
gives no support to this idea.

The case of a woman who was found to have an adrenal phaeochromocy
toma seven years after the onset of sarcoidosis of hilar Iymph-nodes and
lungs was reported by Leophante et a/. (1972). There is no reason to
suppose that this was more than a chance association.

PANCREAS

The pancreas has been reported to contain a few sarcoid granulomas in
several cases of extensive sarcoidosis at necropsy; e.g. by Nickerson (1937),
Ricker and Clark (1939), Leitner (1949), Longcope and Freiman (1952) and
Powell (1954). Involvement sufficient to cause symptoms or disturbance of
either exocrine or endocrine function is extremely rare. Ryrie (1954)
reported briefly the case of a woman with sarcoidosis in whom a nodule was
found in the pancreas at laparotomy for obstructive jaundice; unfor
tunately, no histology of the pancreatic nodule was available. This patient
developed diabetes mellitus. In the case of extensive sarcoidosis involving
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muscles reported by Ozer et al. (196 1), a nodule of sarcoid histology,
1.5 cm in diameter, was found at necropsy in the pancreas (p. 250). Curran
and Curran (1950) reported the case of a woman, aged 48, who underwent
laparotomy for upper abdominal pain and vomiting; a firm nodular pan-
creas enlarged to twice the normal th ickness was found , and biop sy showed
infilt ration with sarcoid tubercles; the pati ent was stated to be weil one and
a half years after the laparotomy, but no special search seems to have been
made for other manifestations of sarcoidosis.



Chapter 17

The Gastro-intestinal tract

It is probable that in a proportion of patients in the aetive stage of sareoido
sis granulomas are present in the gastro-intestinal traet without eausing
symptoms, but this proportion is unknown. Infiltration eausing symptoms
beeause of its extent or loeal severity is rare. Among reeorded eases whieh
ean be aeeepted as sareoidosis of the alimentary traet eausing symptoms, the
rnajority have involved the stomaeh. If rhe gut is the prineipal or the only
clinieally evident site of granulomatous disease, unequivoeal diagnostie
eategorization may be diffieult or impossible. In the small gut, a special
diffieulty arises in relation to Crohn's disease, beeause of the granulomatous
eomponent in the histopathology of many eases and of some immunologieal
features whieh it shares with sareoidosis.

STOMACH

The incidental finding, at neeropsies in eases of generalized sareoidosis, of
sareoid tubercles in the stomaeh was mentioned by Sehaumann (1936, Case
3), Naumann (1938) and Kulka (1950); and in the intestine by Lenartowiez
and Rothfeld (1930), Cotter (1939) and Rieker and Clark (1949, Case 16).

Lorber et al. (1954) reported routine radiological studies, by barium meal
and enema, of 21 eases of sareoidosis, many extensive. No abnormality
attributable to sareoidosis was found, though three patients were found to
have unsuspeeted duodenal ulcers.

PaImer (1958) investigated the stomaeh by gastroseopy and gastrie
mucosal biopsy in 60 men with otherwise diagnosed sareoidosis. At gastros
eopy the mueosa lookeed normal in 54, and ehanges interpreted as gastritis
were found in six. None of those with abnormal gastroseopie appearanees
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showed sarcoid changes histologically, but among the other 54, six showed
granulomas in the biopsy specimens.Most of the granulomas were midway
between the muscularis mucosae and the surface of the mucosa. In the six
showing granulomas, repeated biopsies up to one and a half years after the
first generally showed persistent granulomas. Oesophagoscopy in 33 pa-
tients showed no abnormalities.

Associated peptic ulcer

Peptic ulcer may be expected to occur by chance in a few individuals with
symptomless sarcoid infiltration of the stomach. Löfgren (1953) mentioned
a case in which a gastrectomy was performed for peptic ulcer three years
after erythema nodosum with bilateral hilar lymph-node enlargement, and
the removed specimen showed infiltration of the mucosa with sarcoid
tubercles. Cases in which peptic ulceration developed in patients with
established sarcoidosis, gastrectomy was performed, and the resected speci
men showed both ulceration and the presence of granulomas in the gastric
mucosa have been reported by Pearce and Ehrlich (1955), Nathan et al.
(1960) and Kremer and Williams (1970); and others in which after granulo
mas had been found in stomach-wall and neighbouring lymph-nodes at
gastrectomy for peptic ulcer, further investigation showed evidence of sar
coidosis in liver, lungs, peripherallymph-nodes or other commonly-affected
sites by Ramirez et al. (1964), Bennington et al. (1968), Fung et al. (1975),
and Ito et al. (1977) . Haematemesis and pyloric narrowing complicated the
ulcer in the case described by Nathan et al. (1960); and in the case reported
by Kremer and Williams (1970), cirrhotic changes in the liver, presumably
secondary to sarcoidosis, and increasing pulmonary fibrosis were important
features. ]essing (1943), Guibert (1947), Wadina and Melamed (1966), and
Kater and Stening (1967) described cases in which non-caseating tubercles
were found in the mucosa and submucosa, in some in adjacent lymph-nodes
also, but no evidence of similar changes elsewhere was found in subsequent
investigation; in the last-mentioned, a Kveim test was negative. In view of
the possibility of localized granulomatous reactions in the stomach, as in
other sites (Sherman and Moran, 1954; Present et al., 1966), judgment
about cases of this lauer sort should be reserved; a diagnosis of sarcoidosis
is a possibility, but should not be accepted unless evidence of more wide
spread granulomatosis appears during further observation.

In the case descr ibed by Bennington et al. (1968 ), cytolog y of gastri c aspirate
was thought to be suggestive of adenocarcinoma, and together with enlarge
ment of the liver, led to partial gastrectomy in a woman aged 44 with
radiological evidence of an ulcer on the lesser curvature of the stornach. The
stornach removed showed an ulcer in an area of oedematous thickening with
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granulomas both in the ulcera ted and the more normal parts, and granulomas
were found in the spleen removed wirh the stomach and in lymph -nodes and a
wedge biopsy of the liver. Re-exarnination of the cytology led to the conclu
sion that the abnormal cells were multinucleated giant cells with bizarre
nuclei.

Oppenheim and Pollack (1947) described the case of a woman, aged 50,
with sarcoidosis of superficial Iymph-nodes, confirmed by biopsy on two
occasions, in whom partial gastrectorny for ulcer showed sarcoid infiltration
of the stomach, and a liver biopsy at the same time showed similar changes .
Four years later, and ten years from the firstappearance of the superficial
lymphadenopathy, the inguinal nodes enlarged again, and now showed the
histological picture of Hodgkin's disease; the association of sarcoidosis with
lymphomas is discussed on p. 534.

Several of the descriptions of peptic ulceration in stomaehs infiltrated by
sarcoid tubercles mentioned greater numbers of granulomas in the vicinity
of the ulcer, but there is no reason to suspect that the gastric mucosa lightly
infiltrated with sarcoid tubercles is specially Iiable to peptic ulceration;
certainly patients with sarcoidosis do not seem to suffer an undue frequency
of gastric or duodenal ulcers.

Symptomatic gastric sarcoidosis

Review of reported cases suggests that gastric sarcoidosis may produce
symptoms either by diffuse infiltration, or by massive local infiltration
simulating carcinoma.

Diffuse infiltration, with or without ulceration, may cause dyspepsia or
bleeding, although it may be impossible to exclude other causes of these
symptoms, either unrelated to sarcoidosis, or in some cases related to
sarcoid infiltration of liver, spleen or abdominal lymph-nodes.

In Case 1 of Scott et al. (1953), a 20 year old black man complained of
inrerrnittent abdominal pain; an enlarged lacrimal gland had shown sarcoid
tubercles in biopsy; the free and total acid content of the gastric juice was low;
gastroscopy on two occasions ar an interval of ten months showed a normal
looking mucosa, which on biopsy was found to be infiltrated with sarcoid
tubercles. In Case 1 of Debray et al. (1967), a 65 year old man complained of
dyspepsia, diarrhoea and loss of weight, and was found to have a pulmonary
infiltration and enlarged superficial lyrnph-nodes, biopsy of which showed
sarcoid-type granulomas, and gastric and rectal mucosal biopsies showed
granulomas; symptoms responded to corticosteroid treatment. In their Case 3,
a man aged 63 with extensive sarcoidosis, starting with Heerfordt's syndrome
and later developing skin sarcoids, was found to have histamine-fast
achlorhydria and gastroscopic appearances interpreted as 'superficial conges
tive gasrritis', two epithelioid-cell follicles being seen in the biopsy; in this
case, the relationship of the gastritis to sarcoidosis is arguable. Miyamoto et
al. (1972) reported the necropsy findings in a ]apanese woman who had had
an illness characterized by weakness, loss of weight, oedema and hypoalbumi-
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naemia and died at the age of 61 of intracranial haemorrhage, probably
traurnatic; non-caseating granulomas were found in great numbers in stomach
and intestine, and scattered in liver and spleen, but not in lung. Gould et al.
(1973) reported the case of a ]amaican, aged 29, who presented with BHL and
lung infiltration, a lymph-node removed from the mediastinum showing sar
coid tubercles. Later, he developed poorly localized abdominal pain; the liver
and spleen were enlarged, and the alkali ne phosphatase found to be 198 KA
units; barium meal showed irregularity of the gastric mucosa, especially on the
greater curvature, and gastroscopy showed gastritis without ulceration, with
giant-cell granulomas on biopsy. Although the rectal mucosa looked normal
at proctoscopy, a granuloma was seen in a biopsy sampie of mucosa. Black
stone et al. (1976) reported the case of a black woman aged 64 who had been
known to be suffering from sarcoidosis for five years, involving hilar Iymph
nodes, lungs, liver and bone -rnarrow, with biopsy evidence from rhe rwo latter
sites, and who complained of recurrent retrosternal pain and fullness after
food; gastroscopy showed thickened antral folds, biopsy of which showed
granulomas. Mora (1980) and Konda et al. (1980) both described the case of a
black man aged 32 with extensive sarcoidosis of the skin and superficial
Iymph-nodes and granulomatous hepatitis, who was investigated for nausea,
vomiting and severe loss of weight, Endoscopically, the gastric mucosa
showed a cobblestoned appearance and on biopsy was found to be infiltrated
with granulomas, and the rectal mucosa appeared friable with punctate bleed
ing and also contained granulomas. Corticosteroid treatment led to improve
ment.

In cases described by Scott et al. (1953, Case 2), McKusick et al. (1953,
Case 2) and Obitisch-Mayer et al. (1958) upper gastro-intestinal bleeding was
associated with granulomatous infilrration and superficial ulceration of gastric
mucosa, but no evidence of granulomas e1sewhere was found .

Many of the cases reported as sarcoidosis of the stomach have presented
the clinical syndrome of pyloric obstruction, and have been thought radio
logically and even at operation to be examples of carcinoma of the
stomaeh, usually of the linitis plastica variery, until the histological character
of the lesion was established.

Orie et al. (1950) descr ibed the case of a 53 year old woman who had had an
infiltration in the lungs with negative tuberculin test for many years, and
complained of anorexia, vomiting and epigastric pain for one year; radiologic
ally there was persistent narrowing of the pyloric antrum, occult blood was
present in the faeces, and there was a histamine-fast achlorhydria; at lapar
otomy there was diffuse thickening of the gastric wall, especially towards the
pylorus, and Iymph-nodes along the lesser curvature were enlarged; a gastrec
tomy was performed; histologically, there were many tubercles with giant cells
and some Schaumann bodies in the basallayer of the mucosa and submucosa,
and some between the muscle and the serosa , and also in the enlarged
Iymph-nodes, but an operative liver biopsy showed no abnormality. Sirak
(1954) described similar changes in the stomach, simulating linitis plastica
both radiologically and at laparotomy in a 27 year old white man, who also
had generalized lymphadenopathy, parotid gland enlargement and uveitis;
biopsy of stomach, adjacent lymph-nodes and liver showed epithelioid and
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giant -cell granulomas. He was treated with corticosteroids; De Lor (1962)
reported that eight years later he was still receiving prednisone for relief of
symptoms, but had developed severe hyperten sion, and the condition of the
stomach remained similar. Similar changes found in the stomach at lapar
otomy and causing a similar syndrome, though there was no pre-operative
indication of generalized sarcoidosis, have been reported by Garcfa Morän
(1948) , Allen et al. (1956), McLaughl in et al. (1961), and Thomas et al.
(1972) in cases in which there was evidence of involvernent of at least one
organ besides the stomach and regional nodes; by Gore and McCarthy (1944),
McKusick (1953, Case 1) and Eckstein and Parker (1958), Kossmann (1959),
Fahimi et al. (1963, three cases), Negus (1966), and Galvin (1967, Case 2) in
cases where the only discovered changes were in the stomach and the regional
lyrnph-nodes; and by Appell et al. (1951), who described only the changes in
the stomach itself. In Garcfa Moran's (1948) case, the whole stomach was
found at laparotomy to be thickened, and nothing was done except removal
of a lyrnph-node for biopsy, which showed non-caseating tubercles; the
patient developed bilateral parotid gland enlargement and 'conjunctivitis' of
which no details were given. Allen et al. (1956) found granulomas not only in
the stomach, whose distal third was thickened, narrowed and without peris
ralsis, but also in Iymph-nodes and in liver; and their patient, a woman aged
26, also showed radiological evidence of contraction and loss of mucosal
pattern in the caecum and electrocardiographic changes suggestive of some
myoeardial damage. In rhe case reported by Negus (1966) a tuberculin test
with 1 IV was positive, and in a lymph-node some caseation was reported;
unfortunately the tissues were fixed without culture or guinea-pig inoculation,
but no acid-fast bacilli were seen. In eight of the patients with symptoms of
pyloric obstruction, achlorhydria was found (Gore and McCarthy, 1944 ;
Garcfa Mor än, 1948; Orie et al., 1950; Appell et al., 1951; McKusick, 1953;
Kossmann , 1959 ; Fahimi et al., 1963 , Case 1; Negus, 1966), add ing to the
suspicion of gastric carcinoma.

Bauer (1951) reported the finding of sarcoid-rype tubercles in a stomach
removed surgically for carcinoma; they were found in the gastric mucosa and
among the cells of the carcinoma, and also in smalllymph-nodes. There was
no record of findings, clinical or histological, in other organs .

OESOPHAGUS

Very few cases that can be accepted as localizations of sarcoidosis in the
oesophagus causing dysphagia have been reported.

Polachek and Matre (1964) reported the ease of a man aged 65 who eom
plained of loss of weight and epigastrie pain for 18 months. He had hepa
tosplenornegaly, fine mottling in the ehest radiograph, and in a barium meal
examination irregularity of the distal part of the oesophagus. Biopsies of the
liver, lung and an axillary lyrnph-node showed the histology of sareoidosis
and the skin gave no reaetion ro 250 IU of PPD. Biopsy from the abnormal
part of the oesophagus showed sarcoid tubercles, mostly subepithelial in
position. Prednisolone treatment led 10 great improvement. Hardy et al.
(1967) reported another patient with narrowing of the distal oesophagus by
granulomatous infiltration. A 31 year old woman was found to have an
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enlarged right hilar shadow in a routine ehest radiograph, and shortly after
wards lost her appetite, became dizzy, and had difficulty in swallowing and in
phonation; tracheostomy was required to avoid aspiration of secretions; at
thoracotomy enlarged lymph-nodes around the right main bronchus and the
oesophagus, and thickening and narrowing of the distal oesophagus were
found ; biopsies of oesophagus, lymph-nodes and lung showed sarcoid-type
granulomas; corticosteroid treatment led to improvement in swallowing and
phonation.

In a case described by Davies (1972 ) it seems likely that localization of
sarcoidosis in the oesophageal wall and in abdominallymph-nodes caused
dysphagia and abdominal pain. A man was found ar the age of 46 to have
symptomless shadowing in the upper part of the right lung, and two years
later, bilateral hilar and right paratracheallymph-node enlargement; these
subsided spontaneously. He later experienced increasing difficulty in swallow
ing, shown to be associated with loss of peristaltic activity in the oesophagus.
At the age of 54, he was shown by oesophagoscopy and surgical exploration
to have a tumour-like swelling in the wall of the upper third of the oesopha
gus; on biopsy this showed non-caseating granulomas with patchy degenera
tion of muscle. Skeletal muscle biopsy showed no abnormality. When he was
aged 60, a normal appendix was removed because of abdominal pain; skeletal
muscle biopsy was again normal. Two years later, he still had severe abdom
inal pain and dysphagia, though his general condition remained good. Lapar
tomy showed enlarged lymph-nodes around the coeliac axis and behind the
first part of the duodenurn; biopsy of several of these showed extensive
replacement by non-caseating granulomas. No other localization of sarcoid
granulomas was detected.

A case in which extrinsic pressure on the oesophagus by Iymph-nodes
enlarged by sarcoidosis caused dysphagia was reported by Cook et al. (1970).
A woman aged 29 complained of food sticking with pain at mid-thoracic level;
ehest radiograph showed a characteristic bilateral hilar and right paratracheal
lymph-node enlargement, and a barium swallow showed extrinsic compres
sion at this level; biopsy of a supraclavicular lymph-node showed sarcoid
tubercles, and a tuberculin test with 100 IU was negative; treatment with
prednisone led to relief of symptoms, subsidence of the enlarged nodes, and
normal appearance on barium swallow.

Cases in which granulomatous infiltration of the cricopharyngeus muscle
and upper opening of the oesophagus caused dysphagia which was relieved by
myotomy have been reported by Siegelet al. (1961) and Panosetti and
Lehmann (1979), in women aged 66 and 73 years. In neither case was there
past or present clinical evidence of involvement at any other site; in the case of
Siegel et al. biopsy of the gastrocnemius muscle showed granulomas, and in
that of Panosetti and Lehmann a Kveim test was reported to be positive.

Narrowing of the oesophagus by partly granulomatous inflammatory
changes has been reported in Crohn's disease (Dyer et al., 1969) . The
diagnosis of Crohn's disease in such cases depends not only upon cornpati
ble histology of the oesophageal lesion but also upon the recognition of
characteristic changes in the ileum and elsewhere in the gut, just as the
diagnosis of sarcoidosis depends upon evidence of characteristic granuloma
tous changes in other organs known to be commonly involved.
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INTESTINE

Small intestine

Very few cases in which granulomatous changes in the small intestine giving
rise to symptoms in patients having other evidences of sarcoidosis have been
reported. In the absence of such evidence, and especially when the ileum is
involved, differential diagnosis from Crohn's disease is difficult.

In some cases reported as intestinal sarcoidosis, evidence of generalized granu
lomatosis was lacking. Williams and Nickerson (1935) mentioned two cases,
both in women, in which intestine resected for regional ileitis was found to
have the histological pattern of sarcoidosis, but gave no information about
other findings. Watson et al. (1945) described two cases, in which long
segments of small intestine resected from young women who had presented
with a clinical picture of 'non-specific ileo-jejunitis ' showed sarcoid histology,
both in the gut and in loeallymph-nodes;both were tuberculin-negat ive, but
no other localizations of sareo idosis were found. Cowdell (1954) mentioned
a similar ease in a girl, aged 15, in whom laparotomy performed because of
recurrent abdominal eolie showed tubercle-l ike struetures and flar white
plaques over most of the ileum, together with enlarged mesenteric Iymph
nodes, biopsy showing 'appearances typieal of sarcoidosis' ; there was no
mention of other loealizations; during 13 years' subsequent observation, the
symptoms subsided.

In a ease reported by Clague (1972) there was acceptable evidence both of
generalized sareoidosis and of granulomatous ileitis. A woman aged 36 had
bilateral parotid gland enlargement, generalized lymphadenopathy, and an
abnormal ehest radiograph; a clinical diagnosis of sarcoidosis was made and
prednisone treatment led to rapid subsidence of the parotid swellings and
gradual resolution of the lung shadows, and was continued for two and a half
years. One year later, a megaloblastie anaemia with low vitamin B12level was
sueeessfully treated with cyanocobalamin. Eight months later, she developed
epigastric pain and vomiting and lost weight ; there was complete achlorhy
dria, but no anaemia, and the ehest radiograph had become normal. Because
of radiographie evidenee of abnormality in the prepyloric region of the
stomaeh, laparotomy was performed. The first part of the duodenum was
thickened with many pin-head pale nodules on its red peritoneal surfaee, and
similar changes were seen in three segments of the lower ileum, each 8-10 em
in length, with 16-30 em of normal-Iooking intestine between them, Biopsy of
one of these abnormal segments showed sareoid type tubercles with giant cells
of both Langhans and foreign-body type throughout the intestinal wall, with
few lymphocyres. No sueh ehanges were found in the stomaeh. There was a
dramatic response to treatment with prednisone. The distr ibution of the
intestinal ehanges in this ease was eoneordant with that regarded as typieal of
Crohn's disease, but the predominantly granulomatous histology, the clinical
features of the earlier stage, and the prompt response to corticosteroid treat
ment are more compatible with a diagnosis of sareoidosis with late localiza
tion in the intestine.



The Gastro-Intestinal Tract 373

Because the comp lex histological picture of Cro hn's disease includes
epithelioid and giant cells, sometimes arranged in a tub erculoid pattern
(Homans and Hass, 1933; Comfort et al., 1950 ; Cro hn et al., 1932), the
possibility tha t thi s disease might be path ogenetically related to sarcoidosis
was suggeste d by some path ologists, not ably by Hadfield (1939). Snap per
(1938) denied thi s possibility on the gro unds that the small intestine was not
affected in sarcoidos is and that pat ients with regional ileitis did not show
any of the features commonl y observed in sarcoidosis. Blackburn et al.
(1939) studied 22 and Phear (1958) 40 cases of region al ileitis without
finding any evidence of genera lized sarcoidosis, though in both groups of
pat ients the level of tub erculin sensitivity was lower than wo uld be
expected. lt cannot be decided whether the very few cases, like those
ment ion ed above, in which an apparently isolated ileitis has the histological
picture of sarcoidosis sho uld be regarded as examples of region al ileitis in
which the histological pattern is unu sually tuberculoid, or as cases of
sarcoidos is in wh ich other localizations wer e present but not discovered .
In most of the cases accepta ble as sarco idosis of the aliment ary tract , the
stomac h has been the part most evidently affected, wh ile there are relati vely
few reports of Crohn's disease of the ileum with assoc iated changes in the
sto mac h (Mart in and Carr, 1953 ; Richman et al., 1955; Pryse-Davies,
1964 ).

Concurrence of sarcoidosis and Crohn's disease

Cases in which clinical and histological features of Crohn' s disease have
co-existed with clinical features and disseminated granulomatous cha nges
char acterist ic of sarcoidos is are very rare.

Mo rland (1947) reported the case of a young man with miliary lung shadow s
and uveitis who developed abdo minal pain and a mass in the right iliac fossa;
the much thickened termin al ileum was removed, and showed histologically
increase in lymph oid tissue, infiltra tion with Iymph ocytes and eosinophils, and
only two follicul ar collectio ns of mononuclear cells, while a meseteric lyrnph
node showed the histological patrtern of sarcoidosis. The same case appea rs to
have been described also by Neubert (1946 ). A few cases have been reported
in wh ich Crohn's disease and sarcoidosis occurred in the same patient with an
interval of several years between them. Dines et al. (1971 , Case 1) and Padilla
and Sparb erg (1972) described cases in which typical Crohn's disease, con 
firmed by histology of resected bowel , was followed by sarcoidosis involving
lungs and lymph-nodes histologically confirmed by biopsy of lung and of
scalene Iymph-node respectively after intervals of 14 and seven years. In
Case 2 of Dines et al. (197 1), sarcoidosis of lungs and hilar Iymph- nodes, not
confirmed histologically but radio logically following a typical course, was
followed afte r seven years by regional ileitis, treated by resection of the
involved ileum and adjace nt colon.
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The very small number of reports of sarcoidosis and Crohn's disease in
the same patient does not seem more than might be expected by chance,
especially since the concurrence of two relatively uncommon diseases, both
of unknown cause is likely to be recorded. Nevertheless, Crohn's disease
shares with sarcoidosis not only the granulomatous elements in its histology
but also depression of delayed hypersensitivity reactions; and a proportion
of patients with Crohn's disease give granulomatous reactions to some
validated Kveim test suspensions (Chapter 21, p. 475).

Families in which sarcoidosis and Crohn's disease occurred in different mem
bers have been reported by Willoughby et al. (1971) and Grönhagen-Riska et
al. (1983). In the first of these, two of three brothers had sarcoidosis, both
with BHL and lung infiltration and one with uveitis, and the third had typical
Crohn's disease, confirmed by laparotomy and histology of the resected ileum;
the parents and one sister showed no evidence of either disease. All family
members except the father were non-reactive to tuberculin, 100 IV;all were
Kveim-tested, only one of the brothers with sarcoidosis giving a granuloma
tous reaction. In the family described by Grönhagen-Riska et al. (1983) the
father had sarcoidosis affecting skin, spleen and kidneys, with hypercal
caemia. Six years later, a daughter had BHL and a son aperiod of ill-health
with hypercalciuria and raised serum angiotensin -converting enzyme, attri 
buted to sarcoidosis, both recovering spontaneously, and another son
developed typical Crohn's disease confirmed by histology of resected bowel.
The mother and the third son were unaffected; the affected members of the
family had a common haplotype, including B8 and DR3.

APPENDIX

In most of the few cases reported as sarcoidosis of the appendix, it seems
likely that acute appendicitis occurred in a patient with a symptomless
scarcoid infiltration of the appendix. The rarity of this occurrence is indi
cated by the finding of only one example of sarcoidosis in a study of 50 000
surgically removed appendices by Collins (1955).

Cases in which both granulomas and acute inflammation were found
when the appendix was removed for acute appendicitis in patients with
known sarcoidosis were reported by MacLeod et al. (1965) and Munt
(1974) ; and similar changes were found in a patient reported by Sheinfield
and Rubinov (1964) who had no past or currently-evident other manifesta
tions of sarcoidosis.

In the case reported by Byström (1968) infiltration of the appendix and gross
enlargement of the lymph-nodes in the ileo-caecal region by non-caseating
epithelioid and giant-cell granulomas appeared to be the cause of recurrent
episodes of abdominal pain in a 20 year old man. A mobile mass was palpable
in the right lower quadrant of the abdomen, and barium meal showed narrow
ing of the distal ileum. Removal of the appendix and of a lymph-node for
biopsy was followed by relief of symptoms; no clinical or radiological
evidence of other manifestations of sarcoidosis was found. Granulomatous
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disease apparently localized to the appendix region is a possible, though rare
presentation of Crohn's disease (Allen and Biggart, 1983)j differential diagno
sis depends largely upon search for other localizations, and upon observation
of the course.

COLON

Only a few cases which can be accepted as sarcoidosis involving the colon
and causing symptoms have been reported.

Aaronson et al. (1957) reported the case of a black woman aged 37 in whom
the diagnosis of sarcoidosis had been established by biopsy of a skin infiltra
tion, and there was radiological evidence of changes in the lungs and the bones
of the hands; investigation of increasing constipation by barium enema
showed an annular constriction at the junction of the descending and sigmoid
parts of the colon; the narrowed part of the colon with 4 cm on either side was
removed, and showed induration with nodular foci of epithelioid cells, a few
giant cells and some fibroblasts in submucosa and mucosa. This patient had
had treatment for menorrhagia by radium insert into the uterus six months
previously; this suggests the possibility that radiation may have determined
the localization of granulomas in the colon in a patient with generalized
sarcoidosis. Kohn (1980) reported the case of a 55 year old woman wirh
bilateral parotid gland enlargement, lung infiltration and hypercalcaemia, and
recent anorexia with loss of weight. Investigation showed a stenotic zone in
the sigmoid colon and a mass in front of the pancreas. At laparotomy the
affected part of the colon was removed, as was a large lyrnph-node over the
pancreas, and a biopsy of the liver which showed many yellow nodules, was
taken. All these specimens showed many sarcoid-type granulomas. Post
operatively, corticosteroid treatment was started; serum calcium levels
returned to normal, and three months later, the patient felt well.

In other cases reported as sarcoidosis of the colon , the colon was the only
detected site of granulomatosis; e.g. in those described by Raven (1949) and
by Gourevitch and Cunningham (1959), in both of which the colon, removed
on a provisional diagnosis of carcinoma, was found to be infiltrated with
granulomas. In a case reported by McFariane (1955) a man aged 53 with a 13
year history of peptic ulcer type symptoms was found at laparotomy to have a
mass in the caecum with nodules on the adjacent peritoneum, and hyper
trophy of the pyloric muscle. Right hemicolectomy and pyloroplasty were
performed. In the operative specimen, a mass about 2.5 x 2.5 cm protruded
into the caecum; histologically, there were non-caseating granulomas both in
the gut wall and in lymph -nodes, no acid-fast bacilli were found, and a
tuberculin test with 10 IU was negative.

In cases described by Debray et al. (1967, Case 2) and by Tobi et al. (1982)
rectal biopsies in patients with other evidences of sarcoidosis showed
unspecific inflammatory changes with some granulomas, interpreted in thar of
Tobi et al. as compatible with Crohn's disease.

A few examples of patients who had both sarcoidosis and ulcerative colitis
have been reported. In rhat recorded by Watson et al. (1971) sarcoidosis
preceded ulcerative colitis. A woman first noted dyspnoea at the age of 39, and
two years later was found to have BHL and Iung changes, scalene-node biopsy
showing sarcoid-type granulomas. A year later she developed intermittent
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bloody diarrhoea and abdominal pain . Investigated at the age of 52, she was
found to have radiographic, sigmoidoscopy and biopsy evidence of extensive
ulcerative colitis. In the case reported by Theodoropoulos et a/. (1981) a man
aged 64 with ulcerative colitis, typical in clinical features, endoscopic appear
ances and histology, for four years was found to have BHL, enlarged peripheral
lyrnph-nodes, histologically sarcoid on biopsy, and chorioretinitis. The two
diseases appeared to be concurrent in complex cases reported with necropsy
findings by T rujillo et a/. (1967) and jalan et a/. (1969). In the first of these a
man died ar the age of 38 after an illness starring when he was aged 30 with
ulcerative colitis, BHL and hepatosplenomegaly, followed rwo years later by
jaundice, pruritus and curaneous xanthomas; at this time laparotomy showed
a finely nodular liver, biopsy of which was interpreted as showing biliary
cirrhosis with only one well-formed granuloma, and large lyrnph-nodes show
ing many epithelioid-cell granulomas around the cystic duct but not obstruct
ing it. Portal hypertension was demonstrated, and a Kveim test was positive.
Later, a porto-cavaI shunt was performed for severe haematemesis. He died at
the age of 38 after persistent rectal bleeding. At necropsy, the principal
findings were chronic ulcerative colitis with extensive fibrosis, enlargement of
lyrnph-nodes in the mediastinum and the hila of the lungs and at the porta
hepatis obstructing rhe common bile duct, and an enlarged finely nodular
liver. The lyrnph -nodes microscopically contained non-caseating granulomas,
and the Iiver showed periportal fibrosis , sparsity of bile-ducrs, and scanty
granulomas. In the case reported by Jalan et a/. (1969), a man developed
ulcerative colitis at rhe age of 25; persistent symptoms and premalignant
changes in a reetal polyp led to proctocolectomy at the age of 34. In addition
to the changes of ulcerative colitis, the operative specimen showed an adeno
carcinoma in the terminal ileum; none of the regional nodes showed tumour,
but some contained non-caseating granulomas. The patient died of pulmonary
ernbolism after a further operation to remove more ileum; at necropsy,
non-caseating granulomas were found in mediastinal and mesenteric lymph
nodes lungs and spleen.

PERITONEUM

Becker and Coleman (1961) described the cases of two black women with
extensive sarcoidosis and peritoneal involvement. In one, aged 24, plaques of
sarcoid histology were found on the visceral surfaces of the abdominal viscera
at laparotomy for removal of a large spleen; no abdominal symptoms
appeared during seven years' subsequent observation, In the other, aged 39,
ascites andrnultiple peritoneal nodules reminiscent of tuberculous peritonitis
were found ar laparotomy; she died four years later of pulmonary fibrosis and
ar necropsy the diagnosis of sarcoidosis was confirmed, bur the peritoneal
changes were no longer evident. Wong and Rosen (1962) reported a similar
case in a man, aged 24, in whom just over rwo years after the appearance of
bilateral parotid swellings with sarcoid histology, gross ascites developed; at
laparotomy many hard white nodules were seen on the peritoneum and were
shown to consist of sarcoid granulomas wirh some central eosinophil necro
sis; the tuberculin test was negative. Papowitz and Li (1971 ) reported rhe case
of a black woman aged 28 who developed abdominal distension and ankle
oedema in rhe seventh month of pregnancy; after delivery she was found to
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have aseites and at laparotomy ten litres of serous fluid, with many small
nodules on the serous surfaees of the mueh enlarged spleen, the panereas, the
greater omentum and mesentery were found . The spleen was removed, and it
and biopsies of portallymph-node, the tail of the panereas and liver all
showed sareoid-type granulomas, all exeept those in the spleen looking reeent.
The ehest radiograph showed normallungs; the skin did not reaet to 250 IU of
PPD; a Kveim test was later reported to be positive. During one year's further
observation, aseites did not reeur.

In several of the eases reported as sareoidosis of the intestine, e.g. those of
Cowdell (1954) and Clague (1972), tubercles or plaques were seen on serosal
surfaees of affeeted gut. In a ease deseribed by Robinson and Ernst (1954), the
abdomen was explored beeause of a lump in an old eholeeysteetomy sear; the
mass eonsisted of a number of white nodules, 1-5 em in diameter, and the
peritoneum over the intestine, the liver and pelvie organs were studded with
small nodules, of the same sort; and the nodules were found to be eomposed
of non-easeating tubercles but no information about involvement of other
organs was given .

INTRA-ABDOMINAL LYMPH-NODES

Intra-abdominal lymph-nodes enlarged by sarcoidosis may give rise to
palpable masses, which may be tender; and occasionally appear to be the
cause of pain or other symptoms.

Rakov and Taylor (1942, Ca se 3) deseribed the ease of a blaek man with
generalized sareoid Iymphadenopathy and lung infiltration in whom reeurrent
artacks of upper abdominal pain were assoeiated with a mass of lyrnph-nodes
greatly enlarged by sareoid infiltration, the liver also being infiltrared, Long
eope and Freiman (1952, Case 3) reeorded the ease of an Italian boy with
widespread sareoidosis of superfieiallymph-nodes, eonfirmed by biopsy, who
developed abdominal pain assoeiated with an epigastrie mass of inereasing
size; laparotomy showed this to eonsist of sareoid-infiltrated Iymph-nodes.
The tubereuIin test was negative to 10 mg OT. He beeame febrile, with further
inerease in the size of the abdominal mass, and died one year after the
laparotomy; there was no neeropsy. In the ease of oesophageal sareoidosis
deseribed by Davies (1972 ) and mentioned above (p. 371), abdominal pain was
probably related to enlarged lyrnph-nodes around the eoeliae axis.

One of us (JGS) has observed two patients with abdominal syrnproms
attributable to sareoidosis of Iymph-nodes. The first was a man who at the age
of 34 was found to have widespread mottling in a routine ehest radiograph.
Shortly after this he developed reeurrent episodes of lassitude, nausea and
vomiting. The serum ealcium level was normal. The symptoms responded to
cortieosteroid treatment, but relapsed after its withdrawal. When he was aged
41, a laparotomy was performed beeause in one of these episodes there was
abdominal pa in and tenderness in the right iliae fossa. This showed anormal
appendix and enlarged Iymph-nodes, in whieh histologieally the normal strue
ture was replaeed by sareoid tubercles. Three years later, he continued to have
reeurrent episodes of a similar sort, eontrolled by eortieosteroid treatmenr.

The second was a man who at the age of 40 developed eough, slight
dyspnoea, and later tiredness, anorexia and low fever . He was found to have
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bilateral hilar node enlargement with some streakiness radiating into the lung
fields, a palpable spleen and somewhat enlarged liver. The fever settled with
rest in hospital. The skin gave no reaction to tuberculin 100 IU. A scalene
node biopsy showed typical sarcoid changes. One year from the onset, he
developed pain in the left hypochondrium, nausea, abdominal distension and
tenesmus. The spleen was now enlarged two fingers' breadth below the cosral
margin, and rounded discrete masses were feit in both iliac fossae, above the
inguinal ligaments, presumably enlarged iliac lymph-nodes. Of rhe superficial
Iymph-nodes, the epitrochlear and axillary were palpably enlarged. Predniso
lone treatment led to subsidence of the enlarged lymph-nodes and of rhe
spleen, and to relief of the symptoms. Ir was continued for two and a half
years, and then withdrawn without relapse . He remained weil without gastro
intestinal symptoms, and with slight fibrotic changes in the lungs causing no
disability as the only residue of rhe sarcoidosis, during two years' further
observation.

Miller et al. (1981) reported the case of a 27 year old woman who presented
with dyspnoea and pleuritic pain, apparently due to pulmonary emboli conse
quent on oral contraceptive use. This was treated with heparin. Extensive
superficiallymphadenopathy, hepatosplenomegaly, epigastric tenderness,
nausea and vomiting were noted. Barium meal, followed by computed tomog
raphy and ultrasound, showed compression of the greater curvature of the
stornach by enlarged periaortic lymph-nodes. Biopsy of a cervical node and
needle biopsy of the para-aortic mass both showed sarcoid-type granulomas;
treatrnent with prednisone led to relief of symptoms and decrease in size of the
abdominal mass.

Schwarzschild and Myerson (1968) reported a case in which pressure on
mesenteric veins by hyalinized sarcoid lymph-nodes led to gangrene of part of
rhe jejunum. The patient was a black man, aged 46, who had been suffering
from sarcoidosis involving lungs, eyes, liver, spleen, lymph-nodes and skin for
19 years; many manifestations had regressed spontaneously, and he had been
symptom-free for nine years, when he developed post-prandial abdominal
pa in and nausea, and during hospital investigation became febrile. At lapar
otomy a segment of gangrenous bowel about 50 cm from the beginning of the
jejunum was resected. The gangrenous parr, about 40 cm in length was
sharply demarcated; enlarged nodes in its mesentery appeared to be occluding
veins. Microscopically, the veins were congested and some thrombosed and the
bowel showed haemorrhagic infarction; the lymph-nodes showed many hyali
nized foci compatible wirh 'burnt-out' sarcoidosis.



Chapter 18

The Genito-urinary System,
excluding Kidney; the Breast

UTERUS AND ADNEXA

In view of the widespread distribution of sarcoid granulomas in the active
stages of sarcoidosis, it is surprising that few references have been made to

the finding of sarcoid tubercles in the uterus, and more especially the
endometrium wh ich is so frequently subjected to curettage and biopsy in
women in the age group most susceptible to sarcoidosis.

Few reports of necropsies in women with sarcoidosis have mentioned the
finding of granulomas in the genital organs. In the case of uveo-parotid fever
described by Garland and Thomson (1933) and mentioned on p. 310, the
uterus was found to be extensively infiltrated with non-caseating tubercles,
most numerous in the serosa and rhe endometrium. In Naumann's (1938)
case of extensive sarcoidosis in an infant (p. 313), subserous tubercles were
found in the uterus. Cowdell (1954) briefly mentioned that in a woman,
aged 21, who died suddenly of myocardial sarcoidosis, the Fallopian tubes
were among the organs infiltrated with sarcoid tubercles.

The finding of epithelioid cell granulomas in endometrial curettings must
be interpreted with caution, since in endometrial tuberculosis the tubercles
may be of non-caseating type, difficult or impossible to distinguish from
those of sarcoidosis. Possibly the cyclic shedding of the endometrium does
not allow time for the tubercles to attain a caseating stage (Haines, 1952).
Tubercle bacilli may be discoverable, either by microscopy or by culture,
in endometrium or menstrual fluid (Sutherland, 1960). To establish the
diagnosis of sarcoidosis, not only should search for tubercle bacilli be
unsuccessful, but evidence of concurrent or past manifestations of sarcoido
sis elsewhere be found . In women known to be suffering from sarcoidosis, it
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is a reaso nab le assump tion that granulomas found in the endometrium
obta ined by cure ttage are part of this disease, as in a case mention ed by
Lon gcope and Freiman (1952). Other cases in which cure ttage for gynaeco
logica l indications in wo men known to have sarcoidosis showe d endorner
rial granulomas have been reported byWinslow and Funkhauser (1968),
Cha lvardjian (1978) and Ho (1979). In all these cases, hysterectom y was
lat er performed for various indications; granul om atous endometritis wa s
confirmed, and some granulomas were found in the myometrium, noted to
be spa rse in Chalvard jian's case.

Cha lvardjian 's parient was post-menopausal, and had been found to have
pulm onary, lymph-node and skin sarcoidosis 16 years previously; both
ova ries were removed with the uteru s, and were found to conta in groups of
granulomas up to 1 mm in diameter deep in the cortex. In the case described
by Winslow and Funkh auser (1968) , a black wom an had been found to have
pulmonary sarcoidos is, confirmed by Iymph-node biopsy, at the age of 28; six
years later, premenstru al sporring led to the discovery of carcinom a-in-situ of
the cervix and granulomas in the endornet riurn ; at operation, the right ovary
was found to be adherent to the uterus, and was removed with it; granulomas
were found in myom etrium, ovary, Fallopi an tub e, and appendix.

Altchek et al. (1955) described the case of a black wo man, aged 39 , who
underwent hysterectom y for fibro rnyornas; five years previously she had had
BHL and lung shadowi ng; the uterus contained subsero us fibrom yom as, and
showe d small pinkish areas in the myometr ium and thickening of the
endo rnetrium: and in bo th myometrium and endo metrium, epithelioid cell
granulomas with occas ional giant cells, a few with astero ids, without acid-fas t
bacilli, were found.

In some reported cases, the finding of granulomas in the endome tri um has
been the first evidence of sarcoi dosis . Tay lor (1960) described two such cases.
In the first of these, thar of a wo man, aged 26, evidence of sarcoi dos is was
found elsewhere, in the form of BHL, and later irido cyclitis, with sarcoid
changes in a con junctival biopsy, and a Kveim test was positive. In the second,
there was also miliary shadowi ng in the lungs, not respond ing to antitu bercu
losis dru gs; a negati ve Ma nto ux test with 1:100 OT and a positive Kveim rest ;
a mass behind the uteru s in this case was found at laparo tomy to be due to an
old tubal pregnancy, but in the opera tive specimen no histological evidence of
sarcoidosis was found. Thi s patient, who had already born e two children
became pregnant again after the surgical procedures, and the pregnancy went
successfully to term .

If there is neither a past history nor concurrent evidence of sarcoidosis in
other organs, categorization of non -caseating granulomatous changes in
tissue obtained by uterine curett age or hysterectomy as sarcoid should be
provision al, with the possibility of confirrnation by observation of the
c1 inical course. Several reported cases should be regarded in thi s way.
Englehard (1946) described two,

On e case was thar of a woman , aged 64, in whom other relevant findings
included a weakly positive Pirquet test, unilateral hilar lymph-node enlarge
ment and rounded areas of rarefaction in the bones in radiograph s of the
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hands and feet. The other was thar of a woman who had had a pleural effusion
ten years earlier, but nevertheless had a negative Pirquet reaction ; no orher
possible manifestations of sarcoidosis were found in this case. Castoldi and
Giudici (1955) reported the case of a 44 year old woman submitted to
hysterectorny for an intramural uterine fibroid with adnexal masses; the latter
were found to have the histological structure of sarcoidosis with entirely
typical features, including Schaumann bodies, but no other manifestations of
sarcoidosis were recorded. Zachwiej et al. (1956) described a case in which the
uterus was removed because of menorrhagia, and found to be irregularly
enlarged and infiltrared throughout wirh sarcoid -type granulomas, and
another in which endometrium obrained by curettage was three times found to
contain granulomas; but in neither case was rhere evidence of granulomatous
changes elsewhere .

The diagnosis of sarcoidosis was corroborated by the c1inical course in
parients described by Kay (1956) and by Jaumandreu et al. (1964). Kay's
patient was a woman, aged 28, investigated for sterility and a vaginal dis
charge and found to have a pelvic mass; ar laparotorny, there were small
nodules on the peritoneum, and grossly enlarged and distorted Fallopian
tubes, especially on the right side. Biopsy of a nodule from the omentum
showed a giant-cell granuloma without caseation or optically active inclu
sions; ehest radiographs showed slight enlargernent of hilar nodes with
increasing mottled shadows in the lower parts of the lungs; there was no
response to antituberculosis chemotherapy, the Mantoux test with 1:100 OT
was negative, and the spleen became palpable. The patient whose case was
described by jaumandreu et al. (1964) was aged 54 when she had a hysterec
tomy for fibroids, and granulomas were found principally in the endomet
riurn, with a few in the myometrium; fiveyears later, left axillary lyrnph-nodes
becarne enlarged, and biopsy showed sarcoid-type granulomas.

PREGNANCY AND SARCOIDOSIS

There is no evidence that sarcoidosis affects fertility , apart of course from
the apparently very rare ca ses of severe involvement of the uterus and
Fallopian tubes. Among 136 parients whose course was followed for five
years by Scadding (l961b) there were 45 married women of child-bearing
age; 12 pregnancies were observed during this time in ten of these women.
Subsequently, this series was extended to 28 pregnancies going to term in 24
women with sarcoidosis. Eight pregnancies occurred in seven patients after
lung changes had resolved; in all instances, the ehest radiograph rernained
clear during gestation and after delivery. Six occurred when lung changes
appeared to be resolving; resolution became complete during the pregnan
eies and rernained so afrerwards. In four women, lung changes interpreted
as inactive fibrotic residues of old-standing sarcoid infiltration persisted
unchanged during and after pregnancy. Five women became pregnant at a
time when widespread mottling suggestive of active sarcoid infiltration was
evident in their ehest radiographs, two of them twice and one three times;
during these nine pregnancies the shadows resolved partly or completely,
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Figure 18.1 BHL and lung infiltration
in a woman aged 29.

Figure 18.2 The same, eight months
later, at the end of a pregnancy. Both
BHL and infiltration have cleared.

reappearing 3-6 months later in eight instances (Figs 18.1 to 18.5, which
show the effects of two pregnancies on a labile sarcoid infiltration of the
lungs). One woman with long-standing sarcoidosis which had caused fairly
severe fibrosis of the lungs was under corticosteroid treatment, not only
because of the sarcoidosis but also for a concomitant extrinsic atopic
asthma; her condition remained unchanged. All except one of the 28 preg
nancies resulted in a healthy child; the exception was a twin pregnancy,
which resulted in stillbirths, for which no cause was found. No other
obstetrical complications were reported; three of the deliveries were by
Caesarian section, performed twice in the patient whose case is illustrated in
Figs 18.1-18.5 because of disproportion, and once in a patient who was
pregnant for the first time at the age of 37.

These observations are in agreement with those of others. Mayock et al.
(1957) observed 16 pregnancies in ten patients with sarcoidosis. There was
some improvement in one or more of the manifestations of sarcoidosis
during eight of the pregnancies, and four women developed new manifesta
tions after delivery. Among the children one was stillborn, one had con
genital heart disease and two minor congenital digital deformities. Reisfield



Figure 18.3 The same, six rnonths after
Fig. 18.2 ; the pulmonary infiltration has
reappeared, and is denser .
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Figure 18.4 The same, eight rnonths
after Fig. 18.3, in the fourth month of a
second pregnancy; the lungs appear
normal.

(1958) reported 17 pregnancies in ten patients; there were two spontaneous
miscarriages, three terminations by hysterotomy, and 12 healthy infants,
nine delivered normally and three by Caesarian sections near term because
of disproportion. The material from rhe three hysterotomies and the placen
ta and cord from two of the normal deliveries was extensively examined,
but no sarcoid lesions were found. O'Leary (1962) reported 28 pregnancies
in 23 patients; there were two miscarriages, not related to sarcoidosis, two
neonatal deaths, and 24 living children. No complications were observed in
the mothers, of whom 11 received corticosteroid treatment; 22 of them
showed no change during pregnancy, and five were thought to have
improved. Franz and Wurm (1962) made similar observations on 48 preg
nancies in 41 women with pulmonary sarcoidosis: the lung changes
improved in about two-thirds and became worse in none during pregnancy,
but relapses were observed in a few after delivery. ]örgensen (1963b) re
ported similar findings in the course of 39 pregnancies in 35 women with
sarcoidosis. lmprovement was noted during 26 of these pregnancies, but
some deterioration occurred after delivery in 18. Hosoda et al. (1971)
reported that in all but one of 40 pregnancies observed in 30 women with
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Figur e 18.5 The same, seven months after delivery. The infiltrat ion has reapp eared.
Du ring a third pregnanc y, one year later , the lungs cleared again, and remairied d ear
during rwo years' subseque nr obse rva tion.

sarcoidosis in Japan , improvement occurred during pregnancy, with relapse
to the former sta te after delivery in 12; sta tiona ry fibrotic lung changes were
unaffected.

No systernatic study of the placent a in parturient wo men with sarcoidos is
has been made. Kelemen and Mandi (196 9) reported the study of the
placent a from the seco nd successful pregnancy in a 24 year old woman who
had been found to have hilar lymph-node and pulmonary sarcoidosis at the
age of 18. Her lung condition had improved during pregnancy. Granulomas
were found in the placent a, although pregnancy and delivery had been
uneventful, and the infant was healthy.

Thus the available evidence suggests that sarcoid lesions in a resolving
phase continue uninterruptedly ro resolve during and after pregnancy; that
when sarcoidosis ha s already undergone c1inical resolution, pregnancy doe s
not cause recrudescence ; that in some cases in the active stage of the disease,
reversible elements in sarcoid lesions may be suppressed during pregnancy
with symptornatic imp rovement ; and that in such cases, there is a tendency
for relap se towards the origina l sta te during the few months after delivery.
There is no eviden ce that matemal sarcoidosis has any effect on the foetu s.
Ir may be concluded that pregnancy has no effect on the long-terrn prog-
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no sis in sarcoidosis; and that women with sarcoidosis, even in acti ve stages,
can bear healthy children.

lt is a legitimate speculation, wh ich has been made by several authors,
that the observed tendency of sarcoid lesions to improve during pregnancy
and to relapse towards their original stare after delivery may be associated
with the higher levels of corticosteroids in the blood during pregnancy, since
it resembles so much the effect of a limited period of corticosteroid trear
ment; but no direct support is available for this speculation.

MALE GENITAL SYSTEM

Longcope and Freiman (1952) among 30 necropsy cases of generalized
sarcoidosis found involvement of the testis in two, of the epididymis in two
and of the prostate, seminal vesicles and spermatic cord each in one case. In
four cases, nodules were feit during life in the epididymis, and in two of
these they were confirmed at necropsy to have the histo logy of sarcoidosis.
These were incidental findings in patients with extensive sarcoidosis. In
clinical series, the proportion of cases in which abnormalities hav e been
found in the male genital system is low , and of syrnpto rnatic changes even
lower. Singer et al. (1959) among 45 men with sa rcoidosis in a military
hospital found th ickening of the epididymis in two. One of the se, a black
man aged 31 , presented with painful swelling of the left testis , accompanied
by transient tender red nodules on the right leg; the swelling sub sided on
treatment with antibiotics, leaving nodular thickening in the epididymis;
other findings included BHL, left iriti s, splenomegaly, and slight enlarge
ment of superficial lymph-nodes; and biopsy of sca lene Iymph -node and of
the epididymis showed sarcoid-type granulomas.

Epididymis an d testis

Other cases in which sarcoidosis of the epididymis or testis wa s clinically
evident have been reported by Krau ss (1958), Hines et al. (196 1),
McGowan and Smith (196 7), Winnacker et al. (1967), Mikhail et al.
(1972), Rudin et al. (1974), Heffernan and Blenkinsop (197 8), and Opal et
al. (1979). All were in black men with extensive active sarcoidosis.

Krau ss's (1958) patient was found at the age of 41 to have multiple sub
eutaneous sarcoids and BHLj two years later, the right testis beeame enlarged
to four times its normal size, with thiekening of the distal part of the cord , and
generalized superfieial lymphadenopathy and radiographie ehanges in the distal
phalanx of a finger were found; the affeeted testis was removed and showed
granulomas mainl y in the epididymis, with atrophie ehanges in the bod y of the
testis, and an ovoid swelling in the cord was also granulomatous. The pati ent
deseribed by Hines et al. was aged 21, and had subeutaneous nodules on the
limbs, showing sarcoid histology involving also muscle on biopsy, generalized
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lymphadenopathy and bilateral epididymal thickening and nodularity. There
was azoospermia. Biopsies of epididymis and cervicallymph-node showed
granulomas, while the testis showed only slight atrophy. There was spon
taneous improvement, the subcutaneous nodules and epididymal thickening
subsiding within 18 months, and a sperm count of 15000 OOO/ml was
recorded. In the case described by McGowan and Smith (1967), a black man
aged 38 who had been suffering from sarcoldosis for five years, being treated
for fibrosing pulmonary changes with corticosteroids, and having had the left
index finger amputated because of bone involvement, presented with a tender
indurated scrotal mass; orchidectomy was performed, the epididymis being
found to be predominantly involved in woody swelling shown on section to
consist of granulomas with many giant cells containing crystalline and con
choidal inclusions within dense bands of fibrous tissue, extending from the
epididymis into the body of the testis. The case described by Mikhail et al.
(1972) was that of a black man aged 41 with sarcoidosis involving hilar
lymph-nodes, lungs, parotid and lacrimal glands, subcutaneous nodules, nasal
mucosa and larynx, with electrocardiographic evidence of myocardial involve
ment; both epididymes were enlarged, firm and irregular, biopsy showing
extensive replacement by non-caseating epithelioid and gianr-cell granulomas:
corticosteroid treatment led to diminution in the size of the epididymal
swellings and improvement in the electrocardiogram. The 29 year old man
whose case was reported by Rudin et a/. (1974) developed bilateral nodular
epididymal swellings ten months after the diagnosis of sarcoidosis involving
mainly lungs and lymph-nodes; the nodular mass was excised from the right
epididymis and shown to be infiltrated by non-caseating granulomas; addi 
tionally, several areas of granulomatous reaction to necrotic sperm heads, and
a group of fibrous structures wirh calcified centres thought to be calcified
microfilariae were seen. Heffernan and Blenkinsop (1978) reported briefly the
case of a black man aged 35 with uveo-parotid fever, nasal and skin sarcoido
sis, and painful enlargement of the right epididymis, shown on biopsy to
contain periductal non-caseating granulomas. The patient whose case was
described by Opal et a/. was a black man aged 20 with sarcoidosis of hilar
lymph-nodes and lungs, bronchial and transbronchiallung biops ies showing
granulomas, enlarged lacrimal glands, arthropathy of the right knee, and
polydipsia and polyuria with evidence of hypothalamic dysfunction, and
nodules in the upper poles of both testes ; at surgical exploration, several small
nodules were found beneath the tunica albuginea of the right testis, the
epididymis and cord appearing normal; biopsy of a nodule showed non
caseating granulomas; and improvement in all symptoms, including regression
of the testicular nodules, followed corticosteroid treatment.

The case described by Winnacker et al. (1967) was unique in presenting
with recurrent episodes of epididymitis occurring every 2-4 weeks and each
lasting a few days, unilaterally or bilaterally, for 11 years; the patient, a black
man aged 33, had been known to have sarcoidosis of at least the same
duration, with BHL, a transient lung infiltration and granulomatous changes
in a scalene Iymph-node removed for biopsy. Both epididymes were diffusely
indurated and tender; the left was removed, with the vas, and found to contain
many granulomas, coalescent in places, with some hyalinization, and dilata
tion of some epididymal ducts and interductal fibrosis. Bronchial, skeletal
muscle and Iiver biopsies also showed granulomas. Under treatment with
small doses of prednisone, the patient remained free from further episodes of
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epididymiti s for 15 months, but recurrences of right-sided epididymitis then
led to remo val of the right epidid ymis, in which similar changes were found ,
the testi s itself appearing normal.

Geiler et al. (1977) reported a case of concurrent sarcoid BHL and rnalig
nant testicular tumour. A 35 year old white man presented with a painful
swelling in the left side of the scrotum, found on biopsy to be due to a
malignant teratoma. BHL was found on ehest radiography. Gallium scan
showed upt ake in the hilar but not in the serotal region, and mediastinal node
biop sy showed sarcoid-type granulomas. Radical orchidectom y was followed
by retroperitoneal lyrnph-node dissection , the removed nodes containing
neither tumour nor granuloma.

In a case reported by Hausfeld (196 1) it is doubtful whether the lesions
described were local sarcoid reactions or part of a generalized sarcoidosis. A
boy aged five developed a swelling in one side of the scrotum, thought to have
followed an insect bite; it was excised , and found to be adherent to the tunica
albuginea. Both it and slightly enlarged lymph-nodes removed at the same
time contained non-caseating epithelioid and giant-cell granulomas. A tuber
culin test with 10 IU was positive, and the only other poss ible evidence of
sarcoidosis wa s a ehest radiograph showing doubtful enlargement of hilar
shadows.

Prostate

Clinically evident sarcoidosis of the pro srate is excessively rare . Hardebeck
(1953) reported the case of a man , aged 50 , in whom irregular enlargement of
the prosrate was found on biopsy to be due to infiltration with sarcoid-type
tubercles; the serum calcium was 12.9 mg dl- ' and the Mantoux test pro
duced areaction only with 1:10 OT. There was a localized infiltration in the
lower lobe of the left lung. While it is possible, it cannot be regarded as proved
that thi s wa s a case of generalized sarcoidosis.

Brock and Grieco (1972 ) describedthe case of a Haitian, aged 56 , known to
have sarcoidosis involving lyrnph-nodes, lungs, skin, liver and spleen, who
presented with retention of urine after a few days of frequency and dysur ia.
The right lobe of the pro state was enlarged ; transurethral prostatectomy was
performed, and the resected tissue showed both micro-abscesses and granulo
mas; structures resembling cryptococci were seen both in giant cells and
among inflammatory cells, and C. neoformans was cultured from urine and
sputum. Tre atment with 5-fluorocytosine for 28 days led to negative cultures,
and the patient remained weil during 12 months' observat ion. There was no
other sign of cryptococcal infection; the cerebro-spinal fluid was examined in
the acut e stage, and found to be normal. Thi s appears to have been a
coinc idental cryptococcal pro statitis during the course of unrelated sarcoido
SIS.

A case of coincidental adenocarcinoma of the pro srate in a man , aged 78,
who had been found to be suffering from cutaneous sarcoidosis, biop sy
proved, three years previously was reported by Todd and Garnick (1980).
Biopsy of a prostati c nodul e showed a well-differenriared adenocarcinoma
and a chronic granulomatous reaction, not described in detail. A serum
calcium level of 14.2 mg dl- I was recorded, though a 24 hour urine
collect ion contained only 101 mg of calcium. There was bilateral iritis with
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glaucoma and dense band keratopathy in the left eye. Treatment with predni
sone was followed by return of serum calcium to normal, resolution of
cutaneous lesions, and improvement in renal function . It seems likely rhat in
this case the prostatic granulomas were part of the generalized sarcoidosis,
probably independent of the adenocarcinoma, but the possibility that they
were a local reaction to the carcinoma cannot be excluded.

Penis

Nodular infiltrations of the skin of the penis were found by Longcope and
Fisher (1942) in a black man with very extensive sarcoidosis who died
suddenly, from cardiac involvement. Vitenson and Wilson (1972) described
the case of a black man wirh sarcoidosis shown to involve Iymph-nodes, lung,
liver, kidney and skin, who, three years from the onset, developed slowly
.growing nodules on the glans penis alongside the meatus, Biopsy when they
had been present 18 months confirmed that they were sarcoids. Carli (1955 )
reported the case of a man, aged 28, who presented with a nodule in the sulcus
between the glans penis and the prepuce, with the histological structure of
sarcoid granuloma on biopsy . The iriguinal lymph-nodes were enlarged, and
other superficial nodes palpable; no information is available about ehest
radiograph or tubereuIin test.

Bums and Sarkany (1976) reported the case of an Indian who at the age of
65 presented with bilateral paratracheallymphadenopathy, and a diagnosis of
sarcoidosis was made by lymph-node biopsy showing non -caseating epithe
lioid-cell granulomas, a positive Kveim test, and a negative tuberculin test
with 100 IU. He was treated with prednisone with improvement in cough and
dyspnoea. Two years later, while taking 10 mg prednisone daily, he developed
painful ulceration in the coronal sulcus on the dorsum of the penis ; mottled
shadowing appeared in the middle zones of the lungs, the skin reacted to 10 IU
of tuberculin, acid-fast bacilli were found in the sputum, and biopsy of the
ulcer showed a caseating granuloma with a few acid-fast bacilli. Treatment
with antimycobacterial drugs led to rapid healing of the ulcer. The relation
ship of mycobacterial infection to the non-caseating granulomatous phase of
this patient's illness remains debatable.

URINARY BLADDER

There seems to be no recorded case of symptomatic sarcoidosis of the
bladder, or study of the incidence of symptomless granulomas in the bladder
in active sarcoidosis.

Radewill (1943, Case 2) and French and Mason (1951) reported cases in
which extensive generalized sarcoidosis of the skin, with involvement also of
liver, spleen and lungs in the case of French and Mason, was associated with
the peculiar plaque-like or nodular infiltration of the bladder described as
malakoplakia (McDonald and Sewell, 1913; Yunis et al., 1967). Knoop
(1958) described the case of a woman aged 54 in whom the diagnosis of
malakoplakia was established by cystoscopy and biopsy after recurrent
attacks of cystitis for five years; she had 'healed Boeck's disease' in the lungs,
and a scalene fat pad disseetion produced one hyalinized lymph-node with
small epithelioid granulomas. Brashear and Carman (1969) reported concur-
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rent malakoplakia of the bladder and sarcoid BHL, followed by pulmonary
infiltration, in a 47 year old black woman. The significance of the very
occasional association of this granulomatous disease of the bladder with
systemic sarcoidosis is unknown; it may weil be fortuitous .

BREAST

Reisner (1944) mentioned two cases, and Longcope and Freiman (1952) one
case, in which isolated nodules in the breast of women with active sarcoidosis
were presumed to be of sarcoid origin . In Reisner's cases the nodules were
described as firm, non-render and mobile, and the supposition that they were
sarcoidal was supported by their spontaneous regression. Scott (1938) de
scribed the case of a woman, aged 38, who was found to have a mobile
well-defined swelling 5 em x 4 em in the right breast; it was removed, and
both it and a Iymph-node were found to show the histology of sareoidosis. Shc
subsequently developed a uveo-parotid syndrome, and later still was found to
have become myxoedematous; her case appears also to have been reported by
Stallard and Tait (1939).

A patient under the ease of one of us had a histologically confirmed sarcoid
nodule in the breast, At the age of 43, she was found to have widespread
retieular and mottled shadows in a ehest radiograph, having had progressively
inereasing shortness of breath on exertion for some years; the appearances
suggested an already predominantly fibrotie infiltration (Fig. 6.25). Five years
later a small nodule, resembling and initially thought to be a fibroadenoma,
was removed from the left breast; it showed a mass of well-defined non
easeating epithelioid eell tubercles lying within the aeinar tissue of the breast.
The Mantoux test was negative to 250 units of PPD. No further changes werc
noted in the breast; she died ten years later of fibrotie pulmonary sarcoidosis.

Rigden (1978) reported the case of a woman who at the age of 22 had a
symptomless radiographie abnormality in the right lung, with negative tuber
euIin test to 10 IU, though reaeting to 100 IU, negative studies for acid-fast
bacilli, no response to antimyeobaeterial drugs, and subsequent spontaneous
clearing; at the age of 29 she was found to have a nodule in the right breast
whieh on excision showed the histology of sareoidosis. Neither at thar time
nor during four years' further observation was any other possible rnanifesta
tion of sarcoidosis found .

Dalmark (1942) reported the ease of a woman, aged 28, who noticed a
nodule in the right axilla shortly after the end of lactation. On removal, this
was found to be a lymph-node infiltrated with non-easeating epirhelioid and
giant-cell tubercles, and the adjaeent breast tissue showed scattered similar
tubercles. The tubereuIin test was positive, and radiographs of the ehest and of
the hands and feet showed no abnormality. In the absence of evidenee of
possible sareoid ehanges elsewhere, eategorization of this ease ean only be
provisional.



Chapter 19

The Kidneys and Calcium Metabolism

The kidneys may be affected in several ways, directly or indirectly, in
sarcoidosis. They may be infiltrated by granulomas, but these rarely cause
symptoms or signs. The most frequent cause of impairment of renal func
tion in sarcoidosis is the hypercalcaemia that occurs in a minority of
patients and may cause a nephropathy, at first reversible but later leading to
irreversible and possibly progressive changes. In many cases with this hyper
calcaemic nephropathy, granulomas are also present in the kidneys, and it is
thus appropriate to consider renal changes and the disordered calcium
metabolism together.

An acute transient interstitial nephritis has been reported accompanying
the BHL-erythema nodosum-arthropathy syndrome; and nephritis of
various sorts may occur during the course of sarcoidosis, probably no more
frequently than might occur by chance, but giving rise to speculation about
possible pathogenetic links.

GRANULOMATOUS INFILTRATION OF THE KIDNEYS

Granulomas are undoubtedly present in the kidneys in many patients in the
active stage of sarcoidosis without causing symptoms, as they are known to
be in many other organs; but the proportion of patients so affected is
unknown, since renal biopsy is justifiable only if there is reason to suspect
renal disease to the diagnosis of which it will contribute. Lebacq et al.
(1970) reported the results of 25 percutaneous renal biopsies in 25 patients
selected from 152 investigated for evidence of renal involvement; ten con
tained epithelioid-cell granulomas. MacSerraigh et al. (1978) investigated
90 patients with sarcoidosis and found evidence of impaired renal function
in nine; epithelioid granulomas were seen in five of eight submitted to renal
biopsy.
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The earliest reference to renal changes at necropsy appears to have been
by Schaumann (1933) in a man who died at the age of 45 after having
suffered from sarcoidosis involving skin, eyes and lungs for 16 years; the
capsule of the right kidney was infiltrated with granulomas and adherent to
the liver, but the kidney itself was not affected. Ricker and Clark (1949)
found granulomas in the kidneys in four of 22, and Longcope and Freiman
(1952) in four of 23 necropsies in cases of generalized sarcoidosis. In a
review of 117 published necropsy reports, Branson and Park (1954) found
that granulomas in the kidneys were mentioned in eight (6.8%).

Only a few cases in which symptoms could be attributed to granuloma
tous changes in the kidneys, uncomplicated by hypercalcaemic or other
forms of nephropathy, have been reported. Some of these occurred in
patients already known to have sarcoidosis in whom renal biopsies were
performed either because routine investigations had shown proteinuria or
raised blood urea or creatinine, or because of symptoms related to renal
failure or to hypertension. In such cases, corricosteroid treatment has gener
ally led to improvernent both c1inically and biochemically, and renal biop
sies when repeated after treatment have usually, but not always, shown
disappearance of granulomas with variable persistence of hyalinized rern
nants, and sometimes with persistent non-granulomatous glomerular and
interstitial changes.

Berger and Relman (1955) described the case of a black man aged 37 who had
sarcoidosis involving skin, lymph-nodes, lungs and conjunctiva. Heavy pro
teinuria led to open renal biopsy, which showed many epithelioid and giant
cell granulomas, with some thickening of glomerular basement membranes
and minor changes in proximal convoluted tubules. Treatment with cortisone
led to improvement in the clinical signs of sarcoidosis and diminution in
proteinuria, but a second renal biopsy showed no change.

Ogilvie et al. (1964) reported the case of a man, aged 27, with fever,
generalized lymphadenopathy showing the histology of sarcoidosis on biopsy,
and uveitis. A trace of proteinuria and some granular casts were found in the
urine, and renal biopsy showed many small granulomas, without changes in
glomeruli or tubules. Treatment with prednisolone was followed by improve
ment; in biopsies one and two years later, no granulomas were seen, but there
were increasing numbers of hyalinized glomeruli.

The patient whose case was reported by Coburn et al. (1967) was a 19 year
old black man with extensive sarcoidosis, involving hilar and peripheral
lymph-nodes, lungs and nasal mucosa, biopsy of the latter and of liver
showing sarcoid granulomas. Initially, a trace of protein and many granular
casts were found in the urine. Treatment with prednisone was followed by
disappearance of these, and return to normal of slightly diminished creatinine
clearance. On withdrawal of prednisone, renal function deteriorated and pro
teinuria, 2.8 g/day reappeared. Intravenous pyelography showed enlarged
kidneys. Renal biopsy showed extensive granulomatous changes. Reinstitu
tion of prednisone treatment led to improvement in renal function; biopsies 14
weeks and seven months later showed patchy but in piaces confluent areas of
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hyaline fibrosis involving glomeruli and some interstitial fibrosis, but no
granulomas.

In the case reported byTurner et al. (1977), the diagnosis of sarcoidosis was
made in the investigation of hypertension. An albino black girl in her 14th
year developed headaches, dizziness and scotoma, and later severe epistaxis,
and was found to be severely hypertensive, with nitrogen retention, slight
proteinuria, left ventricular enlargement and pericardial effusion . Needle
biopsy of the enlarged liver showed non-caseating granulomas. Lowering of
the blood press ure was followed by fall in blood urea and creatinine levels.
Needle biopsy of the kidney showed infiltration by granulomas and more
diffusely by epithelioid cells and lymphocytes with some interstitial fibrosis;
glomeruli and vessels appeared normal, and no evidence of deposition of
immunoglobulins or C3 was found . Treatment with prednisone was cornpli
cated by hypertension, but eventually a stable state on moderate dosage was
attained, with controlled renal failure and mild hypertension. Repeat renal
biopsies first showed disappearance of the granulomas; during relapse on
reduction of prednisone dosage, there were extensive granulomatous intersti
tial changes, with involvement of small arteries and necrotizing changes in a
medium-sized artery, and C3 but no immunoglobulin in some scarred glorner
uli.

In a few cases, granulomatous infiltration of the kidneys has led to a clinical
picture of nephrogenic diabetes insipidus, responding to corticosteroid treat
ment . Panitz and Shinaberger (1965) reported the case of a black man aged 25
with BHL, who had polyuria and polydipsia resistant to pitressin and with
normal serum and urinary calcium levels, and was found by biopsy to have
granulomas in the kidney; prednisolone treatment controlled the symptoms.
Bourke and Barniville (1973) described the case of a 21 year old man with
polydipsia and polyuria. He was found to have a daily urine output of 4-5
litres, but reduced by fluid deprivation, with a SG of 1007, not significantly
increased by pitressin; raised blood urea and reduced creatinine clearance;
normal serum calcium and phosphate levels and urinary calcium output;
bilateral iridocyclitis; and bilateral hilar lymphadenopathy. Lymph-node
biopsy showed non-casearing granulomas. Renal biopsy showed many granu
lomas throughout the cortex, with normal glomeruli and some displacement
and atrophy of tubules near the granulomas. Treatment with prednisone led to
normal urine volumes, and regression of the iridocyclitis and the BHL. A
second renal biopsy one month after the end of nine rnonths' treatment with
prednisone showed a few areas of increased fibrous tissue or inflammatory
cell infiltrations, one hyalinized glomerulus, but nine others appearing normal.

In a few cases, patients have first sought advice for symptoms attributable to
renal failure, the diagnosis of sarcoidosis being first suggested by renal biopsy,
with subsequent discovery of involvement of other organs.

King et al. (1976) recorded the case of a woman aged 51 who had been
treated for three years with a diuretic for hypertension, and for four months had
been losing weight, with anorexia, nausea and lethargy. She was found to be
normotensive, with a hypochromic anaemia, proteinuria without cells or
casts, normal calcium and raised creatinine levels in the blood. Renal biopsy
showed many non-caseating granulomas, with scattered infiltration of lym
phocytes, histiocytes and a few plasma cells in the interstitium, with some
fibrosis and consequent rubular atrophy, but no important glomerular
changes. Treatment with prednisone led to rapid clinical and biochemical im-
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provement, with relapse on discontinuance. A second biopsy du ring this
relapse showed similar changes with increase in fibrosis and a number of
sclerosed glomeruli. Reinstitution of prednisone and continuation of a small
dose was followed by maintained improvement. At the time of relapse, search
for other evidences of sarcoidosis led to biopsy of liver, which was normal,
and of mediastinallymph-nodes, which contained granulomas.

Vanhille et al. (1977) investigated a man aged 34 who was found to have
proteinuria and uraemia after a shorr history of general ill-health and
nocturia. Chest radiography showed widespread reticulo-nodular shadows
without hilar node enlargement. Renal biopsy showed non-caseating epirhe
lioid and giant-cell granulomas. This led to biopsy of liver and of prescalene
lymph-nodes, both of which showed similar granulomas. Treatment with
prednisone was followed bydiminution in proteinuria and in blood urea and
creatinine levels and regression of the lung shadows.

Cases 1 and 2 of Wambergne et a/. (1978), both in men, presenting similarly
wirh renal insufficiency. In Case 1, there had been episodes of iridocyclitis and
rheumatism in the past, and the liver, spleen and inguinallymph-nodes were
enlarged. Renal biopsy showed epithelioid and giant-cell granulomas on a
background of interstitial nephritis; biopsies of gum and liver showed similar
granulomas. Corricosteroid treatment led to disappearance of the
hepatosplenomegaly, the inguinal node enlargement and the iridocyclitis and
improvement in blood urea and creatinine levels and in creatinine clearance.
Repeat biopsy showed persistent chronic interstitial changes but no granulo
mas. In Case 2, widespread reticulo-nodular shadows in the ehest radiograph
and granulomatous changes in liver and scalene lymph-node biopsies were
found during investigation of renal insufficiency: renal biopsy showed epirhe
lioid and giant-cell granulomas and interstitial inflammation. Corricosteroid
rreatrnent led to improvement in renal function and clearing of the lung
shadows, but had to be discontinued because of necrosis of the femoral head .

The youngest patient with sarcoid infiltration of the kidney and impaired
renal function appears to be a girl aged four and a half years, reporred by
Toomey and Bautista (1970). She also had hypercalcaemia, and is mentioned
below (p. 396).

A presumptive diagnosis of renal sarcoidosis is justified in a few cases in
which characteristic granulomatous changes are found in the kidney and
corticosteroid treatment leads to improvement, but attempts to discover
evidence of granulomatous changes elsewhere are unsuccessful. In such
cases a granulomatous response to a Kveim test would be useful supporting
evidence; and diagnostic categorization should be provisional, and open to
revision if indicated by subsequent findings.

The case reporred by Bolton et al. (1976) can be accepted in this way. A 46
year old woman with a six rnonth history of anorexia, nausea and tiredness
was found to have much reduced renal function . Renal biopsy showed many
non-caseating granulomas and some large multinucleated cells, some moder
ately shrunken tufts and increase in mesangial matrix in glomeruli, and
cellular infiltration and fibrosis in the interstitium. No other site of granulo
matous disease was identified clinically or radiologically, or in biopsies of
scalene lymph-node and bone-marrow. Dramatic improvement followed pre
disone treatment, creatinine clearance rising from 4-62 ml min-'.



394 Sarcoidosis

Distortion of the renal outline or of the calices by sarcoid granulomatousis
may lead to pyelographic appearances suggesting renal tumours, tuberculo
sis or polycystic disease.

Leng-Levy et al. (1965) reported the case of a woman aged 56 who had a
transient facial palsy and parotid gland enlargernenr, followed by loss of
weight and anorexia. She was found to have generalized enlargement of
superficiallymph-nodes, biopsy of one showing sarcoid-type granulomas;
proteinuria and raised blood urea; and normal calcium levels. Intravenous
pyelography showed distortion of calyceal pattern and irregular outline of the
left kidney suggesting neoplasm. Open biopsy showed interstitial nephritis
with many epithelioid and gianr-cell granulomas. Treatment with prednisone
led to improvement with lowering of blood urea towards normal.

Cuedon et al. (1967) reported the case of a woman who after two episodes
of [eh renal colic, rhe second with haematuria, had an intravenous pyelog
raphy wh ich suggested polycystic disease. Surgical exploration showed a large
kidney and enlarged para-aortic lymph-nodes. The kidney was removed.
There were isolated and confluent greyish-white nodules with reddish centres
thoughout its substance; histologically these were composed of epithelioid and
giant-cell tubercles without caseation. Although no tubercle bacilli were
found, treatment with isoniazid and para-aminosalicylic acid was given. Four
years later, when the patient was aged 36, right renal colic led to further
investigation. There was slight proteinuria and moderate elevation of blood
urea; bilateral micronodular shadows in the ehest radiograph; and evidence of
old iridocyclitis. In a Mantoux test, the skin reacted to 50 IU but not to 10 IU.
Calcium levels were normal. On a revised diagnosis of sarcoidosis, corticoster
oid treatment was given, and led to immediate disappearance of lung
shadows; no information about long-term follow-up was given.

Granulomatous changes in arterial walls, mentioned incidentally in some
reports - e.g. by Turner et al. (1977) in a case summarized above - may be
prominent, and tend to be associated with hypertension.

Rosenthai (1949) described a case in which granulomatous changes in
vessel walls in the kidneys were the principal cause of renal failure and
hypertension. A black man, aged 22, had been iIl for two years with wide
spread Iymphadenopathy, conjunctival and ocular changes, BHL and lung
mottling, and a negative tuberculin test, and died with hypertension and renal
failure. Severallymph-node biopsies had shown sarcoid granulomas, one with
invasion and occlusion of a medium-sized blood vessel. At necropsy, sarcoid
granulomas were found in lungs, kidneys, liver, lymph-nodes, brain and
meninges; in the kidneys, granulomatous panarteritis had caused ischaemic
infarcts.

Botteher (1959) reported the necropsy findings in a woman who died at the
age of 58 after an eight year illness with asthma, arthritis, abdominal pain,
hypertension and terminal uraemia. There was widespread granulomatous
infiltration of lungs, heart, kidneys, with involvement of large blood-vessels,
including those in the mesentery; giant cells contained many Schaumann and
asteroid inclusions.

In sorne reported cases presenting initially with reno-vascular disease and
with both granulomas and non-granulornarous changes in the kidneys, it
seems possible or even probable that sarcoidosis and reno -vascular disease
were pathogenetically unrelated. Rutishauser and Rywlin (1950) described the
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necropsy findings in the case of a woman, who died at the age of 49 of a
cerebral haernorrhage, having been observed to have a blood pressure of
270 /150, hypertensive retinopathy and a blood urea of 125 mg dr '. The
kidneys were small and scarred and showed both sarcoid granulomas in all
stages of evolution and hyalinization and capsular adhesions in the glomeruli;
sparse sarcoid granulomas, many hyalinized, were found in liver, spleen,
Iymph-nodes and tonsils . In this case it seems likely that an unrelated glomer-
ulonephritis was concurrent with sarcoidosis; possibly the damaged kidneys
were unusually liable to sarcoid infiltration, just as scars in the skin are known
to be.

Falls et al. (1972) reported the case of a black man who was found to be
hypertensive at the age of 46 at the time of an operation for duodenal ulcer.
No evidence of other disease was found at thar time. Three years later, he was
investigated for weight loss and nocturia of six months' duration. He was
found to have a blood pressure of 160/100, BHL and pulmonary mottling,
chronic anterior uveitis, slight proteinuria, impaired renal c1earances, normal
calcium levels, negative tuberculin test, and non-caseating granulomas in
bronchial and scalene node biopsies. Needle biopsy of the kidney showed
interstitial mononuclear cell infiltration with considerable fibrosis and some
atrophie changes in tubules; no granulomas were seen, Prednisone, initially
40 mg daily, led to rapid clearing of lung shadows and of uveitis and improve
ment in renal function . On reduction to 7.5 mg, there was deterioration. Open
renal biop sy ar this stage showed several epithelioid cell granulomas; there
was hyperplasia of the media and reduplication of the internal elastica of some
arterioles and small arteries; glomeruli showed only mild hypercellularity, and
increa se in mesangial PAS-positive material. Increase in prednisone dosage
once again led to improvement.

NON-GRANULOMATOUS NEPHROPATHY

Hypercalcaemic nephropathy

The hypercalcaemia that occurs in some patients with sarcoidosis, and is
discussed below, like hypercalcaemia of other causes, may lead to impaired
renal function, and is probably the most frequent cause of renal failure in
sarcoidosis.

Among the earliest reports of renal failure due to the hypercalcaemia of
sarcoidosis are those of Schüpbach and Wernly (1943, Case 1), Klinefelter
and Salley (1946), Howard et al. (1949), Markoff (1951), Longcope and
Freiman (195 2 ), Dent et al. (1953 ) and Citron (1954 , 1955). The clinical
picture is characterized by polydipsia and polyuria, the specific gravity of
the urine being low and fixed. In the earlier stage, the blood pressure
remains normal, and the blood urea is usually slightly to moderately raised.
At this stage, the renal function will improve if the calcium levels return to
normal, either spontaneously or in response to treatment. Insoluble calcium
salts tend to be deposited, especially in and around collecting ducts and
distal tubules, but may be seen in proximal tubules, glomeruli and blood
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vessels. Degenerative changes in tubules and glomeruli and fibrosis round
calcium deposits may be irreversible; this damage may prove progressive
even though calcium levels return to normal, leading to renal failure and
hypertension. In some patients, calcium deposits become large enough to be
detectable in plain radiographs as small dense flecks within the renal out
lines; the appearances have been described by Davidson et al. (1954).

The relationship between impairrnent of renal function and hypercal
caemia was elearly demonstrated by Löfgren et al. (1957). They carried out
biochemical studies and renal biopsy in 16 parients with pulmonary sar
coidosis. Among six in whom at so me time a serum calcium higher than
12.0 mg dl- I was recorded, there was impairrnent of renal elearance
of p-aminohippuric acid, and to a less extent of creatinine and inulin, and in
three a raised blood non-prorein nitrogen, without significam symptoms or
hypertension; the renal biopsies showed hyalinization of Bowman's capsule,
scattered calcium deposits in tubules and in interstitial connective tissue,
and in three sarcoid granulomas in the interstitial tissue. Among the ten
with lower serum calcium levels, so me had minor depression of the renal
elearances, minor histological changes only were found in the renal biopsies,
only one showing a few small sarcoid granulomas, and none calcium
deposits. MacSerraigh et al. (1978) in their study of renal function in 90
patients with sarcoidosis found a elose correlation between hypercalcaemia,
nephrocalcinosis and creatinine elearance. Renal biopsies were performed in
eight of nine with impaired function: granulomas were found in four and
nephrocalcinosis in five, both being found in one. The remaining patient
with impaired function had hypercalcaemia and died with end-stage renal
disease and hypertension: at necropsy, the kidneys showed nephrocalcinosis
but no granulomas. In Ramer's (1980a) series of 42 patienrs with sarcoidosis
referred for special study, 16 were found to have both abnormal calcium
levels and renal failure, three renal failure without calcium abnormality, and
three calcium abnormality without renal failure.

In patients with sarcoidosis and impaired renal function, the concurrence of
hypercalcaemia with the finding of granulomas in renal biopsy material is
evidently not infrequent. Both may be expected to respond to corticosteroid
treatrnent. For instance, Toomey and Bautista (1970) reported the case of a
white girl aged four and a half years who presented with an extensive rash,
swollen joints, band keraropathy and synechiae in both eyes, hepatomegaly,
proteinuria and granular casts and hypercalcaemia. Biopsies of skin, synovial
membrane and kidney all showed granulomas. Corticosteroid treatrnent led to
relief of symptoms and signs; renal biopsy three months later showed no
granulomas, but some periglomerular and interstitial fibrosis.

Similarly, the effects of hypercalcaemia and granulomas may be found
together in rhe kidneys at necropsy; e.g. in cases reported by Horton et ai.
(1939), Longcope and Freiman (1952, Case 14) and Scholz and Keating
(1956, Case 3).ln rhe latter two cases, there was evidence also of pyelonephri
tic scarring. In long-standing cases, the effects of nephrocalcinosis, renal
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calculi, granulomatous infiltration of the kidneys and secondary reno-vascular
hypertension may be inextricable. Sorger and Ta ylor (1961 ) reported the
necropsy findings in a man who died ar the age of 49, after an illness starting
14 years earlier with left renal pain and the finding of hydronephrosis. Over
the following years, he was found to have a pulmonary infiltration, lyrnphade
noparhy with sarcoid histology on biopsy, splenomegaly, hypercalcaernia,
proteinuria and calculus in the left kidney. In spite of initial response to
prednisone, he died of renal failure with severe hypertension ; at necropsy
there was widespread sarcoidosis, mostly hyalinized, in lyrnph-nodes, lungs,
liver, spleen, bone-rnarrow and kidneys, with severe destruction of renal
parenchyma. Ir is unlikely that there is any direct relationship between the
presence of sarcoid granulomas and of calcium deposits in the kidneys;
probably they are associated because hypercalcaemia is more frequent in cases
of sarcoidosis with extensive multiple organ involvement. The finding of
changes interpreted as chronic pyelonephritis with those of nephrocalcinosis
in so me necropsy reports, and also in renal biopsies in hypercalcaemic sar
coidosis (e.g. by Dent et al., 1953) raises the questions wherher this pattern is
necessarily related to infection, and, if so, whether hypercalcaemia predisposes
to ascending infection in the kidney. These questions are outside the scope of
this discussion.

Renal calculi
These may develop in patients with hypercalcaemic sarcoidosis.

Van Creveld (1941) described the case of a girl, aged 12, with salivary gland
enlargement, splenomegaly, hilar node and lung changes, negative tuberculin
test and hyperglobulinaemia, the diagnosis of sarcoidosis being supported by
an axillary lyrnph-node biopsy: she had slight proteinuria and cylindruria and
reduced urea clearance; the serum calcium was elevated, being estimated as
15.6 and 15.0 mg on two occasions; and a calculus developed in the pelvis of
the right kidney and was successfully removed. He mentioned briefly several
other patients with sarcoidosis and hypercalcaemia, one of whom had
bilateral renal calculi. Albright and Reifenstein (1948) in a discussion of
hyperparathyroidism referred to the diagnostic difficulties in the case of a
young woman with recurrent renal calculi and hypercalcaemia; exploration of
the parathyroids showed only normal glands, but she had miliary shadows in
the lungs and splenomegaly and evidently was suffering from sarcoidosis. Two
of the seven cases of nephrocalcinosis in sarcoidosis reported by Davidson et
al, (1954), and five of the eight of renal insufficiency in sarcoidosis reported by
Scholz and Keating (1956) had evident renal calculi.

In a patient under the ca re of one of us (jGS), recurrent attacks of renal colic
were a leading feature. A man aged 30 had sarcoidosis involving lung, hilar
nodes and spleen, with bilateral uveitis and granulomas in a liver biopsy.
Serum calcium levels ranged from 12.0-14.0 mg dr ' and daily urinary
calcium excretion from 300-500 mg. Corticosteroid treatment led to reduc-
tion in calcium levels, and cessation of the attacks of renal colic. Two years
later, after sun-bathing, he developed headache, nausea, anorexia, excessive
thirst and left-sided abdominal pain. Serum calcium was again raised, and
calculi were found radiologically in both kidneys. In spite of corticosteroid
treatment, left renal colic recurred, and required treatment by uretero
lithotomy.
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The reported frequency of rena l calculi in large series of patients wirh
sarcoidosis varies greatly. Among the 160 cases of sarcoidosis reviewed by
Longcope and Freiman (1952) , five were found to have renal calculi, the
seru m calcium being known to have been raised in all but one. Lebacq et al.
(1970) found evidence of calculi in as many as 21 (14%) of 152 patients. On
the other hand Murphy and Schirmer (1961 ) found calculi in four (1.3% ) of
306 cases, a proportion no gre ater than the y thought was to be expected in a
general population.

Non-granulornatous, non-hypercalcaernic nephropathy

Non-granulornatous nephropathy of a wide variety of histological patterns
and modes of presentation ha s been reported in patients with sarcoidosis.
The inconstancy of the clinico-pathological patterns makes generalization
about them difficult, and much of the available information can be pre
sented only as individual case-reports.

In a number of reported cases, a nephrotic syndrome or symptomless
proteinuria has been associ at ed with concurrent or recent BHL, in so me
with erythema nodosum or febrile arthropathy (Etienne-M artin et al., 1962 ;
McCoy and Tisher, 1972 , Cases 3 and 4 ; Salomon et al., 1975 ; Briner and
Gartmann, 19 78 ; Lee and Michael, 1978; M ariani et al., 19 78; Taylor et
al.,1982, Case 3) , and renal biopsies ha ve shown various non
granulomatous changes. In six of these cases, membranous glomerulopathy
was found; in two, that of Briner and Gartmann and Case 3 of McCoy and
Tisher, proliferative glomerulonephritis; and in one, that of Lee and
Michael focal glomerular sclerosis. Of the nine cases, all but one were in
men. Prognosis, to judge from the limited information given in the reports,
appears to be that expected for the renal dise ase. In all those treated with
corticosteroids, sarcoid changes in lungs, lyrnph-nodes and elsewhere
showed the expected favourable response, even though in some th e response
of the renal changes was un satisfactory.

In Cases 1 and 2 of Taylor et al. (1982), both in young men, the diagnosis of
glomerulonephritis preceded that of sarcoidosis by five years and two years.

Selroos and Kuhlbäck (1972) noted transient proteinuria in patients with
erythema nodosum and arthropathy in the early acute stage of sarcoidosis.
They referred briefly to a young man with this syndrome in whom because
renal function was slightly impaired a renal biopsy was performed and
showed interstitial infiltration with mononuclear cells and a few granulocytes
without changes in glomeruli, tubules or vessels. Prednisone treatment led to
return of normal renal function, which was maintained when it was stopped.

Other reported cases in which non-granulom atous renal changes were
found early in the course of sarcoidosis include those of Toomey and Bauti sta
(1970, Case 1) and of Palestro (1975). In the first of these, a girl aged 14 with
very extensive sarcoidosis involving Iymph-nodes, lungs, eyes and bones of the
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skull was found to have membranous glomerulopathy; she also had hypercal-
caemia and calcification of renal tubular epithelial cells. Palestro's patient was
a man aged 18, who presented clinically with glomerulonephritis, and was
found to have an abnormal ehest X-ra y and sarcoid granulomas in a liver
biopsy; renal biopsy showed prominent epithelial crescents and hyalinization
of some glomeruli, and a few sarcoid granulomas. Renal function deteriorated
so that dialysis wa s instituted one year later.

In many of the reported cases in which renal disease developed lare in the
course of sarcoidosis, factors such as hypercalcaemia, hypertension preced
ing the overt evidence of renal disease, and terminal cor pulmonale compli
cate the picture.

Teilum (195 1) reported the case of a woman who died at the age of 49 of cor
pulmonale due to long-standing sarcoidosis, and at necropsy was found to
have widespread sarcoidosis with much hyalinization, and in the kidneys
hyaline deposits in glomerular tufts and in some arterioles, but no granulomas
or other vascular changes. He drew attention to the similarity of these lesions
to those seen in some cases of systemic lupus erythematosus (SLE) and
suggested that they were related to immunological hyper-activity and hyper
globulinaemia. Correa (1954) reported the case of a woman who died five
years after the onset of sarcoidosis involving skin, lungs and lymph-nodes, and
one year after the appearance of respiratory insufficiency with oedema and
proteinuria leading to renal failure . A raised serum calcium was noted, and she
had received dihydrotachysterol for a time early in her illness. At necropsy,
there was extensive hyalinizing sarcoidosis in spleen, lymph-nodes, lung and
pleura, myocardium, salivary glands, skin, liver, stomach and colon, thyroid
and meninges. In the kidneys, there were no granulomas, but widespread
glomerular changes, with adhe sions between capillary loop s and capsule,
crescent formation and polymorph infiltration; there was also some calcinosis
in renal tubules. In Cases 1 and 2 of McCoy and Tisher (1972 ) proteinuria
was found 18 and 13 years after diagnosis of sarcoidosis; both were fatal, one
from respiratory failure and the other apparently from renal failure , six and
11 years after the first sign of renal disease; in both, the kidneys showed the
histological pattern of proliferative glomerulonephritis; Case 1 was compli
cated by nephrolithiasis followed by hypertension earl y in the course, and by
the finding of focal calcium deposits in the renal medulla at necropsy. Cases 5
and 6 of McCoy and Tisher were both found to have chronic glomer
ulonephritis with severe vascular changes at necropsy, but the picture was
complicated by severe hypertension in both, and by diabetes mellitus and
terminal staphylococcal septicaemia in one and by hypercalcaemia in the
other.

Waldek et al. (1978) reported the case of a woman who at the age of 43
developed tiredness, weight loss, anorexia and pains in the joints, and was
found to be anaemic with mild proteinuria and creatinine clearance reduced to
3 ml min' ' . Eighteen years earlier, she had been found to have pulmonary
sarcoidosis by lung biops y, and had been treated with costicosteroids. Renal
biop sy showed mesangioproliferative glornerulonephritis; no calcification was
seen and seru m calcium was norm al. Liver biopsy showed granulomas persist
ing 18 years after the original diagnosis. Treatment with prednisolone led to
improvernent in renal function, In the case reported by Ta ylor et al. (1979 ) the
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renal changes developed during 'rnaintenance' corticosteroid treatrnent for
pulmonary sarcoidosis in a man aged 57 who developed oedema, heavy
proteinuria and diminished creatinine c1earance five years after the diagnosis
of pulmonary sarcoidosis by lung biops y; renal biop sy showed membranous
glomerulopathy with epithelial crescents .

It is certain that during the often prolonged course of sarcoidosis, an
unrelated glomerulonephritis must occur in a few cases. But the prominence
of complex immunological factors both in sarcoidosis and in the several
kinds of glomerulonephritis suggests that in at least some cases some corn
mon factor of this sort underlies the association. As noted above, Teilum
(1951) described hyaline deposits in glomeruli and in renal vessels in sar
coidosis, and suggested an analogy with the renal changes in SLE. McCoy
and Tisher (1972) found them in four of their six patients, and MacSerraigh
et al. (1978) in six of eight renal biopsies in patients with sarcoidosis and
impaired renal function; and Salornon et al. (1975), Lee and Michael (1978)
and Taylor et al. (1979) also cornmented on the resemblance of changes in
the kidneys in some cases of sarcoidosis to those of SLE, wh ich are associ
ated with immune-complexes. Since it is in the early stages of sarcoidosis,
especially those with erythema nodosum that immune-complexes may be
demonstrable (Chapter 20), it seems likely that if they are involved in renal
changes in sarcoidosis it would be principally in those occurring early in its
course. In a comparison of the reported histology of glomerulonephritis
associated with sarcoidosis in 33 published cases with two large control
groups from nephrology units, Taylor et al. (1982) found an excess of the
membranous pattern; among those patients who presented with a nephrotic
syndrome, this excess , 60 % of those with sarcoidosis and 12% in a control
series, was highly significant. This suggested that the pattern of renal change
was affected by some factor, presumably immunological, common to the
sarcoidosis patients. Until the parhogenetic factors concerned are more
completely known both for sarcoidosis and for glomerulonephritis, so that
they can be identified in individual cases, the question of the relationship of
non-granulomatous, non-hypercalcaemic renal changes to sarcoidosis in
the few cases in which they occur must usually be left open.

Renal changes: summary

Hypercalcaemic nephropathy has been found to be the most frequent cause
of impaired renal function in sarcoidosis both in unselected series of cases
(Löfgren et al., 195 7; Lebacq et al., 1970; MacSerraigh et al., 1978), and in
cases referred for special study to nephrological clinics (Bear et al., 1979),
and to medical clinics (Re rner et al., 1980a). The frequency of granuloma
tous infiltration of the kidneys is unknown, but it certainly occurs without
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causing sympto ms or signs; very rarely it may cause impairment of function
and symptoms. In such cases, it is Iikely that not onl y the profusion of the
granulomas, but also their location in relation to structural elements in the
kidney and their variable association with non-granulomatous changes,
glomerular, tubular and interstitial, are concerned in determining the pat-
tern of functional impairment. The occasional association of non
granulomatous renal changes with sarcoidosis raises questions which can-
not in the existing state of knowledge be answered about possible
pathogenetic relationships; the infrequency of this association makes it
Iikely that any such relationship is an indirect one.

Both the frequent association of hypercalcaemic nephropathy with granu
lomas in the kidneys, and some reported cases of sarcoid infiltration of the
kidney in which it seems likely that there was pre-existing reno-vascular
disease, raise the question whether in the kidney there may be the tendency
seen elsewhere for granulomas to develop in scar tissue.

In many reported series, there is an excess of males, both for hypercal
caemia and for renal impairment, and a survey of reported individual cases
is concordant with this.

Favourable response to corticosteroid treatment can be expected if renal
function is impaired by hypercalcaemia or by granulomatous infiltration,
provided irreversible damage is not already present, but, as wirh other
manifestations of sarcoidosis, it must be continued throughout the unpre
dictable duration of the active phase of the disease process. With other
forms of renal involvement response is variable, and in most reported cases
in which the histological pattern has been studied has been in accordance
with expectation from this.

CALCIUM METABOLISM:
HYPERCALCAEMIA AND HYPERCALCIURIA

The disturbance of calcium metabolism which occurs in some patients with
sarcoidosis is characterized by hypercalciuria and hypercalcaemia. The high
calcium level in the blood is accompanied by normal or slightly raised
inorganic phosphorus levels. The alkaline phosphatase is generally normal,
but may be slightly elevated; when elevated, it may be of liver origin, and its
level cannot be correlated with that of calcium. Calcium excretion in the
faeces is generally low. In most cases, the disorder of calcium metabolism is
of limited, but possibly prolonged, duration, often with short-term varia
tions in severity; and apart from a general association with widespread
sarcoidosis, its occurrence cannot be correlated with that of other manifes
tations of sarcoidosis.
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Frequency

Reports of the proportions of patients so affected vary greatly. The number
with symptoms evidentl y attributable to hypercalcaemia is agreed to be low;
e.g. five (1.8 %) of 275 followed for periods up to 20 years by one of us
(JGS). Estimates of the proportion with abnormal biochemical values de
pend upon the number of estimations and the period of observation for each
patient, as weil as the range of values accepted as 'normal'. In serial studies
of 11 patients, HarreIl and Fisher (1939) found that the calcium level was
above 11 mg dl- I at some time in six, the highest figure recorded being
14.8 mg. Longcope and Freiman (1952) reported that of 23 patients at the
Johns Hopkins Hospital, six showed values above 11 mg and of 21 at the
Massachusetts General Hospital, five showed values above 12 mg dl- 1

•

Mather (1957) reported a much lower prevalence of raised serum calcium
levels among 86 untreated patients with sarcoidosis in London; four of
them showed levels above ·11 mg dr ', and of these, one had evidence
of nephropathy. In Finland, Putkonen et al. (1965a) found that 207 serum
sampies from 60 patients with sarcoidosis gave a mean calcium level of
9.95 mg dr ', compared with 9.81 mg for 100 from control subjects;
only two specimens from sarcoidosis patients gave values above 11.0 mg
and both of these gave lower values in subsequent tests. However, some
sarcoidosis patients showed high urinary calcium excretion; three out of 39
repeatedly excreted more than 420 mg daily, the highest daily excretion
found among 51 control subjects being 324 mg. One of us (JGS) found that
among 62 patients newly investigated in London with a final diagnosis of
sarcoidosis, none had symptoms or signs attributable to hypercalcaemia,
and serum calcium estimated routinely varied from 8.6-11.6 mg &:-1,
exceeding 11 mg in six. Goldstein et al. (1971) reviewed published studies
of hypercalcaemia in sarcoidosis. Among those defining hypercalcaemia as a
level above 11 mg dl- 1 and including more than 50 patients, the pro
portion with hypercalcaemia ranged from 3.8-35.4% . Among 243 patients
in Philadelphia whose records they surveyed retrospectively, it was only
2.9% . Of 137 patients whom they studied prospectively, only two had
levels above 11 mg dr ' which persisted, though nine more had single
measurements at this level. Lebacq et al. (1970) found that a rather higher
proportion, 17 (11%) of 152 patients had at least one measurement of
serum calcium above this level.

Most observers have found that hypercalciuria is more frequent than
hypercalcaemia, but there are equally wide differences in estimates of its
frequency . Since calcium excretion varies with dietary intake, there are
variations between individuals on uncontrolled intakes. Goldstein et al.
(1974a) studi ed 18 patients with active sarcoidosis and normal serum cal
cium levels on four levels of calcium intake ranging up to 5120 mg/day; the
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ur inary calc ium outputs varied with intake from 75-207 mg daily, and were
not significantly different from those found in 12 control subjects, At the
other end of the scale, Lebacq et al. (1970) found that hypercalciuria, which
they defined as an excretion of more than 200 mg daily on an intake of 400
mg, occurred in 36 (62 %) of 38 patients with sarcoidosis and in 7.5 % of
normal subjects.

Reiner et al. (1976) found that very few patients with sarcoidosis had
hypercalcaemia, but hyp ercalciuria was more frequent, and abnormalities
of calcium metabolism were demonstrable in balance studies in more than
half those studied. Of 66 patients seen consecutively in a ehest c1inic during
aperiod of ten years, only one was hypercalcaemic. Of 13 with untreated
sarcoidosis, all normocaicaemic, five excreted more than 300 mg of cal
cium in the urine daily.

Since those patients with sarcoidosis who are liable to hypercalcaemia are
very sensitive to vitamin D, small amounts of which can cause elevation of
serum calcium levels (see below), local customs in relation to self
medication with vitamin preparations may have an important effect on the
observed prevalence of high serum calcium levels. Similarly, it has been
shown that exposure to sunlight raises calcium levels in patients with
sarcoidosis. Taylor et al. (1963) found that among 345 such patients in
North Carolina, the mean level during the winter months was 9.89 mg and
during the summer months 10 .26 mg dr', whereas among 12 027
controls the levels in winter and in summer did not differ significantly.
Among their sarcoid patients, levels above 11 mg dl - I were observed
in 28.6% in summer and 10.6% in winter. Goldstein et al (1971) in
Philadelphia and Putkonen et al. (1965a) in Finland found no evidence of
higher mean values among sarcoidosis patients in summer; possibly greater
exposure to sun in North Carolina than in the urban environment of
Philadelphia or the northerly latitude of Finland accounts for this difference.
Another factor that must be expected to affect the proportion of patients
with abnormal calcium levels in any series is the number receiving corti
costeroid treatment, since this tends, even in small doses, to correct abnor
mal levels in sarcoidosis.

The cause of hypercalcaemia and hypercalciuria in sarcoidosis

Several factors that ha ve been considered to account for the high levels of
calcium in the blood and urine of some patients with sarcoidosis can be
excluded. The possibility that they are due to mobilization of calcium from
the bones by widespread sarcoid involvement is controverted by the com
plete lack of association between radiologically evident bone changes and
hypercalcaemia, the combination of low faecal and high urinary calc ium
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excretion, the normal phosphatäse level, and the observation that the serum
calcium falls if the dietary intake of calcium is lowered. Mather (1957)
found that among 120 sarcoid patients, nine showed bone changes in
routine radiographs of the hands and feet; none of these nine had disturbed
calcium metabolism. Radiologically evident bone lesions do not appear to
have been noted with any greater frequency among recorded cases of
sarcoidosis with hypercalcaemia than would be expected by chance. Of the
five parients in the series of 275 reviewed by one of us UGS) who showed
symptoms and signs of hypercalcaemia, none had radiological evidence of
bone sarcoid lesions. Moreover, a similar abnormality of calcium meta
bolism occurs in chronic beryllium disease, of which bone changes are not a
feature (Tepper et al. 1961).

The increased level of calcium in the blood cannot be accounted for by
protein binding. When the plasma proteins are high in sarcoidosis, it is the
globulins that are increased, and of that part of the serum calcium which is
protein-bound, the greater proportion is bound to albumin (Gutman and
Gutman, 1937); increased binding of calcium to protein could not account
for hypercalciuria; and hyperglobulinaemia and hypercalcaemia cannot be
correlated (HarreIl and Fisher, 1939; Longcope and Freiman, 1952).
Moreover, Hahnemann et al. (1967) ·found that in repeated estimates ion
ized calcium was elevated more frequently than total calcium in the blood
of seven patients with sarcoidosis. Similarly, Goldstein et al. (1971)
studied 137 patients, of whom only four had persistent elevations of serum
calcium above 11 mg dt l

, and found that the mean level of ultra
filtrable calcium was slightly higher in the 93 in whom it was measured than
in control subjects.

Both indirect evidence (Transbal and Halver, 1967; Hornum and
Transbel. 1976; Reiner et al., 1976) and measurement of parathyroid
hormone (PTH) in the blood (Cushard et al., 1972; Labacq et al., 1977;
Handslip et al., 1980) show that abnormal function of the parathyroid
glands cannot account for high calcium levels in sarcoidosis. Cushard et al.
(1972) found that PTH levels were unmeasurably low in 19 of 26 sarcoido
sis patients, of whom six were hypercalcaemic. In two patients with high
PTH levels parathyroid adenomas were found and removed surgically.
Other observers have found low or normal levels of PTH in hypercalcaemic
sarcoidosis patients (Bell et al., 1979; Papapoulos et al., 1979); when the
serum calcium falls after corticosteroid treatment, PTH levels rise, showing
the expected response of normally-functioning glands to the change in
calcium level. The concurrence of hyperparathyroidism and sarcoidosis is
discussed below.

The hypercalcaemia and hypercalciuria of sarcoidosis have generally been
found to be associated with low faecal calcium excretion (Dent et al., 1953;
Henneman et al., 1954; Anderson et al., 1954; Bell et al., 1964; Bell and
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Bartter, 1967), implying an abnormally high absorption of ingested calcium
from the gut . This, with the normal or slightly elevated serum phosphorus
and generally normal phosphatase level is similar to the picture of vitamin D
intoxication, and suggests that hypersensitivity to vitamin D may be the
underlying abnormality (Anderson et al., 1954). lt is known that some
patients with sarcoidosis are in fact hypersensitive to this vitamin.

In the past, calciferol was widely used in rhe treatment of lupus vulgaris,
and was tried as a therapeutic agent in sarcoidosis. Intolerance was Ire
quently noted (Curtis et al., 1947; Scadding, 1950; Larsson et al., 1952).
Between 1946 and 1952, one of us (JGS) investigated the possible therapeu
tic effect of calciferol in 36 patients. Of these, 11 tolerated 100 000
150 000 units daily for three or four months without symptoms or evident
biochemical upset; seven tolerated only smaller doses, of the order of
50000 -100000 units; 18 became nauseated and developed rises of serum
calcium on smaller doses, and administration of the vitamin had to be
discontinued after periods ranging from five days to a fortnight. In the most
strikingly intolerant, 50 000 units daily led to a rise of serum calcium to
16 mg and of blood urea to 80 mg dl-1 from normal levels in six days.
There was thus a very wide variation in the responses of individual patients,
ranging from what appeared to be normal tolerance to almost complete
intolerance. Larsson et al. (1952) had similar experiences in treating 24
patients with doses of calciferol ranging between 30 000 and 140 000 units
daily; half of them developed toxic reactions, occasionally severe, and
usually accompanied by a transitory nephropathy. By contrast, the inci
dence of toxic reactions among patients with lupus vulgaris receiving large
doses of calciferol was considerably lower. Anning et al. (1948) estimated
that about 20% of such patients had toxic reactions, not all requiring
cessation of treatment. Some sarcoid patients with hypercalcaemia have
been found to be in the habit of taking vitamin D preparations without
medical advice (Dent, 1970).

As noted above, serum calcium levels of patients with sarcoidosis may be
increased abnormally by exposure to sunlight (Taylor et al., 1963), and
Dent (1970) reported that in two hypercalcaemic sarcoidosis patients, a
brisk rise in serum calcium was produced by whole-body ultra-violet light
irradiation. These effects are presumably due to photosynthesis of vitamin
D in the skin. Hendrix (1963) put two patients with sarcoidosis, hypercal
ciuria and hypercalcaemia on vitamin D deficient diets and shielded them
from sunlight; in six to eight weeks, the serum calcium levels fell to normal,
urinary excretion diminished and faecal excretion increased. Henneman et
al. (1954) and Henneman et al. (1956) suggested that there might be
excessive endogenous production of vitamin D-like substances or deficient
capacity to inactivate vitamin D. But blood levels of antirachitic activity
were found to be normal in three sarcoid patients with hypercalcaemia by
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Thomas et al. (1959), who found normal levels also in hyperparathyroidism
and the rnilk-alkali syndrome, but, as would be expected, high levels in
patients with hypercalcaemia due to excessive vitamin D intake. Bell et al.
(1964) investigated four sarcoid patients with lo~ faecal and high urinary
calcium excretion. Serum antirachitic activity was low or normal. The
administration of 10000 units of vitamin D daily caused a diminution in
the already low faecal excretion of calcium, without an abnormal increase
in serum antirachitic activity; the same dose of vitamin D had no effect on
calcium absorption in normal subjects . Prednisone diminished the absorp
tion of calcium, whether or not additional vitamin D was given.

These observations led to the suggestion that the abnormal response to
vitamin D might be due to hypersensitivity at cellular level in target organs:
in the gut increasing calcium absorption (Anderson et al., 1954; Taylor et
al., 1963; Bell et al., 1964), in the bones , increasing resorption (Hendrix,
1966; Bell and Bartter, 1967) , and in the kidneys, increasing excretion
(Dent, 1970) . On the hypothesis that the abnormal calcium metabolism of
sarcoidosis is due to target-organ hypersensitivity to vitamin D metabolites,
the effect of corticosteroids in lowering high calcium levels can be explained by
established effects of corticosteroids on the target-organs, especially the gut
(Harrison and Harrison, 1960; Kimberg, 1969; Kimberg et al., 1971 ; Wall
and Peters 1971) and on vitamin D metabolism (Avioli et al., 1968).

The variable relation between hypercalcaemia and hypercalciuria has led
to doubt whether target-organ hypersensitivity to vitamin D can be the sole
explanation for the abnormal calcium metabolism of sarcoidosis (Henne
man et al., 1954; jackson and Dancaster, 1959). Since increase in urinary
calcium excretion in hypercalcaemic sarcoidosis patients is greater than
increase in intestinal absorption, and hypercalciuria often occurs with nor
mal serum calcium levels, Jackson and Dancaster suggested that there was a
defect in renal tubular resorption of calcium. Lebacq et al. (1970, 1977,
1980) have emphasized the frequency of normocalcaemic hypercalciuria.
Since they found urinary hydroxyproline levels to be normal, they con
cluded that bone resorption was unlikely to be a factor. In renal biopsies
from 25 patients with sarcoidosis, granulomas were found in ten. They were
present in 55% of 18 patients who had hypercalciuria, but in only 33 % of
nine who had hypercalcaemia, suggesting that the presence of granulomas
might lead to increase in calcium excretion. Two patients showed histolo
gical changes interpreted as chronic pyelonephritis ; both of these showed
evidence of impaired tubular function. Thus it seemed likely that in addition
to increased intestinal absorption of calcium due to hypersensitivity to
vitamin D, a defect in tubular resorption of calcium contributes to hyper
calciuria in sarcoidosis, and may be a principal factor in some without
hypercalcaemia. But Dent (1970) has pointed out that the first action of
vitamin D is increased ur inary excretion, as weIl as gut absorption, of
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calcium, and that in normal subjects hypercalcaemia is an effect of larger
doses of the vitamin and arises from the effeet on bone: thus hypercalciuria
alone, as weil as with hypercalcaernia, could be due to hypersensitivity to
vitamin D.

Reiner et al. (197 6) studied calcium metabolism in 13 normocalcaemic
sarcoidosis patients, of whom five had hypercalciuria. Calcium absorption
was high in six. Bone turnover of calcium was studied in ten, and found to
be high in six. Calcium absorption correlated weil both with calculated
bone uptake and with urinary excretion. Ir seemed likely that target-organ
hypersensitivity to vitamin D in gut and bone could account for these
findings, and was common in sarcoidosis, though only a few patients who
are most severely affected develop hypercalcaemia.

Hornum and Transbel (1976 ) performed calcium balance and turnover
studies on four patients with sarcoidosis. One of these showed a pattern
similar to that shown by a patient recovering from vitamin D intoxication.
This led to the suggestion that the varying patterns seen in sarcoidosis might
be explained by periods of activity in which there is hyperabsorption of
calcium, hypercalcaemia and hypercalciuria and periods of remission when
hyperabsorption ceases, but high calcium levels are maintained in the blood
and urine by mobilization of reversible rnetastatic calcification. Thi s possi
bility would not explain the frequency of hypercalciuria in patients who
have never shown symptoms suggestive of hypercalcaemia, nor the long
duration of normocalcaemic hypercalciuria in some such pat ients. Ir has
important practical implications since if, indeed , normocalcaemic hypercal
ciuria is associated with remission from the active phase of hypercalcaemia,
there is no indication for treating it unless it is complicated by stone
formation.

The possibility that abnormal metabolism of vitamin D may be a factor in
the disturbance of calcium metabolism in sarcoidosis has been studied with
conflicting results. The most active metabolite, 1, 25-dihydrocholecalciferol
(1, 25 (OH hD j ) is produced in the kidney from 25-hydroxycholecalciferol
(25 (OH)D j ) , which is produced in the liver (Mawer et al., 1971 ). Mawer et
al. found low levels of antirachitic activity in the blood of two hypercal
caemic sarcoidosis patients, with no evidence of excessive formation of
25(OH)D j or 1, 25(OHhD j ; and Avioli and Haddad (1973) reported
normal levels of these compounds and of cholecalciferol in sarcoidosis
pati ents . Bringel et al. (1980) found that serum levels of 25
hydroxycholecalciferol were normal in sarcoidosis patients, whether or not
they were hypercalcaemic, and were not affected in hypercalcaemic patients
by dexamethasone which reduced calcium levels to normal ; there was no
correlation between levels of 25-h ydroxycholecalciferol and of calcium. On
the other hand, Bell et al. (1979) found in three patients with sarcoidosis
and hypercalcaemia that plasma levels of 1, 25 (OHhD j were raised when
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calcium levels were high and fell when prednisone was given and calcium
levels returned to normal. Oral vitamin D caused a sharp increase in plasma
1, 25(OHhD3 in three sarcoidosis patients with a history of hypercal
caemia, but did not increase levels of this compound beyond the normal
range in seven normal subjects or five sarcoidosis patients without a history
of hypercalcaemia. Administration of 1, 25(OHhD3 raised urinary calcium
excretion in all subjects, irrespective of serum levels. Papapoulos et al.
(1979) studied a young man with sarcoidosis, known to affect lungs, liver
and an infiltrated tattoo scar, who had episodes of hypercalcaemia in four
successive summers, controllable by corticosteroid treatment, and exacer
bated by small doses of vitamin D; serum levels of 1 25(OHhD3 were
greatly raised during hypercalcaemic episodes .

Barbour et al. (1981 ) reported the case of a man aged 32 who had been known
to have sarcoidosis for four years when he developed Henoch-Schönlein
purpura with a nephrotic syndrome. Hypercalcaemia led to exploration of the
neck for a parathyroid adenoma, without success; a lymph-node was removed
and confirmed the diagnosis of sarcoidosis. Calcium levels fell with corti
costeroid treatment. Renal failure required haemodialysis; bilateral nephrec
tomy was performed. Hypercalcaemia persisted unless controlled by corti
costeroid treatment. Both before and after nephrectomy, 1,25 (OHhD3leveis
were high during hypercalcaemia and fell when it was controlled, with recip
rocal changes in parathyroid hormone levels. Since these findings persisted
after nephrectomy, synthesis of 1, 25(OH)z/D, must have occurred elsewhere
than in the kidney ; possibly in the sarcoid granuloma.

Further evidence that abnormal levels of 1, 25(OHhD3 occur in at least
some cases of sarcoid hypercalcaemia is provided by a case reported by
Mitchell et al. (1983). A woman, aged 28, who had hypoparathyroidism
requiring treatment with vitamin D since the age of 19, presented with
erythema nodosum, BHL and a positive Kveim test, and was found to have
become hypercalcaemic; on cessation of vitamin D, calcium levels returned
to normal, but the administration of hydrocortisone led to hypocalcaemia;
the plasma 1, 25(OHhD3 level was measured and found to be three times
the highest recorded in patients with hypoparathyroidism under treatment
with vitamin D. A patient reported by Zimmerman et al. (1983) who had
had hypoparathyroidism for 25 years was able to discontinue vitamin D
treatment with maintenance of normal serum calcium levels when she
developed sarcoidosis.

Ir is perhaps not surprising that studies of the disturbance of calcium
metabolism in sarcoidosis are difficult to interpret, in view of its variability
and of the complexities of the metabolism of calcium and of vitamin D. This
disturbance affects only a minority of patients, who at present cannot be
identified by any other characteristic, and in those affected is unpredictable
in its course and duration. Ir is possible that different combinations of
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causal factors are operative in different cases, and at different times du ring
the course of the same case; for instance, renal excretion of calcium may be
affected by progressive hypercalcaemic or granulomatous nephropathy.

Clinical features

Hypercalcaemia gives rise immediatel y to such symptoms as anorexia,
depression, nausea, vomiting, polydipsia and polyuria in varying combina
tion s. Later, symptoms may arise from secondary change s in the kidneys
and from calcinosis of soft tissues. Ir is a striking feature of the early stages
of the hypercalcaemia of sarcoidosis that both the symptoms and the
biochemical abnormalities are relieved by corticosteroids (p. 412 ), response
to which is diagnostically helpful (p. 410). If the high calcium levels persist,
irreversible renal changes occur; these are reviewed above (p. 395). They may
prove progressive, leading to renal failure and/or hypertension , even though
calcium levels return to normal either in the natural course of the disease or
in response to corticosteroid treatm ent. As with other forms of hypercal
caemia, renal calculi and soft tissue calcinosis may develop.

Renal calculi may cause renal colic and/or haematuria; their reported
frequency in patients with sarcoidosis varies greatly (p. 398 ).

Calcinosis of soft tissues may become evident clinically as hard nodules in
fingers or toes , especially the pulps of the terminal phalanges (Klatskin and
Gordon, 1953 ; Davidson, 1954) and presents a characteristic radiographie
appearance (Fig. 22.3 ). Ir has also been reported in subcutaneous tissues in the
ax illa (Lathan et al., 1968), the carti lage of the ear (Batson, 1961 ), and the
sternomastoid muscle (Fujita et al., 1974 ). Calcareous deposits may develop
in the ear-drums, cau sing chalky white areas; in two pat ients under the care
of one of us OGS), such areas were observed to diminish in size with control
of hypercalcaemia by corticosteroid treatment. Nephrocalcino sis may cause
small den se flecks of opacity within the renal outlines in plain radiographs
of the abdomen.

Calcinosis of the cornea and of the conjunctiva may occur (Chapter 8,
p.223).

Differential diagnosis

When hypercalcaemia appears in an individual with evident sarcoidosis, no
diagnostic problems should arise, apart from the rare instances, discussed
below, of co-existent sarcoidosis and hyperparathyroidi sm. Serum and urin
ary calcium estimations are often included in the initial investigations of
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patients with suspected sarcoidosis, but it is only rarely that the serum
calcium level is found to be e1evated in the absence of relevant symptoms.

In patients known to be suffering from sarcoidosis any suspicious symp
torn, such as unexplained anorexia, nausea or other gastric disturbance,
polyuria and polydipsia, or loss of weight should lead to examinations of
serum calcium and of urinary calcium excretion. But a patient with hyper
calcaemia and without overt evidence of sarcoidosis may present con
siderable diagnostic problems. Other possibilities to be considered include
vitamin D intoxication, hyperparathyroidism, the 'milk-alkali' syndrome
resulting from excessive intake of antacids and milk (Burnell et al., 1949;
Scholz and Keating, 1955), osteolytic metastases of malignant disease in
bone, multiple myeloma and Paget's disease of bone, and the hypercal
caemia occasionally associated with malignant disease without bone metas
tases (Plimpton and Gellhorn, 1956; Connor et al., 1956; Myers, 1956;
Lucas, 1960). The combination of raised calcium, normal or even slightly
high phosphate and normal phosphatase levels in the blood and high
urinary calcium excretion which is characteristic of the hypercalcaemia of
sarcoidosis is found also in vitamin D intoxication, but this is unlikely to
cause confusion.

Difficulty has arisen most frequently in the differentiation between the
hypercalcaemia of sarcoidosis and hyperparathyroidism. In a number of
recorded cases in which hypercalcaemia was eventually shown to be associ
ated with sarcoidosis, the parathyroids have been explored surgically and
found to be normal (Albright and Reifenstein, 1948; Howard et al., 1949;
Westra and Visser, 1949; Klatskin and Gordon, 1953, two cases; Anderson
et al., 1954, Case 3; Scholz and Keating, 1956, Case 1). Winnacker et al.
(1968) found published reports of 21 patients with sarcoidosis who had
unnecessary operations for suspected hyperparathyroidism. In hyperpara
thyroidism, characteristic bone changes may be evident radiologically, the
serum phosphate level is low and the phosphatase high.

The response to corticosteroid administration constitutes a most striking
difference berween hyperparathyroidism and the hypercalcaemia of sar
coidosis. The effect of corticosteroids in reducing calcium levels to normal
in hypercalcaemic sarcoidosis, with improvement in renal function, was first
reported by Shulman et al. (1952), Dent et al. (1953) and Phillips (1953),
and has subsequently been generally confirmed. Within a few days of
starring effective doses of a corticosteroid (100-150 mg of cortisone or the
equivalent dosage of an alternative compound), the urinary excretion of
calcium falls, the faecal content rises, and the serum calcium starts to fall
towards normal. Unless there is permanent renal damage, the blood urea, if
raised, returns to normal. Corticosteroid treatment has generally been
found to antagonize the effects of vitamin D on calcium metabolism in
sarcoidosis (Anderson et al., 1954; Mather, 1957; Bell et al., 1964; Dent,
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1970) just as it does in vitamin D intoxication (Connor et al., 1956; Dent,
1956; Verner et al., 1958). By contrast, Dent et al. (1953) and Dent (1956)
found that cortisone had no effect on calcium levels in six patients with
hyperparathyroidism. Connor et al. (1956) studied the effect of cortisone
and corticotrophin on 23 patients with hypercalcaemia. In those with
sarcoidosis, with vitamin D intoxication and with the milk-alkali syndrome
the calcium fell within seven days of starting the hormone, but rose again
when it was stopped. In those with hyperparathyroidism there was no
response; while in those with hypercalcaemia associated with malignant
disease, the response was variable. Dent and Watson (1968) have suggested
that for a standard test, hydrocortisone 40 mg three times daily for ten days
should be used, since this would avoid the confusing factor of defective
conversion of other corticosteroids to this active compound in patients with
liver involvement. Blood should be taken from the fasting patient in the
morning before, and five, eight, and ten days after starting hydrocortisone.
Fall of calcium levels to normal is strong evidence against hyperparathyroid-
ism and compatible with the hypercalcaemia of sarcoidosis or vitamin D
excess; it is equivocal in relation to the hypercalcaemia of malignant disease.

Dent's observation that a few patients with hypercalcaemic sarcoidosis
respond better to hydrocortisone than to cortisone has not been further
investigated.

Discrimination from hyperparathyroidism is complicated by the occa
sional concurrence of sarcoidosis with hyperparathyroidism, proved by the
demonstration of adenomas or hyperplastic parathyroid glands surgically
removed, followed by return to normal calcium levels (Snapper et al., 1958;
Burr et al., 1960; Bernstein et al., 1965; Dent and Watson, 1966; Pedersen,
1967; Hahnemann et al., 1967; Lief et al., 1967; Winnacker et al., 1968;
Dent, 1970; Bohnen et al., 1971; Robinson et al., 1980). Schweitzer et al.
(1981) reported that among 600 cases of primary hyperparathyroidism they
had observed one with concurrent sarcoidosis, as shown by granulomas in
lymph-nodes and in a parathyroid adenoma removed, and one who de
veloped BHL and a pulmonary infiltration, without hypercalcaemia, five
years after successful removal of a parathyroid adenoma. Dent (1970)
thought that the concurrence of hyperparathyroidism and sarcoidosis might
be more frequent than would be expected by chance, and speculated
whether sarcoidosis might in some way stimulate the production of adeno
mas in the parathyroids; but in view of the frequency of symptomless
sarcoidosis, the number of reported cases is perhaps not beyond expectation.
As noted above, blood levels of parathyroid hormone, estimated by radio
immune assay, have been found to be low in hypercalcaemic sarcoidosis
patients, in sharp contrast to the high levels in hyperparathyroidism, and this
provides a definitive discriminatory test, especially useful when sarcoidosis
and hyperparathyroidism co-exist (Bohnen et al., 1971; Cushard et al., 1972).
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Treatment of hypercalcaemia and hypercalciuria

Persistent hypercalcaemia constitutes one of the most definite indications
for corticosteraid treatment in sarcoidosis; but before such treatment is
started, it should be established that the hypercalcaemia is in fact persistent,
and that excessive dietary intake of calcium or vitamin D, or exposure to
sunlight are not factors in its causation. The dietary intake of milk and
cheese, the chief sources of calcium, should be limited and care should be
taken that extra vitamin D is not taken in any form. Unnecessary exposure
to full sunlight should be avoided.

Although hydracortisone may be preferred in a diagnostic test, the hyper
calcaemia of sarcoidosis nearly always responds to the more generally used
prednisolone or prednisone, which are to be preferred when long-term
treatment is required. Treatment can be initiated with the usual dosage
(Chapter 27), and continued with the smallest dose that maintains normal
calcium levels. Fortunately the maintenance dose required is in most cases
small or moderate, of the order of 5-12.5 mg of prednisolone daily. Like
other manifestations of sarcoidosis, the disorder of calcium metabolism is of
unpredictable duration, not necessarily related to that of other clinically
evident features, and efficient control of treatment therefore depends upon
measurement of serum calcium and urinary calcium excretion.

Chloroquine has been found to have a similar effect on the abnormal
calcium metabolism of sarcoidosis to that of corticosteroids, but of slower
onset and less reliable (Hunt and Yendt, 1963; Hendrix, 1964). Hunt and
Yendt found that hypercalcaemia might be corrected only after four or five
weeks of treatment, and hypercalciuria even more slowly. The use of chloro
quine in sarcoidosis is discussed in Chapter 27. In general , it is indicated
only in exceptional cases in which corticosteroid treatment is advisable, but
for some reason contraindicated; and since the dose of corticosteraid
required to control hypercalcaemia is usually low the need to consider an
alternative to it should seldom arise.

Similarly, other measures that have been used to lower calcium levels in
hypercalcaemic patients rarely need to be considered in sarcoidosis. These
inc1ude sodium phytate, which acts in part by combining with calcium in the
gut to form an insoluble salt which is excreted in the faeces, and in part by
partial hydrolysis with adsorption of the phosphate rnoiety; it has been used
in dosage of 9.0 g daily (Henneman et al., 1954; Roelsen and Paulsen,
1964). Inorganic phosphates have been shown to lower high calcium levels
in a variety of hypercalcaemic states (Goldsmith and Ingbar, 1966; Hebert
et al., 1966) and have been used successfully by oral administration in
long-term treatment of hypercalciuric sarcoidosis (Thomas, 1969 ).

Opinion is divided about whether hypercalciuria unaccompanied by
hypercalcaemia or renal stone formation requires treatment. Lebacq et al.
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(1980) recommended that the urinary calcium excretion should be reduced,
reinforcing dietary restriction of calcium by giving 5 g daily of cellulose
phosphate by mouth, or by the administration of hydrochlorothiazide. On
the other hand, Dent (1970) expressed the view that unless there is evidence
of calculus formation, which is dependent on faetors additional to sarcoido-
sis and present only in some patients, urinary calcium excretion above the
accepted range of normal does not require treatment; limitation of milk and
cheese in the diet and avoidance of vitamin D supplements should of course
be advised.



Chapter 20

The Immunology of Sarcoidosis

The immunological responses of patients with sarcoidosis, as a group, differ
from those of healthy individuals in important ways. An early finding was
that a much higher proportion of them than of the populations from which
they were drawn had negative tuberculin tests, and this has proved to be one
aspect of generally lower ability to acquire and express delayed Type IV
hypersensitivity. Their capacity to develop and express Type I hypersen
sitivity appears normal, and to produce antibodies normal or even en
hanced. Hyperglobulinaemia and changes in immunoglobulin levels are
usual in active cases. These abnormalities, their relationship to clinical
aspects, and changes in immuno-competent cells underlying them have been
intensively studied, and are discussed in this chapter. The Kveim reaction,
which evidently detects some sort of altered reactivity, but cannot at present
be interpreted in terms of recognized types of hypersensitivity, is discussed
in Chapter 21.

REACTIVITY TO AGENTS CAUSING DELAYED
TUBERCULlN-TYPE SKIN RESPONSES

Tuberculin ".

Boeck (1916) noted that two of his original three patients showed no skin
reaction to tuberculin. Subsequently it was found that groups of patients
with sarcoidosis showed a lower level of tuberculin sensitivity than was

*Some earlier studies of tubereuIin sensitivity were performed with old tubereuIin
(OT), dosage being stated in terms either of the dilution of OT used for a test with
0.1 ml or of rhe amount of OT contained in this volume. More recent studies used
purified protein derivative (PPD). To avoid prolixity, we quote dosages in terms of
international units (10), using admittedly approximate conversion factors where
necessary.
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prevalent in the populations from which they were drawn. Studies by
Reisner (1944) in New York, Bjornstadt (1950) in Oslo, Longcope and
Freiman (1952) in Baltimore and Boston, Cowdell (1954) in Oxford, Israel
and Sones (1958) in Philadelphia, and Würm (1963) in Germany found that
proportions ranging from 45-70% of patients with sarcoidosis were non
reactors to tuberculin, 100 lU, at times when the large majority of the
relevant populations were reactors to 10 IU or less. From London, Hoyle et
al. (1954) reported a comparison of 90 patients with sarcoidosis with age-
and sex-matched control subjects not suffering from tuberculosis or any
disease likely to affect tuberculin reactivity; they found that 44% of the
sarcoidosis patients and 21 % of the controls were non-reactors to 100 IU.
Also from London, Scadding (1956) reported that of 140 sarcoidosis
patients 3% reacted to llU, 13% to 10 lU, and 16% to 100 lU, while 68%
were non-reactors; in a matched control group, only 20% did not react to
100 lU.

This series was later extended to 260 cases of sarcoidosis with completed
serial tuberculin tests; of these, 4% reacted to 1 IU, 14% to 10 IU, 21 % to
100 IU, and 61 % were non-reactors. As in some other European series, the
proportion of reactors was higher in patients with BHL at the early stages of
the disease; only 50% of those with erythema nodosum (EN) and BHL, and
54% with symptomless BHL were non-reactors to 100 lU, proportions not
far removed from the 47% found by Löfgren and Lundback (1952) for
patients with BHL in Stockholm. Würm (1963) found that among German
patients with acute onset, the proportion of non-reactors was even lower,
only 18.6% of 129 with EN, arthropathy or fever not reacting to 100 lU;
and that the proportion of cases of intrathoracic sarcoidosis failing to react
to 10IU increased with increasing chronicity from 68.2% of those with
BHL to 85.9% of those with fibrosis. In the United States, this relationship
between depression of tuberculin sensitivity and chronicity was not
observed either in Philadelphia (Sones and Israel, 1954) or in New York
(Chusid et al., 1971). Sones and Israel re-tested 170 patients after an
average interval of six years, and found that the proportion of non-reactors
to 250 IU changed only from 74.1-77.7%, and that in individual patients
changes in either direction were not correlated with the course of the
disease . Similarly, Chusid et al. re-tested 91 patients and found no change in
the proportion of reactors, although in one-third reactivity changed without
evident correlation with the clinical course. Reports about changes in tuber
culin sensitivity in patients regarded as having 'recovered' from sarcoidosis
are difficult to interpret, since 'recovery' may refer to anything from rapid
resolution of BHL to the attainment of a stable state with symptomless
fibrotic residual changes after a prolonged course. From the United States,
Israel and Sones (1965) and Chusid et al. (1971) reported that with ' recov
ery' the proportion reacting to tuberculin was little changed, while from
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Sweden, France and Japan it has been reported that tuberculin sensitivity
reappears in some (Nitter, 1953; Turiaf et al., 1968; Hosoda et al., 1967).

In cases in which bacteriologically confirmed tuberculosis develops in the
course of sarcoidosis (reviewed in Chapter 23), changes in tuberculin sensi
tivity are variable. In most, tuberculin sensitivity either appears or is already
present, possibly increasing; but in some the skin remains non-reactive
(Scadding, 1960b, 1971; Israel and Sones, 1965; Kent et al., 1970; Chusid et
al., 1971).

There has been little systernatic study of changes in tuberculin sensitivity
at the onset of sarcoidosis, although it is generally recognized that a pre
viously positive tuberculin test may become negative at this time. Turiaf et
al. (1968) found that among 90 patients with previous tuberculin tests, of
which 61 % had been positive, after the onset of sarcoidosis only 21 %
reacted. Hannuksela and Salo (1969) in a study of 283 patients with
sarcoidosis found that the degree of depression of tuberculin sensitivity as
compared with controls was the same in 91 whose history suggested that
they were initially reactors, as in those who had no such history. During the
long-term follow-up of over 54 000 young adults in a trial of BCG vaccina
tion, Sutherland et al. (1965) observed 52 cases of intrathoracic sarcoidosis.
They found that the onset of sarcoidosis was not related to previous tuber
culin test or tuberculosis vaccination status, Among those who developed
sarcoidosis in each skin test or vaccination group, the trend of tuberculin
sensitivity before the onset of sarcoidosis was closely similar to that among
those who remained healthy, though there was a tendency for tuberculin
sensitivity to be depressed at or shortly after the first evidence of sarcoidosis.

There is Iittle information about the important question whether the
proportion of reactors to tuberculin among patients with sarcoidosis in a
defined area changes with changes in the proportion among the general
population. Scadding (1971a) reported that among patients with BHL attri 
buted to sarcoidosis in London between 1950 and 1967, during which time
there was a considerable diminution in the proportion of young adults
reacting to tuberculin, the proportion of patients with BHL attributed to
sarcoidosis reacting to 10 IU did not change: 30% of 74 who had BHL
between 1950 to 1962, and 29% of 75 between 1962 and 1967 reacted. In
Denmark, Fog and Wilbek (1974) noted that the proportions of sarcoidosis
patients reacting to tuberculin, and the distribution of sizes of reaction
among the reactors, were similar among those who had and those who had
not been BCG-vaccinated.

Response of patients with sarcoidosis to BeG vaccination
The generally lower tuberculin sensitivity in patients with sarcoidosis as
compared with the levels in the population from which they come is an
index of depression of established sensitivity resulting from past mycobac-
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terial infection. Ability to develop tuberculin sensitivity is also depressed, as
shown by the response of patients with sarcoidosis to BCG vaccination. The
usual course of events is that the local reaction proceeds, as in tuberculin
negative normal subjects, to the formation of a papule, which may show
some ulceration, and may be accompanied by enlargement of regional
Iymph-nodes; but the skin either remains non-reactive, or develops only low
reactivity to tuberculin which is transient (Lemming, 1940; Leider and
Sulzberger, 1949; Israel et al., 1950; Carnes and Raffel, 1949; Harris and
Shore, 1952; Borrie, 1952; Forgacs et al., 1957). If a tuberculin-positive
sarcoidosis patient is vaccinated, the local reaction is accelerated, its early
phase resembling a Type IV hypersensitivity reaction, as in other tuberculin-
positive subjects (Leider and Sulzberger, 1949; Ustvedt and Aanonsen, 1949;
Forgacs et al., 1957). Failure to develop hypersensitivity after BCG vaccination
may persist after all evidence of active sarcoidosis has disappeared (Israel and
Sones, 1965). Biopsy of the local papule and of regionallymph-nodes shows
tuberculoid granulomas (Lemming, 1940, 1942; Leider and Hyman, 1950;
Rostenberg et al., 1953) in which acid-fast bacilli may be seen, and from which
BCG may be cultured (Rostenberg et al., 1953; Forgacs et al., 1957). Löfgren
et al. (1954) traced the migration of BCG labelIed with radio-active
phosphorus from the sites of intradermal injections: the rate of removal varied
with tuberculin sensitivity similarly in sarcoidosis patients and controls.
Persistent or spreading local infiltrations of the skin have been reported
exceptionally at the site of BCG vaccination in patients with sarcoidosis
(Lemming, 1942; Leider and Hyman, 1950).

Reactions to other agents causing delayed, Type IV, hypersensitivity

Depressed sensitivity to tuberculin is one aspect of a general depression of
the ability of sarcoidosis patients, as a group, to react to agents causing
delayed hypersensitivity. Friou (1952) studied mumps virus, a Candida
albicans antigen, and trichophytin, prepared from a species of the patho
genic skin fungus Trichophyton. All these agents cause delayed skin reac
tions in a high proportion of normal adults; they caused fewer and less
intense reactions in patients with sarcoidosis. These observations were
confirmed by Sones and Israel (1954), who added similar observations with
a pertussis antigen. They found further that among those who failed to
respond to pertussis antigen, immunization with pertussis vaccine led to
positive reactions to skin tests in all the controls but in only 45% of the
sarcoid patients; moreover in most of the sarcoid patients the skin reactivity
was transient. Citron (1957) studied reactions to an antigen prepared from
Candida albicans; it gave reactions in 90% of 60 control subjects, and in
40% of 30 patients with sarcoidosis. Among the controls 80% reacted to
tuberculin, 100 IU, as compared with 18% among the sarcoid patients.
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Among those who reacted, the mean size of Candida reactions was signi
ficantly less in the sarcoid patients than in the controls. Only 2% of the
controls gave no reaction to both Candida antigen and tuberculin, as
compared with 43% of the sarcoid patients.

Quinn et al. (1955) tested the responses of patients with sarcoidosis to
past mumps infection by complement fixation tests (CFT) for humoral
antibodies, and by skin tests with mumps virus antigen for delayed
hypersensitivity. Most normal adults gave positive responses to both of
these. Of seven sarcoidosis patients all had positive CFT, but only one a
positive skin test. Thus six of seven showed the unusual combination of
serological evidence of a past mumps virus infection, without evidence of
delayed hypersensitivity.

Lordon et al. (1968) compared skin-test reactions to a range of tubercu
lins, fungal antigens and mumps virus in 50 sarcoidosis patients and 50
control subjects. Unusually, they found little difference between these
groups in proportions reacting to human tuberculin, to mumps virus anti
gen, or to trichophytin; but there was a large difference in tests with other
tuberculins, only 2.5% of tests on patients with tuberculins prepared from
M. intracellulare and from a scotochromogenic mycobacterium being
positive, while 39% and 49% of controls reacted to these. Tests with 250 IU
human tuberculin, with mumps virus antigen, with trichophytin and with
candida antigen were positive in a rather higher proportion of patients with
inactive than with active sarcoidosis.

Contact sensitization
Epstein and Mayock (1957) found thar the incidence of skin sensitivity to
poison ivy allergen, a potent natural sensitizer, was similar in sarcoid
patients and controls. On the other hand, they studied induced skin sensi
tivity to two less potent contact sensitizers, 2, 4-dinitrochlorobenzene and
p-nitrosodimethyl aniline, and found a lower frequency of sensitization in
sarcoid patients. Their procedure sensitized 68% of normal subjects and
35% of sarcoidosis patients to dinitrochlorobenzene. Similar findings were
reported by James (1966). In a study in England, Verrier-jones (1967)
found that none of 14 patients with active sarcoidosis developed sensitivity
to DNCB, whereas all of five with healed sarcoidosis were sensitized; these
five patients had all had negative tuberculin tests (100 IU) during the active
phase, but three became tuberculin sensitive at the time of DNCB testing.
Thus, changes in reactivity to different antigens do not necessarily follow a
similar course.

The abnormality of cell-mediated immune reactions in sarcoidosis is best
described as depression of cell-mediated hypersensitivity. Since patients
with sarcoidosis are not more susceptible than others to viral or fungal
infections, in defence against which cell-mediated reactions are important,
they cannot correctly be said ro show depression of cell-mediated immunity.
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HUMORAL ANTIBODY RESPONSES

Humoral antibody responses

Patients with sarcoidosis have been found to produce levels of circulating
antibodies after vaccination with pertussis and with typhoid-paratyphoid
vaccines similar to those in normal subjects (Sones and Israel, 1954; Persel
lin et al., 1966). In response to primary vaccination with tetanus toxoid,
they produced a rather lower titre than controls, but to re-vaccination a
similar or rather higher titre (Greenwood et al., 1958). They produced a
higher titre of isoagglutinins after small intravenous injections of mis
matched blood than did controls; those under treatment with corticot
rophin did not show this enhanced response (Sands et al., 1955).

Antibodies to commonly encountered infective agents have been found in
the blood of sarcoidosis patients at levels at least similar to, and sometimes
higher than, those found in normal subjects. Greenwood et al. (1958) found
similar levels of staphylococcal haemolysin in sarcoidosis patients and in
controls. Titres of antibody to herpes-like virus have been found to be
higher than in controls, irrespective of the duration of the disease in most
studies (Wahren et al., 1971; Byrne et al., 1973; Niitu et al., 1974; Mitchell
et al., 1974), but lower in one (Hirshaut et al., 1970) especially in those with
long-standing sarcoidosis. Similar elevation of antibody titres to other viral
antigens, herpes simplex, rubella, measles and para-influenza 1, 2 and 3
have been reported (Byrne et al., 1973). Elevations of viral antibody titre
have been found to be greatest in female and in black patients, but could not
be correlated with c1inical or radiological features or the course of the
disease (Byrne et al., 1973; Niitu et al., 1974c; Mitchell et al., 1974). A higher
proportion of patients with sarcoidosis than of those with other diseases or
of healthy blood-donors have been found to have detectable antibody
against mycoplasma, strain 215 M (Yansson et al., 1972). Johnson et al.
(1977) found complement-fixing antibody to histoplasma yeast antigen in
nine of 50 sarcoidosis sera and in only one of 50 control sera. Morison et al.
(1975) found IgG antibodies to wart virus antigen in 18 of 20 of sarcoidosis
patients, but in only 37% of 41 controls; although four of the patients had a
past history of warts, none had in uitro evidence of cellular reactivity in
leucocyte migration inhibition tests.

Antibodies to mycobacterial antigens

Using complement-fixation tests with a number of antigens from tubercle
bacilli, Carnes and Raffel (1949) found positive tests with at least one
antigen in 61.7% of 26 sera from tuberculosis patients, 27.3% of 22 from
sarcoidosis patients, 33.3% of 30 from tuberculin-positive normal subjects,
and none of 29 from ruberculin-negative normal subjects .
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Müller et al. (1958) found ant ibodies to tubercle bacilli by haemaggluti
nation and eomplement fixation tests more frequently in the sera of 111
patients with sareoidosis than in normal subjeets but rather less frequently
than in patients with tubereulosis. There was no eorrelation between the
presenee of antibodies and the tubereuIin sensitivity of the skin or the site,
aetivity and duration of the disease or the serum protein abnormalities in
the sareoidosis patients. Chapman (1961) found preeipitins against eoneen
trated eulture-medium filtrates from myeobaeteria of Runyon Type s I, II or
III in 88 of 112 sera from patients with sareoidosis, but against human old
tubereulin in only seven. Chapman and Speight (1964) extended this study
to a wider range of unclassified mycobacteria; testing against 24 strains,
they found preeipitins in 80% of 280 sera from sareoidosis patients, as
eompared with 31 % of 770 eontrol sera. In 16 patients, reaetions were
negative or weakly positive in the early acute stage, and beeame positive
later. In serial studies in 30 patients, it was found that precipitins deereased
in those with a favourable course, and persisted in those with eontinued
aetivity or progression of the disease (Chapman and Speight, 1967) .

Pepys et al. (1962) found precipitating antibody to erude mouldy hay
extraet in 16 of 50 sera from patients with sareoidosis, though none reaeted
with more speeifie antigens of the thermophilie aetinomyeetes eoneerned in
the pathogenesis of farmer's lung (Pepys et al., 1963); this seems to be best
explained as the result of abnormally aetive antibody produetion to a
variety of antigens in the erude extraet.

Changes in plasma proteins

In 1935, Salvesen reported hyperproteinaemia and hyperglobulinaemia in
three patients with florid widespread sareoidosis, and this finding was soon
eonfirmed (Harrell and Fisher, 1939 ; Rieker and Clark, 1949; Longeope
and Freiman, 1952). Electrophoretic studies showed that the increase in
globulin was principally in the y fraction , and that it was often associated
with low albumin levels; the a2 fraction might be increased, but not to the
same level as in active pulmonary tuberculosis (Fisher and Davis, 1942;
Seibert and Nelson, 1943; Seibert et al., 1947; jencks et al., 1956; Gilliland
et al., 1956). In the United States, these changes were especially prominent
in blacks : in one study (Sunderman and Sunderman, 1957), 35 black
patients with sarcoidosis showed a large increase in total protein with a
mean value for y-globulin nearly twice that found in 91 normal black
subjects, while 57 white patients had a mean value for total protein similar
to that of 100 normal white subjects, small increase in globulin being
balanced by diminution in albumin. In 32 white patients with sarcoidosis at
various stages, but most with multiple organ involvement, in London one of
us (JGS) found similarly small changes in plasma proteins in this ethnic
group; compared with 52 normal subjects, they showed only slightly higher
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a-globulin, very slightly higher a2 globulin, and very slightly lower albumin
levels. Norberg (1964) studied 82 patients with sarcoidosis in Stockholm,
and found that albumin was low when the disease was progressive; y
globulin was high especially in those with progressive lung changes leading
to fibrosis; ßglobulin tended to be high with BHL and progressive disease;
and a2 globulin was high at all stages .

Reports of levels of individual immunoglobulins present a rather confus
ing picture, not only because levels change during the course of the disease,
but also because they vary greatly with age and between racial groups.
Variations commonly found in the course of sarcoidosis tend to be less than
those due to either of these factors (Buckley and Dorsey, 1970) . Both in the
United Stares (Goldstein et al., 1969) and in Great Britain (Mitchell, et al.,
1977a), those of African descent show much greater changes than those of
Caucasian descent. The most consistent are those in patients with BHL and
erythema nodosum, who both in Sweden (Norberg, 1967) and in England
(Mitchell et al., 1977) showed a considerable rise in IgM and IgA. Those
with BHL not accompanied by erythema nodosum showed similar but less
marked changes in Sweden (Norberg, 1967) and the United Stares (Buckley
and Dorsey, 1970).

In Sweden, it was found that in patients with BHL and progressive lung
infiltration IgG and IgA were raised (Norberg, 1967) . In groups including
patients with various forms of active sarcoidosis, observers in the United
States have reported high mean levels of IgG, IgA and IgM (Buckley et al.,
1966; Celikoglu et al., 1971), in IgA and IgM in black but not in white
patients (Goldstein et al., 1969), in IgG and IgM especially in back femalcs
(Buckley and Dorsey, 1970); and in IgG alone (Patnode et al., 1966). Niitu
(1974c) found in Japan that IgG, IgM and IgA were all elevated at the early
stage of sarcoidosis and fell during the course of the disease, Mustakallio et
al. (1967) in Finland found high levels of IgM and of haptoglobin in patients
with BHL and erythema nodosum, and of IgG and IgA in many patients
with lung involvement. Return of elevated levels towards normal has gener
ally been found in serial studies as the disease becomes less active, and it has
been reported that IgG tends to fall first, becoming normal while IgA and
IgM are still elevated (Norberg, 1967; Celikoglu et al., 1971). On the other
hand, in London, it was found in a study of changes in a group of patients
observed for an average period of five years that during this time there was a
rriean rise in IgG, a fall in IgM and little change in IgA (Mitchell et al.,
1977). In a later study in London, Saint-Rerny et al. (1983) found in 63
patients, of whom 11 were West Indian, that 19levels were normal in those
with BHL only; IgG and IgA tended to be raised in those with lung
infiltration especially if the disease were long-standing and active, and
especially in the West Indians. Administration of corticosteroids seems to
lead to fall in the level especially of IgG (Celikoglu et al., 1971; Mitchell et
al., 1977).



422 Sarcoidosis
Levels of IgD in normal subjects are low, fall with age, and may be

undetectable; and the function of this immunoglobulin is unknown. In one
study (Buckley and Trayer, 1972) it was found that in sarcoidosis the mean
level was lower and in tuberculosis higher than in controls; but in another
(Goldstein et al., 1974b), while the high level in tuberculosis was confirmed,
normal levels were found in sarcoidosis, both in tuberculin-positive and in
tuberculin-negative patients.

Bergmann (1973) found that serum IgE levels were rather higher in
patients with sarcoidosis than in those with tuberculosis or in controls;
while Yagura et al. (1975) found lower levels than in controls, and in a few
with low levels and normal levels of other immunoglobulins, fewer
responses to a standard set of skin tests for reaginic hypersensitivity than
controls. Available evidence suggests that among patients with sarcoidosis
the incidence of IgE-mediated atopic diseases is similar to that in the general
population. Buck and McKusick (1961) in an epidemiological study found a
similar incidence of asthma, hay fever, eczema and drug allergies in sar
coidosis patients and in matched controls. Among 275 patients under the
care of one of us OGS) there were seven with asthma and/or hay fever, one
also with eczema; in four the symptoms of the atopic disease and of
sarcoidosis were concurrent.

Rheumatoid and anti-nuclear factors

In a study of some hyperglobulinaemic states, Kunkel et al. (1958) found
positive latex fixation tests (LFT) for rheumatoid factor (RF) in six of 61
patients with sarcoidosis, though the Rose-Waaler test was negative in all.
Müller et al. (1961) found positive LFT for RF in 18.4 % of 244 cases of
sarcoidosis, the proportion increasing with the duration of the disease from
11.7% to 32% after five years. Israel et al. (1964) found positive LFT at
titres ranging from 1:80 to 1:5120 in three of 16 and 21 of 35 women with
sarcoidosis; all but two of their patients were black . The proportion with
positive tests was slightly lower among those with BHL alone, but no other
correlation with clinical stage was found. Oreskes and Siltzbach (1968)
found that 38 % of 64 patients with sarcoidosis had positive tanned red cell
tests for RF, compared with 8% of a control group; 3% had positive
Rose-Waaler tests; positive tests were found twice as often in women as in
men and were more frequent in those with active disease and with persistent
lung changes.

Anti-nuclear factor may be found in low titre in the serum in a few
patients with sarcoidosis - e.g. in two of 39, with a speckled pattern of
immunofluorescence by Spilberg et al. (1969); but no more frequently than
among control subjects (Turner-Warwick, 1974).



The Immunology of Sarcoidosis 423

Immune complexes

Hedfors and Norberg (1974) detected immune complexes (lC) by the
platelet aggregation test in the sera of six of 20 patients with sarcoidosis. lC
were associated with acute early manifestations, being found in four of
seven patients with recent erythema nodosum and in five of ten with
bilateral hilar lymph-node enlargement. The complexes were 19 S or larger,
a size which has been shown to be pathogenic in animals (Cochrane and
Hawkins, 1968). Hedfors (1975) suggested that circulating lC were associ
ated especially with the early acute stage of sarcoidosis, while changes in
lymphocytes, with diminution in number of circulating T cells and increase
in atypical lyrnphocytes occurred with increasing chronicity. Verrier ]ones
et al. (1976) studied 22 patients with erythema nodosum, of whom 19 had
bilateral hilar node enlargement. Eighteen of the 22 showed disturbances of
serum complement initially. Total haemolytic complement activity (CH so)

was reduced in four of 18 patients; anticomplementary activity was
found in eight of 16; C3 activation products were found in 14 of 18; and the
platelet aggregation test was positive in six of ten. Of 13 followed with
serial studies, all but two returned to normal levels wirhin 40 days; changes
paralleIed those in sedimentation rate . DanieIe et al. (1978) tested
the sera of 44 patients with sarcoidosis for IC by the Raji ceIl method.
Complexes were found in the sera of 12 of 26 parients with acute sarcoido
sis of less than one year's known duration, of two of ten with longer
standing but still active disease, and in none of eight with apparently
complete resolution or of 12 control subjects. Among those with recent
active disease, there was no correlation with clinical features or skin reac
tivity to tuberculin, or to Candida or mumps antigens. These studies suggest
that IC may be important in early acute srages of sarcoidosis. On the other
hand, Buckley et al. (1966) and Sheffer et al. (1971 ), in patients most of
whom had long-standing chronic sarcoidosis found that serum complement
levels were high or normal, suggesting that if complement is being utilized,
there must be a compensatory increase in synthesis. Gupta et al. (1977)
examined sera from 53 patients with pulmonary sarcoidosis for lC by the
Raji ceIl and the monoclonal rheumatoid factor methods; raised levels were
detected in 27 by one or both at all stages, but in a higher proportion at
Stage III. Among those who had complexes in the earlier stages, most had
extrapulmonary manifestations, notably erythema nodosum. In their study
of 63 patients, mentioned above , Saint-Remy et al. (1983 ) found that raised
levels of IC were associated with recent acute onset, especially with EN and
BHL; and raised levels of C3 with long-standing disease and independently
wirh extrathoracic sarcoidosis.
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Immunohistology

Wanstrup and Elling (1968 ) looked for immunoglobulins in lymph-nodes
from ten patients with sarcoidosis by the fluorescent antibody technique,
and found immunoglobulins of all classes in granulomas, without correla
tion with disease activity: ß1c globulin (C3) was found principally in older
lesions and especially those with hyalinization. In further studies of medias
tinal Iyrnph-nodes from four patients with early active sarcoidosis they
found a high immunoglobulin content in comparison with normal nodes,
with IgG, IgA and IgM in and around granulomas; IgD was found especially
within the granulomas and, in contrast with other immunoglobulins, was
not found in hyalinized tissue (Elling and Wanstrup, 1969).

Ghose et al. (1974) found clumps of immunoglobulin and complement in
granulomas in lung biopsies from three patients with pulmonary sarcoido
sis; the immunoglobulin was predominantly IgG with some IgM. Among 36
biopsies from patients with other diseases, but including none with active
tuberculosis, similar deposits were seen in only one, with extrinsic allergie
alveoliti s.

Quismorio et al. (1977) studied the immunohistology of eight sarcoid
sk in infiltrations. IgM was found in vessel walls in five and at the derrno
epidermal junction in two, and IgG in and around granulomas in two.
Biopsy of a Kveim test site showed similar changes. They noted that IgM
deposits at the dermo-epiderrnal junction have also been reported in lepro
matous leprosy and in lupus erythematosus . The localization of deposits in
vessel-walls and their elimination by acid but not by neutral buffer sug
gested that they might be immune complexes. Kataria et al. (1978) in similar
studies of nine cutaneous sarcoids found fibr inogen in an arborizing pattern,
but no evidence of immunoglobulins of any class within the granulomas.

INTERPRETATION OF THE IMMUNOLOGICAL
ABNORMALITIES

Depressed Type IV hypersensitivity reactions

Some of the early hypotheses about the depression of ability to react with
delayed sk in responses are of historical interest only.

Michael et al. (1950) suggested that low tuberculin sensitivity might be
due to selective incidence of sarcoidosis in those who have not been exposed
to infection with tubercle bacilli. This is disproved by common clinical
experience. In areas where tuberculosis is the common cause of calcified foci
in lungs and hilar lyrnph-nodes, such foci are seen with the expected
frequency in patients with sarcoidosis (Scadding, 1961a; Israel et al., 1961);
the occurrence of sarcoidosis in patients who have had proved tuberculosis
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in the past is weil documented (Citron and Scadding, 1957; Scadding, 1960b,
1961a, 1971); and in the Unired Stares, blacks who are especially susceptible
to sarcoidosis are certainly no less liable to tuberculosis than whites.

The idea that sarcoidosis was a form of tuberculosis characterized by
cutaneous anergy due to the presence of substances in the blood in some
way inhibiting reactions to tuberculin ('anticutins') was at one time rather
widely held by dermatologists, who classified skin sarcoids among tubercu
lides (Jadassohn, 1913; Jadassohn, 1932). In one study (Martenstein, 1921,
1924) serum from two patients with lupus pernio was found to inhibit
tuberculin reactions in sensitive subjects when mixed with tuberculin in
Pirquet tests, whereas serum from three patients with sarcoids of Boeck did
not; and several investigators (Horton et al., 1939; Pinner et al., 1943;
Wells and Wyllie, 1949; Stirling, 1950) studied the effect of sarcoidosis sera
mixed with tuberculin in intradermal tests, in most cases finding inhibition,
but in some, enhancement. The most detailed study was by Magnusson
(1956), who found that the tuberculin reaction was diminished in 11.7% of
tests with sarcoidosis sera and in 14.1 % of those with control sera, and that
in different subjects the same serum might enhance, diminish or have no
effect on the reaction. He found that the degree of inhibition was related to
the extent of the early wealing reaction that occurred in some subjects with
some sera. Wealing reactions of any sort are known to diminish later
tuberculin reactions (Pepys, 1955). Thus the evidence which suggested the
possibility that sarcoidosis sera might contain substances specifically neutra
lizing tuberculin is explicable on other and more general graunds.

The possibility that the skin of sarcoidosis patients might be intrinsically
non-reactive is excluded by several observations. They show a normal
inflammatory response to a croton-oil patch test (Tannenbaum et al., 1976b).
Their response to immediate wealing reactions including those produced by
histamine and by passive transfer of reaginic sensitivity by the Prausnitz
Kustner method is normal (Urbach et al., 1952). Intradermal tests with
phytohaemagglutinin, a non-specific stimulant of lymphocyte transforma
tion in uitro, produce in normal subjects reactions grossly and histologically
resembling delayed hypersensitivity reactions (Blaese et al., 1973). In pa
tients with sarcoidosis (Bunforte et al., 1972; Kataria et al., 1975) and with
tuberculosis (Barbolini et al., 1977) they produce similar reactions. That
these are not banal reactions to an irritant is shown not only by their
histology but also by the finding of depressed responses in children with
congenital defects of cellular immunity, in some adults with immunode
ficiencies, and in Hodgkin's disease. Thus the skin in patients with sarcoido
sis is fully capable of displaying both immediate Type land delayed Type IV
reactions.

That some residual tuberculin sensitivity persisted in some patients with
sarcoidosis who failed to react to a Mantoux test was demonstrated by
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Seeberg (1951) by intradermal tests with 'depot' preparations in whieh
tubereulin is ineorporated in an oily emulsion. ]ames and Pepys (1956)
reported that of 19 patients with sareoidosis who did not reaet to aqueous
tubereulin, 13 reaeted to adepot preparation; the specifieity of these reac
tions was supported by the finding of negative reactions in 18 tuberculin
negative normal subjects, and of positive reactions appearing in normal
subjects at the site of previous intradermal injection of the depot prepara
tion about ten days after BCG vaccination.

Observations on the effeet of cortisone on skin sensitivity to tuberculin in
sarcoidosis and in tubereulosis also suggest that in many cases of sarcoidosis
showing no reaction to conventional tuberculin tests some residual tubercu
lin sensitivity persists. Pyke and Seadding (1952) observed that a few days
after cortisone treatment had been started typical tuberculin reactions de
veloped in a few patients at the site of previously negative intradermal
tuberculin tests. They found that a similar phenomenon occurred if corti
sone were injected locally with tuberculin in an intradermal test, and there
fore studied it further by simultaneous intradermal tests with cortisone
acetate suspension plus tuberculin and with the same dose of tuberculin
alone. Fifty per cent of tubereulin-negative sarcoid patients reacted to
tuberculin mixed with eortisone, to give areaction similar to anormal
positive tuberculin test. These findings were confirmed in a larger series of
patients with sarcoidosis and compared with the findings in patients with
pulmonary tubereulosis, together with control groups (Citron and Scad
ding, 1957). In those with tuberculosis, the degree of inhibition of tubereu
lin reactions by added cortisone varied directly with tuberculin sensitivity.
Reaetions to 1 lU in highly sensitive patients were greatly redueed or
inhibited; those of similar size produced by 5 lU or 10 lU in less sensitive
patients were slightly diminished; those produeed by 100 lU in patients of
low sensitivity showed no average reduetion in size. Fourteen of 28 patients
with sareoidosis who did not react to 100 lU produced reactions when
tested with cortisone plus tuberculin. Patients with sareoidosis who were
sensitive to 100 lU reacted like patients with pulmonary tuberculosis with
low tuberculin sensitivity; the cortisone had little effect on the size of their
tuberculin reactions. In the few who reacted to smaller doses of tuberculin,
there was partial or complete inhibition of the reaction. Sixteen patients
with pulmonary tuberculosis who had been desensitized to tuberculin by
graded doses of tuberculin subcutaneously, under the cover of antibacterial
drugs, so that the skin no longer reacted to 100 IU, were tested with
cortisone plus tuberculin; 11 of them produced positive reactions. A control
series of healthy tuberculin-negative subjects showed no reactions to tuber
culin plus cortisone. Thus, tuberculin-negative sarcoidosis patients behaved
more like desensitized tuberculosis patients than like tuberculin-negative
normal subjects. Gross (1973) studied another group of patients with sar-
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eoidosis in London 20 years after the initial observations of Pyke and
Seadding and found that in spite of the reduetion in the loeal prevalenee
of M. tuberculosis infeetion, the proportion of tuberculin-negative sar
eoidosis patients who reaeted to tubereulin-plus-eortisone remained about
one-half. He suggested that the stimulation of a reaetion to tubereulin
by eortisone might be ealled a paradoxical response; his studies of the
meehanism of this response are diseussed below. Paradoxieal responses
have been reported in a high proportion of tubereulin-negative sareoid-
osis patients in one study in the United Stares (VA-Armed Forees Study,
1963). On the other hand, in 62 patients with Hodgkin's disease in
London, Fairley and Matthias (1960) found that only 8% responded in
this way .

Passive transfer of tuberculin sensitivity

Urbaeh et al. (1952) showed that tubereulin sensitivity eould be transferred
to tubereulin-negative sareoidosis patients by intradermal injection of leuco
cytes from a tubereulin-positive subject, a proeedure whieh had been shown
by Lawrenee (1949) to transfer tubereulin sensitivity to normal tuberculin
negative subjeets; the sensitivity was transient, lasting only a few weeks.
Kohout (1976a) found that 10 x 106 lymphocytes from healthy, strongly
tuberculin-positive donors transferred tubereulin-sensitivity to 19 out of 20
healthy tubereulin-negative subjects, Among 27 patients with aetive sar
coidosis, only a few responded to 10 x 106 eells, but 21 of 25 receiving
50 X 106 eells showed reactivity to tubereulin tests in the opposite arm; as
compared with the healthy subjects, ten of whom remained sensitive one
year later, they retained this reactivity for a shorter time, only two showing
it at one year. Patients with inaetive sareoidosis eould be sensitized more
readily and retained reaetivity longer. After the discovery by Lawrenee
(1959, 1969, 1970) of 'transfer factor', a low moleeular weight, dialysable,
heat labile material whieh can be extraeted from sensitized human lyrnpho
eytes and which ean cause other lymphoid cells to become speeifieally
antigen-responsive, Lawrence and Zweiman (1968) reported that in five of
seven sarcoidosis patients, transfer faetor (TF) from eells of tuberculin
positive donors eonveyed loeal hypersensitivity, though this was less intense
than in healthy subjects, and was accompanied by a weak sensitization
remotely in only two. Horsmanheimo and Virolainen (1976) prepared
transfer factor dialysate from cells from strongly tubereulin-positive donors,
and injected doses estimated to be the extract from 0.9 X 108 cells into eight
tubereulin-negative sareoidosis patients; six aequired transient sensitivity to
100 IV, the longest duration being nine months. Among three eontrol
subjects suffering from skin diseases other than sarcoidosis, two became
sensitized, and in one sensitization persisted for two years.
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'Skin-window' studies

The Rebuck 'skin-window' technique consists in the study of the cells
adhering to a cover-slip applied to a lightly-abraded area of skin; the
proportion of cells of various types, their variation with time, and responses
10 antigenic or other stimuli may be studied. In normal subjects, the pre
dominant cells in the first few hours are granulocytes; mononuclear cells
transforming to macrophages become more numerous over the first 24
hours (Rebuck and Crowley, 1955) . Mlczoch and Kohout (1962) found in
31 patients with sarcoidosis that the number of mononuclear cells increased
10 60% by 12 hours, as compared with just over 30 % in normal subjects.
Rechardt and Mustakallio (1965) found that, compared with controls,
patients with active sarcoidosis, Kohout (1976b) confirmed the high propor
adherent macrophages at six hours, while those in whom sarcoidosis was
stationary had similar numbers to controls; they found that the macrophage
count correlated weil with the rapidity of development of nodular reactions
to Kveim tests. In skin windows at sites where alcian blue had been injected
intradermally two weeks previously, many of the adherent macrophages
were stained; this was taken to indicate that they were derived from tissue
histiocytes rather than from cells circulating in the blood. Among 402
patients with active sarcoidosis, Kohout (1976b) confirmed the high propor
tion of macrophages appearing in skin windows. He found correlations
between high numbers of macrophages and granulomatous Kveim-test re
sponses, high immunoglobulin levels, and high levels of Band low levels of
T Iymphocytes in the peripheral blood. In 150 patients with inactive sar 
coidosis, he found low counts of macrophages in skin windows; and passive
transfer of tuberculin sensitivity was effected more readily in these than in
those with active disease and high macrophage counts in skin windows.

Gange et al. (1977, 1979) studied the migration of cells from dermal
abrasions into small chambers filled usually with 50% autologous serum.
The predominant cells were neutrophils. Throughout the 26 hours of obser
vation, the number emigrating in patients with sarcoidosis was about one
rhird of that in control subjects. Patients with two localized granulomatous
skin diseases, granuloma annulare and necrobiosis lipoidica, showed a
smaller reduction to about one-half of the number in controls.

Circulating lymphocytes

In patients with active sarcoidosis, the number of Iymphocytes in the periph
eral blood is reduced. Hoffbrand (1968) found that 20 of 61 sarcoidosis
patients, but only one of 100 controls, had counts below 100 mrn":', the
difference in mean counts between the two groups being highly significant,
while the mean counts for both neutrophils and monocytes were similar.
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Among the sarcoidosis patients those who were anergic to tuberculin had lower
counts than the reactors. Similar findings were reported by Böttger (1971).

Hedfors et al. (1974) showed that Trather than B Iymphocytes are
diminished. They studied blood Iymphocytes from 33 patients with pulmon
ary sarcoidosis. The proportion recognized as T cells by the formation of
rosettes with sheep red blood cells was significantly lower, and that recog
nized as B cells by the demonstration of surface immunoglobulin higher
than in 18 healrhy controls; because of an absolute Iymphocytopenia, the
number of B cells was normal while the T cells were greatly reduced in
number. A small proportion, from 10-20% of Iymphocytes were atypical,
resembling those seen in acute viral diseases, infectious mononucleosis and
Hodgkin's disease. No correlation was found between the numbers of cells
in these subpopulations and the c1inical stage of the disease, except that
large atypical cells tended to be more numerous with long-standing disease.
The depression of total numbers of Iymphocytes and of T cells has been
confirmed by others (Ramachandar et al., 1975; Serensen et al., 1976;
Daniele and Rowlands, 1976; Tannenbaum et al., 1976a). Ramachandar et
al. found few cells without B- or T-cell markers ('null' cells), but Daniele
and Rowlands reported that in patients with active disease, both recent and
long-standing, such cells constituted up to a quarter or more of the total
Iymphocytes, of which a proportion, up to 32%, were morphologically
atypical.

Studies of lyrnphocyres in culture indicate that a high er than normal
proportion of the small number of circulating Iymphocytes in patients with
active sarcoidosis is activated, with a high rate of spontaneous blast trans
formation, of DNA synthesis, and of production of macrophage migration
inhibition factor (MIF) (Hirschorn et al. 1964; Siltzbach et al., 1971a;
Topilsky et al., 1972; Kataria et al., 1973; Hedfors, 1974). Biberfeld and
Hedfors (1974) found that the atypical blood mononuclear cells were
morphologically heterogeneous, cytochemically were not monocytes, and
were probably of both B- and T-cell origin. Rossman et al. (1978) confirmed
the low numbers of circulating Iymphocytes and especially of T-cells in a
comparison of seven patients with active sarcoidosis of recent onset with ten
matched controls. They found that a much higher proportion of peripheral
Iymphocytes formed stable rosettes at 37°C in the sarcoidosis patients than
in the controls, and that the rosetted Iymphocytes were morphologically
atypical; and concluded that though the total number of T cells was re
duced, the proportion activated was increased.

Responses of cells to stimulation in vitro

In general, the responses of cells from sarcoidosis patients in vitro to
antigens causing delayed hypersensitivity reactions parallel skin sensitivity
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to relevant antigens; while to non-specific mitogens they are less than those
in controls subjects.

Citron (1958) studied the effect of tuberculin on the migration of blood
leucocytes into culture-medium, and found that cells from tuberculin
negative individuals, whether normal or patients with sarcoidosis, were
unaffected. Leucocytes from patients with pulmonary tuberculosis were
inhibited to a degree related to the activity of the disease. Those from the
few sarcoidosis patients who reacted to tuberculin showed a degree of
inhibition varying with their tuberculin sensitivity. Heilman et al. (1970)
cultured spleen and Iymph-node tissue obtained surgically from patients
with sarcoidosis and studied the effects of PPD and histoplasmin on
macrophage migration and the outgrowth of fibroblasts; in general, they
found that both were inhibited in parallel with skin sensitivity to the
relevant antigens. Siltzbach et al. (1971a) found a dose correspondence
between skin sensitivity to tuberculin and Iymphocyte transformation in
response to tuberculin in 35 patients with sarcoidosis. Horsmanheimo
(1974) found strong correlation between tuberculin-induced lyrnphocyte
transformation in vitra and skin reactivity in 87 patients with sarcoidosis
and 64 controls, with similar responses in vitro of cells from patients and
from controls with similar skin-reactivity. Among patients, the levels of
skin-test sensitivity to tuberculin, of tuberculin-induced transformation and
of spontaneous transformation were higher in those with erythema nodo
sum. On the other hand Mangi et al. (1974a) found that skin reactivity and
in vitro Iymphocyte response to Candida antigen correlated poorly in sar
coidosis patients, although they correlated weil in controls, and there was
generally lower reactivity in the patients.

Tannenbaum et al. (1976a) found a general correlation between negative
delayed hypersensitivity skin tests and failure of Iymphocytes in vitra to
produce MIF or incorporate thymidine in response to the relevant antigen;
MIF production was a better correlate than thymidine incorporation. The in
vitro responses could not be correlated with numbers of Iymphocytes, total
T or B, in peripheral blood.

Buckley et al. (1966) studied Iymphocytes from 11 patients with sarcoido
sis, all anergic to tuberculin. The proportion transforming in response to
phytohaemagglutin (PHA) was much lower than in controls in those with
active disease, but not in those in remission. Sharma et al. (1971) confirmed
the low level of PHA-induced Iymphocyte-transformation in 21 patients
with sarcoidosis, 19 showing little response as compared with one of 21
controls; they failed to induce DNCB sensitivity in 15 of the sarcoidosis
patients, but in only three of the controls. Topilsky et al. (1972) demon
stated the low response of sarcoid Iymphocytes to PHA, using 14C-Ieucine
uptake as an index of stimulation. Kataria et al. (1973) found that lyrnpho
cytes from patients with sarcoidosis involving extra-thoracic organs, but not
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those with intrathoracic changes only, showed a low response to PHA, as
judged by transformation, by thymidine uptake and by glucose metabolism;
and that the in. uitro responsiveness to PHA was not correlated with
cutaneous anergy to antigens. Hedfors (1974) reported that though unfrac
tionated peripherallymphocytes showed a high level of spontaneous DNA
synthesis, separated T-lymphocytes showed a reduced response to stimula-
tion by PPD or concanavalin-A (conA). Haslam (1978) studied the response
of Iymphocytes to graded doses of PHA by measurement of thymidine
uptake; eight patients with sarcoidosis showed an unstimulated uptake at
the lower end of the normal range, and three of them showed no response to
PHA up to 10 mg mr'. In a study of 75 patients, Goldstein et al. (1978)
found that the in uitro response of lyrnphocytes to PHA and conA was
decreased in those with chronic active sarcoidosis.

Responses of Iymphocytes in uitro to sarcoid-tissue suspensions validated
for use in the Kveim test are considered in Chapter 21, p. 476.

Faguet (1978) studied the responses of Iymphocytes from 15 sarcoidosis
patients and 15 controls to leucoagglutinin. The binding capacity and
affinity of Iymphocytes for the lectin were similar in patients and controls;
but the induced DNA synthesis was impaired in all but four patients, In the
patients as a group there was a significant reduction in circulating
T-Iymphocytes, but in individuals there was no correlation between the
number of T-Iymphocytes and the metabolie response to lectin, suggesting
an intrinsic defect of effector cell function.

Circulating lymphocytes in pulmonary tuberculosis

Humber et al. (1980) in a comparison of 33 African patients with newly
diagnosed pulmonary tuberculosis and 41 healthy contacts found changes
in circulating Iymphocytes similar to those reported in sarcoidosis and
reviewed above; the total count, the proportion of T cells, the mitogenic
response to PHA and antigen-specific transformation to tuberculin were
reduced in patients, while the primary antibody response to tetanus toxoid
and pneumococcal polysaccharide was enhanced. After the inception of
antimycobacterial chemotherapy, cellular responses returned to normal.

Helper and suppressor cells

Human T-lymphocytes may have receptors for the Fe portion of immuno
globulins (Moretta et al., 1976, 1977). Those with IgG receptors have an
inhibitor or suppressor effect, and those with IgM receptors an enhancing or
helper effect on the stimulation of B cells by poke-weed mitogen (PWM) to
produce immunoglobulin and on some other lymphocyte functions. Katz et
al. (1978) compared seven patients with 25 controls. The patients showed a
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diminished number of T cells in the peripheral blood, with an increased
proportion of TG (suppressor) and a diminished proportion of TM (helper)
cells; the proportion having neither receptor did not diHer significantly from
that in controls.

Monocytes

Peripheral blood monocytes of sarcoidosis patients have been shown to
have suppressor eHects on Iymphocyte responses. Katz and Fauci (1978)
used a plaque-forming cell (PFC) assay of the ability of Iymphocytes to
produce anti-sheep red blood cell IgM antibody after activation with poke
weed mitogen (PWM): in this system, activation of B Iymphocytes to
produce antibody is T-cell dependent and is regulated by a balance between
'helper' and 'suppressor' activity. Sarcoid Iymphocytes showed a much lower
response than controls. Removal of glass-adherent cells having characteris
tics of monocytes resulted in increase in response to the normal range.
Goodwin et al. (1977) demonstrated the presence in the blood of normal
subjects of glass-adherent cells which secrete prostagiandin E2 (PGE2) and
suppress the response of T cells to mitogens in vitro. Goodwin et al. (1979)
found that the response of peripheral blood mononuclear cells from 16
patients with active sarcoidosis to PHA, measured by 3H-thymidine uptake,
was less than that of 12 healthy controls; four patients receiving corticoster
oids did not diHer in response from those untreated. The addition of
indomethacin, a prostagiandin synthetase inhibitor, to the cultures
increased the response, more in patients than in controls. The removal of
glass-adherent cells led to a large increase in the response to PHA in the
patients and a small decrease in the controls. ]ohnson et al. (1981) in studies
of circulating white cells in 26 patients with sarcoidosis confirmed lyrn
phopenia and impaired Iymphocyte transformation to conA; a lower pro
portion of mononuclear cells than in controls formed E rosettes, irrespective
of the activity of the disease, and among those with active disease a higher
proportion had IgG receptors. Twenty per cent of E-rosetting cells had the
characteristics of monocytes, and removal of these by plastic adherence, or
the addition of indomethacin to the medium increased transformation to
conA, but not to normal levels. Thus, it appears that the suppressor eHect of
monocytes contributes to the depressed Iymphocyte responses in sarcoido
sis. Activation of circulating monocytes in three granulomatous diseases,
tuberculosis, sarcoidosis and Crohn's disease, was demonstrated by Doug
las et al. (1976) and Schmidt and Douglas (1977) in studies of monocyte
receptor activity for IgG and C3. The proportion activated in sarcoidosis
was less than that in tuberculosis and greater than that in Crohn's disease.

The role of macrophages in tuberculin-induced Iymphocyte transforrna
tion was investigated by Horsmanheimo and Virolainen (1974). They found



The lmmunology of Sarcoidosis 433

that macrophages from tuberculin-negative sarcoidosis patients were as
effective as autologous macrophages in enhancing the blastogenic response
to tuberculin of lymphocytes from tuberculin-sensitive subjects. Thus
impairment of antigen-induced lymphocyte transformation in sarcoidosis
does not seem to be associated with functional deficiency of macrophages as
ha s been reported in Wiskott-Aldrich syndrome and in Hodgkin's disease.

Humoral inhibitory factors

Factors in the sera of sarcoidosis patients inhibiting cellular processes con
cerned in immune responses have been described by several investigators.

Mangi et al. (1974b) studied the effect of plasma from patients with
sarcoidosis on the response of lymphocytes to PHA, measured by
3H-thymidine incorporation. They found that lymphocytes from 13 of 26
patients responded better when cultured in normal than in autologous
plasma, and that plasma from 14 of 25 sarcoidosis patients reduced the
response of normallymphocytes, even in the presence of optimal concentra
tions of normal serum; and concluded that the plasma of sarcoidosis
patients contains an inhibitor of lymphocyte stimulation.

Umbert et al. (1976) found evidence of an inh ibitory factor for guinea-pig
macrophages in the sera of nine out of ten patients with sarcoidosis, and 11
of 14 with granuloma annulare.

Daniele and Rowlands (1976) found that nine of 15 sarcoidosis sera
reduced the capacity of normal T cells to form E rosettes with sheep red
blood cells by an average of 25 %, and thar IgG and IgM antibodies to T
cells were present in seven of the 15 sera . They suggested that these anti
bodies might have a selective effect on TM (helper) cells.

Maderazo et al. (1976) tested the sera of sarcoidosis patients for chemo
tactic factor inactivation. Normal serum contains small amounts of inacti
vators of bacterial chemotaxis for leucocytes. In 19 of 20 sarcoidosis
patients inactivator levels were higher than normal, but the y were less
elevated than in Hodgkin's disease and cirrhosis of the liver, in which
four-fold increases have been reported; the inactivator differed from that in
normal sera in being heat-labile. Increases in chemotactic inactivator have
been found also in Crohn's disease (Segal and Loewi, 1976) and in leprosy
(Ward et al., 1976) and in patients with cutaneous anergy associated with
acute illness (Van Epps et al., 1974).

Campbell et al. (1977) studied the leucotactic function of monocytes in
25 untreated patients with sarcoidosis. Responses to lymphokine produced
by PHA stimulation of normal human lymphocytes and to zyrnosan
activated human serum were depressed; the depression was greatest in Stage I
patients, but otherwise was not correlated with activity, extent or duration
of disease. Incubation of normal monocytes with sarcoid plasma diminished
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leueotaxis. The leueotaetie aetivity was non-dialysable and heat stable; and
small amounts of similar aetivity were found in normal serum. There was
good eorrelation between the defeet in monoeyte leucotaxis and the leuco
taetie inhibitory faetor in plasma. Campbell suggested that the apparent
diserepaney between the depressed leucotaxisof blood monoeytes and the
early migration of monoeytes in 'skin-window' studies may be explained by
the demonstration by Reehardt and Mustakallio (1965) that many of the
eells appearing in skin windows are of loeal tissue origin.

Faguet (1978) advaneed evidenee that though serum faetors may eontri
bute to abnormal lymphoeyte response in sareoidosis, they do not aet by
bloeking or masking membrane reeeptors. The binding eapaeity and affinity
of lymphoeytes from 15 patients with sareoidosis for leukoagglutinin were
similar to those of 15 eontrols, but the metabolie response to bound leetin
was impaired in 11. Thus there appeared to be an intrinsie defeet of effeetor
eell funetion distal to the membrane reeeptor.

Williams et al. (1982) found evidenee of interaetion between immune
eomplexes (lC) and T-suppressor eells in sareoidosis. Among 31 patients,
they found IC in 12 of 23 by Raji eell assay and 11 of 19 by polyethylene
glyeol precipitation. The presenee of IC was not related to the stage of the
disease, but was eorrelated with low numbers of T-suppressor eells, iden
tified by the demonstration of reeeptors for IgG. The proportion of sueh
eells among sareoid T-eells was inereased by ineubation with trypsin. The
proportion among normal lymphoeytes was inereased by ineubation with
sarcoid IC, wh ieh also redueed blastogenie response to eonA. Fraetionation
of sareoid serum showed two inhibitory faetors . One with a moleeular mass
of more than 300 000 daltons was thought to be the IC; the other with a
mass of less than 60 000 daltons eontained no identifiable immunoglobulin
(Davies et al. 1982).

Cortieosteroids and immune responses

In uitro studies of the paradoxieal response to eorticosteroids added to
tubereulin in tubereulin-negative sareoidosis patients deseribed above
(p. 426) have been reported by Gross (1973 ), Valdimarsson and Gross
(1973) and Gross and Holt (1977) . A lymphokine preparation was pro
dueed by stimulation of lymphocytes in uitro with coneanavalin A, and
eaused a delayed skin response in 93% of normal subjeets. Eight patients
with sarcoidosis who were paradoxieal responders failed to reaet to it, but
six of them reaeted when eortisone was added. By contrast, four patients
with anergie lymphoma responded to the lymphokine preparation. The
response to PPD of lymphoeytes from eaeh of ten paradoxieal responders
was measured by both thymidine uptake and MIF produetion. All
responded on at least one oeeas ion , but at a lower level than that for normal
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control lymphocytes. Hydrocortisone added to the Iymphocyte cultures
abolished thymidine uptake and MIF production, and lyrnphocytes
obtained after oral administration of prednisone showed similarly depressed
responses. Thus, in addition to the defect in lymphocyte responsiveness to
antigen, there seems to be a defect in ability to express delayed hypersensi-
tivity; while the responsiveness of the sensitized lymphocyte to antigen is
further depressed by cortisone, the defect beyond this is corrected by corti-
sone to a degree sufficient to permit areaction to appear in the paradoxical
responders.

The complexity of the actions of cortisone on the cells involved in the
immune response is illustrated by the study by Katz and Fauci (1979) of the
effects of an intravenous dose of 400 mg hydrocortisone sodium succinate
in four patients with sarcoidosis and four controls. There was a transient
absolute T-ceillymphocytopenia with a relative increase in TG (suppressor)
and decrease in TM (helper) cells in patients and controls. In the patients the
absolute number of TG cells showed little change, whereas there was a
profound fall in TM (helper) cells four hours after hydrocortisone. Never
theless, at this time the depressed ability of sarcoidosis lymphocytes to
produce anti-SRBC antibody after PWM activation was strikingly
increased, so that PFC responses similar to those of normal subjects were
obtained; normal lymphocytes showed no significant change in this
response after hydrocortisone. Since Katz and Fauci (1978 ) had shown that
the depression of PFC response in sarcoidosis lymphocytes was corrected by
the removal of monocytes, it appeared that hydrocortisone acted by reduc
ing the suppressor effect of these cells.

BRONCHO-ALVEOLAR LAVAGE

Broncho-alveolar lavage (BAL), a safe, relatively non-invasive and repeat
able procedure provides a means by which cells, mainly from pulmonary
acini, can be obrained for study, and has been an imporrant source of
information about immuno-competent cells in diseases diffusely affecting
the lungs. This has been the subject of several reviews (Hunninghake et al.,
1979a; Gee and Fisk, 1980; Keogh and Crystal, 1982). The following discus
sion concerns those findings that are relevant to the pathogenesis of sarcoid
osis by throwing light on the behaviour of immuno-competent cells at the
sites of granulomatous change (Crystal et al., 1981; Crystal et al., 1983).

Cell types

In normal subjects, macrophages are predominant among the cells obtained
by lavage, with a small proportion of lymphocytes; smoking increases the
number of cells recovered and diminishes the proportion of lymphocytes
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(Reynolds and Newball, 1974; Warr et al., 1976). In sarcoidosis, the
proportion of lymphocytes is increased. Yeager et al. (1977) compared
lavage fluids from 14 patients with sarcoidosis with those from 20 healthy
volunteers. Lymphocytes constituted 19.6% of the cells from non-smoking
sarcoidosis patients, and only 8.1 % from non-smoking conrrols. Reynolds
(1978 ) in a study of 16 sarcoidosis patients found that the number of
lymphocytes was higher in those with active disease; in them a standard
lavage procedure produced an average of 13.6 X 106 cells of which 32 %
were lymphocytes, compared with 3.8 x 106 and 11.3% respectively in
those with inactive disease. Similar findings were reported by others (Dau
ber et al., 1979; Mahe et al., 1979; Arnoux et al., 1980).

Cells obtained by BAL are often called 'lung' or even 'alveolar' cells. With
normal airways, this is probably a justifiable approximation. In a case
reported by Rossman et al. (1981), exuberant changes in bronchial mucosa
were found in a non-smoking patient with BHL and pulmonary infiltration
of recent origin; they were accompanied by extreme changes in lymphocyte
populations in BAL and in blood of the sorts generally found in pulmonary
sarcoidosis, and bronchial biopsy showed extensive granulomatous changes
with much mononuclear infiltration. In this case, it is likely that the bronchi
were an important source of the BAL lymphocytes.

T- and B- lymphocytes

Hunninghake et al. (1979a), reviewing more than 400 broncho-alveolar
lavages, reported that in normal non-smokers 93 ± 5% of the cells were
macrophages, 7 ± 1% Iymphocytes, and less than 1% polymorphonuclear
cells. Of the lymphocytes, the proportions with T characteristics averaged
73%, and with B 7% . In eight non-smoking sarcoidosis patients, all with
recent active disease, Hunninghake et al. (1979b) found that there was a
great increase in lymphocytes, to an average of 58%; of the lymphocytes in
BAL, the proportion with T characteristics averaged 90%, very significantly
higher than in the peripheral blood, in which the proportion was 55%. The
proportions identified as B cells were 5% in BAL and 20% in blood. By
comparison, in normal subjects the proportions identified as T and B cells in
BAL and in blood were similar, averaging 70% and 10% respectively. In six
patients with idiopathic pulmonary fibrosis (cryptogenic fibrosing alveolitis)
there was a very significant increase in polymorphonuclear neutrophils, to
an average of 21 %. Other studies of cryptogenic fibrosing alveolitis have
shown similarly high numbers of polymorphonuclear cells, mainly neut
rophils but possibly also eosinophils (Reynolds et al., 1977; Weinberger et
al., 1978; Haslam et al., 1980 a and b). The proportion of lymphocytes in
this and other non-granulomatous lung disease did not differ from that in
normal subjects.
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In the relati vely few studies of granulomatous lung diseases of known
cause that have been reported, an increase in lymphocytes in BAL similar to
or higher than that seen in sarcoidosis has been found. These diseases
include pulmonary tuberculosis (Clot et al., 1979 ; Lenzini et al., 1980;
Hunninghake et al., 1979a); extrinsic allergie alveoliti s (chronic hyper sensi
tivity pneumonitis ) due to fungal contamination of ventilation systems
(Reynolds et al., 1977 ) and in bird-fanciers (Tonnel et al., 1979; Arnoux et
al., 1980; Valenti et al., 1982 ); and talc granulomarosis caused by intrave
nou s injection of crushed pentazocine tab lets (Farber et al; 1982). In the
latter study, four men in whom the diagnosis of tale granulomatosis wa s
established by the history of intravenous drug abuse and by transbronchial
lung biop sy were found to have 18%-32% of lymphocytes in BAL fluid, in
wh ich tale crysta ls were present; they also had high serum ACE levels and
positive gallium lung scans.

'Activation' of lymphocytes

The lymphocytes obtained by BAL from the lungs of patients with active
sarcoidosis show evidences of activation, such as a high rate of spontaneous
incorporation of tritiated thymidin e, high proportions forming rosette s with
sheep erythrocytes at 37°C and having receptors for the Fe fragment of IgG,
and spontaneous release of lymphokines of various sorts (H unninghake et
al., 1979b; Hunninghake et al., 1980a; Arnoux et al., 1980, Crystal et al.,
1981 ; Pacheco et al., 1981 ).

Hunninghake et al. (1980b) found a chemotactic factor for monocytes in
supernatants of cultures of lung lymphocytes from all of six patients with
sarcoidosis; their blood lymphocytes produced a much lower level of similar
act ivity. Th e molecular mass of the rnonocyte chemotactic factor was esti
mated to be the range 10000-16000 daltons. Supernatants from lyrnpho
cytes from lung and blood of control subjects and of patients wirh
'idiopathic pulmonary fibrosis' showed no monocyte chernoracric activity.
T-cell -enr iched fractions of BAL cells from sarcoidosis patients had en
hanced, and T-cell-depleted fractions diminished chemotactic activity, im
plying T-cell origin. Sarcoid lung T-lymp hocytes were found to secrete
spontaneously an average of 25 times the amo unt of this factor as bloo d
T-lymphocytes. Monocyte chemotactic factor attracts not only monocytes
but also polymorphs, which are insignificant in sarcoid granulomas and in
BAL from sarcoid lung; the selective attraction of monocytes in sarcoidosis
may be explained by the finding that T-lymphocytes from sarcoid lung also
secrete a factor with a molecular mass of 68 000 daltons wh ich inhibits the
migration of polymorphonuclear leucocytes bur has no effect on monocytes
(Hunninghake et al., 1979b ).

Pinkston et al. (1983) studied the release of interleukin-2, a factor
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stimulating proliferation of T-lymphocytes, from BAL cells from 27 sar
coidosis patients, three with interstitial pulmonary fibrosis, and ten normal
subjects. Ten of the sarcoidosis patients were judged to have 'high-intensity
alveolitis' (see Chapter 27, p. 588) . In nine of these, but in no other patients
or controls, release of interleukin-2 was detected, at a rate varying with the
proportion of T-cells in BAL.

'Suppressor' and 'helper' T -cells

As noted above (p, 431), the proportion of the usually reduced number of
lymphocytes in the blood in patients with sarcoidosis having suppressor
function, as indicated by Ig receptors, is higher, and having helper funct ion
lower than normal. Ginns et al. (1982) used the OKT series of monoclonal
antibodies to study T-lymphocyte subsets in blood and BAL. These mouse
monoclonal antibodies reacting with cell surface antigens of human T
lymphocytes were prepared by the hybridoma technique (Kung et al., 1979;
Reinherz et al., 1979; see also reviews by Reinherz and Schlossman, 1980;
Kung and Goldstein, 1980) . The series of antibodies prepared was nurn
bered, and the subsets of lymphocytes reacting with some of them have been
shown to be functionally distinct. Those reacting with OKT 3 (designated
OKT3+) appear to be mature circular ing T-lymphocytes (Chang et al.,
1981). OKT4+ cells constitute a helper-inducer subset, and are not
cytotoxic (Reinherz et al., 1979, 1981), while OKT8+ cells have cytotoxic
and suppressor functions (Friedman et al., 1981), although these subsets do
not correspond exactly with subsets defined by other tests of these func
tion s. Ginns et al. (1982) found, in accordance with expectation, that
peripherallymphocyte counts were low in 11 patients with sarcoidosis, and
slightly but not significantly low in eight with idiopathic pulmonary fibrosis
(IPF), as compared with 45 normal subjects; the proportions of OKT3 +
(mature T-lymphocytes) and of OKT4+ (helper-inducer) cells were reduced
in both sarcoidosis and IPF patients. BAL was performed in six sarcoidosis
and four IPF patients. Lymphocytes constituted 67% of the cells from the
lung in the sarcoidosis patients, and 36 % in the IPF patients. In sarcoidosis
OKT4+ cells averaged 66%, and OKT8+ 10%, while in IPF the proportions
were 27% and 34% respectively. The ratio of OKT4+ to OKT8+ cells, the
helper /suppressor ratio, in BAL averaged 6.5 for sarcoidosis and 0.9 for IPF;
in the peripheral blood it was 2.2 for sarcoidosis and 1.7 for IPF, not
significantly different from 1.9, found in the normal subjects. The relatively
small discrepancy between the findings of Katz et al. (1978) for TM and TG

receptor-bearing cells and the OKT4+/0KT8+ ratio in peripheral blood is
presumably explained by differences in the constitution of the subsets of
cells defined by these two methods. The striking finding by the monoclonal
antibody procedure is the great preponderance of OKT4", helper-inducer,
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cells in the lung Iymphocytes in sarcoidosis. Findings by this techn ique in
granulomatous lung disease of known cause will evidently be of great interest.

Immunoglobulins

A high level of IgG, as shown by a high Ig/albumin ratio was reported in
BAL fluid in patients with sarcoidosis by Reynolds (1978), as compared
with controls. Weinberger et al. (1978) reported similar findings in sar
coidosis; rather higher levels were found in patients with interstitial pul
monary fibrosis, and considerably higher in those with hypersensitivity
pneumonitis (extrinsic allergie alveolitis), who were the only group in whom
IgM was found. IgA content was variable within groups. In normal subjects
the absence of IgM is not surprising, in view of its high molecular mass;
both IgG and IgA might appear by transudation from the serum, while IgA
might come in part from local production in the respiratory mucosa. In
extrinsic allergie alveolitis, it seems likely that the IgM and at least some of
the IgG comes from the local reaction to the causal antigen that is going on
in the lung. In sarcoidosis, Hunninghake and Crystal (1981a) found that a
high proportion of Iymphocytes obtained by BAL was secreting IgG or IgM,
but not IgA. The proportion of cells secreting Ig was directly related to the
number of cells in BAL. Co-culture of T-cells from sarcoid patients with
high proportions of T-cells in BAL with normal blood mononuclear cells
caused these cells to differentiate into Ig-secreting cells, an effect that was
not observed with blood Iympho cytes from the sarcoidosis patients, or with
BAL lymphocytes from patients with low proportions of T-cells in BAL.
These findings suggest that in active pulmonary sarcoidosis the lung is an
important site of Ig production, activated T-Iymphocytes modulating local
antibody production and leading to polyclonal hyperglobulinaemia. Rankin
et al. (1983) confirmed and extended these findings. In 11 normal subjects,
they found, as expected, that there was rather more IgA than IgG in BAL,
presumably because of local synthesis of IgA, and very small amounts of
IgM, presumably because its high molecular mass limits its movement to the
alveolar surface; there was a weak correlation between the number of cells
in BAL secreting IgA and the level of this Ig, but none between the numbers
secreting IgG or IgM and levels in BAL or blood of these immunoglobulins.
In 17 patients with sarcoidosis, there were highly significant correlations
between the number of Ig-secreting cells and both the IgG/albumin ratio in
BAL, and the serum IgG level. The IgG/albumin ratio was higher in BAL
than in serum in the patients, but equal at these two sites in the normal
subjects. The proportion of IgG-secret ing, but not of IgA- or IgM-secreting
cells in BAL was higher in the patients than in normal subjects, and was
higher in BAL than in blood in the patients.
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'Activation' of macrophages

Macrophages obtained by BAL from patients with sarcoidosis show several
signs of 'activation'.

Yeager et al. (1977) found that among sarcoidosis patients about 10%
(slightly higher in non-smokers and lower in smokers) of macrophages
obtained by BAL showed spontaneous attachment of one or more Iympho
cytes, compared with about 2% in controls. Neither the number of Iympho
cytes bound, nor the proportion of macroRhages with adherent Iymphocytes
could be correlated with c1inical features. Reynolds (1978) observed macro
phages with two or more adherent Iymphocytes in BAL in four of 16
patients with sarcoidosis. Lussier et al. (1978) studied in vitro binding of
peripheral blood Iymphocytes by alveolar macrophages from normal sub
jects; with optimal conditions, 7% of macrophages acquired adherent
Iymphocytes. Yeager et al. (1979, 1980) using these optimal conditions,
studied alveolar macrophage-blood Iymphocyte (AM-L) binding in smoking
and non-smoking sarcoidosis patients and controls. They found that
smokers showed a lower level of AM-L binding than non-smokers. Non
smoking sarcoidosis patients showed a higher level than non-srnoking con
trols . In three patients with positive skin tests to recall antigens, AM-L
binding was increased in the presence of the antigen. Kveim-test suspensions
partially inhibited it in sarcoidosis patients, but slightly increased it in
controls; a normal spleen suspension caused a slight but not significant
increase in patients and controls.

Gee et al. (1978) and Hinman et al. (1979) found that BAL macrophages
from patients with sarcoidosis contained about five times and from normal
smokers about three times, as much angiotensin convertase activity as
those from normal non-smokers. They found no evidence that alveolar
macrophages in culture secrete ACE. Hinman et al. (1978) also found a high
level of lysozyme in sarcoid alveolar macrophages (AM), 2.5 times that
found in normals. The high level of ACE may be correlated with their
evolution towards an epithelioid cell structure, since ACE is present in the
epithelioid cells of sarcoid granulomas, especially those at the periphery
(Chapter 2, p. 31) . Gupta et al. (1982) could not confirm the high level of
ACE in sarcoid AM; they found that the content of ACE in these cells from
patients with active and inactive sarcoidosis and from normal subjects did
not differ significantly, although serum ACE levels were higher in those with
active sarcoidosis, and the proportion of Iymphocytes higher in those with
sarcoidosis, as expected. Perrin-Fayolle et al. (1981) found higher levels of
ACE in BAL fluid from 16 patients with sarcoidosis than in controls. Serum
ACE levels were raised in nine of the patients. ACE levels were correlated
with the BAL Iymphocyte counts and with c1inical activity, but not with
radiographic 'staging' , Rossman et al. (1982) found similarly that in 22
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sarcoidosis patienrs there were strong correlations between serum ACE
levels and proportions of lymphocytes and of T-Iymphocytes in BAL; but
ACE was increased in only seven of the patients, and was normal in ten with
high proportions of lymphocytes in BAL. Since there is evidence that cells of
the macrophage series are the source of the elevated ACE levels in sarcoido-
sis, the role of the Iymphocytes can only be indirect, through activation of
macrophages.

Other possible evidences of macrophage activation are the release of
interleukin-l (Hunninghake et al., 1981) and enhanced presentation of
antigen to T-cells (Venet et al., 1982). Production of fibronectin (Rennard et
al., 1981) and of a factor causing fibroblast replication (Bitterman and
Crystal, 1981) are common to sarcoidosis and idiopathic and other forms of
pulmonary fibrosis; while a neutrophil chemotactic factor that has been
shown to be produced by macrophages from these fibrosing lung diseases
has not been found in sarcoid AM (Hunninghake et al., 1981).

Some other tests of macrophage 'activation' studied by Dubois et al.
(1981) gave negative resuIts in AM obtained by BAL from 18 patients with
sarcoidosis, but suggested some activation in 29 with cryptogenic fibrosing
alveolitis (CFA). In both sarcoidosis and CFA, receptor sites for C36 were
reduced; in sarcoidosis, intracellular and extracellular levels of ß-D
glucosamidase, a lysosom al enzyme, were similar to those in controls, while
in CFA the extracellular level was higher in some cases; and AM from
sarcoidosis showed similar degrees of spreading on glass to controls, while
those from CFA showed significantly more. Evidently , various tests
of 'activity' test different aspects of cell function; Ridley et al.
(1979) found that ingestion of BCG causes macrophages to lose C3
receptors temporarily.

Hunninghake et al. (1981 ) showed that after intravenous injection of
gallium-67 preparatory to scanning, 95 % of the isotope in lung effector
cells is contained in macrophages, and that AM from patients with active
sarcoidosis take up 67Ga more rapidly than those from normal subjects or
patients with inactive sarcoidosis. This finding suggests that 67Ga uptake is
a measure of the activity of cells of the mononuclear phagocyte series.

In a study of the ultrastructure of BAL cells from eight sarcoidosis
patients and 11 healthy subjects, Hawley et al. (1979) found interaction
between macrophages and Iymphocytes more frequently in the sarcoidosis
patients, irrespective of smoking habits; sarcoid AM had a more irregular
cell surface, more membrane-bound inclusions and fewer lysosomes and
phagolysosomes, though the number of these was greatly affected by smok
ing. Danel et al. (1983) studied the ultrastructure of BAL cells from 28
sarcoidosis patients and 17 control subjects and of lung tissue granulomas
in five patients. They found that both macrophages and Iymphocytes in BAL
from sarcoidosis patients showed a general increase in size compared with
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the controls. A proportion varying between 10 and 70% of macrophages
showed morphological changes suggesting 'activation' . In sarcoidosis, 6.4%
of macrophages were in dose contact with Iymphocytes, compared with
1.6% in the control subjects . At the points of contact between macrophages
in sarcoidosis patients, but not in controls, paired subplasmalemma I linear
densities, similar to those more commonly seen between epithelioid cells,
giant cells and macrophages in granulomas, were sometimes seen. Cells
having the appearance of epithelioid cells were not seen in BAL, but AM in
sarcoidosis showed larger pseudopodia, more polarization of cytoplasmic
membranes, larger and more numerous lysosomes and less nudear
heterochrornatin.

IMPLICATlONS FOR THE PATHOGENESIS OF SARCOIDOSIS

The relevance of the findings obtained by BAL to the pathogenesis of
sarcoidosis is dependent upon whether the cells in BAL can be accepted as
representative of immunocompetent and inflammatory cells at sites of dis
ease, not only in the lung but also at other localizations of sarcoidosis.

Haslam et al. (1980) found in 21 cases of cryptogenic fibrosing alveolitis
that there was a correlation between the percentages found in BAL and in
extracts from lung biopsy sampies which attained statistical significance for
neutrophils, the most prominent cell in this disease, and fell just short of it
for eosinophils and Iymphocytes; no correlation was found between scores
for numbers of cells seen in histological sections and percentages in BAL.
Hunninghake et al. (1981) found that the proportions of macrophages, of
Iymphocytes and their sub-sets, and of polymorphonudear cells in BAL
fluid were similar to those in suspensions prepared from lung biopsies in
patients with sarcoidosis and with idiopathic pulmonary fibrosis and from
normallung obtained from patients undergoing thoracotomy for removal of
localized lesions, and could thus be regarded as representative of the popu
lations of such cells in the periphery of the broncho-alveolar tree. It has
generally been found that BAL performed in different parts of diffusely
affected lungs shows similar proportions of cell-types (Weinberger et al.,
1978). In three eases of pulmonary sareoidosis with patchy radiographie
ehanges, Cantin et al. (1983) found great differenees in Iymphocyte percen
tages, from less than six to high figures ranging from 21-49 in BAL
performed in different lobes, indieating that eellular changes in the lungs are
localized to involved parts.

Corroborative evidence of T-eell ehanges similar to those found by BAL
in the lung at other localizations of sarcoidosis is difficult to obtain. Alario
et al. (1977) obtained biopsy sampies from cutaneous sarcoids in a 68 year
old woman. Lymphocytes were separated from the minced granulomatous
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tissue ; 84 % were found to be T-cells , compared with 34 % in the blood, in
which the totallymphocyte count was low, 540 mm-3

•

Acceptance rhat the cell content of BAL is generally representative of events
at sites of granuloma formation in pulmonary sarcoidosis has led to the
formulation of the view that acrivated Iymphocytes playa central role in the
inception and maintenance of the granulomatous changes (Hunninghake et
al., 1980b; Hunninghake and Crystal, 1981b; Crystal et al., 1981; Crysral et
al., 1983). T-Iymphocytes accumulate in the lung (and presumably at other
sites of sarcoidosis) in response to some as yet unidentified stimulus or
agent(s), and become act ivated. They produce monocyte chemotactic factor,
in response to which monocytes accumulate at affected sites and become
transformed into epithelioid cells which aggregate into epithelioid and
giant-cell granulomas. The low level of T-Iymphocytes found in the
peripheral blood is accounted for by the segregation of large numbers at the
sites of active sarcoidosis; and this sequestration of immune effector cells
contributes to the depression of peripheral expression of tuberculin-type
hypersensitivity which is commonly found in sarcoidosis. Activation of
B-cells in the lung and other affected tissues containing lymphoid tissue may
lead to polydonal secretion of immunoglobulins and accounts for the
hyperglobulinaemia seen in some cases.

Some of the phenomena described in this picture of events in the evolu
tion of pulmonary sarcoidosis have been observed in the few studies of
granulomatous lung disease of known cause that have been reported,
notably the prominence of activated T-Iymphocytes. This raises the
question how far the changes are to be regarded as peculiar to sarcoidosis,
rather than to a general dass of granulomatous reactions to known and as
yet unidentified agents. Current immunological findings, induding those
obtained by BAL, seem compatible with the possibility that sarcoidosis is a
response to a replicating agent of some kind. Hypotheses about the inciting
stimulus to granuloma formation in sarcoidosis are cons idered in Chap
ter 25.



Chapter 21

The Kveim Reaction

In 1941, Kveim, working in Danbolt's department of dermatology is Oslo,
reported that the intradermal injection of a heated suspension of tissue
particles prepared from a sarcoid Iymph-node caused a nodule to develop
within nine days to four weeks in 12 out of 13 patients with sarcoidosis;
that these nodules might increase in size for several weeks and persist for
several months, and on biopsy showed histological changes resembling
those of sarcoidosis; and that no reactions occurred in control subjects,
including some with lupus vulgaris. Williams and Nickerson in 1935 briefly
reported that they had prepared a suspension from a sarco id skin lesion, and
used it in the hope of obtaining areaction in patients with sarcoidosis
analogous to the Frei test in Iymphogranuloma inguinale; and that in four
patients thought to be suffering from sarcoidosis, a papule appeared in
24-36 hours and persisted for about a week, while in four control subjects
there was no reaction. The clinical account of their four patients is very
brief, but it seems arguable that two of them may have been suffering from
regional ileitis. HarreIl (1940) prepared suspensions from three sarcoid
Iymph-nodes; one gave 'questionably positive' reactions (presumably
papules of the sort described by Williams and Nickerson) in three sarcoido
sis patients, and the other two gave no reaction in four. Appel (1941) stated
that Nickerson had used a sarcoid spleen suspension, and had found granu
lomatous changes on biopsy of the induced nodule. There is no question,
however, that Kveim's account, published in 1941, was the first description
of areaction to intradermal injection of a sarcoid tissue suspension resulting
in a slowly developing nodule with sarcoid histology, and was remarkably
complete; and that his name has been justly associated with this reaction,

This reaction has been investigated intensively. As a result, it is now
known that sarcoid tissue suspensions vary greatly in their ability to cause
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granulomatous reactions selectively in patients with sarcoidosis; that the
probability that a patient with sarcoidosis will give such areaction varies
with the evolution of the disease; that some sarcoid tissue suspensions cause
reactions unselectively; and that some suspensions selectively causing granu
lomatous reactions in sarcoidosis patients cause similar reactions in a prop-
ortion of patients with some other diseases, notably Crohn's disease. There
is general agreement about the proportions of sarcoidosis at various stages
giving granulomatous reactions, but reports about the frequency of such
reactions in patients with other diseases vary widely; and the reasons for the
selectivity of a 'good' suspension and the significance of the Kveim reaction
in relation to the aetiology of sarcoidosis remain undetermined.

KVEIM REACTANT TISSUE SUSPENSIONS

Suspensions from a variety of tissues have been prepared and tested for
ability to cause granulomatous reactions in sarcoid patients. Ir has generally
been found that spleen and lymph-node are most likely to provide satisfac
tory suspensions. The original method of preparation described by Kveim
(1941), Putkonen (1943), Danbolt (1948) and Nelson (1948) consisted in
grinding the tissue in a mortar with sterile physiological saline solution to
make a suspension of known strength, usually one part by weight of wet
tissue to ten of the final suspension; allowing the larger particles to separate
by sedimentation and discarding them; and using the supernatant par
ticulate suspension as the test -material after sterilization by heating to
56°C - 60°C for one hour on two successive days and the addition of a
preservative, usually 0.25% phenol. Subsequent workers have adopted
more refined methods, but it has been found that onl y particulate suspen
sions are active, and conventional Kveim reagent remains a relatively emde
suspension of human sarcoid tissues.

The active component is particulate and not water-soluble, Ir does not
pass a Berkefeld or Seitz filter (Putkonen, 1943; Danbolt, 1948, 1951a).
Rogers and Haserick (1954) found that the opalescent supernatant after
centrifugation at 2500 rpm retained activity, but the clear supernatant after
ultracentrifugation at 30000 rpm was inactive. Chase and Siltzbach (1961)
reported that particles sedimenting from their spleen suspension in 15
minutes on centrifugation at 5500 G had the highest activity, 450 flg of this
fraction constituting an effective dose, and 30 flg producing areaction in
some patients. Particles sedimenting on further centrifugation at 10000 G
showed only one-ninth of the activity, weight for weight, of the larger
particles. As described below (p. 446) , Chase (1961) prepared a suspension,
designated Type I, in which the active component was concentrated by
was hing and differential centrifugation by a factor of two or more.

Removal of lipids by extraction in the cold with ether (Rogers and
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Haserick, 1954) or with chloroform-methanol (Chase and Siltzbach, 1961)
does not reduce activity; Rogers and Haserick found that ether extraction
increased activity somewhat. Nelson (1957) reported that repeated extrac
tions with aseries of hot organic solvents destroyed activity, and thought
that this was probably due to the disruption of lipoprotein linkages. Boiling
in aqueous suspension may reduce but does not destroy potency (Putkonen,
1943, 1945; Danbolt, 1948, 1951a; Rogers and Haserick, 1954). Chase
and Siltzbach removed nucleoprotein by 2M sodium chloride, apparently
without reducing potency; the separated nucleoprotein fraction was not
active. Exposure to alkali destroys potency (Danbolt, 1948). Siltzbach and
Ruttemberg (1971) reported that exposure to NaOH at a concentration as
low as 0.05 mol 1-1 for only 90 sec. at O°C greatly reduced activity; by
contrast, exposure to H CI, 1.0 mol l", for four days at 3rC only slightly
reduced it, Proteolytic enzymes, nucleases, hyaluronidase and neuramini
dase had little effect.

Chase and Siltzbach (1967) sought to concentrate the active component
of their Type I suspension by physico-chemical methods. A validated suspen
sion was extracted with alcohol, ether and water, dispersed by sonication,
and digested with pepsin, the remaining undigested particles, amounting to
about 90% of the initial dry weight, being suspended in phenolized buffer .
This new suspension, designated Type III, was found to produce granulo
matous reactions in parallel tests with the original Type I suspension in
reactive sarcoidosis patients; doses of 20-50 /lg were effective, the active
component having been concentrated ninefold. A normal spleen similarly
processed produced a suspension that was inactive but of similar dry
weight, indicating that the active component constituted only a very small
proportion of the sarcoid spleen suspension.

Cohn et al. (1967) investigated the distribution of Kveim-test activity in
subcellular fractions from sarcoid lymph-nodes. Homogenates prepared
from Iymph-nodes of patients with sarcoidosis were fractionated by dif
ferential or sucrose gradient centrifugation. After adjustment to similar
protein concentrations, fractions were examined by phase contrast and
electron microscopy, and tested for Kveim activity by tests in parallel with a
validated suspension in both reactors and non-reactors. The active principle
sedimented almost completely at 15000 G, and equilibrated between 50%
and 70% glucose. Electron microscopy and acid phosphatase assays sug
gested that activity was located in membrane - bound dense bodies,
probably lysosomal.

Early investigators found that many suspensions retained activity after
prolonged storage, though some appeared to lose potency or selectivity.
Putkonen (1943) found that a suspension stored for three years in a refriger
ator remained active. Siltzbach and Ehrlich (1954) reported that a suspen
sion stored at room ternperature remained active after three years, but
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thought that storage might increase the incidence of 'non-specific' reactions.
Nelson and Schwimmer (1957) found that one splenic suspension retained
potency for seven years, but another lost it after 22 rnonths; three lymph-
node suspensions retained potency until they had been expended after six to
nine months, and another lost selectivity after nine months. More recent
experiences with some widely-used splenic suspensions are discussed below
(p.467).

HISTOLOGY OF THE KVEIM REACTION

Early descriptions of the histology include those of Putkonen (1945), Rogers
and Haserick (1954), Siltzbach and Ehrlich (1954), James and Thomson
(1955), Nelson (1957), and Steigleder et al. (1961). lt is generally agreed
that the typical reaction, consisting in well-formed tuberculoid collections
of epithelioid cells with or without giant cells, and with limited or negligible
lymphocytic infiltration, begins to develop within two weeks but does not
attain a fully characteristic appearance until later .

Rogers and Haserick (1954) described the evolution of the reaction to
Kveim test suspension in serial biopsies of two reacting and two non
reacting subjects. In the non-reactors, the tests sites showed only slight
perivascular infiltration with lymphocytes in the early stage, a small collec
tion of lymphocytes with a few small multinucleated cells at 13 days in one,
and virtually normal skin in both at 42 days. In the reactors, one of whom
eventually developed an intense reaction with some central necrosis , the
changes at three days were similar to those in the non-reactors. At six days,
there was a dense perivascular infiltration containing large pale-staining
histiocytes, small deeply-staining mononuclear cells, and some atypical
pleomorphic cells. At ten days, some central collagen degeneration with a few
foci of necrosis was seen, the affected area being infiltrated with polyrnor
phonuclear leucocytes, and surrounded by mononuclear leucocytes and
histiocytes and pleomorphic cells. At 13 days, the atypical cells had dimin
ished and lymphocytes increased in number, and small collections of epithe
lioid cells, surrounded by lymphocytes, were recognizable near vessels,
together with a few giant cells of Langhans type. At 16 days, epithelioid cell
tubercles were more evident, and lymphocytes less numerous. These
changes had progressed at 25 days to large aggregations of epithelioid cells
with scanty peripheral lymphocytes, and at 42 days to almost confluent
epithelioid cell tubercles. By this time, the central necrotic area was well
defined and acellular. Siltzbach (1964a) studied the histology of developing
Kveim reactions by serial injections at intervals of 1-4 weeks. At one week,
the react ion consisted of mononuclear cells with small numbers of neut
rophils, eosinophils and plasma cells. During subsequent weeks, the
neutrophils, eosinophils and plasma cells diminished in numbers, and



Figure 21.1 Evolution of Kveim reaction; aggregations of mononuclear cells with
dark-staining nuclei at ten days. H & E. X 240 .

Figure 21.2 Developing epithelioid cell follicle at 18 days. H & E. X 350.
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epithelioid cells appeared: whether these arose from the mononuclear cells
which had been observed earlier, or from cells that replaced them was not
clear. At three weeks, epithelioid cell follicles appeared and later matured.
Over the following months, these follicle s became surrounded and even-
tually replaced by hyalinized connective tissue, as in the healing of
spontaneous sarcoid granulomas.

Our own findings are in keeping with those of Siltzbach. In the evolution
of a granulomatous response to a Kveim test in a patient with sarcoidosis,
the salient features are the presence of large aggregations of mononuclear
cells with dark-staining nuclei at about ten days (Fig. 21.1 ), and the gradual
development of epithelioid cell follicles, starring about 18-21 days after the
injection (Figs. 21.2 and 21.3).

-. , .-
~.

Figure21.3 Kveim reaction: epithelioid cellgranuloma at 28 days. H & E. x 210.
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Asteroids may rarely be seen in multinucleated cells in a Kveim reaction,
but Schaumann bodies do not occur (Siltzbach and Ehrlich, 1954).

Reactions resembling foreign-body granulomas may occur. lt may be
possible to attribute them unequivocally to extraneous material, such as
fibres from cotton swabs used in sterilizing skin, fragments of plastic from
disposable syringes, mineral particles incorporated in the suspension du ring
its preparation, or fragments of keratin from the ' epidermis. Procedures for
the use of the reaction as a diagnostic test (see below) should minimize these
possibilities, and the presence and nature of discrete particles in giant cells
and elsewhere in the reaction may be determined by microscopy, including
the use of polarized light. Kenney and Stone (1963) observed that reactions
with many giant cells, some containing doubly-refractile particles, might
occur in patients with sarcoidosis in response ro test-suspensions shown to
contain no such particles; and our experience confirms this. Thus, doubly
refractile material in a Kveim reaction is not necessarily of extraneous
ongm.

Electron microscopy of granulomatous Kveim test sites (Hirsch et al.,
1967; Douglas and Siltzbach, 1974) shows an ultra-structure generally
similar to that of sarcoid granulomas (Chapter 2, p. 30), with the exception
that there are more cytoplasmic organelles suggestive of phagocytosis or
pinocytosis. In one case, Hirsch et al. mixed carbon particles with the test
suspension; in the granuloma at six weeks, carbon particles were found in
large vacuoles in epithelioid cells.

Salo and Hannuksela (1972) studied the immunohistology of granuloma
tous Kveim reactions in 20 patients. In vessel walls inside, but not outside,
granulomas IgM was found in 19, IgG in one, and IgA in none; and C3 in
nine of 12. Fibrin was present in a fine fibrillar network in the ground
substance of granulomas. In an earlier study, Paronetto, reported by Siltz
bach (1964a) found fibrinogen around granulomas in eight of ten Kveim test
sites, and in two sarcoid lymph-nodes; it was present within granulomas
only in areas of fibrinoid necrosis. No abnormal amounts of IgG or of
complement were found.

SOURCES OF KVEIM-REACTANT MATERIAL

As weil as spleen and lymph-node, other sarcoid tissues, lymph-nodes
affected by other diseases, and normal human tissues have been tested for
ability to produce granulomas selectively in sarcoidosis patients,

Purkonen (1943) and Danbolt (195 1a) found sarcoid tonsiI to be weakly
productive of granulomas, and to cause unspecific reactions in control
subjects; skin sarcoids were difficult to process into suspensions, might or
might not be active, and provided only small amounts of material. A
suspension prepared by Danbolt (1951a) from a sarcoid bone lesion wa s
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active. Siltzbach and Ehrlich prepared suspensions from 15 tissues from
sarcoidosis patients; three from lymph-nodes and two from skin were
inactive, and eight from lymph-nodes and two from spleens of variable
activity .

Danbolt (1948) found that a suspension prepared from granulomatous
papule at a previous test-site produced a similar, though smaller, reaction.

lt is evident that the granuloma-producing potency of sarcoid tissues
varies greatly, and cannot be predicted from their histology; an exuberantly
granulomatous tissue may produce a suspension of low potency, while a
tissue showing much hyaline scarring and poorly-formed granulomas may
be potent. A study by Putkonen (1967) suggests an explanation for this
apparent discrepancy. He prepared suspensions from enlarged lymph-nodes
excised from patients with sarcoidosis before, immediately after, and three
weeks after thre e weeks' intensive treatment with prednisone. The nodes
diminished greatly in size during, and enlarged again after, the treatment
period; and histologically epithel ioid cells gave place to hyalinization. Tests
in patients with sarcoidosis showed that the concentration of the active
material increased as the nodes diminished in size, and returned towards the
original level when they enlarged again, roughly in inverse proportion to
their size. Thus the granuloma-inducing material, presumable located in the
cells of the fresh granuloma, was not removed when these cells disappeared,
but persisted in the residual hyalinized tissue. Further evidence on this point,
derived from the study of spleens used to produce diagnostic suspensions, is
discussed below (p. 466) . Similarly, the granuloma-producing potency of a
sarcoid tissue correlates poorly with the clinical features of the patient who
provides it. Putkonen (1943) prepared a suspension from a lymph-node
from the neck of a patient in whom, although the node had the histology of
sarcoidosis, there was no other evidence of sarcoidosis, a Mantoux test was
strongly positive, and there was no reaction to a potent Kveim antigen;
nevertheless this suspension gave granulomatous reactions in sarcoidosis
patients. Moreover, the potency of a suspension is not dependent upon the
Kveim-reactivity of the patient from whose tissue it is prepared. Putkonen
(1964) tested suspensions from lymph-nodes of 16 sarcoidosis patients and
found that the most potent were obtained from patients who responded
weakly to a Kveim test . This finding is in line with our experiences in the
validation of test-su spensions from spleens, though it conflicts some
what with the earlier observations of Siltzbach and Ehrlich (1954) . They
found that eight patients whose tissues had produced active suspensions, all
themselves reacted, four to autologous suspensions, while of four whose
tissues had produced inert suspensions, two failed to react.

Ripe et al. (1980) compared reactions to simultaneous tests with suspen
sions prepared from sarcoid spleen and from mediastinal lymph-nodes
obtained by mediastinoscopy. All 15 patients tested gave granulomas reac-
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tions to the lymph-node suspension, but four gave negative reactions to the
spleen suspension, and reactions to the spleen suspension were weaker than
those to the Iymph-node suspension. Histologically, the spleen showed
necrotizing granulomas, suggestive of acute changes. These findings are
consistent with those of Purkonen (1964, 1967) suggesting that the active
component may be present in greater quantity in chronic than in recent
active lesions.

A suspension which contains the component causing granulomatous reac
tion in patients with sarcoidosis may contain also components producing
granulomatous or simple inflammatory reactions of various sorts unselec
tively. Chase (1961) described one such suspension. Ir was derived from
Iymph-nodes from a tuberculin-negative sarcoidosis patient, and gave
responses interpreted as positive in sarcoidosis patients, but with prominent
early inflammation. In tuberculin-positive human subjects and guinea-pigs,
it produced a tuberculin-type delayed skin reaction.

Suspensions made in a similar manner from normal tissues, or tissues
affected by other diseases have been tested by a number of observers. While
most of them have reported negative results, a minority have found that
these suspensions caused nodules, sometimes granulomatous, in the sarcoid
patients used as rest subjects. Putkonen (1943) and Lomholt (1943) stated
that a suspension prepared from a lyrnph-node from a patient with lyrnpha
tic leukaemia produced characteristic reactions. Danbolt (1951a) found that
a suspension prepared from lyrnph-nodes affected by Hodgkin's disease was
inactive. Nelson (1948, 1949) prepared suspensions from 12 normal human
spleens, and found that two produced reactions in sarcoidosis patients who
were reactive to a sarcoid spleen suspension, and ten were inert; suspen
sions of normal human lymph-node and of defatted human muscle were
inert. Siltzbach and Ehrlich (1954) tested suspensions of normal human
spleen and lyrnph-node and found them inactive, as did Rogers and Haser
ick (1954) in suspensions of human Iymph-node. Kenney and Stone (1963)
studied the reactions produced by suspensions prepared from sarcoid
lyrnph-node and skin, and from normallymph-node and skin, the histology
being interpreted by four pathologists unaware whether the biopsies of the
reactions came from patients with sarcoidosis or not. Of the 43 patients
with active sarcoidosis, 41, and of 18 with inactive sarcoidosis, six gave
reactions to the sarcoid Iymph-node suspension, interpreted by at least three
of the pathologists as positive; of ten controls, none gave such reactions. Of
those reacting in this way, ten were tested with the sarcoid skin suspension,
and nine gave 'positive' reactions; 14 were tested with the norrnal lymph
node suspension and five gave 'positive' reactions. Among those reacting to
the normal tissues, most showed relatively feeble reactions; nevertheless
they were interpreted as positive by a majority of the pathologists. These
varied findings indicate that some apparently normal human spleens,
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lyrnph-nodes and skin may contain in small amounts components capable
of elieiting selectively granulomatous responses in reactive sarcoidosis pa-
tients.

Attempts to mimic the effects of Kveim-test suspensions by intradermal
injection of material derived from sources other than human tissues have
been unsuccessful. Nelson (1949) found that sarcoidosis patients gave no
unusual reactions to chick embryo lymphogranuloma venereum antigen, to
Pityrosporon ovale, to soy-bean phosphatides, to calcium sulphate, or to
collodion particles. Exceptionally, Gilroy (1971) stated that standard
ryphoid-paratyphoid vaccine administered intradermally in six young men
with BHL and early sarcoid lung changes produced nodules at 4-6 weeks
read as positive Kveim reactions by several pathologists, but this observa
tion does not appear to have been repeated or further investigated.

The possibility that tubercle baeilli or products derived from them might
produce unusual reactions in patients with sarcoidosis has been extensively
investigated, with generally negative results . Sarcoid-like granulomas were
reported to have developed in patients with sarcoidosis at the site of BCG
vaccination in one case by Lemming (1942) and at the sites of intradermal
injection of killed human tubercle bacilli by Warfvinge (1945); but in a
critical study of intradermal tests with killed tubercle bacilli of human,
bovine and BCG strains in patients with sarcoidosis and with cutaneous
tuberculosis and in tuberculin-negative and tuberculin-positive normal sub
jects, Bjornstad (1948) found that the histological pattern of the reaction
depended upon tuberculin sensitivity. Some of the tuberculin-negative sub
jects showed a sarcoid-like pattern, but there was no systematic difference
between the histology of the reactions in the sarcoidosis patients and in the
rest. Others also have concluded that the character of reactions produced
by acid-fast bacilli varies similarly with the level of tuberculin sensitivity in
normal subjects, in patients with tuberculosis and in those with sarcoidosis
(Israel et al., 1950; Bernstein and Spoor, 1952; Rostenburg et al., 1953;
Forgacs et al., 1957).

Billings and Shapiro (1954) reported the appearance of a spreading
reaction composed of many small papules around a positive tuberculin test
and reaching a diameter of 2 cm after one month in a woman with multiple
sarcoids of the skin; on biopsy the induced lesion had a sarcoid histology,
and a second tuberculin test caused a similar response. This was evidently in
a peculiarly reactive patient. Schaumann and Seeberg (1948) performed
biopsies of the injected sites four to eight weeks after Mantoux tests with
0.1 mg OT, which had produced no evident reaction, in four patients with
sarcoidosis. Small epithelioid cell foei were found, in three without necrosis ,
and in one with some foei of necrosis .

Visible late reactions at the sites of tuberculin tests must be excessively
rare, in view of the routine use of such tests in sarcoid patients. Sandor
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(1958) reported a remarkable case in a man, aged 54, the upper lobe of
whose right lung was removed for a carcinoma of very limited extent. In the
removed lobe there were 'nodular masses' which showed the histological
picture of healed sarcoid, and in the Iymph-nodes at its hilum typical
discrete sarcoid tubercles. He remained weil under observation after the
operation; the spleen became palpable. Mantoux tests soon after, 17 and 23
months after the operation, were at first positive weakly only with 1:100
OT, and later became strongly positive with 1:1000; at the sites of these
tests, indolent infiltrations appeared, having the histological structure of
sarcoids when excised for biopsy at four weeks, seven weeks and in one
instance after six months. Hurley and Shelley (1960) found that in fiveof 50
healthy black men, painless papules persisted four weeks after tuberculin
tests, and on biopsy showed epithelioid cell granulomas. Biopsies were
performed at four weeks in 15 of those without a papule and no granuloma
was observed. Repeat tests were done on four of those who produced
papules, up to nine months after the first, and showed similar histological
changes.

THE KVEIM REACTION AS A DIAGNOSTIC TEST

The Kveim reaction is in wide, but not universal, use as a diagnostic test for
sarcoidosis. The following section deals with the preparation of validation and
of test suspensions, the technique of the test, and the factual basis for its
diagnostic use. lts role and significance in the diagnosis of sarcoidosis are
discussed in Chapter 26.

Preparation of test-suspensions

Though there is some evidence that sarcoid lymph-node may produce a
more potent suspension than spleen (jones-Williams et al., 1976; Ripe et al.,
1980), spleen offers the advantage of providing a large volume of tissue,
desirable in view of the time and effort required for validation. For this
reason, spleens removed surgically for such indications as hypersplenism,
thombocytopenia or abdominal discomfort (Chapter 12) or, less often, at
necropsy have been found to be the best starring point for the preparation of
Kveim test suspensions. The donor patient should have no history of trans
missible disease, especially hepatitis. Bacteriological cultures and micro
scopy should show no pathogens. The spleen should be cut into narrow
slices and rinsed free of blood with cold sterile normal saline. Supensions of
Type I of Chase and Siltzbach (1961) are generally prepared by the techni
que described by Chase (1961). lt is convenient to process 30-35 gof spleen
at a time. On the first day, the tissue is thawed, teased, scissored and
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disintegrated in buffered saline at 0-4°c. On the second day, it is washed
twice by centrifugation at 5500 G for 20 minutes on each occasion, after
which it is suspended, dispersed and strained through 40-mesh, 80-mesh
and 100-mesh sieves. It is then suspended and, after adjustment of pH to
7.2-7.4, heated in a water-bath to 58°C for 75 minutes. It is held overnight
at 4°C, its sterility is checked, and an aliquot precipitated with alcohol and
vacuum-dried to determine its dry weight. On the third day, second and
third heatings to 58°C for 75 minutes are carried out, sterility and pH are
finally checked, the concentration is adjusted as required (see below), and
phenol is added to 0.25% concentration; the suspension is finally dispensed
in sealed ampoules of 1.5 ml. Mitchell et al. (1974a) showed that 60Co
irradiation of a Type I suspension with 2.5 mega rad, the customary steriliz-
ing dose, did not change levels of reactivity and selectivity for sarcoidosis, as
shown by simultaneous tests with non-irradiated suspension. All ampoules
of Kveim test suspension issued from the Standards Laboratory for Serolo-
gical Reagents in London are now irradiated in this way as an extra
safeguard against the hazards of injection of material derived from human
tissues.

The concentration of particles in an undiluted suspension prepared in this
way ranges up to 8 mg or more per ml, as measured by alcohol precipitable
dry weight; but the reactant potency as weil as the selectivity of a suspension
can be assessed only by biological assay in man. It is advisable to adjust the
concentration of a suspension which is to be validated for diagnostic use
after preliminary tests of its potency. The standard to be expected of a
'good' suspension is the induction of granulomatous reactions in 60% or
more of patients with active sarcoidosis, and no more than 2-3 % of other
subjects (Siltzbach, 1976); the special problem of reactivity of some suspen
sions in patients with inflammatory bowel disease is considered below (p.
475). Suspensions from the New York spleen J attain this at a concentration of
3.0 mg mI-I, giving 450 JIg in a test dose of 0.15 ml. Mitchell et al. (1976)
compared lot 10 of spleen J with suspensions from two spleens, designated
K12 and Kl3, in a statistically designed study in 18 patients with active and
18 with inactive sarcoidosis, similar numbers with active and quiescent
pulmonary tuberculosis, and 18 healthy subjects, all groups matched for age
and sex. The K12 and Kl3 suspensions had concentrations of 8.3 mg and
5.9 mg mI- I. K12 undiluted, giving 1250 flg in a test dose, K12 in half 
dilution, test dose 625 flg, Kl3 giving 880 flg in a test dose, and the
reference spleen J suspension, test dose 450 flg, gave reactions in similar
proportions of patients with sarcoidosis; over all, reactions interpreted as
positive were found in 67% with active, and 22 % with inactive sarcoidosis.
Among 36 patients with pulmonary tuberculosis, two tests with spleen Jand
one with undiluted K12 were interpreted as equivocal, and none as
positive. Among nine normal subjects, one reaction to undiluted K12 was
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interpreted as posmve, all others being negative. It thus appeared that
half-dilution of K12 increased the selectivity of this suspension for sarcoido
sis. In the routine validation of a suspension for diagnostic use, the elaborate
design of this study is, of course, unnecessary; a few tests in parallel with a
validated suspension in sarcoidosis patients will suffice to indicate the
optimal concentration of a potent source tissue for further tests in patients
with sarcoidosis at various stages, and with other diseases, both granuloma
tous and non-granulomatous. In these tests, histology must be assessed by
an experienced observer unaware whether the reaction was produced by a
validated or the unvalidated suspension, and of the c1inical features of the
subjects.

Performance of the Kveim Test

Sterile 1 ml disposable syringes and short shank needles of gauge adequate
to allow passage of the particulate suspension, usually 26 gauge, are con
venient. We have found that the use of disposable, rather than glass,
syringes is convenient, and does not lead to an unacceptable incidence of
refractile material or foreign-body granulomas at the test site. Occasionally
a sliver of foreign-body material showing 'rainbow' birefringence may be
seen in sections from the test site when examined by polarized light. The
frequency of this occurrence is diminished by routinely sluicing the assern
bled syringes and needles with sterile normal saline before drawing up the
test suspension. Chase (1961) advocated the use of needles with Huber
point and closed bevel to minimize the incidence of keratin implants, but we
have found disposable short-shank 26 gauge needles with a short bevel to be
satisfactory. We have observed keratin implants in only 16 (0.3%) of over
5000 tests; nine of these were in papules 5-8 mm in diameter. The injection
is most conveniently made on the ulnar side of the upper part of the
forearm, so that any residual scar will be inconspicuous. The skin at the test
site should be c1eaned with an alcohol dab; the use of cotton-wool or gauze
should be avoided to minimize the risk of introduction of cotton-fibres into
the skin. The vial containing the test suspension is thoroughly shaken, and
the test dose of 0.15 ml drawn into the sluiced syringe, and injected
intracutaneously and as superfically as possible, to raise a papule with a
'peau d'orange' appearance. The epidermis at the test site is then marked by
a tattoo mark made by a sterile needle dipped into autoclaved Gunter
Wagner Pelikan ink; the mark should be made at a point about one-third of
the radius of the papule from its centre. This marker will be within the edge
of a visible reaction, and will ensure that tiny areas of induration are not
missed, or permit routine biopsy in 4-6 weeks even in the absence of visible
or palpable reaction.
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Evolution of the macroscopic reaction

An area of induration about 3-4 mm in diameter with some surrounding
erythema usually develops in the day or rwo after the injection; it is
attributable to inflammatory response to trauma and to a particulate
suspension, and is unrelated to Kveim reactivity. In Kveim reactive subjects,
it is slowly replaced, usually during the second week, by an area of palpable
induration which may develop into a dusky red papule and attain a dia
meter of up to 5 mm by 14 days. Thereafter it persists and may increa~~ in
size for a variable time, up to eight weeks. lt is usually excised for biopsy at
4-6 weeks. If it is not completely excised, the residue in most cases gradual
Iy subsides over the next few months, leaving only a little pigmentation and
a small scar at the test site. Occasionally, a visible and palpable reaction
persists as long as the sarcoidosis remains active. Danbolt (1951b) reported
the case of a young man with sarcoidosis of the skin, eye, lungs and bones,
in whom a Kveim reaction increased over the course of two years to an
infiltration 17 X 15 mm, which on excision was found to have a structure
similar to that of the skin sarcoids. Meiler (1952) recorded the persistence
of a Kveim reaction for nine years, and Rogers and Haserick (1954) for four
years.

Rarely, the appearance of a papule at the test site is delayed. Putkonen
(1952) recorded the development of reaction papules at the site of injection
five years after a Kveim test; his patient was regarded as a case of skin
tuberculosis. Rogers and Haserick (1954) stated that they had observed
reactions to develop as late as one and a half years after the injection
of the test suspension, these late reactions usually developing du ring a
recrudescence of activity of sarcoidosis.

The scar at rhe site of a previous Kveim test biopsy may become indurated
with resurgence of activity of sarcoidosis. This is sometimes observed after
pregnancy, since the activity of sarcoidosis tends to be suppressed during
pregnancy (Chapter 18, p. 381). Re-biopsy of a scar showing new induration
may show typical granulomas.

Most observers have found that ulceration is very rare, though papules
may show some crusting, and few undergo central softening (Siltzbach and
Ehrlich, 1954). Some early workers observed ulceration in vigorous reac
tions. The illustrations in Putkonen's (1943) monograph show many ulcer
ated reactions. lt is possible that he may have been dealing with highly
reactive patients, and that the method of preparing the suspension which he
then used may have led to the inclusion of silica particles, increasing the
intensity of the reaction. Later, the incidence of ulcera ted reactions among
his patients appears to have diminished, for in 1952 he noted only that
ulceration, healing only with remission of the sarcoidosis or under corti-



458 Sarcoidosis
costeroid treatment, might occur in some large Kveim papules. In over 5000
tests, one of us (DNM) has observed ulceration on only four occasions. In
general, the severity of the reaction depends not only upon the reactivity of
the subject, but also upon the qualities of the test-suspension; and a suspen
sion causing more than very few necrotic reactions would not now be
thought suitable for diagnostic use.

Siltzbach (1964a) found that the average size of developing Kveim
papules was greater in black than white patients. Among those with less
than two years' known duration of sarcoidosis the reaction papule at six
weeks was 5 mm or more in diameter in 30% of white males and 17% of
white females as compared with 70% of black males and 60% of black
females.

Karlish (1967) related the size of reaction papules to histology and to
duration of sarcoidosis in 180 patients. Reactions interpreted as positive
were found in two (6%) of 32 with no papule; in 11 (29%) of 38 with
1-2 mm papules; in 44 (71%) of 62 with 3-4 mm papules; and in 73 (91%)
of 80 with 5 mm or larger papules. Papules 5 mm or more in diameter were
found in 55% of patients with sarcoidosis of less than two years' duration,
and in 19% of those of longer duration.

Effect of corticosteroids

Rogers and Haserick (1954) found that the injection of hydrocortisone,
5 mg, either with the test-suspension or into an ten day old test site,
inhibited the Kveim reaction; they noted, however, that patients with active
sarcoidosis under treatrnent with corticosteroids but showing a poor re
sponse might develop granulomatous responses to Kveim tests. In general, it
has been found that the administration of corticosteroids, either locally with
the test-suspension or systemically, diminishes and in sufficient dosage
abolishes Kveim reactivity (Nelson, 1957; Siltzbach, 1961, 1964a) . Siltzbach
et al. (1971b) studied the effects of 20 mg prednisone or 2.4 mg betametha
sone daily by mouth on Kveim papules in 30 reactive sarcoidosis patients,
using each as his own contro!. The mean diameter of control papules was
6.6 mm. In 11 patients, corticosteroid administration was started on the day
of a repeat test; the mean diameter of the papule at six weeks was 2.1 mm,
and only six were interpreted histologically as 'positive'. In 16, the
corticosteroid was starred 14 days after the second test; the resulting
papules averaged 3.1 mm in diameter, and seven were histologically
'positive' . When corticosteroid administration was delayed until four weeks
after the test 11 'of the 14 produced responses interpreted as positive.
Karlish (1971) found in studies on 18 patients at various stages of
sarcoidosis that prednisolone 10-15 mg daily by mouth had an inhibitory
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effect on both the size and the histology of Kveim reactions; in patients
presenting with erythema nodosum, Kveim nodules were generally larger,
and were less inhibited by prednisolone in the given dosage. Our experience
is in keeping with these findings. Although a strongly reactive subject may
show a granulomatous response in spite of corticosteroid administration at
conventional dosage, a patient with active sarcoidosis receiving corticoster-
oids in dosage sufficient to maintain optimal suppression usually fails to
showa granulomatous response to a Kveim test. The implications of this for
the diagnostic use of the Kveim test are discussed in Chapter 26 .

Biopsy of the test site

Some of the earlier investigators accepted the appearance of areaction
papule in the appropriate time as indicating a positive test; e.g. Danbolt
(l951a) accepted a papule distinctly visible at one month and persisting for
several months. But later observers have concluded that because of the
frequency of unspecific reactions and of the possibility that a granulomatous
reaction demonstrable by biopsy may be impalpable, biopsy is essential
(Siltzbach and Ehrlich, 1954; jarnes and Thomson, 1955; Nelson, 1957;
Anderson et al., 1963b). In our experience, many Kveim test papules are
smalI, measuring no more than 2-3 mm in diameter; and without the
evidence obtained by microscopy including the use of polarized light, it
would be impossible to determine whether such small lesions were banal
inflammatory or foreign body responses or sarcoid-type granulomas. Small
granulomatous reactions may cause so little induration that they can be
overlooked on inspection and palpation even at marked test sites . During
the eight years 1973-1981, one of us (DNM) performed 5244 tests by the
technique described below. Of these, 319 showed no macroscopic reaction
at the time of biopsy; nevertheless, biopsy showed histological changes
interpreted as granulomatous in 17 (5%) and as equivocal in ten (3%) .

Biopsy is performed 4-6 weeks after the injection. The skin is swabbed
with 70% alcohol. About 0.15 ml of 1% procaine with adrenaline to
minimize capillary oozing is injected into the skin at the marked site; this
does not appear to distort the histological pattern. With a no-touch tech
nique, a 3 mm or 4 mm diameter skin biopsy punch of Hays-Martin type is
applied to encircle the centre of any reaction or the test site marker and
gently rotated to cut through the full thickness of the skin. If it is necessary
to cut through a large papule, the residual rim of granulomatous tissue will
heal satisfactorily. A very large papule, which may contain extensive central
collagen necrosis, may be cut through obliquely to avoid the possibility that
insufficient of the surrounding granulomatous tissue is included. The pedicle
of the biopsy fragment is then stretched gentl y with fine non-toothed
forceps, and dissected clear with scissors ; the fragment is placed in neutral
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10% formalin for fixation. Haemostasis is maintained by a 'band-aid' or
similar approximating adhesive dressing, and a simple gauze dressing
secured by adhesive strapping; both can be removed by the patient after five
days.

The fixed 4 mm core of tissue is embedded in paraffin wax, and serial
sections, 5-7 J1 thick, cut at right angles to the epidermis. Depending on the
amount of tissue, every 8th to 20th section is mounted in ribbon formation
and stained with haematoxylin and eosin (H and E).

Interpretation of the test

Interpretation of the test necessitates microscopy pf representative serial
sections by an experienced observer who is unaware of clinical features. He
can be informed of the presence and characteristics of a visible or palpable
reaction; he can usually deduce its size from the extent of histological
changes.

Microscopically, the essential feature of a response supporting a diagnosis
of sarcoidosis is the presence of one or more granulomas composed princip
ally of epithelioid cells. Granulomas may be discrete or confluent; there may
be epithelioid cells infiltrating diffusely between collagen bundles, with one
or more satellite granulomas. In a florid reaction, granulomas may show
central fibrinoid necrosis, or may surround an area of fibrinoid necro sis

Figure 21.4 A single well-formed epithelioid cell granuloma in response to a
Kveim test; minimal requirement for a granulomatous response. H & E. x 112.
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Figure 21.5 An exuberantly granulomatous response to a Kveim test.
H & E. x 39.

devoid of cells and staining pink in sections stained with Hand E; it is
especially important to examine by polarized light for birefringent foreign 
body material in such reactions. Surrounding granulomas, there is cellular
infiltration of variable extent, in which lymphocytes predominate, with
some histiocytes, neutrophils and occasional eosinophils or plasma cells.
Kveim granulomas are usuall y sited in the middle and deeper dermis,
whereas spontaneous sarcoid granulomas usually extend into superficial as
weil as deeper layers. Some Kveim reactions contain brown granules or
fibres, or doubly refractile particles, not apparently of foreign body origin;
these are not seen in skin sarcoids. Though the finding of doubly refractile
material should lead to consideration of the possibility that granulomas may
be a foreign body reaction, it does not exclude the possibility that they are
specifically related to sarcoidosis (Figs. 21.4 and 21.5). In some reactions,
epithelioid cells are seen infiltrating diffusely between collagen bundles,
without satellite granulomas; and in others the infiltrating cells are predorni
nantly histiocytes, with less abundant cytoplasm and smaller round nuclei,
in focal collations with few or no epithelioid cells. Reactions of these types
must be regarded as doubtfully granulomatous and equivocal. A localized
reaction to evident foreign particles, an infiltration of mixed inflammatory
cells, which may be Iymphocytes, mononuclear cells, neutrophils, plasma
cells or eosinophils, or a scar with fibroblasts and fibrocytes, constitute a
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Figure 21.6 Areaction acceptable as granulomatous, in spite of the presence of
some bifringent material H & E. x 126. Note well-forrned granulomas, and a
birefringent body in a giant cell; also collagen birefringence.

non-granulomatous, 'negative' Kveim test response (Figs. 21.6 and 21.7) .
Ir is evident that a fairly wide range of histological patterns may be

acceptable as 'specific' reactions in the interpretation of the Kveim test,
which consequently is subject to a certain amount of observer variation.
Steigleder et al. (1961) reported that of 83 reactions which they accepted as
specific, rather over one-third showed granulomas of typically sarcoid
appearance; among the rest about one-half showed similar granulomas but
with some necrosis and banal inflammatory reaction, and one half a less
well-formed tuberculoid granuloma. Reactions with many giant cells, some
containing doubly refractile particles, are especially liable to varied interpre
tation. Steigleder et al. observed such reactions in eight of 99 patients with
proved or probable sarcoidosis, and Kenney and Stone (1963) observed that
they might occur in patients with active sarcoidosis in response to suspen
sions shown to contain no doubly-refractile particles, and thought that they
were related to specially active disease. Kenney and Stone submitted each
biopsy to four pathologists for independent study . Decision whether the test
was to be regarded as positive or negative depended upon agreement by at
least three of the four pathologists; it was noted that 'in no reading was
there an equal division of interpretation between the four pathologists'.
When 15 of the biopsies, accepted in this way as positive but showing some
deviation from the strict criteria, were resubmitted later as 'skin biopsy', 11
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were called 'granuloma of unknown origin' and four 'foreign-body giant-
cell granuloma'. Not surprisingly, better agreement is possible if patholog-
ists adopt agreed criteria, but discordant readings still occur. ]ones Williams
et al. (1976) reported that two pathologists working in the same centre and
reading Kveim biopsies in three categories, positive, equivocal and negative,
agreed completely in the categorization of 229 (75% ) of 306 tests; 70 read
as either positive or negative by one were read as equivocal by the other;
while seven were read as positive by one and negative by the other. Mitchell
et al. (1976) reported a similar level of disagreement between two observers
working in the same centre and to agreed criteria; of 180 paired readings,
156 were concordant, 20 were graded unequivocally by one reader and as
equivocal by the other, and four as positive by one and negative by the
other.

The assessment of the histology of Kveim reactions in groups of partici
pants in the Medical Research Council BCG trials (D'Arcy Hart et al., 1964)
provided a striking example of disagreement between observers. In this
study, other aspects of which are discussed below (p. 469), 64 biopsies were
assessed by a very experienced observer who classified 16 as positive, five as
equivocal, and 43 as negative; and by one of us (JGS) who placed eight, five
and 51 respectively in these categories. Since no clinical evidence of sar
coidosis was found or subsequently appeared in any of the subjects studied,
there was no means of determining which observer's assessments were more
'correct', Such experiences suggest to us that in reports of the histology of
Kveim test reactions, it is advisable to avoid a 'positive-negative' terrnin
ology, and to use descriptive terms. A scale ranging from granulomatous,
though partially granulomatous and simple inflammatory, to no reaction is
appropriate; and reports should describe mixed reactions, and refer to such

Figure 21.7 A foreign-body reaction at a Kveim test site. H & E. X 112.
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Figure 21. 8 A mixed cellula r reaction at a Kveim test site. H & E. x 98.

specia l featu res as the presence of foreign material, especia lly birefr ingent,
of large numbers of giant cells and the ir character, and of necrosis. Th e
diagnostic significance of the test depend s upon the correla tion of these
findings with c1inical featu res (Chapter 26). The size of reaction papules
may have some diagnostic implicatio ns, altho ugh th is has not been specially
investigated. In the study of Mitchell et al. (1976) mentio ned above (p. 455),
the mean size of pap ules read microscop ically as 'nega tive' was greater in
patients with sarcoidosis , active or inact ive, th an in those with tub erculosis;
and of 72 tests in pati ents with pulmonar y tuberculosis, 41 produced
papules, none interp reted as positive and three as equivocal, while in 36 in
nor mal subjects, only one produced a papule, which was interpreted as
positive.

Validation of test-suspensions

A spleen or other tissue which is a potent ial source of Kveim test suspension
must be assessed for potency and selectivity by tests in parallel with a
valida ted suspension in pati ents with sarcoidosis at various stages and
individu als not suffering from sarcoidosis , preferably including some with
mycob acterial tub erculosis, inflamm atory bowel disease, and lymphodeno
path y of various sorts.

Siltzbac h (1964a) found that less than half the new suspensions tested
were satisfaco ry. Of 38 suspensions prepared for possible diagnostic use,
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only 18 were acceptable; 11 were not sufficiently potent, and nine were
non-selective. The unpublished experience of one of us (DNM) is similar. Of
17 spleen suspensions, nine have been found to be acceptable; four were
rejected because they produced reactions non-selectively, one because it was
only weakly selective, two because they were both poorly selective and of
low potency, and one because of low potency. Siltzbach (1964a) stated that
he preferred spleens showing relatively fresh granulomas and no more than
minor degrees of hyalinization; but we have found no consistent relation
ship between the potency and selectivity of a suspension and the profusion
of granulomas or the prominence of fibrosis in the spleen from which it was
derived. Of the nine spleens which provided acceptable suspensions, four
showed extensive haline fibrosis . One of these (K12), which was validated
alongside lot 10 of Siltzbach 's spleen J and provided our reference suspen
sion, was grossly fibrotic wirh almost complete obliteration of splenic
architecture; while another (K41) which showed similar potency and selec
tivity showed a large number of follicular granulomas with central necrosis.
Like Putkonen (1964), we have found no correlation between the Kveim
reactivity of the donor of a sarcoid tissue and the potency and selectivity of a
suspension derived from it. Of the nine patients providing spleens from
which acceptable suspensions were prepared, four were Kveim-reactive and
four non-reactive; the remaining donor had not been tested.

The initial validation of a spleen as a source of Kveim test suspension may
be undertaken wirh a lot prepared from one of the portions into which the
spleen has been divided for storage (MitcheII, et al., 1976), or from an
aliquot of a suspension prepared from the whole spleen (Douglas et al.,
1976). The former procedure would be justified if it were found that
sequentiallots prepared from other parts of a spleen behave similarly to that
initially validated, as has been found to be the case with sequential lots of
several sarcoid spleens in London. On the other hand, it may be thar
discrepant results with later lots of the Australian CSL suspension, dis
cussed below, may be at least partly due to differences in activity of
different parts of this spleen . If the whole spleen is processed at once and
stored as a suspension, and there are variations between parts of it, the bulk
suspension would be expected to be less potent or selective than suspensions
from the 'best' parts of it ,

The proportions of patients with sarcoidosis reported to have given
reactions interpreted as positive in studies with some validated suspensions
which have been widely used are summarized in Table 21.1. In general,
two-thirds to three-quarters of patients within two years of the on set of
sarcoidosis reacted, the proportion falling with increasing duration of dis
ease . Correspondingly, up to 90% of those found radiographically to have
hilar lyrnph-node enlargement reacted, while of those with pulmonary
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infiltration only, less than half reacted. Siltzbach (1961b) reported the
results of tests repeated after varying intervals in 97 patients who gave
'positive' reactions initially. Of rhose re-tested after periods up to one year,
84 % still reacted; after 1-3 years, 68 %; after 3-5 years, 50 %; and after
longer periods up to 15 years, 38 %.

Several test suspensions prepared in the manner outlined above have been
reported to have been stored for prolonged periods without loss of potency
or selectivity. Siltzbach (1976) found that vials of suspensions prepared
from spleen J kept at 4°C for eight years and at room temperature for five
years had retained these qualities. One of us (DNM) has performed tests
after storage at room ternperature, at 4°C and at -20°C for periods up to
seven years with lot 1, and up to ten years with lot 5, of spleen K12; all,
including those stored at room temperature, continued to produce granulo
matous reactions in the expected proportions of patients with sarcoidosis.

Kennedy (1967) found that a test-suspension could be freeze-dried and
recon stituted without loss of potency; but in view of the keeping qualities of
suspensions, freeze-drying does not appear to offer sufficient advantage to
justify the extra steps involved.

The behaviour of later lots of the Australian CSL suspension differed
from that of earlier lots, results of an international study with which were in
line with those with other widely-used suspensions, and are included in
Table21.1. This suspension was prepared from a spleen weighing 1.2 kg
and containing many epithelioid and giant-cell granulomas, removed from a
woman with a six year history of sarcoidosis because of haemolytic anaemia
(Hurley and Bartholomeusz, 1968). Lots 004 and 005 from this spleen
produced granulomatous reactions not only in higher proportions of
patients with sarcoidosis at various stages than earlier lots, but also in
considerable proportions both of patients with a wide range of other dis
eases, and of normal subjects (Hurley and Sullivan, 1974; Izumi et al.,
1974; Hurley et al., 1975). Four possible explanations of these findings have
been suggested:

(1) In the original validation of this spleen, a test site at which there was no
visible or palpable reaction was not submitted to biopsy, the test being
recorded as negative. In view of the selectivity of early lots of CSL, with
very low proportions of 'positive' reactions in non-sarcoid subjects
reported in the international study, failure to biopsy unremarkable sites
in the validation study could not account for the different behaviour of
some later lots.

(2) In the preparation of lots 004 and 005, which were more potent and
much less selective in induction of granulomatous reactions, the addi
tional step of filtration through muslin was introduced. This might
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conceivably have given rise to foreign-body reactions, though the pub
lished reports contain no reference to the finding of fibres in the micro
scopy of the reactions. But Hurley et al. (1975) prepared a further lot
006, without this filtration, and this lot, while slightly less potent than
lot 005, showed almost as poor selectivity.

(3) Different parts of the spleen, which had been stored deep-frozen in
approximately 100 g portions from which successive lots were pre
pared, might differ in content of various granulorna-producing compo
nents. No further lots were prepared after lot 006, and there is thus no
evidence relevant to this possibility for this spleen. Kooij et al. (1976 )
studied six suspensions prepared from portions of one spleen, and
found wide differences in potency with patients with sarcoidosis.

(4) Changes might have occurred in the spleen during storage.

The available evidence suggests that the probable explanation is either
(3), (4), or a combination of these. This indicates the need for dose monitor
ing of suspensions from successive portions of a spleen when they first come
into use, in addition to the initial full validation.

GRANULOMATOUS RESPONSES NOT ASSOCIATED
WITH SARCOIDOSIS

Test-suspensions that have been validated satisfactorily may produce granu
lornatous reactions in a few individuals with no evidence of sarcoidosis.
Such reactions are often called 'false positives', implying that the Kveim
reaction is 'specific' for sarcoidosis. This usage is undesirable, for two
reasons. Until pathogenesis, both of sarcoidosis and of the Kveim reaction is
elucidated, the sense in which this reaction can be said to be specific remains
undear, and its occurrence with special frequency in patients with sarcoido
sis is best described as selectivity for sarcoidosis. And among individuals not
suffering from sarcoidosis, granulomatous reactions do not occur ran
domly, but with special frequency in certain specifiable groups. They have
been reported more frequently with some well-validated suspensions than
with others.

MycobacteriaI infections

Although those sarcoid tissue suspensions that have been validated for their
selectivity for sarcoidosis cause few reactions in patients with mycobacterial
tuberculosis, some suspensions have been reported to cause granulomatous
reactions in a higher proportion of tuberculosis patients than of other
subjects. Israel and co-workers reported a remarkable difference in this
respect between two suspensions prepared at different times from the cervic
al Iymph-nodes of the same patient with sarcoidosis. That first prepared
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produced granulomatous nodules in 12 of 57 tests in 28 patients with
sarcoidosis, in 14 of 27 in 33 patients with tuberculosis, and in two of 24
other subjects {Israel and Sones, 1955). Two years later, a second suspen-
sion prepared from much-enlarged nodes from the neck of the same patient
gave well-defined granulomatous reactions in 13 of 46 patients with sar
coidosis, and none of 29 with tuberculosis (Israel et al., 1958). Daniel and
Schneider (1962) tested ten patients with active tuberculosis, two with
histoplasmosis and one with coccidioidomycosis with a Kveim suspension
which had been found to give reactions in more than 90% of a large series
of patients with sarcoidosis and in about 2% of a larger control series. Eight
of the 13 patients, in all of whom the diagnosis of the specific infection was
undoubted, gave reactions containing well-formed epithelioid cell granulo-
mas and interpreted as positive by two independent observers, one of whom
regarded an additional reaction as positive.

Patients with sarcoid-like c1inical features from whose tissues or secre
tions M. tuberculosis is isolated (Chapter 23) may give granulomatous
responses to a Kveim test, which thus in these circumstances is not decisive
in diagnostic categorization. Kent et al. (1970) reported 30 patients with
sarcoid-like c1inical, radiographic and histological features who were inren
sively investigated for identifiable aetiological agents. M. tuberculosis was
isolated by culture from tissues or from secretions in 17; in five of these,
Kveim tests were performed, and produced granulomatous responses in
four. Granulomatous responses in patients with tuberculous lymphadenitis
have been reported by Israel and Goldstein (1971) and Mikhail and
Mitchell (1971). The three patients reported by Mikhail and Mitchell all
showed some sarcoid-like c1inical features, though they reacted to tubercu
lin; the diagnosis of tuberculosis was made by mediastinoscopy, Iymph
nodes removed showing in two histological changes interpreted as caseating
tuberculosis with subsequent culture of tubercle bacilli, and in the third
sarcoid-like granulomas with central necrosis and acid-fast bacilli, though
cultures were negative.

BeG vaccination

Granulomatous reactions to Kveim tests were found in a high proportion of
a small group of healthy individuals who had failed to become tuberculin
positive ('convert') after two vaccinations with BCG (D' Arcy Hart et al.,
1964). Of 13 598 who had been vaccinated with BCG at the beginning of a
multi-centre study of its protcctive effect, only 58 remained persistently
tuberculin-negative during 8-10 years' observation. Of these, 19 wcre
available for further study, and were revaccinated; scven converted and 12
failed to convert. Both those who converted after this second vaccination
and those who did not, and representative small groups, both of subjects
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who had converted after one vaccination and of those who had originally
been reactors and non-reactors to tuberculin and had not been vaccinated,
were tested with a well-validated suspension, lot 8 of spleen J. Among 12
subjects who had failed to convert after two BCG vaccinations, ten pro
duced nodules ranging from 5-8 mm in diameter four weeks after the
intradermal injection of the Kveim suspension. Of these ten nodules, seven
were read histologically as positive, one equivocal and two negative by one
assessor, and four as positive, three as equivocal and three as negative by the
other. Among seven subjects who had failed to convert after one BCG
vaccination, but had converted after a second, three produced small
nodules, 1-4 mm in diameter; three were read histologically as positive, one
as equivocal and three as negat ive by one assessor, and two as positive and
five as negative by the other. Among 25 subjects vaccinated once, either in
the past or recently, and converting, 18 showed nodules ranging from 1-6
mm in diameter; five reactions were read histologically as positive, two as
equivocal and 18 as negative by one assessor, and two positive, two
equivocal and 21 as negative by the other. Among 15 subjects who had not
been vaccinated with BCG, but were naturally reactors to tuberculin, 12
produced nodules 1-4 mm in diameter: one of these was read histologically
as positive and one as equivocal by one assessor only, and these were both in
weak reactors to tuberculin. Among eight tuberculin-negative and unvaccin
ated subjects, no nodules appeared, and no biopsies were assessed as posi
tive. Thus there was a systematic difference in the levels of the reading of the
two assessors; but both read a high proportion of reactions as positive in
subjects who had failed to convert after two BCG vaccinations, and a small
proportion in those who had converted after vaccination, while among the
unvaccinated, no tuberculin-negative subject reacted and one initially tuber
culin-positive subject had areaction interpreted as positive by one observer.

The proportion of the subjects who had failed to convert after two BCG
vaccinations reported by one of the assessors to show a positive Kveim
reaction was of the same order as that reported with the same suspension in
patients with sarcoidosis. Detailed study of all these subjects was not
possible, since they were quite healthy; but complete physical examination
and ehest radiographs at the time of this study and at irregular intervals
during the period of about ten years which had elapsed since the beginning
of the BCG trial in all of them , and biochemical studies and slit-Iamp
examination of the eyes in some who were available for such studies showed
no abnormalities. Moreover, none of them had had any evident illness or
symptoms in the past, such as erythema nodosum or an unexplained in
flammatory disease of the eye, which might have been a manifestation of
sarcoidosis. lt thus seems improbable that their peculiar reactivity could be
explained on the ground thar they were suffering from some inapparent
form of sarcoidosis. Two other possible explanations must be considered.
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Some healthy individuals might for reasons at present unknown be normal-
Iy, or become temporarily, non-converters to BCG and Kveim reactors and
thus the process of BCG vaccination in the trial selected natural Kveim
reactors; or BCG vaccination may increase Kveim reactivity. These are not
mutually exclusive. The hypothesis that BCG vaccination was a cause of the
Kveim reactivity received support from the finding that among those vaccin-
ated once, and converting normaIly, a small proportion produced granulo-
matous nodules. But this alone cannot explain all the observations. If BCG
vaccination were the sole factor, those vaccinated twice would be expected
to show a similar incidence of positive reactions whether or not they
converted after the second vaccination; but in fact those vaccinated twice
and converting showed an incidence of positive reactions similar to those
vaccinated once and converting, while those failing to convert after two
vaccinations showed more and larger reactions than either of these groups.
Moreover, the latter group differed from all others in showing a generally
diminished reactivity to an intradermal test with a Candida antigen. These
observations could be explained on the hypothesis that non-conversion after
BCG vaccination is due to an underlying abnormality of reactivity, of which
another manifestation is an increase in a normally slight tendency to become
Kveim reactive after BCG vaccination. Those in whom the underlying
abnormality persisted would be expected both to fail to convert after the
second BCG vaccination and to have developed a strong tendency to give a
granulomatous response to Kveim test suspension, while those who had
reverted to normal reactivity by the time the second BCG vaccination was
performed would convert as a result of it and show only the slight effect of
the vaccination alone on liability to react to Kveim suspension.

The seven subjects who did not convert after two BCG vaccinations and
had large granulomatous reactions to Kveim suspension remained healthy
and were retested three years later with the same suspension. Six again
showed large papules, but histologically these were now assessed as positive
in only one, equivocal in two, and negative in four. This is comparable to
the waning of Kveim reactivity in regressing sarcoidosis; but all seven of
these subjects further observed for a total of 15 years showed no evidence of
overt sarcoidosis.

Attempts to repeat these observations have been unsuccessful. This may
weIl be because it has not been, and may never be, possible to reproduce the
circumstances of this study, in which a few unusual reactors were dis
covered during prolonged supervision of participants in a large-scale BCG
trial. Mitchell et al. (1967) studied responses to Kveim tests in 37 subjects
who had not converted to tuberculin sensitivity after BCG vaccination. At
the first test, 19 showed small nodules, 1-3 mm in diameter, and 18 no
visible reaction. Five months after a second BCG vaccination, a second
Kveim test was given; 18 subjects now showed nodules 4 mm or more in
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diameter, 14 nodules 1-3 mm in diameter, and five no nodule. Histologie
cally, all the sites after the first Kveim test were read as negative; of the tests
after the second vaccination, eight showed an equivocal response, with epithe
lioid cells but no formed granulomas. But all 37 subjects became tuberculin
positive after the second vaccination, and thus differed from those who
showed granulomatous reactions in the earlier study. The effect of repeated
Kveim tests was studied in 11 subjects who had not been BCG vaccinated;
two consecutive Kveim tests at five months' interval caused no nodules, and
histologically all test sites were negative. It thus appeared that the 'equi
vocal' responses observed after two BCG vaccinations were likely to be
related to these, rather than to repeated Kveim tests.

Meyer et al. (1967) in Paris investigated 41 subjects, aged between seven
and 26 years who were found to be tuberculin-negative despite two or more
BCG vaccinations, of which the first appears to have been between one and
three years before the study. The total number at all ages vaccinated during
this time was 2282, of which one-third, i.e. about 750, were stated to be in
the relevant age-group. Thus the proportion said to be unconverted by two
vaccinations was about one in 18, compared with one in 234 in the British
MRC study. Moreover, the French study was performed on subjects iden
tified retrospectively 1-3 years after the initial vaccination, while the British
subjects were identified after 8-10 years' surveillance during which a very
small group remained persistently tuberculin-negative, Meyer et al. per
formed 45 Kveim tests in their 41 subjects with lots 8 and 10 of spleen j, lot
7 of which had been used by D'Arcy Hart et al. In 29 of these tests, there
was no visible or palpable reaction at 4-6 weeks, and in 12 small reactions,
ranging up to a 3 mm papule, were observed. Thirty biopsies, including all
the grossly evident reactions were performed; 24 were 'strictly negative',
and six showed 'a follicular and giant-cell reaction' with foreign bodies in
the form of birefringent filaments interpreted as dubious. Pasteur Institute
BCG was used in this study. Six subjects were therefore vaccinated with the
Danish vaccine used in the British study; this gave rise to brisker vaccination
reactions, but the effect on Kveim reactivity was similar, one subject show
ing a dubious and the rest negative responses.

The probable explanation of the differences between the results reported
by Mitchell et al. (1967) and Meyer et al. (1967) and those of D'Arcy Hart
et al. (1964) is that the very stringent procedure by which the few subjects
with unusual reactivity were brought to light in the latter investigation
could not be reproduced in the other two.

Israel and Sones (1966) performed Kveim tests before and after BCG
vaccination in patients with inactive and active sarcoidosis. Nine who
appeared to have recovered from sarcoidosis gave no reaction to the Kveim
test either before or after vaccination. Among five with active sarcoidosis,
one reacted positively, two positively after some delay, and two negatively
before vaccination, and the only change after vaccination was that one who
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had given a delayed positive gave a negative reaction. Thus BCG vaccina
tion had no effect on Kveim reactivity in patients who had or had had
sarcoidosis. Neither these observations, nor those of Mitchell et al. (1967 )
and Meyer et al. (1967), conflict with the interpretation, suggested above , of
the results of the study of D'Arcy Hart et al. (1964).

Although there has been much discussion about sarcoidosis in BCG
vaccinated individuals, considered in Chapter 23 (p. 498) , BCG vaccination
probably does not affect the incidence of sarcoidosis.

Leprosy

The responses of patients with leprosy to Kveim tests might be of special
interest, because in leprosy a range of clinical patterns between the leproma
tous and the tuberculoid correlates weil with the results of the Mitsuda
lepromin test, which has some analogies with the Kveim test. Both tests are
performed by intradermal injection of a suspension of diseased human
tissue; and both cause in reactive individuals a slowly-developing granulo
matous nodule (Kooij, 1958; Kooij and Gerritsen, 1958). Although the
Mitsuda test is performed with a suspension of lepromatous tissue ('lepro
min ') which contains many of the causal acid-fast bacilli, Kooij and Ger
ritsen (1958) found that a crude tissue suspension produced a larger late
granulomatous reaction than a more bacillary suspension prepared by the
Dharmendra method; and that a 'purified lepromin protein' prepared from
the Dharmendra suspension produced only an early reaction of tuberculin
type. The Kveim and Mitsuda tests, however, have different sorts of clinical
inplication. The Mitsuda test does not distinguish between normal subjects
and leprosy patients, for many healthy subjects react to it; among leprosy
patients, it distinguishes between those with the tuberculoid pattern, in
which bacilli are scanty, who react, and those with the lepromatous pattern,
with very large numbers of bacilli, who do not react.

Wade (195 1) stated that no macroscopically evident reaction had been
observed to Kveim tests in ten patients with lepromatous leprosy in the
Philippines, or in 20, some with lepromatous and some with tuberculoid
leprosy, in Mexico. Kooij (1964) tested black patients with leprosy in South
Africa with three sarcoid tissue suspensions; the mean size of nodules at
four weeks was considerably greater in 15 with a tuberculoid pattern than
in 12 with a lepromatous pattern, and, depending upon the criteria adopted,
between one-third and one-half of the tuberculoid were read macroscopi
cally as positive; three of the nodules were biopsied and showed 'a tubercu
loid structure'. The absence of routine biops y of test sites makes these early
studies difficult to interpret.

In an international study of the Kveim test with the New York suspension
(spleen ]), tests were done on 321eprosy patients (Siltzbach, 1967); a further
38 leprosy patients in Turkey were studied by Celikoglu and Siltzbach
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(1969), using the same spleen suspension. In these studies, the only reactors
to the Kveim test were found among the 15 patients in Japan; of these, two
were read as positive and five equivocal among ten with lepromatous
leprosy, and one as equivocal among three with tuberculoid leprosy. No
reactions were observed among five patientsin Finland, 11 in Israel, three in
Italy, and 38 in Turkey; of these 28 were classified as lepromatous, 13 as
tuberculoid, and 16 as indeterminate.

Pearson et al. (1969) performed Kveim tests with lots 8 and 10 of spleen J
on leprosy patients, predominantly Chinese, in Malaysia. The mean dia
meter of nodules, both maximal and at time of biopsy was greater in nine
with tuberculoid than in 21 with lepromatous leprosy. Among the tubercu
loid, four were read histologically as equivocal, and among the lepromatous
one as weak positive and two as equivocal. The two largest nodules, both
over 5 mm in diameter, were both read as negative. Nine additional
patients, eight lepromatous and one tuberculoid, who were tuberculin
negative and failed to convert after BCG vaccination, were tested; two tests
were read as positive, and thus BCG vaccination did not appear to increase
Kveim reactivity in this group. A special difficulty in histological interpreta
tion was apparent in the lepromatous, but not in the tuberculoid group;
among 18 read as negative, acid fast bacilli were seen at the test-sites in
eight, and small foamy cell infiltrations interpreted as manifestations of
leprosy in 12.

Mendes et al. (1976), using a Type I suspension prepared locally from a
sarcoid spleen, Kveim-tested 13 leprosy patients in Brazil; no nodules were
present 4-5 weeks after the test-injections, and all sites were histologically
negative.

Thus it appears that, with the exception of the Chinese and the Japanese,
patients with leprosy are not specially liable to give granulomatous reac
tions to Kveim test suspensions. In these two groups, small proportions with
either tuberculoid or lepromatous leprosy have been found to give reactions
interpreted as weakly positive or equivocal. The reason for the special
liability of these two ethnically related groups remains unclear.

There is little information about the reactivity of patients with sarcoidosis
to lepromin. Weeks and Smith (1945) found that three of ten sarcoidosis
patients gave positive lepromin tests; two of the three positive reactors also
reacted to tuberculin, and six of the seven negative reactors were also
negative to tuberculin. This is in accordance wirh the general finding that in
persons not suffering from leprosy there is a correlation between tuberculin
and Mitsuda reactions. HarreIl and Horne (1945) found that three out of
five sarcoidosis patients gave weak lepromin reactions, while six out of
seven with active tuberculosis gave moderate or strong reactions, as did
more than half of a control group.
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Lymphadenopathy

Israel and Goldstein (1971) studied the relationship of lymphadenopathy of
various sorts to Kveim reaetivity, testing patients with sareoidosis with and
without lymphadenopathy, and with other forms of lymphadenopathy with
CSL test suspension. Fourteen with ehronie sareoid hilar lymphadenopathy,
known to have been present for 3-26 years, all gave granulomatous re
sponses; only three of 12 with subaeute pulmonary sareoidosis and little or
no lymphadenopathy, and one of 11 with extrapulmonary sareoidosis and a
normal ehest radiograph responded in this way . Granulomatous reaetions
oeeurred in two patients with tubereulous lymphadenitis, in two with
ehronie lymphatie leukaemia, and one with 'non speeifie' eervieal lympha
denitis. Two with Hodgkin's disease and two with histoplasmosis did not
reaet.It was eoncluded that Kveim reaetivity was related to the degree and
duration of lymphadenopathy. As noted above, others have found that
patients with tubereulous lymphadenitis may reaet. On the other hand,
Turiaf et al. (1974) tested 12 patients with tubereulous lymphadenitis, and
13 with other lymphadenopathies, with negative results in all but two, one
with lymphosareoma and one with 'lymphoepithelioma' who gave reaetions
interpreted as equivocal.

Inflammatory bowel disease

Mitehell et al. (1969, 1970) performed Kveim tests with a suspension, lot 5,
from spleen K12 in 74 patients with Crohn's disease. This suspension, as
noted above (p. 455) had been validated against lot S10 of the New York
spleen [ . Reaetions interpreted histologieally as positive were found in 38
(51%). A similar proportion of granulomatous reaetions was found in
patients with Crohn's disease tested with lot 14 of spleen K12 and with lot
0025 of the Australian CSL suspension, whieh had also been validated
against spleen J. Karlish et al. (1970), also using CSL suspension, found
'positive' reaetions in 13 of 20 patients with Crohn's disease.

Mitehell et al. (1974b) extended their observations to include some other
ehronie bowel diseases. Of a total of 117 patients with Crohn's disease
tested with lot 5 of spleen K12, 52 (44%) reaeted . Sixteen who had reaeted
were subsequently tested with CSL suspension, lot 0025, simultaneously
with a second test with lot 5 of K12. Eight gave granulomatous reaetions to
both suspensions. Tests with lot 5 of K12 were performed in 26 patients
with ulcerative eolitis, two (7%) giving granulomatous reaetions, and in ten
with eoeliae disease, of whom five reaeted.

Lot 5 of K12 and the early lots of CSL used in these studies were not
unseleetive; they had both been shown to produee aeeeptably low numbers
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of reactions in subjecrs not suffering from sarcoidosis or inflammatory
bowel disease. lt seems likely, however, that the production of reactions
selectively not only in sarcoidosis but also in inflammatory bowel disease is
a property of some suspensions only . Siltzbach et al. (1971c) found no
histologically positive reactions to tests with lot 10 of spleen] and lot 1 of
K12 in 16 patients with Crohn's disease.

Leucocytes from patients with Crohn's disease have been reported to
react to some Kveim test suspensions in vitro similarly to those from
patients with sarcoidosis (see below).

Brucellosis

In chronic brucellosis, granulomas may be found, especially in the liver
(Chapter 11, p. 265). Williams (1974) performed Kveim tests with K12
suspension, lots 16 to 18, in patients with confirmed or suspected brucello
sis. In 32 attending a brucellosis follow-up dinic, with positive brucella
antibody tests, Kveim reactions were interpreted as positive in seven and as
equivocal in two. In 11 who had had serological evidence of brucellosis,
receding at the time of the Kveim test, reactions were interpreted as positive
in one and equivocal in four; the patient in this group with a positive
response was a farmer whose herd was heavily infected, whose wife was
under treatment for brucellosis, and who hirnself had had compatible
symptoms for more than two years, with an enlarged spleen although
serological tests were incondusive. None of the patients with positive or
equivocal Kveim tests had dinical (induding opthalmological) or radiolo
gical evidence of sarcoidosis.

IMMUNOLOGICAL STUDIES OF THE KVEIM REACTION

Although both cellular and humoral reactions to sarcoid tissue suspensions
which have been validated for use in the Kveim test have been studied,
results have not been entirely consistent.

Hirschhorn et al. (1964) and Cowling et al. (1964) found that the rate of
morphological blast formation in cultures of lymphocytes from patients
with sarcoidosis, already high in the unstimulated state (Chapter 20, p. 429)
was increased by the addition of unheated unphenolized sarcoid spleen
suspension. Despite this increase in blast formation, Siltzbach et al. (1971)
found that the addition of Kveim test suspension did not increase the rate of
deoxyribonudeic acid (DNA) and ribonudeic acid (RNA) synthesis in
cultures of lymphocytes from patients with sarcoidosis. Zweiman and Israel
(1976) studied the effect of four Kveim test suspensions on lymphocyte
DNA synthesis. Responses of cells from sarcoidosis patients and from
normal subjects differed significantly for the CSL and Edinburgh suspen-
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sions, but not for spleen J and Ohio suspensions. Synthesis was increased by
at least one of the suspensions in cells from 14 of 45 patients with sarcoido-
sis, and from three of 20 normal subjects. Correlation with Kveim tests was
poor; 12 of the 14 whose cells responded, and 23 of the 31 whose cells did
not respond, gave granulomatous reactions to Kveim tests,

In direct in vitro tests, Bendixen and Seberg (1969), Hardt and Wanstrup
(1969), Becker et al. (1972 ) and Kalden et al. (1974) found that Kveim tesr
suspensions inhibited migration of leucocytes from patients with sarcoido
sis. On the other hand, Topilsky et al. (1972) reported that a suspension of
spleen J did not inhibit migration of cells from patients who had given
granulomatous reactions to Kveim rests with a suspension from the same
spleen; Horsmanheimo et al. (1980) had similarly negative results in direct
migration inhibition tests with a suspension from another well-validated
spleen, B; and Zweiman and Israel (1976) found only slight differences in
direct migration inhibition tests with four Kveim test suspensions between
leucocytes from sarcoidosis patients and from normal subjects. Using a test
of migration inhibition in an aga rose medium, Hardt et al. (1976) observed
no inhibition of leucocytes from sarcoidosis patients by a Kveim test suspen
sion which, however, caused reactions interpreted as positive in only seven
of the 50 patients tested; on the other hand, Schubotz et al. (1980) using a
similar technique and a sarcoid spleen suspension, whose validation was not
described, found that migration of leucocytes from 25 patients with sar
coidosis was inhibited, more in the acute than in the chronic stages.

Tests for production of leucoc yte migration inhibition factor (LM IF) by
cells stimulated with Kveim test suspensions have given similarly variable
results. jones-Williams et al. (1972, 1974 ) found that LMIF was produced
in response to lot 14 of K12 by cells from 20 of 26 patients with sarcoidosis,
four of 11 with tuberculosis, four of 16 with Crohn's disease, and only one
of 20 normal subjects. LMIF correlated weil with response to Kveim test,
with the exception that it was found more frequently in patients with
long-standing sarcoidosis; it was reduced, like Kveim test reactivity, in those
receiving corticosteroid treatment. jones-Williams et al. pointed out that the
concentration of the test suspension they used (250 f.1g mI-I) was much
higher than the 8 f.1g ml- l used by Topilsky et al. (1972) in their direct
migration inhibition tests wh ich gave negative results. Horsmanheimo et al.
(1980) studied the responses of lymphocytes from patients with sarcoidosis
to three spleen suspensions; one from a sarcoid spleen that had been
validated as a Kveim test suspension, one from a Hodgkin's disease spleen,
and one from a normal spleen. In the two-step MIF agarose assay of
Clausen (1973), no significant production of LMIF was found in response to
any of these at the concentration of 100 f.1g mI-I.

Kveim test suspensions have been shown to inhibit leucocyte migration in
a proportion of patients with Crohn's disease. Brostoff and Walker (197 1)



478 Sarcoidosis

found that lot 14 of spleen K12 had this effect in 14 of 30 patients with this
disease; no such effect was observed in patients with ulcerative colitis.
Willoughby and Mitchell (1971) reported similar findings with a suspension
from spleen K19 in 12 of 18 patients with Crohn's disease, and no effect on
cells from patients with ulcerative colitis. Pagaltsos et al. (1971), also using
a K19 suspension, observed inhibition of leucocyte migration in four of ten
patients with coeliac disease and 16 of 17 with dermatitis herpetiformis. As
mentioned above, jones-Williams et al. (1972) found that LMIF was pro
duced in response to lot 14 of K12 by cells from four of 16 patients with
Crohn's disease.

Using the complex electrophoretic method of Field et al. (1970), Caspary
and Field (1971) found evidence that Iymphocytes from patients with sar
coidosis who had negative or weak tuberculin reactions were sensitized to
tuberculin and to Kveim test suspension. Lymphocytes from patients with
Crohn's disease, and with systemic lupus erythematosus, and from two
healthy subjects who had failed to become tuberculin-positive after repeated
BCG vaccination were similarly sensitized. The addition of 1:60 sarcoid
serum, but not normal serum, to the system blocked the reactions indicating
sensitization, suggesting that in vivo sensitivity might be masked by inhibi 
tory factors in the serum.

Attempts to demonstrate antibodies against component(s) of Kveim tesr
suspensions have been reported by Favez and Leuenberger (1971) and
Bergmann et al. (1979). Favez and Leuenberger (1971) sought antibodies in
the sera of 75 patients with biopsy-confirmed sarcoidosis and of 90 control
subjects by the passive haemagglutination method. The sarcoidosis patients
showed a higher range of titres, from 1:640-1 :10240, than the controls,
who ranged from no haemagglutination to 1:2560, but there was consider
able overlap between 1:640 and 1:2560,50 of the sarcoidosis patients and
22 of the controls having titres in this range. The two controls with the
highest titres were both suffering from pulmonary tuberculosis, with no
evidence of sarcoidosis, and non-reactive to Kveim tests. In a further study
of 54 sarcoid and 30 normal sera, reactions to sarcoid and to normal spleen
suspensions were compared. Antibodies to normal and to sarcoid spleen
were found in both sarcoid and normal sera in similar ranges to those
observed in the first study. Thus circulating antibodies were found by this
sensitive technique to a component present in both normal and sarcoid
spleens in many non-sarcoid sera , and at a generally higher level in patients
with active sarcoids. Bergmann et al. (1979) sought evidence of antigenicity
in Kveim test suspensions by atternpting to induce antibodies in rabbits.
They prepared suspensions from sarcoid Iymph-nodes and spleens, and
injected them intravenously five times at weekly intervals, with Freund's
complete adjuvant on all but the first occasions. Sera of rhe injected animals
showed up to three precipitation lines against Kveim test suspensions in



The Kveim Reaction 479

Ouchterlony tests; after absorption with normal lymph-node and spleen
suspensions, a single band persisted. Similar results were obtained with
counter-immunoelectrophoresis.

In view of the particulate nature of the granuloma-inducing component of
Kveim test suspensions, these serological findings are difficult to interpret.

PATHOGENESIS OF THE KVEIM REACTION

lt is weil established that there exists in particulate suspensions from sarcoid
tissues, both freshly granulomatous and hyalinized , though in varying
amount, a component capable of causing after intradermal injection the
slow development of an epithelioid cell granuloma of sarcoid character in a
high proportion of patients with active sarcoidosis; that the proportion of
patients giving granulomatous responses diminishes with increasing chroni
city of sarcoidosis; that such reactions have not been produced consistently
by any material not derived from human tissue; that other components that
may be present in human tissues may cause banal inflammatory reactions,
possibly with a granulomatous component, in a non-selective manner; that
some suspensions shown to produce granulomatous reactions selectively in
the expected proportions of patients with sarcoidosis produce similar reac
tions in appreciable proportions of patients with inflammatory bowel dis
ease, especially of the Crohn's type; and that of a few normal subjects who
remain persistently tuberculin-negative after two technically satisfactory
BCG vaccinations, a high proportion show granulomatous responses to
well-validated suspensions. The reasons for these findings and their signi
ficance in relation to the pathogenesis and aetiology of sarcoidosis remain
unknown. The component responsible for selective granulomatous reac
tions is known to be insoluble in water or in fat solvents, to resist heat,
proteolytic and some other enzymes, and moderate acidity, but to be rapidly
inactivated by weak alkalinity; it is particulate and probably derived from
lysosom al membranes. lts chemical constitution is unknown, but available
evidence is compatible with its being a lipoprotein.

Kveim (1941) thought that the reaction he described was an allergic one,
presumably caused because some component of a hypothetical causal agent
of sarcoidosis was present in the affected tissue from which the suspensions
was prepared; and Siltzbach (1961a) claimed that the fact that a test
suspension prepared from the spleen of a single patient in New York had
produced 'specific' reactions in patients with sarco idosis in several other
parts of the world 'suggests that a common primary inciting agent may be at
work'. But the reaction, delayed for several weeks and consisting of an
epithelioid cell granuloma, is quite different from that produced by any
reagent that detects past infection by demonstrating allergy to some compo
nent of the specific infective agent . Kveim reactivity diminishes and may
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disappear as the activity of sarcoidosis wanes, whereas allergic sensitivity 
e.g. to tuberculin, coccidioidin or histoplasmin - generally persists. Reid
and Gebbie (1958) tested 21 family contacts of seven patients with sar
coidosis , with uniformly negative results; if the Kveim reaction were a test
for a specific infection wh ich might be latent, some positive results among
contacts would have been expected. Nevertheless, Reid (1964) suggested
that the Kveim reaction might be related to a specific agent if the response
was to antigenic derivatives modified by phagocytosis or by binding to
tissue elements late in the course of an infection.

The only other skin test performed by intradermal injection of a suspen
sion of diseased tissue and producing slowly developing granulomatous
reactions is the Mitsuda lepromin test. This is not specific for infection with
M. leprae, but distinguishes among those infected and showing evidence of
disease between two reaction-patterns, the tuberculoid and the lepromatous
(see above, p. 473). Though the analogy berween the Kveim and the Mitsuda
reactions is imperfect, and like all analogies must be regarded critically, it
suggests the possibility that the Kveim reaction detects a special sort of
reactivity, and not a specific infective agent. This hypothesis is entirely
compatible with all the observed facts, including the reactivity of sarcoidosis
patienrs all over the world to a suspension from a single source.

Attempts to demonstrate an immunological basis for the Kveim reaction
have given negative or equivocal results. Rogers and Haserick (1954) re
ported that the injection of Kveim suspension together with (y) -globulin from
a patient with sarcoidosis into the skin of anormal subject caused the
delayed development of a histologically typical Kveim nodule. This observa
tion has not been confirmed (Siltzbach, 1961b), and Webb and Mitchell
(unpublished observations) found that stored sera drawn from Kveim
reactive patients with recent sarcoid BHL failed to e1icit responses when
mixed with the same test suspension in tests of the original donors after
reactivity had wanted 18 months to two years later. Fordtran (1956) was
unable to induce Kveim reactivity in guinea-pigs or rabbits by repeated
subcutaneous and intravenous injections of an active suspension. He also
found that the electrophoretic pattern of the sera of sarcoidosis patients was
not changed by adsorption with Kveim suspension. Lebacq (1964) sought to
transfer Kveim reactivity to individuals not suffering from sarcoidosis by
intradermal injection of leucocytes from patients with active sarcoidosis
around the site at which a test-suspension derived from sarcoid lymph
nodes was injected at the same time . The conventional suspension produced
discrete granulomatous reactions in three of four subjects; 'purification' of
the suspension by ultrasonication and ether extraction resulted in reduction
of the number of granulomatous reactions to one of four subjects tested.
This suggestive result has not been confirmed with any of the widely used
validated spleen suspensions.
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The lack of a satisfactory explanation of the Kveim reaction does not
detract from its value in some diagnostic contexts, discussed in Chapter 26.
The elucidation of the origin and chemical nature of the component or
components of an active Kveim suspension which can incite granulorna
formation selectively, and of the characteristics, possibly immunological,
wh ich distinguish individuals susceptible to induction of granulomas in this
way would be an outstanding conrribution to the solution of the problems
of the pathogenesis and aetiology of sarcoidosis.



Chapter 22

Beryllium Disease

Exposure to beryllium and to some of its compounds is known to be
associated with two sorts of disease: an acute form involving the respiratory
tract in an inflammatory reaction which seems capable of complete resolu
tion, and a chronic form, appearing at a variable and often long interval
after exposure, characterized by systemic as weil as lung changes having a
histological structure resembling that of sarcoidosis, and generally leading
to irreversible fibrotic changes in the lungs. Since these diseases have been
weil described in a number of publications (Vorwald et al., 1950; Archives
of Industrial Health, February 1959; Tepper et al., 1961; Stoeckle et al.,
1969; Freiman and Hardy, 1970) only a brief summary of the established
facts about thern will be given here, as an introduction to a discussion of the
resemblances and differences berween chronic beryllium disease and
'idiopathic' sarcoidosis.

Sources and uses of beryllium

Beryllium is derived from the ore beryl, an aluminium beryllium silicate.
Beryl itseIf has not been associated with disease, but metallic beryllium,
beryllium oxide, beryllium sulphate and fluoride which are encountered in
extraction processes, and complex silicates of beryllium and zinc at one time
used as a phosphor in fluorescent e1ectric lamps, have all been incriminated
as causes of acute or chronic disease.

Beryllium has wide applications in industry. The addition of beryllium to
cop per in proportions up to 3% gives alloys which are strong and hard,
resistant to corrosion, non-rnagnetic, non-sparking and with good e1astic
properties, while retaining high electrical conductivity. Such alloys can also
be tempered and made into springs. Alloys with some other metals - e.g.
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aluminium, magnesium and nickel - also have useful properties. Because of
its low atomic weight, it is transparent to X-rays, and has been used in
X-ray tube windows. The oxide is very stable and has good thermal conduc-
tivity, and for this reason finds applications as a refractory for special
purposes. Beryllium and its oxide are good sources of neutrons under
nuclear bombardment, and have uses in the atomic energy field. The use of
beryllium-containing phosphors in fluorescent lamps has now been stopped,
because of the high hazard not only to workers engaged in their manufac-
ture but also to persons exposed by accidental breakage.

ACUTE BERYLLIUM DISEASE

The acute disease associated with beryllium exposure has no resemblance to
sarcoidosis. Soluble salts may cause an acute rhinopharyngitis and tracheo
bronchitis, resolving in a few weeks. The most serious of the acute syn
dromes is a chemical pneumonitis. This may be caused by beryllium metal,
the oxide and beryllium phosphors as weil as the soluble salts. The atrnos
pheric concentration required to produce it should now arise in industry
only as an accidental occurrence; much lower concentrations may produce
the delayed chronic disease. The acuteness of the disease depends upon the
type of exposure. Abrief exposure to a high concentration may cause a
fulminating illness , starting within 72 hours and with a high mortality.
Prolonged exposure to smaller concentrations causes an insidiously de
veloping illness with cough, retrosternal pain, and progressive dyspnoea,
often with low fever. Physical signs include cyanosis, rapid pulse and
respiration rates, and widespread r äles over the lungs. Depending upon the
severity of the case, radiographie changes of variable extent and character
appear one to three weeks after the first symptoms. Although the majority
of patients with the acute but not fulminating disease recover, the radio
graphie shadows may take several months to resolve. Some persons who
have recovered from the acute disease have been observed ro have further
attacks on subsequent exposure, but it is not known whether sensitization
to beryllium rrecessarily follows the acute disease.

Pathologically, the lungs in fatal cases (Vorwald, 1950; Freiman and
Hardy, 1970), show widespread acute inflammation, with oedema and
lymphocytic and plasma cell infiltration of alveolar walls, swelling, vacuola
tion and desquamation of alveolar lining cells, which may become multinu
cleare, mixed cellular exudate and proteinaceous fluid in alveolar spaces, in
some cases hyaline membrane formation and desquamation of bronchiolar
epithelium; and usually less severe inflammatory changes in bronchi. In
most cases, fibroblasts are present in the alveolar exudate and in alveolar
walls, with focal organization of the exudate and fibrosis in alveolar walls.
Giant cells may be seen, but formed granulomas are rarely if ever seen in the
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acute disease. The appearances are similar to those seen in response to other
acute pulmonary irritants and the diagnosis is dependent upon the associa
tion with recent heavy exposure to beryllium, and the identification of
beryllium in the lung tissue. In some cases, focal necrosis has been found in
the liver, but no specific changes have been reported in other organs.

Recovery from the acute stage is usually complete, only a minority of
patients later developing chronic beryllium disease. Tepper et al. (1961)
stated that only 11% of those with acute beryllium pneumonitis had been
reported to have developed the chronic disease.

Other acute manifestations induced by beryllium include a contact der 
matitis, an acute conjunctivitis, and small localized ulcers due to implanta
tion of crystals of a soluble beryllium compound in the skin .

CHRONIC BERYLLIUM DISEASE

Chronic beryllium disease mimics sarcoidosis, closely in some cases, and
some of the early cases were at first regarded as sarcoidosis. After the first
publications (Hardy and Tabershaw, 1946; de Nardi et al., 1949; Slavin,
1949), the number of cases recorded in the United States rapidly increased,
and in 1952 a Beryllium Case Registry was started. By 1970 this included
756 patients with beryllium disease of all sorts. Of these, 215 had the acute
disease only, 47 the acute followed by the chronic, and 494 the chronic
disease only (Freiman and Hardy, 1970). Early reports from Great Britain
include those by Agate (1948), Sneddon (1955, 1958), Rogers (1957) and
Jordan and Darke (1958); by 1971, 16 had been reported (Jones Williams,
1971). Many of the early cases occurred before the hazards of beryllium
exposure were recognized, and at a time when the industrial uses of beryl
lium were expanding. With the introduction of control measures, and of the
cessation of the use of beryllium in the fluorescent lamp industry, which
had been a major source of cases, acute beryllium disease should no longer
occur, except as the result of accidents. But new cases of chronic beryllium
disease continue to occur, both from recent exposure in other industries and
from delayed response to earlier exposure (Hasan and Kazemi, 1974).

C1inical features

Changes in the lungs are the most prominent feature, and cause the present
ing symptoms and signs in nearly all cases, although evidence of involve
ment of other organs can be found in some. There is in many cases an
interval, which may be of long duration, between last known exposure to
beryllium and onset of symtoms. Tepper et al. (1961) found that among 334
patients, 46% developed symptoms while still exposed or within a month of
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the last known exposure; about half had a latent period between one and
five years, while in 12 (4%) more than ten years elapsed between the last
exposure and the first symptom.

The severity and rapidity of onset of symptoms is variable. Dyspnoea on
exertion is the principal symptom; it may appear insidiously over many
months, or may be noticed first after an intercurrent respiratory infection.
Cough, usually unproductive, is the next most frequent symptom. It may be
precipitated by exertion, and thus accompany the dyspnoea. In rare cases,
changes in the ehest radiograph have been the first evidence of disease ; e.g.
in three of 60 reviewed by Stoeckle et al. (1969). The course is variable.
Most commonly, the development of fibrosis leads to gradual deterioration;
in some patients the condition remains unchanged for prolonged periods;
and in a very few, spontaneous improvement, short of complete radio
graphie clearing, has been reported.

In those with progressive fibrosis, the clinical picture is similar to that of
patients with other sorts of pulmonary fibrosis, with increasing respiratory
insufficiency and the development of cor pulmonale. Of the 60 patients
reviewed by Stoeckle et al. (1969), 18 died during the observation period,
nearly all of cardiorespiratory causes. Spontaneous pneumothorax occurred
in ten; this is certainly more frequent than in sarcoidosis or in cryptogenic
fibrosing alveolitis. Clubbing of the fingers, rare in sarcoidosis, was
observed in 12 patients, but none developed hypertrophie pulmonary osteo
arthropathy.

Extra pulmonary changes include granulomatous infiltrations of the skin,
of the liver, and of muscle, and hypercalcaemia and hypercalciuria. Skin
infiltrations similar in appearance to small nodular sarcoids may appear
without evident local cause and may disappear spontanously, unlike those
due to local implantation of beryllium compounds; their histology is indis
tinguishable from that of sarcoidosis. Nodules of this sort appeared in the
skin of four of the 60 patients reviewed by Stoeckle et al. (1969). The liver
was palpably enlarged in 13 of these patients ; biopsy or necropsy in ten of
these showed granulomatous changes in only three. The spleen was palp
able in four, all with severe disease; in all it later became impalpable.
Peripherallymph-nodes were palpable in the neck in three and in the axilla
in one; biopsies of two palpable cervical lyrnph-nodes and of two out of
three impalpable scalene lyrnph-nodes showed granulomas. The disturbance
of calcium metabolism observed in a minority of cases resembles that seen in
sarcoidosis. Stoeckle et al. (1969) found hypercalcaemia in two, and a
24-hour urinary excretion of more than 200 mg of calcium in these and nine
others of their 60 patients. Renal calculi were found in four ; only one of
these had hypercalcaemia, and the relationship of the others to beryllium
was unclear. Among 535 patients with chronic beryllium disease recorded
in the Beryllium Case Registry , 6% had renal calculi.
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Radiology

The radiographie ehanges in the lungs eonsist of widespread small opaeities,
some rounded and varying in size up to 5 mm in diameter, and some linear
(Weber et al., 1965; Stoeekle et al., 1969). Among the 60 eases reviewed by
Stoeekle et al. the initial findings were a mixture of rounded opaeities of
various sizes and linear opaeities in 35, 'nodular' opacities between 1 and
5 mm in diameter in 19, and a 'granular' pattern of opaeities up to 1 mm in
diameter in six. Hilar Iymph-nodes were enlarged in 27, but the enlargement
was deseribed as mild, less than is observed in sareoidosis, and always
aeeompanied by ehanges in the lungs. The initially-observed appearanees
remained unehanged during five to 15 years' observation in six eases. In the
others, linear densities appeared or beeame more prominent, with diminu
tion in granular or nodular shadows, evidenee of eontraetion of densely
involved parts and inereased transradianey of other parts, suggesting the
development of fibrosis and emphysema. Fibrosis was evident in upper lobes
in 20 and in lower lobes in seven; these ehanges tended to be symmetrieal.
Cyst-like appearanees were noted in the upper lobes in ten and throughout
the lungs in one; of ten patients who developed spontaneous pneumo
thorax, seven showed these eyst-like appearanees. Calcifieations were
observed in hilar nodes in eight, and in lungs in eight; all those with
ealcifieation were tubereulin-negative.

In general, the range of radiographie ehanges eannot be distinguished
from those that may be observed in the eourse of sareoidosis, or of the other
diseases that give rise to widespread retieulo-nodular patterns (p. 166) .

Pathology

Histologieally, the ehanges are widely distributed through the lungs, and
eonsist of varying eombinations of diffuse inflammation and non-easeating
epithelioid and giant-eell granuloma-formation. The giant eells of the foeal
granuloma often eontain inclusion-bodies; eonehoidal bodies of the
Sehaumann type and birefringent erystals are the most frequent ; asteroids
may oeeur but are infrequent. Granulomas are seen mainly in the septa,
espeeially at the margins of seeondary lobules, beneath the pleura and in the
peribronehial and perivaseular spaees. The foeal granuloma is indistinguish
able from that of sareoidosis Gones Williams, 1958); it tends to undergo
hyaline fibrosis just as sareoid granulomas do in some eases. As fibrosis
oeeurs, some peripheral air spaees become dilated forming eyst-like spaees.

The relative prominenee of foeal granuloma and diffuse inflammation
varies . A study by Freiman and Hardy (1970) of 124 eases of ehronie
beryllium disease from the US Beryllium Case Registry with satisfactory
histologieal material from the lung at neeropsy or on biopsy suggested that
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prominent granuloma formalation may be favourable prognostically. Of a
group of 25 patients, in which granuloma formation was the principal
finding, with little interstitial cellular infiltration, only one died during
observation for periods averaging 11 years . In 55 cases, granulomas were
not found or were indistinct, the most prominent change being widespread
cellular infiltration and in 44, focal granulomas accompanied diffuse
inflammation. In these two groups, 85% of those without and 60% of those
with focal granulomas were dead at the time of the study.

Calcific inclusion bodies of the Schaumann conchoidal type occur in
about the same proportion of cases as in sarcoidosis. Jones Williams (1958,
1960a) found conchoidal or crystalline inclusions in 62% of 52 cases of
chronic beryllium disease and in 88% of 17 cases of sarcoidosis. Freiman
and Hardy (1970) found them in 64% of their 124 cases of chronic
beryllium disease of the lungs; they were more frequent in those cases with
prominent diffuse inflammatory changes than in those cases with focal
granulomas as the principal finding . Whether this is due to the persistence of
Schaumann bodies after granulomas have become unrecognizable in under
going fibrosis, as in sarcoidosis (p. 140), remains uncertain.

Pathogenesis: quantitative aspects

Although there is evidence that the risk of development of acute beryllium
disease is related to the concentration of beryllium in the atmosphere, and it
has been suggested that concentrations of less than 100 /Ag m-3 cannot
produce this disease, no such limiting concentration can be defined for the
chronic disease. The development of this disease evidently depends upon
individualliability, whether this is of the nature of acquired hypersensitivity
or due to individual idiosyncrasy, or to a combination of these factors is not
known. The amount of beryllium found in the tissues of patients with
chronic beryllium disease varies greatly. In the lungs, quantities varying
from undetectable up to as much as 4.4 /Ag g-I have been reported. In
one fatal case, sampies from different parts of the lungs gave levels ranging
from 0.001-0.282 /Ag g-I. In hilar nodes, the levels were generally higher,
and in other organs considerably lower, than in the lungs (Tepper et al.,
1961). In the tissues of persons with no known beryllium exposure, the
largest quantity found was 0.0008 /Ag g-l. In 84 cases of chronic beryllium
disease without a history of the acute disease, Freiman and Hardy (1970)
found that 85% had less than 0.05 /Ag g' of beryllium in the lung-tissue,
11 % having between 0.05 and 0.19 /Ag and 4% more than 0.2 /Ag g-'. By
contrast, three of five with acute beryllium disease had more than 0.2 /Ag;
those with chronic disease and a history of acute episodes showed an
intermediate range of levels. Hasan and Kazemi (1974) gave figures ranging
from undetectable to 3.1 /Ag s:' dried weight of lung in six cases of chronic



488 Sarcoidosis

beryllium disease; peripheral Iymph-nodes from four of these contained
lower, and mediastinallymph-nodes from two high er levels. Chamberlin et
al. (1957) found that many lung sampIes from routine necropsies in the
neighbourhood of a ber yllium plant showed ber yllium in amounts similar to
those in the lungs of patients with beryllium disease.

Typical chronic beryllium disease may occur in per sons who live in the
vicinity of a ber yllium processing plant, pre sumably from the minute
amounts of beryllium present in the air, and among the horne contacts of
workers presumably from the dust carried horne on their clothes. Tepper et
al. (1961) reported that of 395 chronic cases on the Beryllium Case Reg
istry, 47 were 'neighbourhood' cases. Of these, eight lived near a beryllium
plant and were horne contacts of workers, 13 lived in the neighbourhood
without such contact, and 24 were contacts but lived at a distance. In two,
in whom the diagnosis was suggested by the detection of beryllium in lung
tissue, neither of these factors could be established. The large rnajority of the
neighbourhood cases were in women, and the mortality among known cases
was high; presumably many mild cases went undiagnosed.

In view of these facts, definition of maximum permissible concentrations is
difficult and partly arbitrary. The United Stares Atomic Energy Commission
proposed that the maximum concentrations in working places should not
exceed an average of 2 f.ig m - '\ and in their neighbourhood 0.01 f.ig m-·~.N

The amount of beryllium excreted in the urine is very variable. In a large
proportion, perhaps half, of the cases of chronic beryllium disease, no
detectable amount is found. On the other hand, workers exposed to
ber yllium ma y excrete detectable amounts without showing evidence of
disease, and hence estirnation of urinary beryllium is of no value as a
diagnostic aid.

Immunology

Cur tis (195 1) found thar workers with beryllium derernatitis were hypersen
sitive to beryllium, giving reactions to patch tests with various beryllium
salts, though not to the oxide or the metal, or to inorganic salts of various
other metals as controls. The test was performed by the application of a 2%
solution of beryllium sulphate or nitrate to the skin for forty-eight hours, a
positive reaction being evident within seventy-two hours of the application
as an acute inflammatory reaction and remaining evident for at least a
week. Sneddon (1955, 1958) reported that biopsy of the reaction site after
several weeks showed a tuberculoid reaction with giant cells. This is an
important observation, distinguishing this reaction from that observed in
contact dermatitis. In half his control subjects, Curtis (1951 ) found that
hypersensitivity was induced, a spontaneous flare appearing at the site of the
test patch six to sixteen days later, He later (1959) reported that 32 patients
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with chronic beryllium disease had all given positive reactions while a
number with idiopathic sarcoidosis and chronic interstitial fibrosis of the
lungs gave negative reactions. However, in some doubtful cases the test
gave results discordant with c1inical possibilities, and Waksman (1959) and
Stoeckle et al. (1969) found that in some patients with probable chronic
beryllium disease it was negative. Because a positive test indicates only
hypersensitivity to beryllium and does not prove that lung ehanges are
associated with it, and a negative test does not exclude chronie berylliosis,
and beeause of the risk of causing hypersensitivity by the application of the
test, its use as a diagnostic proeedure eannot be recommended.

Reports about the level of sensitivity to tubereulin in patients with chro
nie beryllium disease vary. Tepper et al. (1961) stated that25% of their
large series reacted to tubereulin, and eonsidered that this was similar to the
proportion then expected in their part of the United States. In 1967, one of
us (JGS) reviewed seven published British cases with reports of tubereulin
tests together with two personally observed eases, among whieh only two
reacted, one to 10 IU, later beeoming non-reactive, and one only to 100 IU;
this was eertainlay a lower proportion of reaetors than was currently
prevalent in Great Britain. Of the 60 patients reviewed by Stoeckle et al.
(1969), 57 were tested with tuberculin; only four reacted, the reactions
being weak in all.

Elevated levels of one or more serum immunoglobulin fractions have been
reported in some patients with chronic beryllium disease, but with no
consistent pattern or relation to c1inical features. Resnick et al. (1970)
found that IgG was raised more frequently than IgA, IgM being raised only
rarely, in similar proportions of patients with chronic beryllium disease,
with beryllium dermatitis, and having recovered from acute beryllium dis
ease, and of subjects with prolonged beryllium exposure but no overt
disease. Deodhar et al. (1973) found that IgA was raised in the majority of
23 patients with ehronie beryllium disease, IgG being raised with IgA in
two, and IgM with IgA in two and alone in three.

Lymphocytes from patients with dermal sensitivity to beryllium were
found by Hanafin et al. (1970) to undergo blast transformation in uitro in
response to coneentrations of beryllium oxide or sulphate whieh had no
effeet on eontrollymphocytes. VaQ Ganse et al. (1971) studied Iymphocyte
responses in a patient with longstanding chronic beryllium disease whom
they had previously (1970) shown to reaet strongly to a patch test. Phyto
haemagglutinin response was normal, unlike that of Iymphocytes from
patients with sareoidosis, which is depressed; a small proportion of lympho
cytes transformed in response to beryllium in coneentrations having no
effect on controllymphoeytes. Deodhar et al (1973) found that Iymphoeytes
from 25 of 35 patients with chronic beryllium disease transformed in
response to beryllium sulphate, 18 very strongly, with good correlation
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between severity of clinical disease and grading of blast transformation, but
no correlation with immunoglobulin levels. Control groups of normal indi
viduals, unaffected beryllium industry workers, and patients with other lung
diseases showed only a very few equivocal responses. Preuss et al. (1980)
reported tests of Iymphocyte transformation inresponse to beryllium in 571
beryllium workers, among whom 36 showed weak reactions, none persis
tent on repeat tests; in 47 patients with chronic beryllium disease, of whom
27 gave persistent strongly positive responses and ten weaker positive
responses; and in 25 patients with other lung diseases and 51 healthy
subjects among whom only one healthy subject gave a strongly positive
response, seven healthy subjects and one with lung disease giving weak
positive responses.

Lung changes resembling human chronic beryllium disease can be
induced in guinea-pigs by inhalation exposure to beryllium, and skin reac
tivity to patch testing and Iymphocyte reactivity to beryllium is also in
duced, although the level of hypersensitivity does not correlate weil with
severity of lung changes (Reeves, 1980). There is thus good evidence from
both human and animal observations that immunological factors are impor
tant in the pathogenesis of chronic beryllium disease, but these factors have
yet to be fully elucidated.

SIMILARITIES AND DIFFERENCES BETWEEN
CHRONIC BERYLLIUM DISEASE AND SARCOIDOSIS

The differential diagnosis between chronic beryllium disease and sarcoidosis
has been discussed by Hardy (1956), by Israel and Sones (1959) and by
Sprince et al. (1976).

Similarities

The histological pattern of chronic beryllium disease includes non-caseating
granulomas indistinguishable from those of sarcoidosis, and like them liable
to undergo hyaline fibrosis. Inclusion-bodes of crystalline and conchoidal
types occur with similar frequency in both diseases.

Symptoms and signs of chronic beryllium disease of the lungs and of
chronic pulmonary sarcoidosis are indistinguishable in individual cases,
cons isting in varying combinations of dyspnoea, dry or slightly productive
cough, and loss of weight, and in symptomatic cases, similar patterns of
lung function disturbance occur. In both, progressive fibrosis and disorgani
zation of lung structure may lead to respiratory failure and right ventricular
hypertrophy and eventually failure.

The liver and the spleen are enlarged, usually no more than moderately, in
a minority of cases of both diseases.
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Skin lesions resembling the sarcoids of Boeck, and capable of spon
taneous regression may occur in chronic beryllium disease.

An identical disturbance of calcium metabolism with hypercalcaemia,
hypercalciuria, nephrocalcinosis and nephrolithiasis occurs in some cases of
both diseases.

Differences

The histological pattern in many cases of chronic beryllium disease includes
more non-granulornatous inflammation than is usual in sarcoidosis, and in
some, changes of this sort especially in alveolar walls are the most promin
ent feature throughout the disease .

Certain features found in some cases of sarcoidosis have not been
reported in unequivocally acceptable cases of chronic beryllium disease .
These include uveitis, involvement of salivary and lacrimal glands, general
ized superficial lymphadenopathy, gross splenomegaly or hepatomegaly,
and changes in the bones of the hands and feet. Erythema nodosum was not
mentioned in connection with the large series of cases of beryll ium disease
reported by Tepper et al. (1961) ; the frequency of its occurrence in sar
coidosis is variable from locality to locality (Chapter 5). Case 2, described
below (p. 494), appears to be exceptional in the occurrence of erythema
nodosum, although in other respects characteristic of chronic beryllium
disease. The proportion of patients developing disabl ing symptoms and the
mortality rate are higher in beryllium disease; and although minor varia
tions in severity of symptoms and in density of radiographie shadows may
be observed, the course is generally slowly progressive, possibly with some
prolonged periods of unchanging disability. This contrasts with the course
of sarcoidosis, much more variable from one case to another, and tending in
a high proportion of cases to complete or virtually complete resolution.

The radiographie appearance of the lungs in individual cases of chronic
beryllium disease can be matched by those of selected cases of sarcoidosis.
But as a group, chronic beryllium disease shows less hilar node enlargement
occurring only in association with lung shadowing, a higher proportion
with progressive fibrosis, and few, if any, with radiographie lung changes
and little or no disability. Spontaneous pneumothorax is more frequent in
chronic beryllium disease .

The criteria for the diagnosis of beryllium disease for the US Beryllium
Case Registry (Hasan and Kazemi, 1974; Sprince et al., 1976), applied
indiscriminately, would result in most patients with chronic sarcoidosis
affecting the lungs and with a history of significant beryllium exposure
being classified as suffering from chronic beryllium disease. For this reason,
isolated cases suggesting that granulomatous changes in the central nervous
system or the heart, similar to those recognized as possible manifestations of



492 Sarcoidosis

sarcoidosis, may be due to beryllium (Sprince et al. 1976) should be viewed
with reserve.

The combination of a history of exposure with a clinical and radiological
picture compatible with chronic beryllium disease is an acceptable basis for
the diagnosis of this disease, provided that there are no features not char
acteristic of this disease. Israel and Sones (1959) studied the magnitude of
the problem of differential diagnosis between sarcoidosis and chronic beryl
lium disease. They reviewed 209 patients with an accepted diagnosis of
sarcoidosis to assess the proportion in which the clinical and radiological
findings were such that, if there had been a history of beryllium exposure,
the question of chronic beryllium disease would have arisen. They con
cluded that 41 would have fallen into this category initially ; subsequently
the lung changes cleared completely in 20, leaving 21 in whom even after a
period of observation, the diagnosis of beryllium disease would have been
impossible to exclude.

The amount of help available from special investigations is limited . As
noted above, the ranges of levels of beryllium in urine and in tissues in
patients with chronic beryllium disease and in various control groups over
lap to such an extent that the finding of beryllium in urine or in lung tissue,
either at necropsy or in biopsy specimens supports but does not prove the
diagnosis, and failure to detect beryllium does not disprove it. The draw
backs and limitations of the beryllium patch test have been discussed above.
The Kveim reaction has been reported to be negative in all patients with
chronic beryllium disease tested (Hardy, 1956; Dattoli et al., 1964; Stoeckle
et al., 1969), but a negative response, especially in a patient with chronic
lung changes is entirely compatible with a diagnosis of sarcoidosis (Chapter
21) . The studies of beryllium-induced lymphocyte transformation by
Deodhar et al. (1973) and by Preuss et al., (1980), noted above, suggest that
it may discriminate usefully between chronic beryllium disease and sar
coidosis .

We quote three cases to illustrate the differential diagnostic problem. All
three patients had been exposed to beryllium. In the first both the initial
presentation and the subsequent course were characteristic of chronic beryl
lium disease. In the second, the initial clinical picture was suggestive of
sarcoidosis, apart from the absence of hilar lyrnph-node enlargement at any
time with an unusually dense fine mottling in the lung radiograph, and the
subsequent course was more suggestive of chronic beryllium disease. In the
third, we remain uncertain whether beryllium was a causal factor .

Case 1 A woman worked for 14 months starting at the age of 19 in a faetory
making fluoreseent lighting tubes, and was exposed to beryllium-containing
phosphor. Eighteen months after leaving this oeeupation, she notieed breath
lessness on running or brisk walking. Three months later, she developed
morning cough with some mucoid phlegm, and a ehest radiograph showed
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Figure 22.1 Chronie beryllium disease after exposure to beryllium-containing
phosphor in fluoreseent lamp manufaeture, in a woman aged 21.

widespread fine mottling in the lung fields (Fig. 22.1 ). Eight rnonths after her
first symptom and just over two years after the end of exposure, her general
eondition was good, there were fine eraekle s over both lungs, but no other
abnormal physieal sign. Tomography showed evidenee of slight enlargernent
of hilar lyrnph-nodes. The skin gave a moderate reaetion in a Mantoux test
with 1: 100 OT . A liver biops y showed no abnormality. Two 24-hour collec
tions of urine showed no beryllium by a method eapable of deteeting 1.5 ug.
In view of the clear history of exposure, a diagnosis of ehronie beryllium
disease was made. Cortisone 100 mg daily produeed slight diminution in the
density of the mottling in the ehest radiograph and some diminution in
dyspnoea on exertion. Ir was withdrawn gradually after six weeks, and the
symptoms and radiographie appearances returned to their former state. Over
the next few years, her condition remained unchanged, and she had three
pregnancies, all resulting in healthy infanrs, Towards the end of the last
pregnancy, when she was aged 32, she deveIoped first a right- sided then a
left-sided pneumothorax, and finally a recurrence of the right-sided
pneumothorax, which expanded only after the induetion of a chemical pleuri
tis. At the age of 33 she had a bacterial pneumonia which responded satisfac
torily to antibiotic rreatrnent. Thereafter, effort tolerance gradually dimin-
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Figure 22.2 The same patient, 32 years larer,

ished, but she remained able to run her horne. At the age of 53, she could walk
two miles at her own pace; function tests showed moderately severe impair
ments of ventilatory function, principally obstructive, and of gas exchange;
and radiologically the only change was that the mottling had coalesced in
places to form a coarser pattern, (Fig. 22.2).

Case 2 The earlier part of rhis case was reported by Citron (1954, 1955).
At the age of 18, a woman worked for one year in a fluorescent lamp factory
where a beryllium phosphor was used. Towards the end of rhis time, in April
1949, a ehest radiograph was normal. In November 1949, she developed
unproductive cough and dyspnoea on exertion, gradually increasing over two
years and then diminishing. In March 1950, a ehest radiograph showed
widespread, fine but dense mottling throughout both lungs.ln May 1950, she
developed erythema nodosum on the shins, and shortly afterwards, several old
scars on the fingers and hands became raised and infiltrated; biopsy of one of
these showed the histological appearance of sarcoidosis. The infiltration of the
scars subsided spontaneously. In January 1952, the fourth toe of the right foor
became red and swollen. Radiography showed extensive soft tissue calcinosis
(Fig. 22.3) confirmed by histological srudy of the arnputared toe. Radiographs
of the hands at rhis time showed less extensive calcinosis in rhe tips of the left
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little and right ring fingers. In 1953, she noticed frequency of micturition and
nocturia, and later discomfort in the eyes. She was investigated at Brompton
Hospital in October 1953, at the age of 23. She was thin but not ill, and
afebrile. The positive findings on physical examination included many small
white nodules in the exposed parts of the conjunctivae especially near the
limbus, and chalky white areas on both tympanie membranes, though audio-
metry showed normal results. The ehest radiograph (Fig, 22.4) showed no
appreciable change compared with that of March 1950. The Mantoux test
was negative up to 1000 IV. The urine contained a trace of protein, a few
leucocytes and occasional hyaline, cellular and granular casts, and in a con-
centration and dilution test showed a range of specific gravity from 1002-
1010. A radiograph of the abdomen showed two small flecks of calcification
in the left kidney . The serum calcium contentwas 19.0 and 18.7 mg, the
inorganic phosphorus 5.6 mg, the alkaline phosphatase 6.5 King-Armstrong
units, the total proteins 8.5, albumin 4.3 and globulin 4.2 g dr '. There
was hypercalciuria, the daily excretion ranging around 800 mg. During one
month's observation in hospital, these figures showed little change, the serum
calcium at the end of this time being 17.5 mg, and inorganic phosphorus
4.6 mg dr'. The blood urea remained around 50 mg dr'. On treat-
ment with cortisone, 150 mg daily, there was a rapid fall in serum calcium and

Figure 22.3 Calcinosis of soft tissues of fourth toe in a woman aged 20 with
chronic beryllium disease and hypercalcaemia.
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..

Figure 22.4 ehest radiograph in the same case, showing widespread dense
stippling.

phosphorus, and a slower fall in urinary calcium excretion and in blood urea
to normal levels. Over rhe next few years, treatment with cortisone and later
prednisolone was continued with the intention of mainraining her serum
calcium below 11.0 mg dr', The dosage required varied up to 50 mg of
cortisone or 10 mg of prednisolone daily . Until 1959 , withdrawal of corti
costeroid treatment resulted in return of the hypercalcaemia, though the blood
urea remained normal; but after April 1959 the serum calcium levels remained
below 11.0 mg, and treatment was stopped. During this time, there was little
change in the radiographie appearance of the lungs, and lung function studies
showed variable moderate reduction both in ventilatory capacity and in
carbon monoxide uptake. In ]une 1957, slight elevation of blood pressure to
150190 was first observed, and this gradually increased to 210/150 in Septem
ber 1960. Investigation at this time showed a normal serum calcium level, a
urinary calcium excretion of 300 mg daily, a blood urea of 45 mg dl- J,

and a urea c1earance of 60 % of normal. The hypertension was treated initially
with guanethidine and bendrofluazide, and subsequently was easily control
led. The subsequent course wa s complicated by colonization of the damaged
lungs by Aspergillus fumigatus, first evident in 1968 . Thi s was treated by
natamycin inhalations. There was gradual deterioration in respiratory func
tion, with the first episode of failure in 1976, and death in respiratory failure
precipitated by infection in 1981,32 years after the exposure to beryllium.
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Case 3 A man who had been employed for ten years, between the ages of 19
and 29, as a maintenance engineer in a plant manufacturing beryllium com
po und s at which a number of cases of chronic beryllium disease had occurred,
and whose later employment did not involve beryllium exposure, remained
weil until the age of 50, when he noticed increasing dyspnoea on exertion .
Chest radiograph y showed small iungs with widespread mottling and bilateral
hilar lymph -node enlargement . Function tests showed a small total lung
capa city with restr ictive ventilatory defect and low CO transfer factor.
Mediastinoscop y showe d large matt ed lyrnph-n odes; biopsy showed epithe
lioid-cell gra nulomas with giant cells man y of which contained conchoida l
bod ies. Assay for beryllium showed less than 0.02 ug, the lower limit of the
method used, in the whole sampIe. An itchy papul ar rash appeared on the
back of the trunk about the same time as the dyspnoea; on biopsy it proved
to be liehen planu s. A Kveim test gave a granulomato us response. A test of
lymph ocyte tr ansformat ion in response to beryllium was negative. In this case,
the diagnosis of sarcoidosis app ears probable, in view of the typical c1inical,
radiologieal, histological and Kveim test findin gs, and the 20 years interv al
between the end of beryllium expo sure and the first symptom.

A note on nomenclature

In this chapter, the recommendations of Tepper et al. (196 1) about nornen
d ature of the diseases associa ted with beryllium have been adopted. Several
name s have been used for these diseases. The term 'berylliosis' has the
disadvantage of suggesting an analogy with pneumoconio ses, such as sili
cosis and asbestosis, in which the disease is localized to the lungs and due to
the specific effect of definable quantities of noxious dust in the lungs;
chronic beryllium disease has features so different from this that the possible
confusion is undesirable. 'Delayed chemical pneumoniti s' and 'delayed pul
monary granulomatosis' similarly suggest a disease limited to the lungs.

In some of the early descriptions of chronic beryllium disease the term
'beryllium sarcoidosis' was used. The definit ion of sarcoidosis suggested in
Chapter 3 certa inly admits tho se form s of chro nic beryllium disease with a
predominantl y granul om atous histological pattern in the lungs and with
similar cha nges in lyrnph-nodes and possibly in liver and other organs into
the category 'sarcoidosis' . But the now generall y accepted term 'chronic
beryllium disease' is to be preferred on several grounds. Ir conforms to the
gener al rule that aetiology takes precedence over oth er criteria of diagno stic
categorization ; it covers thos e cases in which focal granulomas are not
prominent in the histological pattern and tho se in which changes are
detected in on e organ only; and it remo ves the need to specify sarcoidos is as
'idiopathic' or 'cryptogenic' in discussion of different ial diagno sis.



Chapter 23

Concomitant or Associated
Diseases

I Infections with agents causing
granulomatous inflammation

In this chapter, observed and recorded facts about the concurrence of
sarcoidosis and those aetiologically defined diseases which are characterized
by granulomatous inflammation will be summarized. The chief of these, of
course, is tuberculosis. In the next chapter associations with diseases of other
types will be considered, and the implications of any association will be
discussed in Chapter 25, wh ich concerns aetiology.

MYCOBACTERIAL INFECTIONS

Under the general heading mycobacterial infections may be considered both
asymptomatic infection, past or present, with M. tuberculosis, or with other
mycobacteria, and the disease tuberculosis, which implies specific morbid
anatomical changes caused by this organism, with clinically evident man
ifesrations.

BCG vaccination preceding sarcoidosis

Since BCG vaccinarion is an artificial infection with an attentuated bovine
strain of M. tuberculosis, it is appropriate to consider here the available
evidence about the incidence of sarcoidosis after this prophylactic proce
dure. The reaction of patients with establ ished sarcoidosis to BCG
vaccination and the effects of BCG vaccination on Kveim reactivity have
been considered above (p. 416 and p. 469).
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Early reports from countries where BCG vaccination was in use suggested
that the expected proportion of patients presenting with sarcoidosis had
been vaccinated. Among the 212 patients with BHL reported by Löfgren
and Lundback (1952) in Stockholm, 25 had had BCG; of these, 17 had
become negative reactors and eight remained positive reactors to tuberculin.
A number of other reports of sarcoidosis, usually characterized by BHL,
appearing after BCG vaccination indicated that the course of the disease
in such cases was not unu sual (Larsen, 1950; Pfisterer et al., 1954;
Birkhäuser, 1957; Fried and Genz, 1958; ]önsen, 1964a). In suspected
cases of sarcoidosis appearing shortly after BCG vaccination, histological
evidence from Iymph-nodes related, even remotely, to the site of vaccina
tion, or from liver must be interpreted with caution; in detailed necropsies
of BCG-vaccinated persons who had died of unrelated causes, Gormsen
(1956) found epithelioid cell granulomas in related Iymph-nodes up to
twenty months after vaccination, and in the liver in ten and in the lung in six
of 20 cases studied six to forty months after vaccination. Acid-fast bacilli
were found only in granulomas in the related axillary nodes and not in those
in more distant sites.

Some large-scale studies of the incidence of sarcoidosis among groups
vaccinated and not vaccinated with BCG have confirmed that BCG does not
significantly affect the incidence of sarcoidosis. Hertzberg (1948), among
18 496 vaccinated in Oslo recognized six cases in which BCG vaccination
'coincided with Boeck's sarcoid verified by Kveim and other tests' . Oudet
and Roegek (1962) examined 7500 students yearly at the University of
Strasbourg, of whom 40% were BCG-vaccinated; in five years they
observed nine cases of BHL, of which three were in BCG-vaccinated
students. Press and Wacker (1962) vaccinated 9561 adolescents in seven
years ; during this time they detected only three who developed hilar or
pulmonary shadows suggesting sarcoidosis, 14 months, 20 months and over
two years after BCG. Sutherland et al. (1965) studied the incidence of
pulmonary sarcoidosis in participants in the Medical Research Council
Tuberculosis Vaccines Trial, to which reference has already been made in
connection with the Kveim test (p. 469). The mean annual incidence of
detected pulmonary sarcoidosis was rather smaller among the vaccinated
than among the unvaccinated, but the differences were not significant;
vaccination, either with BCG or with vole bacillus vaccine, appeared neither
to protect against nor to predispose to sarcoidosis.

INFECTIONS WITH M. TUBERCULOSIS

Several possible associations between sarcoidosis and M. tuberculosis infec
tions may be considered:

(a) M. tuberculosis infection preceding the development of sarcoidosis.
(b) Clinicall y evident tuberculosis preceding sarcoidosis.
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(c) Evidence of concurrent M. tuberculosis infection in patients showing

the clinical picture of sarcoidosis, with or without clinical features of
caseating tuberculosis.

(d) Caseating tuberculosis developing during the course of sarcoidosis.

The true proportion of patients with sarcoidosis who have been infected
with, or have diseases evidently caused by, mycobacteria is difficult to
determine. The tuberculin test gives a probably considerable underestimate
of the proportion of them infected in the past; and it is impossible to make
unequivocal decisions about the categorization of some patients with dis
seminated granulomatous disease having mixed features. These include
some in group (b), in whom an illness initially rypical of caseating tubercu
losis, confirmed bacteriologically, imperceptibly assurnes the characteristics
of, and follows the expected course of, sarcoidosis; and some in group (c) in
whom in spite of the demonstration of mycobacteria, the picture remains
that of sarcoidosis. Observers who include 'unknown aetiology' as a defin
ing characteristic of sarcoidosis may deal with cases of these sorts in one of
three ways: (i) They may withdraw the diagnosis of sarcoidosis. This was
the procedure adopted by Kent et al. (1970) in the study described below, in
which they isolated mycobacteria in patients who otherwise conformed to
all normal criteria for the diagnosis of sarcoidosis. (ii) They may dismiss a
single isolation of mycobacteria as an error. (iii) They may conclude that the
patient is suffering from two diseases, tuberculosis, caused by M. tuberculo
sis, and sarcoidosis, about whose cause they profess ignorance, apart from a
conviction that it cannot be related to any already identified mycobacterial
or fungal pathogen.

Those who adopt the first procedure will exclude the case from any study
of sarcoidosis, while those who adopt the second will exclude the evidence
of mycobacterial infection. Those who adopt the third are excluding from
consideration the possibility that mycobacteria or some component or
derivative of them may be concerned directly or indirectly in the pathogene
sis of sarcoidosis, if not generallly, at least in some cases.

We suspect that because evidence of mycobacterial infection in patients
with a clinical picture of sarcoidosis is often dealt with in one of these ways,
especially (i) and (ii), the published reports underestimate the frequency of
this association.

(a) M. tubercuJosis infection preceding sarcoidosis

lt is a matter of common clinical experience that in some cases sarcoidosis
occurs in the presence of evidence of old tuberculous infection either in the
form of a past or present positive tuberculin test, or of calcified residues of a
primary tuberculous infection. The proportion of cases of active sarcoidosis
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showing old calcified foci in lungs and hilar Iymph-nodes has been discussed
in chapter 6 (p. 151 ). In Europe and other areas where coccidioidomycosis
and histoplasmosis are not endemie, such calcification can be assumed to be
associated with primary M. tuberculosis infection. In view of the depression
of all delayed skin reactions in sarcoidosis, a negative tuberculin test in the
presence of active sarcoidosis does not exclude past infection with M.
tuberculosis.

(b) Clinical tuberculosis preceding sarcoidosis

The prevalence of tuberculosis in the past has been, and in so me parts of the
world at the present time still is, so high that a proportion of cases of any
chronic disease affecting individuals of a wide range of ages would be
expected to give a history of having suffered from tuberculosis.

Among cases of sarcoidosis with a history of tuberculosis, those in which
the evidently mycobacterial disease gradually assurnes the characteristics of
sarcoidosis are most suggestive of a possible pathogenetic factor common to
the caseating and the non-caseating granulomatous phases. Among 425
patients with sarcoidosis seen by one of us between 1945 and 1969
(Scadding, 1971a), 24 (5.6 %) had a history of various forms of tuberculosis
in the past; in seven of these, there was no clear interval between the phases
of caseating tuberculosis and of sarcoidosis. The proportions of patients
showing these features were similar among the 150 patients first seen after
1962 to those observed in the 275 in the earlier part of the series, in spite of
a large reduction in the prevalence of tuberculosis in the general population
during this time. .

The following are three examples of cases in which features of sarcoidosis
appeared gradually during the course of an illness initial!y showing diagnos
tic features of mycobacterial tuberculosis, leading to a pattern characteristic
of sarcoidosis. In the first two, the initial picture was of pulmonary tubercu
losis with no unusual feature:

Case1 A woman, then aged 17 (Case 2 of Scadding, 1960b), was firsr
examined as a contact of her husband when he was found to be suffering from
pulmonary tuberculosis. Her ehest radiograph was then normal. Their child,
born in the following year, was tuberculin-positive at the age of one year.
Sevenyears after the first examination, a small area of mottling was found in
the upper zone of the right lung; the Mantoux test was positive to 10 IU, and
tubercle bacilli were cultured once from the sputum and once from gastric
contents. Despite treatment with isoniazid and para-arnino-salicyclic acid, the
lung shadows steadily spread eventually to involve all zones of both lungs.
Two years later, the skin was found to be insensitive to 1000 IU,and a liver
biopsy showed non-caseating rubercules; the addition of prednisolone to the
treatrnent led to rapid clearing of the abnormal shadows and the subsequent
course was characteristic of sarcoidosis, with relapse on withdrawal of predni-
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solone at first, but eventual quieseenee with limited non-progressive fibrosis
and no reaetivation on withdrawal of prednisolone.

Case 2 A man, aged 39 (Case 1 of Seadding, 1971a), was found to have
pulmonary tubereulosis, affeeting the upper part of the left lung. Tomography
showed a 5 em eavity, the tubereulin test was positive with 1:1000 OT, and
tubercle bacilli were found in the sputum, both on mieroseopy and by
eulture. He was treated with streptomycin, isoniazid and PASfor six months,
and with the latter two drugs for a further 18 months. Tubercle bacilli
disappeared from the sputum after two months of treatment, and the radio
graphie shadows cleared strikingly within six months. Fifteen rnonths from
the beginning of treatment, however, mottled shadowing reappeared at the
site of the original disease in the middle zone of the left lung, and there was
faint mottling also in the middle zone of the right lung. Over the next 18
months these shadows beeame denser. At this time, the tubereulin test was
found to be negative to 1:100 OT, and there was an unequivoeally granulo
matous response to a Kveim test.

In the third case, the initial mycobacterial disease presented unusual fea
tures:

Case 3 A man, aged 52, presented with a cold abseess of the ehest wall,
tubercle bacilli being seen mieroseopieally in and eultured from the pus. The
ehest radiograph showed mottling in the middle zones of both lungs. After
nine months of treatment with antitubereulosis drugs, the abseess healed.
Serial ehest radiographs showed progressive inerease in the mottling in the
lower two-thirds of both lungs. Four years later, a bronehoscopy showed
some granulations in the right main bronchus; biopsy showed irregular
eolleetions of epithelioid eells, some round eells and fibroblasts, but no giant
eells. An old sear on the knee was seen to be infiltrated, and on biopsy showed
sareoid ehanges . The eyes showed a mild iritis. The Mantoux test with 100 IU
was negative. Treatment with prednisolone led to temporary suppression of
the pulmonary infiltration, with reeurrenee on withdrawal of treatment.

The other 17 cases in which there was a clear interval between apparent
recovery from caseating tuberculosis and the clinical onset of sarcoidosis are
more readily explicable as chance associations. In most of them, the first
evidence of sarcoidosis was the appearance of BHL, usually symptomless
but in a few with symptoms. Nevertheless, where the interval between active
tuberculosis and the first evidence of sarcoidosis is brief, the possibility of
some pathogenetic relationship should not be excluded from consideration
apriori, as in the following two cases:

Case 1 A woman, aged 29 (Case 2 of Seadding, 1950), was treated at a
sanatorium for pulmonary tubereulosis of limited extent at the apex of the
right lung, diseovered after a haemoptysis. Eighteen rnonths later, she de
veloped symmetrieal hilar lyrnph-node enlargement, and supraclavieular
nodes beeame palpable. Biopsy of one of these showed non-easeating tuber
cles, and the Mantoux test with 250 IU was negative. Later, as the hilar nodes
subsided, a faint bilateral pulmonary infiltration appeared, and this too even
tually cleared eompletely, leaving only ealcified residues at the site of the old
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apical tuberculosis. Six years from the first enlargement of hilar nodes, the
Mantoux test was still negative to 100 IU. The following year, shortl y after a
successful pregnancy , there was a strong reaction to 10 IU.

Case2 A man, aged 22, was found to have pulmonary tuberculo sis. After
two years of various forms of treatment, including several periods of cherno
therapy, a left lower lobectom y was performed. The removed lobe showed a
large caseous mass with central softening and many small caseous nodules.
Four years later, he was found at routine review to have BHL, without
symptom s. The Mantoux test was negative to 100 IU, and a liver biopsy
showed typreal non-caseating tubercles. The hilar nodes returned to normal
size within a year.

In one case, the initial tuberculosis affected cervical lyrnph-nodes and, after
the sarcoid manifestations had subsided, the cervical lymphadenopathy
resumed the characteristics of caseating tuberculosis:

Case3 A man, aged 22 (Case 1 of Scadding 1960b), had tuberculous lyrn
phadenitis of the neck, tubercle bacilli being cultured from the pus. Four years
later he developed a generalized superficiallymphadenopathy, BHL, fine
mottling in the middle zones of the lungs, splenomegaly and uveitis. The skin
gave a moderate reaction to 100 IU. Biopsy of a lyrnph-node showed non
caseating tubercles. All the sarcoid manifestations subsided within six months.
Five years later, a lymph-node in the neck enlarged and softened, sterile pus
being aspirated from it, and the skin now gave a very brisk reaction to 10 IU.

The appearance of sarcoidosis after clinically evident tuberculosis is likely
to be thought worth recording only if the interval is brief, or the tuberculosis
has unusual features. Among reported cases may be mentioned those of
Hiatt (1948) in which hilar node and pulmonary sarcoidosis followed two
and a half years after primary tuberculosis; of Nestman (1949, Ca se 7) and
of Lindig (1954), in which bilateral hilar node enlargement and skin sar
coids appeared during treatment of proved pulmonary tuberculosis; of
Emerson and Young (1956) in which pulmonary tuberculosis with rather
unusual features but proved bacteriologically and by response to specific
chemotherapy was followed shortly by BHL, splenomegaly, and sarcoid
changes in a palpable cervicallymph-node; of Kerbrat and Cellerier (1954)
in which miliary tuberculosis merged into sarcoidosis; of Stahle (1958) in
which skin sarcoids appeared three years after successful chemotherapy of
pulmonary tuberculosis; of Seshul and Grubb (1960) in which after a very
long history of tuberculosis of various organs, including the prosrate and the
spine, but not the lungs, typical sarcoid BHL appeared; of James (1961) in
which BHL and pulmonary infiltration, with sarcoid histology in a scalene
node biopsy, developed during chemotherapy of pulmonary tuberculosis;
the two cases of Werner (1962) and one of Malecki (1965) in which BHL
closely followed successful chemotherapy of pulmonary tuberculosis; and
Cases 1 and 3 of Fischer et al. (1979) in which pulmonary infiltration having
the characteristics of sarcoidosis, with 'positive' Kveim tests appeared in.
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patients under treatment for bacteriologically confirrned pulmonary tuber
culosis. The case reported by Lim (1961) in which four episodes of BHL and
transient pulmonary infiltration were observed after successful treatment of
pulmonary tuberculosis has been noted in Chapter 5, p. 96. Haroutunian et
al. (1964) described 14 black patients in whom various combinations of fea 
tures of caseating tuberculosis and of sarcoidosis were observed; five pre
sen ted with features of caseating tuberculosis, merging into a sarcoid phase.
Aberg (1964) observed five cases in which 'post-primary' tuberculosis was
followed by sarcoidosis. In Case 2 of Turiaf et al. (1965), a young woman
was treated for pulmonary tuberculosis with a cavity in the upper lobe of
the left lung, and three years later developed BHL followed by widespread
infiltration leading to fibrosis complicated by pyogenic infection; at necrop
sy, there was evidence of sarcoidosis in lymph-nodes with hyalinization of
mediastinal no des, in the spleen, and in the sclerotic stage in the lungs,
with cavities containing aspergillus mycelium, Oldershaw and Edmondson
(1978) reported the case of a 17 year old man in whom renal tuberculosis,
proved by biopsy and demonstration of acid-fast bacilli presented with
hypertension; one year after initiation of antimycobacterial chemotherapy,
uveitis, generalized Iymphadenopathy and lung changes appeared, and axil
lary lyrnph-node biopsy showing non-caseating granulomas and negative
tuberculin test led to the diagnosis of sarcoidosis.

(c) Evidence of M. tuberculosis infection concurrently with sarcoidosis

Two groups of cases may be considered under this heading; those in which
at a time when the evident manifestations remained those of sarcoidosis,
tubercle bacilli were isolated from secretions or tissues, and those which
showed a mixture of features, some associated with caseating tuberculosis
and others with sarcoidosis. Both these types of case present difficulties of
interpretation. In the first, the possibilities to be considered are that an
isolated positive report of an examination for tubercle bacilli is an error in
or on the way to the laboratory; that sarcoidosis of unknown cause co
exists with c1inically and radiologically inapparent tuberculosis which
nevertheless 'leaks' a few detectable tubercle bacilli; or that sarcoidosis is
related to a mycobacterial infection in which the bacilli are few and difficult
to demonstrate. In the second, unless the non-caseating features affect
several organs and are entirely characteristic of sarcoidosis, argument is
likely to develop about the validity of the diagnosis of sarcoidosis; and if
they constitute a syndrome unmistakably that of sarcoidosis, the point of
dissension is likely to be whether all the manifestations are related to the
mycobacterial infection, or the caseating ones to this and the non-caseating
to some unknown and independent agent or agents. Among the 425 cases of
sarcoidosis reviewed by Scadding (1971a), 22 were found to have either
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tubercle bacilli on culture or acid-fast bacilli on microscopy of sputum,
bronchial aspirate, gastric contents or tissues at least once, at a time when
all features were characteristic of sarcoidosis. In 14 of these, cultures of
sputum or gastric contents produced tubercle bacilli, in one on two occa-
sions; in five, acid-fast bacilli were seen microscopically in sputum but
cultures were negative; in one, microscopy of the sputum during life showed
acid-fast bacilli, and at necropsy guinea-pig inoculation from lung showing
only the non-caseating histology of sarcoidosis, with much hyaline fibrosis,
produced human-type M. tuberculosis; and in three, acid -fast bacilli were
seen in lyrnph-nodes with the histology of sarcoidosis. In the five instances in
which tubercle bacilli isolated by culture were typed, they were of human
type and normal virulence for the guinea-pig. In all cases, the clinical course
remained characteristic of sarcoidosis as the following brief summaries
show:

Case1 A young man, aged 18, was found at a routine examination to have
grossly enlarged hilar and right paratracheallymph-nodes. A
cervical node removed for biopsy having shown only reactive hyperplasia, an
anterior mediastinal node was removed through a small thoracotorny; hisrolo
gically this showed typical non-caseating tubercles of sarcoid type, but one
small clump of acid-fast bacilli was seen in it. Unfortunately, no cultures had
been done before the material was fixed. The Mantoux test was negative with
100 IV. Without treatrnent, rhe nodes subsided completely within six months.
He was known to be weil, with a normal ehest radiograph and leading an
extrernely active life three years later.

Case2 A woman, aged 23, had erythema nodosum with BHL followed by
widespread pulmonary infiltration. A cervicallymph-node removed for biopsy
showed a sarcoid histology. The Mantoux test was negative with 100 IV. At
the time of these investigations, seven months after the erythema nodosum,
tubercle bacilli, shown to be of human type and of normal virulence for the
guinea-pig, were isolated by culture from one of several specimens of sputum.
The subsequent course of this patient's case was typical of sarcoidosis : tem
porary resolution occurred during a short period of cortisone treatment and
later the extrathoraeie manifestations regressed spontaneously. About two
years from the onset, a group of papules of sarcoid histology appeared on the
lower legs. These faded within a year. Last seen six years from the onset, she
remained weil and free from evidence of disease.

Case3 A man, aged 26, was examined because his wife had been found to
have pulmonary tuberculosis. He had no symptoms, but the ehest radiograph
showed a localized shadow in the upper zone of the right lung. Although
tubercle bacilli were not found at this time, the appearance was so characteris
tic of a small tuberculous infiltration that in view of the known recent contact
he was treated with antimycobacterial drugs for six months. Ouring this time,
mottled shadowing extended over the lung fields, although he remained
symptorn-free. Towards the end of the six months, one out of four cultures of
gastric lavage produced rubercle bacilli, fully sensitive. The skin did not react
to tuberculin, 250 IV. Liver biopsy showed sarcoid-type tubercules. Without
further treatrnent the lung shadowing gradually cleared, and six years from
first observation, he remained weil and the ehest radiograph was normal.
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Case 4 (Case 3 of Citron and Scadding, 1957) . A wo man, aged 48, who
had noticed cough for three years and dyspnoea on exertion for one year was
found to have enlargement of the right paratracheallymph-nodes. One of
these removed at thoracotomy showed a central mass of fibrous tissue with
peripheral epithelioid and giant-cell tubercles. In one of 23 sputum specimens
acid-fast bacilli were seen; 22 cultures were negative. At bronchoscopy, the
upper lobe bronchus was distorted and narrowed; acid fast bacilli were seen
on microscopy of aspirated bronchial secretions, but not isolated on culture.
Antimycobacterial treatment was given. Two years after the thoracotomy, the
Mantoux test was found to be negative to 100 IU; an enlarged Iymph-node
was removed from the neck for biopsy and showed non-caseating tubercles.
The scar left at the site of insertion of a towel-clip on the back had become
swollen and red, and on biopsy was seen to be infiltrated with similar
tubercles. At this time, one out of 14 sputum cultures produced human-type
tubercle bacilli of normal virulence for the guinea-pig. Bronchography showed
stenoses of the proximal parts of several segmental bronchi of the sort
described in Chapter 6, p. 143. Some symptomatic relief of the dyspnoea and
wheezing caused by these bronchial changes was produced by corticosteroid
treatment, but the patient felt that this did not outweigh the side-effects of the
treatment, and eventually it was withdrawn. Nine years after the thoraco
tomy, a gastrectomy was performed for a large gastric ulcer reported hisrolo
gically to be malignant; a lymph-node removed ar this operation showed
sarcoid changes. She died two years later with hepatic metastases from the
gastric carcinoma; no necropsy was performed.

Case 5 A woman, then aged 34, was first seen with a history of cough for
three years, increasing dyspnoea for one and a half years, gradually increasing
tiredness and weakness, and loss of 28 Ib in weight. She was found to have
low fever, generalized slight enlargement of superficiallymph-nodes, a very
large spleen and a palpable liver . Biopsies of an inguinallymph-node and of
the liver both showed sarcoid changes. The Mantoux test was positive to
10 IU. The ehest radiograph showed slight enlargement of hilar shadows with
widespread mottling in the lungs . During abrief period of treatrnent with
cortisone 100 mg daily, there was temporary improvement. Three months
later, one sputum specimen produced tubercle bacilli on culture. When she
was aged 36, she was investigated again. The spleen remained very large, and
the ehest radiograph still showed widespread mottling. The serum protein
level was raised to 9.1 g dr', of which 5.85 g was globulin . A few small
areas of pinkish-brown infilrration had appeared on the skin of the thighs, and
biopsy of one of these showed sarcoid. Once again, one of a number of
sputum cultures produced tubercle bacilli. Treatment with corticotrophin,
streptomycin and isoniazid resulted in defervescence, reduction in fever, in
sedimentation rate and in the size of the spleen; but all these manifestations
returned when the corticotrophin was withdrawn. Several similar remissions
were induced by corticotrophin or cortisone treatrnent during the next two
years, after which it became c1ear rhat prolonged corticosteroid rrearment was
required. The lung changes progressed to fibrosis associared with episodes of
bacterial infection causing considerable disability; the spleen became impalp
able; no new skin lesions appeared. She was last seen at the age of 47, 13 years
from first observation.

Case 6 A full account of this case has been published (Clinico-pathological
Conference, 1950). A woman, aged 40, was found to have extensive mottling
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in the lungs with evidence of fibrosis, especially in the middle thirds, and with
extensive irregular cavitation. Two of many examinations of sputum showed
acid-fast bacilli, but these were not grown on culture. The Mantoux test was
negative to 1:10 OT. A palpable supraclavicular lymph-node removed for
biopsy showed a central mass of hyalinized fibrosis with a peripheral zone of
non -caseat ing tubercles. She died with respiratory insufficiency probably ex
acerbated by secondary bacterial infection . At necropsy, old-standing sarcoid
changes with much hyalinization in most organs was found in lungs, spleen,
liver, lymph-nodes and tonsils . Cultures for tubercle bacilli from several
organs were all negative; but a guinea-pig inoculation from the lung produced
after more than three months tuberculosis shown to be due to human-type
bacilli .

In those instances in which mycobacteria were found at a single examina
tion only, the possibility of laboratory or other error must of course be
considered. If this explanation is correct, the proportion of such errors in
this series must have been exceptionally high; and doubt would be thrown
on the validity of the acceptance of a single isolation after many negative
examinations as confirmatory evidence of mycobacterial infection in
patients with clinical pictures considered to be compatible with caseating
tuberculosis. And it is generally recognized that in those cases of indolent
chronic tuberculosis that most nearly resemble sarcoidosis, such as those
quoted in Chapter 6, p. 166 and p. 168 , bacilli are usually very scanty and
difficult to demonstrate.

Many cases have been recorded in which tubercle bacilli were found on a
single occasion, or in a few of many examinations though clinical and other
features were typical of sarcoidosis. The first seems to have been Case 5 of
Boeck (1905), that of a young woman, aged 18, with sarcoids of the skin of
the nose and cheek, involving also the nasal mucosa, together with enlarge
ment of upper cervical lymph-nodes. In a biopsy of the nasal mucosa,
acid-fast bacilli were seen, and inoculation of a guinea-pig gave a delayed
positive result . Other early reports of the isolation of tubercle bacilli from
tissues of patients with sarcoidosis include those of Von Gebsattel (1920),
Mylius and Schürmann (1929), van Hasselt (1935), Berblinger (1939),
Bernstein and Oppenheimer (1942, Case 6), Ricker and Clark (1949, Case
9) and Granström et al, (1946) in which bacilli were found by culture or
guinea-pig inoculation from mediastinallymph-nodes or spleen at necropsy.
Berblinger (1939) found tubercle bacilli only by serial inoculation of guinea
pigs, and Granström et al. (1946) were unable to culture bacilli from the
tuberculous lesions of an inoculated guinea-pig. Mylius and Schürmann
(1929) and Berblinger (1939) stated that the bacilli fround were of human
type. Isolation of tubercle bacilli from biopsy specimens has been recorded
by Cavara (1928) in a case of uveo-parotid syndrome with lung changes; by
Ramel (1934) from a skin sarcoid and also from urine in a young man with
generalized sarcoidosis; and by Reid and Lorriman (1960) from a lung
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biopsy. The latter case is of great interest; at the age of 21 a woman
developed a pleural effusion. This absorbed wirheut specific treatment, but
increasing patchy mottling appeared in the lungs. Fourteen months after the
effusion, the Mantoux test was negative with 100 IU, but culture of gastric
contents produced tubercle bacilli. The lung biopsy showed typical sarcoid
lesions, but both culture and guinea-pig inoculation produced tubercle
bacilli. The lung shadows showed no response to streptomycin, but later
resolved spontaneously. Simecek (1970) reported that mycobacteria were
found by guinea-pig inoculation in tissue obtained from mediastinal lymph
nodes by perbronchial biopsy in three of 196 patients showing histological
and clinical features of sarcoidosis; they were identified as M. tuberculosis
in two. Kent et al. (1970) reported the results of 'aggressive' aetiological
investigation in 30 patients with clinical and radiological features of sar
coidosis, supported by histological evidence from biopsies. Open lung biop
sies were performed in most cases, and repeated in one. All biopsy material
was intensively cultured for mycobacteria; this resulted in the isolation of
M. tuberculosis in 12 cases and of mycobacteria other than M. tuberculosis
in two, M. tuberculosis was cultured at some srage from sputum in a further
four cases, and from drainage from a joint in one. Five of the patients from
whom tubercle bacilli were isolated received a Kveim test; of these four were
positive. These findings led Kent et al. to reject the diagnosis of sarcoidosis;
but in all other respects than the discovery of mycobacteria on one occasion,
most of their cases conformed to all normal criteria for this diagnosis.
Addrizzo et al. (1971) in aseries of 40 patienrs with intrathoracic sarcoido
sis submitted to scalene node biopsy, mediastinoscopy with biopsy of
mediastinal nodes, and open biopsy of the lingula found acid-fast bacilli in
mediastinal nodes in two and in the lingula in four; M. tuberculosis was
cultured from the lingula in one.

Tubercle bacilli were isolated by culture or guinea-pig inoculation from
sputum in cases of sarcoidosis reported by Schaumann (1924, two cases,
later described again as Ca ses 4 and 5 in a paper published in 1934),
Warfvinge (1943), Lees (1956), Taylor (1958, Ca se 2) and Reid and Lorri
man (1960, Case 3). In all these cases, the clinical picture remained that of
sarcoidosis, and tuberculin tests were negative, though in Lees' case, it
became positive six months larer, The isolated bacilli were stated to be of
bovine type in one of Schaumann's cases and of human type in Warfvinge's.
Other cases in which M. tuberculosis was cultured from the sputum,
although other features and the course of the disease were compatible with
the diagnosis of sarcoidosis include those reported by Di Benedetto and
Lefrak (1970), Baum et al. (1973, Ca se 5), and Fischer et al. (1979, Ca ses 5
and 7).

Acid-fast bacilli (AFB) were seen in tissues, without confirrnation by
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guinea-pig inoculation or culture, by Kyrie (1921) , Ruete (1922), Hudelo et
al. (1925) and Dittrich (1931, two cases) from skin sarcoids, by Tanner and
McCurry (1934, Case 2) in parotid tissue from a case of uveo-parotid
syndrome, and by Souter (1929) with difficulty in the myocardium in a case
of uveo-parotid syndrome with myocardial infiltration. The observations of
Kyrie (1921) have been quoted frequently .

A man, aged 22, had a recurrent eruption of multiple lesions having the
histology of sarcoids on limbs, trunk and face, each recurrence being heralded
by a few days' fever. Cervical, epitrochlear and hilar nodes were slightly
enlarged, but the lungs were radiographically normal. Serial biopsies showed
non-specific inflammatory changes with many acid-fast bacilli on the fourth
and tenth days of the eruption; aggregations of epithelioid cells without giant
cells and only a few AFB on the 21st day; and a typical sarcoid histological
picture without AFB on the 36th day. By the 94th day, only atrophic residua
of unspecific appearance were seen. Guinea-pigs inoculated with tissue in
which AFB had been seen did not develop tuberculosis, but one of two
inoculated with blood taken during the initial fever died of tube rculosis .

The absence of convincing evidence of sarcoidosis elsewhere, and the
brief duration of the skin lesions in spite of their showing at one stage of
their development a sarcoid histology make the interpretation of this much
quoted observation conjectural.

Koch and Cote (1965), in a comparison of fluorescence microscopy with
Ziehl-Neelsen staining, found AFB in the lungs, but not in liver, spleen or
heart, in all of six patients with 'an unchallenged autopsy diagnosis of
generalized sarcoidosis' by the fluorescence method, but in only two by
Ziehl-Neelsen. By prolonged search, Vanek (1968) found AFB in all of 70
Iymph-nodes showing non-caseating epithelioid cell granulomas, without
evidence of fibrosis; 23 came from patients with clinical and other findings
compatible with sarcoidosis affecting at least two sites. Similar findings
were reported by Vanek and Schwarz (1970) in a further 30 cases; in this
series of 29 Iymph-nodes and one lung biopsy, 13 came from patients with a
clinical picture and course suggesting sarcoidosis involving at least two sites.
Rosen et al. (1977b) in aseries of 128 open lung biopsies from parients with a
final diagnosis of sarcoidos is found AFB in three; in all three, tuberculin
tests were negative, and no mycobacteria were isolated on culture.

Greenberg et al. (1970) in electron-microscopic studies of lung biopsies
from five patients with sarcoidosis found inclusions in epithelioid cells
which they thought might be atypical or mutant forms of mycobacteria.
Leake and Myrvik (1971) commented that similar structures could be found
in alveolar macrophages from rabbits injected intravenously with BCG in
oil, and suggested that they were cell-derived organelles.

In a few cases, clinical or pathological features of caseating tuberculosis,
as weil as the demonstration of a few acid-fast bacilli or of scanty myco
bacteria in culture or guinea-pig inoculation co-exist with clinical and
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histological features of sarcoidosis. In some recorded necropsies in parients
whose course during life had been characteristic of sarcoidosis, both caseat
ing and non-caseating lesions were found; e.g, in the case of sarcoidosis
involving the skin, optic nerves and orbital tissues reported by Reis and
Rothfeld (1931) and by Lenartowicz and Rothfeld (1930) and summarized
in Chapter 8, p. 224. Other cases with a clinical picture of sarcoidosis but
some caseating lesions as weil as sarcoid-type tubercles at necropsy were
recorded by Wahlgren (1936) in a patient with lupus pernio and diabetes
insipidus, also reported by Tillgren (1935) and Schaumann (1936, Case 3);
by Hollister and HarreIl (1941); by Erickson et al. (1942) in a patient with
sarcoid arachnoiditis mentioned in Chapter 14, p. 320; by Ustvedt (1948,
Case 3); and by Longcope and Freiman (1952, Case 14) and Davidson et al.
(1954 , Case 6) in a black man with florid generalized sarcoidosis with
hypercalcaemia, who had a tuberculous sinus in the axilla . In a patient
under the care of one of us OGS) with persistent cutaneous and pulmonary
sarcoidosis who died of malignant lymphoma, a well-encapsulated focus of
caseation was found at necropsy in an adrenal gland (Chapter 24, p. 535).

Coincidence of clinical features of sarcoidosis and of caseating tuberculo
sis has probably occurred much more frequently than it has been recorded.
Cases with such mixed features include Salvesen's (1935) Case 4 in which a
small cavity developed in the lung in a woman with old-standing skin
sarcoids, AFB were found in the sputum, and Bjornstad (1948) later re
ported that an inoculated guinea-pig developed tuberculosis, and that the
patient developed tuberculosis of the spine although the skin sarcoids per
sisted; Stuart's (1944) Case 3; Larsson's (1951) case in which a man with
lupus pernio, nasal granulomas, BHL and lung infiltration died of general
ized tuberculosis; case 16 of Rösgen and Heigl (1952); Taylor's (1958) Case
1; three cases of Favez (1963); Cases 12, 13 and 14 of Haroutunian et al.
(1964); Case 7 of Baum et al. (1973); and Cases 5, 6 and 7 of Fischer et al.
(1979).

Jacobsen (1937) reported the cases of two black sisters who died after
ilInesses undoubtedly of tuberculous aetiology, but presenting bizarre fea
tures, some resembling those of sarcoidosis. They had both been in pro
longed contact with their father who died of open pulmonary tuberculosis.
Both showed generalized lymphadenopathy of non-caseating tuberculous
histology, from which guinea-pig inoculation was negative. One developed
cyst-like rarefactions in metacarpals and phalanges and in several long
bones, and at this time had a negative tuberculin test, though both earlier
and later it was positive, and eventually died of tuberculous peritonitis,
tubercle bacilli of human type being isolated . The other repeatedly had
negative tuberculin tests, but eventually died of tuberculous meningitis.

In Taylor's (1958) Case 1, a clinical picture characteristic of sarcoidosis
occurred during the long course of an illness undoubtedly mycobacterial
tuberculosis:
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A woman, aged 42, had tuberculous peritonitis confirmed at laparotomy and
treated with streptomycin; four years later she developed BHL, irregular
infiltration and a small cavity in the lungs, and a small pleural effusion, and
tubercle bacilli were cultured from the sputum although the skin gave no
reaction to 1:100 OT. Antituberculosis drugs were given; the tubercle bacilli
disappeared for a time from the sputum, but reappeared later, although the
skin remained insensitive to tuberculin, and histologically typical sarcoids
appeared on the arms. Later, the cavity in the lung became larger, skin
sensitivity to tuberculin appeared, and shortly afterwards, the skin sarcoids
disappeared. After further anti-tuberculosis treatment, the lung changes
became fibrotic, and tuberculin sensitivity diminished again.

In a ease observed by one of us (jGS), symptomless BHL charaeteristic of
sarcoidosis was aceompanied by a partly calcified primary complex of
tubereulosis with positive tuberculin test and demonstrable tubercle baeilli.

Blair (1967) reported the case of a girl aged three with indolent ulcerating skin
lesions on the limbs and multicystic changes in phalanges of a finger and borh
great toes. Biopsy of the skin showed, beneath superficial unspecificinflamma
tion, multiple non-caseating epithelioid and giant-cellgranulomas, in which
on special search AFBwere found and from which human-type tubercle bacilli
were cultured . A tuberculin test 11 months from the onset of symptoms was
negative to 100 IU, but another, six weeks later, was strongly positive. Two
small opacities appeared in the ehest radiograph in the upper part of the left
lung. Treatment with isoniazid and PASwas followed by improvement, with
eventual calcification of the lung foci.

Patients showing mixed features of caseating tuberculosis and of sar
coidosis are by no means infrequenr, and we suspect thar doubt about
categorization leads to many of them going unreeorded. Most of those
reported from North America are black (Haroutunian et al., 1964), and in
our experienee many of those seen in London are of West Indian, Asian, or
African origin. Most of them present with varying eombinations of hilar
and superfieiallymphadenopathy, patehy infiltration of the lungs, low fever,
and constitutional symptoms. They may have non-caseating granulomatous
infiltrations of the skin or uveitis. The intermediate or mixed features
include a histologie pattern in which there is some central neerosis, of a
degree that gives rise to argument about whether it should be called 'granu
lar neerosis' and aeeepted as consistent with sarcoidosis, or must be re
garded as so extensive that it must be called caseation and entail a diagnosis
of caseating tuberculosis. In most of these cases, tuberculin sensitivity is of
low degree or even absent. Acid-fast bacilli may be demonstrated on micros
eopy, and mycobaeteria may be iso lated on eulture. In the presence of both
these findings a diagnosis of tuberculosis (defined in terms of aetiology) is,
of course, made, and the ' sarco id-like' features are attributed to an unusual
reaetion to a myeobacterial infection. But in some instances, the only direct
evidence of myeobaeterial infection is the finding of a very few acid-fast rods
on microscopy with negative culture or possibly a single culture producing a
few colonics of mycobacteria after prolonged incubation. In such cases,
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differenees of opmlon about diagnostie eategorization are likely, partly
beeause some observers will aeeept and others rejeet the equivoeal baeter
iologieal evidenee. In other eases, no acid-fast baeilli or myeobaeteria J.re
demonstrated; in the presenee of low tubereulin sensitivity, a diagnosis of
sareoidosis may be aeeepted in spite of the rather prominent eentral neero
sis. We have found that the Kveim test produees granulomatous responses
in some eases of all these subeategories, espeeially if lymphadenopathy is
prominent, and thus does not help in distinguishing between them.

(d) Caseating tubereulosis developing during the course of sarcoidosis

Just as among the eases of tuberculosis preceding sarcoidosis (p. 500) every
gradation can be found betweeen those in which the two phases of the
history were distinct and separated by years and those in which the sarcoid
phase followed immediately and without any sudden change in clinical
features, so the case in which the caseating phase became evident after the
sarcoid phase present every gradation between those described in the last
section, in which tubercle bacilli were discovered in patients whose illnesses
had all the characteristics of sarcoidosis, through those in whom in the late
fibrotic stage of pulmonary sareoidosis, tubercle bacilli appeared in sputum
and the disease gradually assumed the characters of ehronic fibrotie
pulmonary tuberculosis, to an interesting group in whom during the course
of sarcoidosis, characteristically sarcoid features disappeared as features of
caseating tuberculosis appeared. Additionally, in some cases the manifesta
tions of tuberculosis have been localized and of unusual charaeter.

Among the 425 patients reviewed by Scadding (1971a) , eight developed
overt mycobacterial tubereulosis, two to 12 years from the first evidenee of
sarcoidosis. All had lung changes . The evidence of mycobacterial infeetion
consisted in the finding of tubercle bacilli in sputum in seven; one
of these also had a cold abscess overlying a focus of osteitis in the tibia
from whieh tubercle bacilli were cultured, and another had radiographie
and clinical evidence of tuberculosis of a lumbar vertebra. The eighth
developed a cold abscess over the pubic bone from which tubercle bacilli
were cultured and a chronic synovitis of the knee responding to
antimycobacterial chemotherapy. In all, the skin was non-reactive to 100 IU
in the sarcoid phase, and reacted to 10 lU or less in the caseating phase. One
died with progressive fibrotic lung changes and right ventricular failure,
with tubercle bacilli still present in the sputum, before antimycobacterial
chemotherapy was available; the others attained apparent eure of tubereu
losis with various amounts of fibrosis after chemotherapy.

The following are examples of these cases:

(l ) (Case 3 of Scadding, 1960 ). A man aged 33, complained of dyspnoea on
exertion and cough, and was found to have widespread mottling in the lungs.
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Two years later, lyrnph-nodes on both sides of the neck enlarged, and on
biopsy showed sarcoid-type tubercles. The following year he was investigated
at Brompton Hospital. The shadowing in the lungs had become denser,
especially in the middle zones of the lungs; there was widespread enlargement
of superficiallymph-nodes, and biopsy once again showed sarcoid tubercles;
and the skin gave no reaction to 1000 IU. Three rnonths larer, several striking
events had occurred. A cold abscess the pus from which produced tubercle
bacilli on culture had appeared over an area of rarefaction in rhe left tibia ; the
skin reacted briskly to 10 IU; tubercle bacilli had been cultured from a sputum
specimen obtained at a time when his skin had failed to react to tuberculin,
and were now evident on direct examination of the sputum; and the scattered
mottled shadows in the lungs had largely c1eared, leaving localized shadows
mostly in the middle zones suggestive of fibrosis. Antituberculosis ehernother
apy for six months resulted in subsidence of the cold abscess and disappear
ance of the tubercle bacilli from the sputum. Seven years later he suffered a
relapse of tuberculosis, controlled by two years of chemotherapy. He was left
with severe disability from pulmonary fibrosis complicated by chronic bron
chitis and by hypertension. He died with a purulent exacerbation of chronic
bronchitis 21 years after the first evidence of sarcoidosis and 17 years after the
discovery of tubercle bacilli. At necropsy, no remnant of tubercles, either
caseating or non-caseating, was found in the lungs.

(2) (Case 2 of Scadding, 1971). A man aged 35 was found to have BHL
with faint mottled shadows in the middle zones of both lungs, confluent
locally at rhe periphery of the right side. The only symptom was cough,
productive of only scanty mucoid sputurn. Enlarged lymph-nodes were palp
able in both axillae. No tubercle bacilli were found in repeated sputum
cultures. Bronchoscopy showed no abnormality. The Mantoux test was nega 
tive with 1:100 OT. Biopsy of the right scalene node showed non-caseating
epithelioid cell tubercles, no acid-fast bacilli being demonstrable. A diagnosis
of sarcoidosis was made, and no rreatmenr was thought necessary. During the
next three years, he remained weil, though the cough continued, and rhe
mottling in rhe middle zones of both lungs increased. He then starred to
become breathless on exertion with morning wheezing, and was found to have
low fever in rhe evenings, a positive tuberculin test (Heaf grade 11, equivalent
to a moderate reaction to 1:1000 OT in a Mantoux test), and increased
density of the parahilar shadow on the right side in the ehest radiograph
shown in the lateral view to be due to consolidation in the right upper lobe.
The sputum now contained many acid-fast bacilli, shown on culture to be M.
tuberculosis, sensitive to the commonly used antituberculosis drugs. Bron 
choscopy showed narrowing of the right upper lobe orifice, and biopsy of the
mucosa showed caseating tubercles with acid-fast bacilli . Antimycobacterial
chemotherapy led to the disappearance of tubercle bacilli from the sputum
within seven weeks, but only very slow improvement in radiographic appear
ances. Interestingly, there was more clearing on the right side, the site of the
originallocalized shadow, than on the left.

(3) A student nurse, aged 19, developed fever, iridocyclitis, and BHL. The
Mantoux test was negative with 1000 IU although one year previously she had
been reported to be ruberculin-positive. She was treated with prednisolone 35
mg daily, together with streptomycin and isoniazid for two months before
being referred to jGS. At this time, she was moon-faced, the eyes were quiet,
the hilar nodes remained large but the lungs were c1ear, the skin gave no
reaction to 100 IU, and a scalene node biopsy showed sarcoid changes. The
antituberculosis drugs were stopped and the predisolone gradually with-
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drawn. Eighteen months later, the eyes rema ined quiet, the hilar nodes had
subsided, and mottling had appeared in the middle zones of both lungs . Two
rnonths later, she coughed up a little blood and complained of pain in the
back. Although there was little change in the ehest radiograph, many tubercle
bacilli were seen in rhe sputum; the Mantoux test with 100 IU was positive,
and there was an area of rarefaction in the fourth lumbar vertebra. She was
treated with streptomycin, PAS and isoniaz id for a year, and for the first three
months was immobilized on a piaster bed. At the end of this time she returned
to her nur sing career. Seen three years later, she was weil, the spine was
painless and mobile, and the ehest radiograph showed only faint residual
streakiness in the middle zones of the lungs.

We have observed a number of other cases in which overt mycobacterial
tuberculosis, in some with unusual features, appeared during the course of
sarcoidosis.

( I) In the case summarized in Chapter 7, p. 193, tubercle bacilli appeared
simulraneously in sputum and in newly ulcera red skin sarcoids at the same
time as rhe skin became sensitive to tuberculin.

(2) In the case summarized in Chapter 12, p. 279, evidence of mycobacterial
infection in the unusual form of an apparently solitary subcutaneous cold
absces s appeared during the long course of an illness otherwise characteristic
of chronic sarcoidosis, with lung infiltration, hepato-splenornegaly and hyper
calcaemia.

(3) A woman, aged 42, noticed dyspnoea on exertion after 'a brief febrile
illness with cough ; a ehest radiograph showed multiple opacities in the upper
rwo-thi rds of both lungs coalescent in the upper zone of the left lung. Although
four sputum cultures for tubercle bacilli were negative she was treated for one
year wirh isoniazid and PAS. Ar the end of this time, there had been some
radiographie deterioration in spite of the chemotherapy, and the diagnosis was
reviewed. The Mantoux test with 100 IU was found to be negative; three
gastric lavage specimens and three laryngeal swabs were negative on culture
for tubercle bacilli and a scalene node biopsy showed sarcoid tubercles. Eight
months later, she complained of pa in in the left buttock and fever. This was
found to be due to a tuberculous osteitis of the ileum, a large subgluteal
abscess communicating with a caviry in the ileum containing asequestrum
being found at operarion; a biop sy showed tuberculous granulation tissue
with man y AFB. The sputum now contained tubercle bacilli, and the Mantoux
test with 10 IU was strongly positive. Prolonged chemotherapy led to healing
of the bone lesion and the associated abscess, but the pulmonary lesions
continued to be active, the right upper lobe becoming atelecratic and cavirated
behind an apparent bronchial stenosis.

(4) A woman, aged 41, was found to have BHL, a scalene node biopsy
showed sarcoid changes, a Kveim test was reported ro be positive and a Heaf
tuberculin test gave a weakl y positive reaction. She also had congestive heart
failure, rhe cause of which was obscure. Over the next few years she had several
further episodes of congestive heart failure, and developed arrial fibrillation .
Seven years from the onset, treatment with betamethasone was tried, on the
hypothesis rhat the unexplained heart failure might be due to myocardial
sarcoidosis. Four months later she developed fever and pain in the right
burreck and leg. An abscess developed over the lower end of the right fibula;
pus aspirated from it produced on culture one colony of tubercle bacilli,
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sensitive to streptomycin, PAS and isoniazid; and biopsy of the wall of the
abscess showed caseating tuberculosis though no AFB were seen. The skin was
now extremely sensitive to tuberculin, a Mantoux test with 1:100 000 OT
being positive. On treatment with isoniazid and PAS, the cold abscess sub
sided and she improved generally, though one and a half years later she again
developed congestive heart failure . Whether the latter might have been due to
myocardial sarcoidosis remained undecided.

(5) A man, aged 24, who was said to have had tuberculous cervical adenitis
at the age of two, complained of thirst, polyuria, and bloodshot eyes. He was
found to have BHL and fine stippling in the lung fields in a ehest radiograph, a
scalene node biopsy showed sarcoid changes, the Mantoux test with 100 IU
was negative, the serum calcium was 11.7 mg and urea 90 mg dr', and
urinary calcium excretion 430 mg in one day. A diagnosis of sarcoidosis with
hypercalcaemia was made, and treatment with prednisolone 15 mg daily was
begun. A year before the beginning of this illness, he had had a lower molar
tooth, and four months later a lower wisdom tooth extracted. Discharge from
both sockets was continuing, and accordingly a portion of the granulation
tissue was removed for biopsy; it showed giant-cell systems, in which AFB
were seen. Three weeks after the beginning of prednisolone treatment, he
developed tuberculous meningitis, proved by typical chemical and cellular
changes in CSF, the finding of AFB in it although tubercle bacilli were not
cultured, a positive Mantoux test with 1 TU, and response to antitubercu
losis chemotherapy.

(6) In this case, the earlier part of which has been reported by Hopkins
(1974), tuberculous meningitis developed, with AFB in the cerebrospinal fluid
(CSF) and the discovery of M. tuberculosis in the sputum by culture, during
the course of an illness generally characteristic of sarcoidosis involving lyrnph
nodes, lungs, spleen, eyes and skin, with hypercalcaemia, with the exception
that the skin infiltrations showed some ulceration and histologically some
necrosis interpreted as caseation.

A woman, aged 23, who had been BCG-vaccinated at the age of 15, was
found to have BHL with a negative tuberculin test. At first symptomless, nine
months later she felt unwell, with left upper abdominal pain; the spleen was
now palpable, and the hilar nodes had increased in size; biopsies of scalene
node at that time and of a Kveim test site later both showed sarcoid-type
granulomas. During the next two years, red nodular infiltrations appeared on
the shins, the arms and the neck, and the scar of the node biopsy became
infiltrated; mottled shadowing appeared in the lungs, splenomegaly increased;
and there were bouts of low fever. Some of the skin infiltrations showed
superficial ulceration, healing with slight scarring. There was little response to
predisolone at a dose of 20 mg daily, but some improvement with 40 mg.
Rather less than three years from the discovery of BHL, the very large spleen
was removed because of abdominal pain; it weighed 3.5 kg, and contained
many sarcoid-type granulomas without AFB. Multiple sputum-cultures for
mycobacteria were negative. Thee weeks after splenectomy, she developed
bilateral anterior uveitis, and generalized enlargement of superficiallymph
nodes was noted; chloroquine and indomethacin were added to the predniso
lone she was receiving without notable improvement. Six months later she had
an episode of paraesthesia in the face and left arm with mental confusion.
Three months later she became febrile with consolidation in the middle zone
of the right lung and purulent sputum containing Staph. aureus. This apparently
staphylococcal pneumonia was treated with appropriate antibiotics, but she
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became confused with left herniparesis and lapsed into coma. Staphylococcal
cerebral abscess was excluded by normal isotope scan, carotid arteriogram
and ventriculogram. Seriallumbar puncture showed increasing numbers of
Iymphocytes, rising protein and falling glucose, and finally many acid-fast
bacilli; and M. tuberculosis was cultured from an earlier sputum specimen.
Antimycobacterial chemotherapy with continuation of prednisolone, 40 mg
daily, led to rapid improvement; but three months later the CSF still showed
pleocytosis. Intrathecal streptomycin and isoniazid were added to the treat
ment, and the CSF gradually became normal. When prednisolone was with
drawn, uveitis recurred, and later the skin infiltrations reactivated, and new
ones appeared. Biopsy of one of these showed epitheliod-cell granulomas with
some caseation, but no AFB, and no mycobacteria on culture. Later events in
this case included hypercalcaemia with rise in blood urea after sunbathing,
responding to prednisolone; and exacerbation of uveitis and of skin infiltra
tions, when prednisolone was withdrawn because ir was thoughr to be causing
paranoid delusions. Investigation seven years from the deteetion of BHL
showed multiple skin infiltrations on face, trunk and limbs; persistently active
uveitis with cataract in the left eye and kerato-conjunctivitis sicca; persistent
slight enlargement of hilar Iymph-nodes with mottled shadowing in both
lungs; hypercalciuria; and non-reactiviry of the skin to tuberculin, 100 IU.
Reinstitution of long-term treatment with moderate doses of prednisolone led
to gradual improvement in all symptoms and norrnocalciuria, and fiveyears
later she was leading a normallife.

The reported frequency of the development of mycobacterial tuberculosis
during the course of sarcoidosis varied greatly, even when the general
incidence of tuberculosis was high . Such factors as duration of observation
and diagnostic fashion were probably responsible for some of the variation.
Before antimycobacterial chemotherapy was available, tuberculosis was not
infrequently the reported cause of death in fatal cases. Riley (1950) reported
that 13 of 52 black patients with sarcoidosis in New York ultimately
developed tuberculosis; Lovelock and Stone (1953) found that among 25
cases observed over aperiod of three and a half years without corticosteroid
treatment, tuberculosis developed in five; among 11 cortisone-treated pa
tients, three had positive cultures for tubercle bacilli while under treatment;
and Ustvedt (1948), reviewing 59 reported necropsies in cases of sarcoidosis,
found that the cause of death was tuberculosis in 11. On the other hand, a
few authors have considered that the incidence of overt tuberculosis was no
higher among their patients with sarcoidosis than would be expected by
chance. Thus Carr and Gage (1954) stated that only one of 194 cases seen at
the Mayo Clinic was known to have died of tuberculosis.

In some reported cases, there has been little change in c1inical features
with the appearance of evidence of mycobacterial tuberculosis, especially in
those with chronic lung changes as the principal localization, in which the
discovery of tubercle bacilli in the sputum, usually with increase in tubercu
lin sensitivity may be the only new findings. In others, there are obvious
changes in c1inical features; specifically 'sarcoid' changes may regress, or
tuberculosis may become evident at sites unaffected by sarcoidosis.
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In one of the eight reported by Scadd ing (1971a), skin sarcoids which had
been prese nt for more than 12 years regressed sho rtly before tubercle bacilli
appeare d in the sputu m; and in another (Case 1, p. 5 12) exten sive mottled
shadowing in the lungs diminished with the transi tion to tuberculin sensitivity
and the appearance of tu bercle bacill i in sputum and in pus from a cold
abscess .

Scha umann (19 17, Cases 1 and 3; 1924, Cases 1 and 2; and 1934 , Cases 1
and 2) repo rted the cases of rwo wo men, aged 4 1 and 46, with lupus pernio, in
who m the skin cha nges c1eared when frank tub erculosis develop ed; in the first ,
pulm onary tub ercul osis fro m which tub ercle bacilli of bovine type were
isolated at necropsy, and in the second, tub erculosis of rwo lumbar verte brae,
with stro ngly positive Ma nto ux test,

Goldschmidt (1925, Case 1) report ed the case of a man, aged 27, who had had
histologically typical sarcoid lesion s on nose, forehead, and legs, with negat ive
tub ercul in test, enlarged hilar shadows and some pulmonary infiltra tion, and
cha nges in the bones of the hand s, for eight years; he then developed a pain ful
hip with radiographic evidence of rarefact ion in the great trochanrer, the
M antou x test was found to be positive with 1:100 000 OT, and the skin
lesion s assumed the characterisitics of lupu s vulgaris , both gross ly and histo
logically. Thi s case present s similarities to that reported by Lewis (196 1) and
mention ed on p. 193 .

Other cases in which skin sarcoids disappeared when evidence of caseat
ing tub erculosis appeared have been reported by Bonne vie and With (1937),
Pruvost et al. (1941 ), Ronchese(1942 }, Kalkoff and Ehring (1948), and
Winkler (1948). Leitner (1946, Case I ) described a case of uveo-parotid
syndrome with lung infiltration and hypercalcaemia in which concurrently
with a change in skin react ivity from negativity to extreme sensitivity, these
clinical manifestat ions regressed; and four months later, a coid abscess
appeared on the ehest wa ll and was show n to contain tubercle bac illi,
probably of human type.

Tuberculosis of bon es has appeared during the cou rse of sai:coidosis in
five cases observed by one of us UGS}, including those summarized on
p. 5 12 (Case I ) and p. 5 14 (Cases 3 and 4). Others includ e those repor ted
by Schaumann (1924, Case 2), Goldschmidt (1925), Bonn evieo and With
(1937) , Lomholt (1937), Pruvost et al. (1941) and Castellanos and Galan
(1946) .

In Boelen' s (1941) Case 1 a woman aged 22, who had lupus pernio with
involvement of bones of the hands and BHL developed a cold abscess, associated
with a rarefaction in the lower end of the humerus, from which human-type
tub ercle bacilli were isolat ed. In rhe case described by Müller and Pedr azzini
(1948) death resulted from miliary tub erculosis ten years after the detection of
BHL with negative tuberculin test ; at necropsy there was recent tub erculosis
of the second thoracic vertebra, miliary tub erculosis in the lungs, liver,
kidn eys, and spleen, and hyalinized sarcoid-type tubercles with man y giant
cells in thor acic and abdo rnina l lyrnph-n odes. Small 's (195 1) Case 2 was that
of a 24 year old black man who had BHL, a negative Ma nto ux test, sarcoid
tubercles in a liver biopsy, and a posi tive Kveim test ; shortly after forry-five
days of treatment with cortisone, he comp lained of low backache an d fever,
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the skin was sensitive to 1 IU, and the hilar nodes had become srnaller; a
month later, destructive changes were found in the second lumb ar vertebra,
and several urine cultures grew rubercle bacilli.

Patients in whom tuberculous meningitis has occurred during the course
of sarcoidosis have been reported by With and Helweg-Larsen (1938),
Schoonhoven van Beurden (1942, Case 1), Warfvinge (1945), Hopkins
(1974, two cases including that summarized on p. 514), Forgan-Smith and
Newton (1974) and Fischer et al. (1979, Case 4). The case described by
Forgan-Smith and Newton was that of a man who presented at the age of 28
with fever, uveitis, parotid gland enlargement and lung shadowing, with
negative tuberculin test; four years later, he developed tuberculous mening
itis with AFB in the CSF and M. tuberculosis was cultured from gastric
aspirate.

Cases in which patients with extensive sarcoidosis have eventually de
veloped evidence of caseating tuberculosis insidiously are perhaps less strik
ing, especially if they were observed at a time when or a place where the
prevalence of tuberculosis was high. Cases of this sort have been recorded
by, among others, Martenstein (1924); Funk (1933, Case 3); Jordon and
Osborne (1937), in whose case the Mantoux test remained negative in spite
of the development of extensive cavitating pulmonary tuberculosis; Horton
et al. (1939); Bour (1942); Hagn-Meincke (1944) , whose Case 10 de
veloped multiple tuberculous subcutaneous abscesses; Stuart (1944, Case
3); Castellanos and Galan (1946), in a child whose case is mentioned in
connection with joint changes on p. 245; Ehrner, 1946 ; Leitner (1946, Case
2; 1949, Case 11); Nestman (1947, Case 6); Rey et al. (1947); Robinson
and Hahn (1947), in a black man whose brother also had sarcoidosis and
developed pulmonary tuberculosis with bacilli in the sputum; van Rijssel
(1947, Case 2); Frey (1948); Moldover (1938), reporting further on a case
of extensive sarcoidosis with involvement of the spinal cord previously
described by Reisner (1944) and .mentioned in Chapter 14, p. 322; Müller
and Pedrazzini (1948) ; Ricker and Clark (1949, Cases 9, 14 and 22);
Hautschmann (1959); Longcope and Freiman (1952, Cases 10 and 15); and
Lühe (1958).

The case reported by Rubin and Pinner (1944) is of interest because it
showed transitions from a caseating to a sarcoid and back to a caseating
phase , like Case 3, p. 503 .

A black woman whose mother had died of pulmonary tuberculosis had been
found ar the age of 13 to have enlargement of hilar and paratracheallymph
nodes with calcification in the right paratracheal nodes and a positive Pirquet
test . She remained in good healrh until the age of 22 when she developed a
typical uveo-parotid syndrome with general enlargement of lyrnph-nodes,
including those at both hila; biopsy of a cervicallymph-node showcd sarcoid
changes and the tuberculin test was negative . Two years later she developed
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heparo-splenomegaly; biopsy of the spleen showed tubercles, some with
central caseation. An eruption resembling a papulo-necrotic tubereulide
appeared. A cold abscess developed on the ehest wall and pus from it showed
many AFB. At necropsy both caseating and non-caseating tubercles were found;
AFB were seen only in the caseating tubercles. Case 5 of H öök (1954)
showed a similar sequence; a woman who had had pulmonary tuberculosis in
the past developed sarcoidosis involving the cent raI nervous system, the spleen
and the liver, and two years later the pulmonary tuberculosis became active
again with AFB in the sputurn.

Benda et al. (1955) described a case in which they had observed what they
called 'aller et retour entre une maladie de Besnier-Boeck-Schaurnann et une
tuberculose pulmonaire'.

A man, aged 27, was found to have increasing bilaterallung shadows, with
negative tuberculin test and no tubercle bacilli discoverable in gastric lavage
material, and sarcoid changes in an inguinal lymph-node biopsy. Two years
later, the tuberculin test remained negative . Five years from the onset, tubercle
bacilli were found for the first time, and the Pirquet test was positive. He was
then treated with various antituberculosis drugs, but tubercle bacilli resistant
to streptomycin, isoniazid and PASwere persistently present in sputurn. Ten
years from the onset, AFB were still seen but did not grow on culture or infect
guinea-pigs, and tuberculin tests were negative .

The 14 cases of associated tuberculosis and sarcoidosis reviewed by
Haroutunian et al. (1964) included six (Nos. 6-11) in which tuberculosis
followed sarcoidosis, the clinical picture resuming some of the features of
sarcoidosis after treatment of the tuberculosis. 'Sarcoid' features, especially
sarcoids of skin which were present in all but one of these six patients, did
not disappear during the 'caseating' phase.

The usual finding at necropsy in patients in whom overt mycobacterial
tuberculosis has appeared during the course of sarcoidosis, whatever the
interval between these two phases, has been a mixture of sarcoid-type
non-caseating tubercles, usually with some hyalinization, and caseating foei,
and generally the organ-distribution of these two types of lesion has been
different.

A very sharp contrast between non-caseating and overtly mycobacterial
elements was reported by Uehlinger (1945) in a man who at the age of 24
had BHL with some lung mottling which persisted with little change until
six years later he developed an acute febrile illness and died; at necropsy,
sarcoid changes in a fibrotic stage were found in lungs and hilar nodes, but
elsewhere there were widely distributed necrotic foei with many tubercle
bacilli and Iittle tissue reaction, interpreted as 'sepsis tuberculosa acutissi
ma' .

A few cases, in other respects eharacteristic of sarcoidosis, in which at
necropsy, as in that summarized on p. 535, caseation was found in the
adrenal glands have been described. In that described by Bergmann (1958),
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sclerosing sarcoidosis was found in lyrnph-nodes, skin and lungs, but there
was ulcerating tuberculosis of the small intestine and caseating tuberculosis
of the adrenals; and cultures from hilar nodes and lung grew bovine tubercle
bacilli. The case described by Tangen (1954) was that of a woman who
died, aged 40, after an illness characterized by increasing pulmonary fibrosis
with negative tuberculin tests. At necropsy, there were non-caseating sar
coid-type tubercles in lungs and e1sewhere, including pectoral muscle; only
in the enlarged right suprarenal was there a caseous area both grossly and
histologically, in which 'enormous numbers of acid-fast rods' were seen. In
Cases 10 and 11 of Ricker and Clark (1949), caseous changes regarded by
them as tuberculous were found only in the adrenal glands. In neither case
were AFB seen in the caseous areas, though in Case 11 it was stated that two
AFB were seen in a section from the apex of the right lung. Subsequent
re-exarnination of material from these cases suggested that the caseous
changes in the adrenals might be attributable to Histoplasma capsulatum
(see p. 522) .

INFECTION WITH MYCOBACTERIA
OTHER THAN M. TUBERCULOSIS

Only a few cases have been reported in which infections with mycobacteria
other than M. tuberculosis have been found in patients with sarcoidosis. Ir
must be remembered, however, that in the cases reviewed above in which
AFB were seen on microscopy of secretions or tissues, but not cultured or
isolated by guinea-pig inoculation, the identity of the presumed mycobacter
ium was not established.

Israel et al. (1961) reported the case of a black man who at the age of 30 was
found to have enlarged hilar shadows and a pulmonary infiltration; the
tuberculin test was negative, but the histoplasmin positive; two years later, a
lymph-node biopsy showed some caseous necrosis with AFB visible, bur
tubercle bacilli were not cultured; when he was aged 37, biopsy of a skin
lesion and of a lymph-node showed non-caseating tubercles; the skin now
reacted to 10 IU; thc serum calcium was 15 mg dl- I

; the following year,
chromogenic mycobacteria were cultured from the sputum; in this case,
calcification of 'egg-shell' type developed in hilar and mediastinallymph
nodes.

Brun et al. (1964) found an acid-fast bacillus in the sputum of a man who
had had pulmonary sarcoidosis for seven years, following a characteristic
course from BHL and pulmonary infiltration towards fibrosis.The AFB were
found a few months after treatment with corticotrophin had been started; they
were identified as M. kansasii. Brun et al. quoted a case described by Chanial
(1937) in which culture frorn the lung at necropsy in a case of pulmonary and
skin sarcoidosis produced a mycobacterium non-pathogenic for the guinea
pig.

Wood (1964) gave abrief report of the case of a man, aged 35, in whom
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sarcoidosis had been diagnosed on the strength of granulomas found in
lymph-node, liver and bone marrow biopsies; the skin reacted only to 250 IU.
Bilateral pulmonary infiltrations were treated with prednisone and isoniazid.
Air-containing spaces appeared in the upper lobes of the lungs. AFBwere
repeatedly found on microscopy of sputum, but only one of a number of
cultures produced a growth of a Battey strain of mycobacteria .

Berger et al. (1968) reported the case of a black man aged 17 with sarcoido
sis affecting parotid and lacrimal glands, lyrnph-nodes and lungs, confirmed
by lyrnph-node biopsy and a Kveim test and a negative tuberculin test, 250 IU.
From the biopsy, two colonies of scotochromogenic mycobacteria, niacin
negative, catalase-positive and resistant to streptomycin, isoniazid and PAS,
were grown. At the time of the report, he had improved on treatment with
prednisone.

In Case 8 of Baum et al. (1973), a black man with pulmonary infiltration,
skin sarcoids and a cervical lymph-node biopsy showing sarcoid-type granulo
as and a negative tuberculin test, was found seven years from the onset to
have M. kansasii in the sputum, and the tuberculin test became positive. In this
case, heavy silica exposure and conglomerate shadows in rhe ehest radiograph
indicated complicating silicosis.

Bretza and Mayfield (1978) reported the complex case of a North American
Indian woman aged 54, whose illness started with BHL, discovered after three
attacks of pneumonia ; skin tests with tuberculin and fungal antigens were
negative, and non-caseating granulomas were found in biopsies of bronchial
mucosa and mediastinallymph-node. She was treated with prednisone, in part
for asthrna, Five years later, she presented with increasing dyspnoea and
haemoptysis, and was found to have lung infiltration with a cavity in the
upper part of the right lung and persisting mediastinal enlargement, and
M. intracellulare of avian variety was cultured from the sputum. .

LEPROSY

In the tuberculoid variety of leprosy lesions having the histological structure
of sarcoids may appear. Pautrier (1934) reported a case of leprosy in an
African from the Congo with thickening of ulnar nerves and anaesthesia, in
whom a large nodular lesion on the forearm was histologically a sarcoid.
Rabello (1936), working in Rio de janeiro, stated that in 105 cases of
tuberculoid leprosy exarnined histologically, more than half showed a pure
sarcoid structure. Reenstierna (1937, 1940) conduded that leprosy might
show itself as skin affections histologically identical with Besnier's lupus
pernio, Boeck's cutaneous sarcoids and Schaumann's erythrodermia, and
could cause radiological changes in bones like those associated with these
skin affections, but that changes of sarcoid-type in other organs had not
been dernonstrated,

Ramasoota et al. (1967) studied the histology of skin infiltrations in 47

patients with cutaneous sarcoidosis (CS) and 45 with tuberculoid leprosy
(TL). Granulomas tended to be scattered throughout the corium in CS, and
to be confluent around nerves and vessels in TL; giant cells occurred with
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similar frequency, but inclusion-bodies were seen in more than a quarter of
the CS cases, and only in one TL; fibrosis and fibrinoid degeneration were
more frequent in CS; invasion and destruction of nerves and of arrectores
pilae were much more frequent in TL; and acid-fast bacilli were seen in 24
of the 45 TL cases. Thus, while in some cases histology might permit
confident categorization, in some it was equivocal. Ramanujam (1982)
reported a case which illustrates the difficulty of histological discrimination;
a young man in South India had widespread infiltrated patches on the skin ,
which gradually spread; repeated biopsies , one showing two acid-fast baciI
li, were interpreted as tuberculoid or borderline tuberculoid leprosy; after
18 years, reassessment of the histology and a granulomatous response to a
Kveim test led to revision of the diagnosis to sarcoidosis.

lt is striking that the abundant records of M. tuberculosis infections and
generalized sarcoidosis standing in every possible temporal relation to each
other, outlined above, are not paralleled in relation to leprosy; how far the
lack of sufficiently intensive medical supervision of appropriate populations
contibutes to this difference must remain conjectural.

INFECTlONS WITH PATHOGENIC FUNGI

Histoplasma capsulatum

Reimann and Price (1949a; 1949b, Case 2) described a case in which the
course for seven years was typical of sarcoidosis, but shortly before death,
evidence of histoplasma infection appeared.

A black woman aged 28 developed on the skin of the limbs papules and
nodules up to 3 cm in diameter having the histological structure of sarcoids,
enlargement of hilar shadows and nodular shadowing in the lungs. During the
following seven years, shadowing in the lungs increased, and generalized
lymphadenopathy, splenomegaly, and localized rarefactions in several rnetar
sais and phalanges and in the head of the radius appeared. She then developed
laryngeal ulceration, from wh ich a biopsy was taken and showed granularions
containing H. capsulatum, identified by culture. The old skin biops y was
re-exarnined and structures resembling histoplasma were seen. She died of cor
pulmonale; at necropsy there was fibrosis and granulomatous involvement of
the lungs, and granulomas in the liver, the mediastinal and abdominallymph
nodes and in the adrenals, but histoplasma was seen in the adrenals only.

In Cases 10 and 11 of Ricker and Clark (1949) similarly, structures
resembling histoplasma were seen in the adrenals at necrops y.

Two white men died , aged 30 and 54 , after febrile illnesses lasting eighr and
seven months. Both showed sarcoid granulomas in caseous areas, but in one,
two AFB were seen in a seetion from the lung. Material from these cases was
subsequently re-examined by Pinkerton and Iverson (1952, Cases 1 and 3) and
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by Engle (1953, Cases 19 and 20); in the caseous adrenals, some macrophages
containing globular bodies, 2-4 f1 in diameter, resembling Histoplasma capsu-
latum were found, and PAS staining showed that the caseous mass was packed
with similar bodies. The original identification of these caseous changes as due to
M. tuberculosis was thus not tenable, and it seems likely that they were due to
H. capsulatum, The similarity to the case of Reimann and Price (1949b)
quoted above, and to the cases of Addison's disease due to H. capsulatum
reported by Crispell et al. (1956) lends support to this view.

Israel et al. (1952) described the case of a man who ar the age of 30 was
found to have abilateral pulmonary infiltration causing no symptoms. Five
years later, a cervical lyrnph-node removed for biopsy showed sarcoid
changes. The Mantoux test was negative , and serum globulin was elevated.
The following year, his throat became sore and his voice hoarse; this was
found to be due to laryngeal ulceration and oedema, and biopsy showed a
granuloma in which H . capsulatum was detected microscopically and by
culture. A second cervical lyrnph-node biopsy again showed sarcoid granulo
mas, in which Histoplasma could not be found. Various forms of treatment
were tried over the next few years. Laryngeal obstruction necessitated
tracheostomy, which was followed byclinical improvement. Further biopsies
of a cervical lyrnph-node and of a nasal ulcer showed epithelioid cell tubercles
typical of sarcoidosis; at this stage, although Histoplasma was occasionally
seen in biopsies of the laryngeal granuloma, it could not be cultured.

Crispell et al. (1956), discussing Addison's disease associated with histo
plasmosis, described a case (no. 4) in which histoplasma infection was diag
nosed on the basis of 'miliary' calcified foci typical of healed histoplasmosis in
the ehest radiograph; biopsies of an inguinal lymph-node, and of liver and
abdorninal lymph-nodes at laparotomy showed non-caseating granulomatous
Iesions with giant cells but without demonstrable bacilli or fungi; post
operatively acute adrenal insufficiency led to the diagnosis of Addison's
disease.

Symmers (1956) reported the case of a man who at the age of 50 noticed
lividity and induration of an old scar on the forehead; on biopsy this showed
infiltration with sarcoid tubercles around birefringent particles. The following
year he developed generalized Iymphadenopathy and was found to have BHL
and mottling in the middle zones of the lungs; an epitrochlear node removed
for biopsy showed sarcoid changes ; the Iymphadenopathy and the lung
shadows resolved spontaneously within a year. When he was aged 56, he
noticed enlarged Iymph-nodes above the left clavicle; removed for biopsy, they
showed epithelioid cell collections with many large giant cells, many struc-
tu res resembling H. capsulatum being present principally in the giant cells,
and the organism was isolated on culture. No other signs of disease could be
found in the patient at this time; the ehest radiograph was normal; a histoplas
min skin test was strongly positive. The patient had never been outside the
British Isles.

Several other cases have been reported in which a syndrome typical of
sarcoid BHL was associated with evidence of Histoplasma infection. Bullock
and Ray (1961) reported the case of a man aged 20 who presented with fever,
BHL and a scalene lymph-node biopsy showing epithelioid cell tubercles with a
few giant cells and some hyalinization. He improved without specific treat
ment, the course thus resembling that of sarcoid BHL. Although no inclusions
were seen in the biopsy sections, culture from the lyrnph-node produced H.



524 Sarcoidosis
capsulatum, and a histoplasmin skin test was strongly positive, other fungal
antigens and tuberculin giving negative tests. Baum et al. (1973, Case 10)
reported the case of a white woman, aged 29, who presented with BHL; a
scalene node biopsy showed non-caseating granulomas, in which yeast cells
were seen, and culture of the node produced H. capsulatum; the enlarged
nodes subsided without treatment. Their Case 11, that of a black man aged
27, presented in a manner less characteristic of sarcoidosis, with a right hilar
mass, a Iymph-node removed by mediastinoscopy showing granulomas with
some central necrosis, with no AFB or fungi on routine reporting; complement
fixation tests for Histoplasma showed a rise and fall in titres, and re
examination of the biopsy showed structures resembling histoplasma; the
condition resolved spontaneously.

Coccidioides immitis

Ellis (1955) reported the case of a black man in whom a characteristic
syndrorne of sarcoidosis appeared after the healing of disseminated cocci
diodomycosis. In the first illness, enlarged cervicallymph-nodes suppurated
and an abscess appeared over an area of rarefaction in the right tibia; other
bone rarefactions were seen in rhe skulI. There was enlargement of hilar
lymph-nodes and shadowing in the upper zone of the left lung. Pus from a
sub-occipital abscess grew C. immitis, and skin and complement fixation tests
with coccidioidal antigens were positive . These manifestations gradually
cleared . Three years later, he presented with a generalized lymphadenopathy
and multiple skin infiltrations. Biopsies of cervicallymph-nodes, nasal mucosa
and skin all gave the histological picture of sarcoidosis. Guinea -pig inocula
tions from the biopsies were negative . The coccidiodin skin test was now
negative, as were the tuberculin and histoplasmin.

Bacharach and Zalis (1963) described the case of a black man who six
months after travelling through the San Joachim valley developed epididymi
tis; the right epidid ymis was removed and showed many non-caseating epithe
lioid cell tuberc1es with central giant cells, no bacilli or fungi being seen after
special staining. Three months from the onset, he developed anterior uveitis.
The right paratracheal and hilar Iymph-nodes were enlarged. Biopsy of a
submandibular lyrnph-node showed similar changes to those found in the
epididymis. Although only one out of aseries of coccidioidin skin tests gave a
positive result, the titre of coccidioidal complement-fixation rose steeply over
aperiod of four rnonths to 1:128, and this was taken to indicate coccidioidal
infection. Treatment with amphotericin B was followed by improvement.

Cryptococcus neoformans

Cryptococcosis (torulosis) is frequently an opportunistic infection, compli
cating Hodgkin's disease, malignant disease and other conditions in which
host resistance is depressed either by specific effects on immunological
reactivity or by general debility . Its reported associations with sarcoidosis
have been of various sorts. In some, sarcoid-like clinical manifestations and
evidences of cryptococcal infection have been concurrent; in some, overtly
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cryp tococcal lesions, es pecially in bone, lyrnph-nodes o r skin, have
a ppeared durin g the co u rse o f sa rcoidosis; and have see med to evol ve
in dep endently; an d in o the rs, acu te cry ptococcosis, usu all y in th e form of
me n ingi tis, has been a late, and in many ins ta nces term in al , eve nt.

One of three cases of cryptococcosis described by Fisher (1950) occurred in 01

patient with extensive sarcoidosis. The patient was a black woman aged 20
who had had clinical evidence of hypopituitari sm with amenorrhoea and loss
of bod y hair , BHL and lung infiltra tion, fever, hepato -splenomegaly and a
genera llymphadenopathy, a lymph-n ode biopsy having show n sarcoid
changes with Scha umann bodies; later she developed subcuta neous abscesses
and ra refac tions in bones, C. neoformans being seen in gran ulation tissue and
pus and cultured from pus, and ultirnately evidence of meningitis. The nec
ropsy diagnosis was sarcoidosis of lungs, heart , lymph-nodes, lever, spleen
and hypoph ysis, and crytococcos is of meninges, bra in, kidneys, adrena l, lung,
bone and skin, together with a prim ary tuberculosis complex in the lung. In
another case, the principal manifestat ion of cryptococcosis was bone abscesses
which responded weil to treatm ent with pot assium iodide ; eight monrhs
before the first abscess appeared, an enlarged lyrnph-node had been removed
for biopsy and showed sarcoid changes; re-examinat ion of this later show ed
no evidence of crypt ococci.

Littman and Zimmerman (1956) in their mono graph on cryptococcosis
ment ion the case of a man , aged 41, who died of cryptoco ccal meningit is;
C. neoformans was found in brain and kidn ey, but not in non-caseating
sarcoid-type granulo mas that were present in the lung and mediastinallymph
nodes.

Cases in which cryptococcal osteitis was concurrent with a clinical and
histological picture of generalized sarcoidosis were reported by Heller et al.
(1957 ) and Shields (1959). Th at described by Heller et al. occurred in a 22
year old black man who present red with generaIized Iymph adenopath y, in
clud ing the hilar nodes, pulmonary mottl ing, and an osteolyric lesion in the
iliac crest. Cervical and epitroc hlear lymph-node biopsies showed sarcoid
changes, no AFB or fungi being seen. He improved on cortisone treatrn ent,
Larer, a swelling in the hip region was explored; an abscess was evacuated,
and biopsy of irs wall showed granulation tissue with C. neoformans, con
firmed by cultu re. Th e Kveim test was reported to be positive. Treatm ent with
several ant ifungal agents was given. McCullough et al. (1958) appear to have
referred to the same case, and added that the parotids were enlarged. The case
described by Shields (1959 ) was that of a black woman, aged 42, who
presented with acute poly arthritis, fever, ulcers on the arms, rarefactions in
bones, and enlarged hilar Iymph-nodes. An axillary Iymph-node biopsy
showed a sarcoid pattern. C. neoformans was isolated from an abscess over an
affected clavicle and external malleolus and from the cerebro-spinal fluid.
Treared with amphotericin B, she improved. Six rnonth s later, headaches
recurred , cryptococci were again found in CSF and furth er treatment wa s
given. Later, becau se of low fever and anaemia, a spleen weighing 930 g and
two accessory spleens were removed. The spleen and int ra-abdominal lyrnph
nod es and a portion of liver removed for biopsy showe d replacement by a
sarcoid-type granuloma; rhough a few cryptococci were detected by rnicros
copy in spleen and lyrnph-node, none was cultured .
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In other cases, the principal manifestation of cryptococcosis has been in
bone, and has developed in patients with long-standing sarcoidosis .

Leithold et al. (1957) reported the case of a black man, aged 27, in whom
sarcoidosis, manifested by mottling in the ehest radiograph and superficial
lyrnphadenopathy with typical biopsy changes, was complicated rwo years
from the onset by an absces s below the right scapula, proved by culture to be
cryptococcal, and treated successfully by 2-hydroxystilbamidine. Later, an
enla rged spleen was removed, and showed sarcoid changes, cryptococcus not
being demonstrable.

Bernard and Owens (1960) reported the case of a black woman who at the
age of 41 had a partial thyroidectomy for colloid adenoma; sections showed
some foci of a sarcoid-type granuloma, and biopsy of an axillary Iymph-node
showed similar changes. Three years later, she presented with pain in the back
and fever, found to be due to erosion of the fourth thoracic vertebra which
was shown by surgical exploration to be due to a cryptococcal granuloma and
abscess, the organism being isolated on culture. Treatment with amphotericin
B led to recovery, the patient remaining weil eleven months after the end of
treatrnent.

Case 4 of Baum et al. (1973) was that of a black woman, aged 48, with a
five year history of sarcoidosis involving skin, confirmed by biopsy, lungs and
hilar Iymph-nodes. She presented with a painfullytic lesion of the right femur,
which on biopsy showed granulomatous osteitis with cryptococci demon
strable by special staining, and cryptococcal antibodies in the serum; no
cryptococci were found in concurrent biopsy of a skin infiltration, or reviews
of the previous biopsy. Borh bone and skin lesions improved on treatment
with amphotericin B.

Nottebart et al. (1973) reported the case of a black man who presented ar
rhe age of 26 with BHL and lung infiltration, a lymph-node biopsy showing
sarcoid-type granulomas. Later a generalized Iymphadenopathy appeared,
and he was treated with prednisone. Nearly rhree years from the on set, he
developed a painful flucruanr swelling at the lower border of the left scapula,
and a lytic lesion was found radiographically in the eighrh rib. Pus aspirated
from this swelling showed many budding yeasts, and grew C. neoformans on
culture. Nasal mucosal biopsy showed sarcoid-type granulomas, and no cryp
tococci. Treatment with 5-fluorocytosine was followed by healing of the bone
lesions, but the Iymphadenopathy, nasal obstruction and lung shadows
increased, and skin infiltrations of sarcoid histology, without micro
organisms appeared on the elbows. Reinstitution of treatment with predni
sone led to regression of the manifestations of sarcoidosis.

Beleher et al. (1975) reported two cases of sarcoidosis in which cryptococcal
osteitis appeared, the second also with a cryprococcal granulomatous mass in
the lung . Their Case 1 was that of a woman aged 49 who presented wirh
histologically confirmed skin sarcoids on the face, scalp and legs, and was
found to have BHL and pulmonary infiltration. Five years later, she developed
a painful swelling below the right knee, and an osteolytic lesion was found in
the fibula underlying it; biopsy of this showed bone necrosis, with granuloma
tous inflammation containing yeast -like organisms, and C. neoformans was
cultured from thi s tissue . Treatment with amphotericin B led to healing of the
bone lesion, but had no effect on skin, lung or lyrnph-nodes; subsequent
treatment with hydroxychloroquine was followed by improvement in the skin
infiltrations, In the second case, a woman aged 48 with BHL and lung
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infiltration later developed uveitis and skin sarcoids, the diagnosis being
confirmed by biopsies of lymph-node and skin. Seven years from the onset, a
localized nodule appeared in the lung, and soon afterwards a soft tissue
swelling overlying an osteolytic area in the left frontal bone, and another
osteolytic area was found in a rib. The lung nodule was resected. It consisted
of non-caseating granulomas with many yeast-like structures; culture from it
grew C. neoformans, and material aspirated from the forehead swelling
showed encapsulated yeasts. Treatment with amphotericin Band fluorocytosine
resulted in resolution of the bone lesions.

Cryptococcallesions may appear in the skin, and in a few cases have been
the only overt manifestation.

Gandy (1950) reported the case of a woman who at the age of 24 presented
with a generalized lymphadenopathy, an inguinal node biopsy showing sar
coid changes, condylomata vulvae treated by vulvectomy, and nephrolithiasis
treated by nephrolithomy. Four years later, blisters appeared on the face, and
C. neoformans was isolated on culture from them. The superficiallymph
nodes were still enlarged, and biopsy of a cervical node again showed sarcoid
changes. A year later, the skin lesions were healed; she had early uraemia
associated with nephrocalcinosis. The evidence available does not indicate
whether there was a disturbance of calcium metabolism of the sort associated
with sarcoidosis.

Harris et al. (1965) reported the case of a black man who at the age of 25
was found to have a large mediastinal shadow, shown at thoracotomy to be
due to a mass of lymph-nodes of sarcoid histology. At the age of 29 he
presented with fever, scattered skin lesions and patchy mottling in the ehest
radiograph. Tender subcutaneous nodules appeared on the thighs. Biopsies of
a lymph-node, of the liver, and of one of the skin lesions showed sarcoid
tubercles; and of a subcutaneous nodule showed central necrosis with many
intracellular and extracellular C. neoformans, confirmed by culture. The same
organism was subsequently cultured from the sputum, though a lung biopsy
showed the histology of sarcoidosis, and no organisms were seen in it.

In a case reported by Spivack et al. (1957), the only overt localization of
cryptococcosis was in the kidney. A black man was found at the age of 23 to
have a pulmonary infiltration, a negative tuberculin test and a sarcoid pattern
in a lymph-node biopsy. He had also had uveitis. At the age of 26, he
developed symptoms suggestive of right-sided pyelonephritis, and an abnor
mal pyelogram led to nephrectomy. The kidney contained an adherent mass in
its upper part, composed of collections of macrophages and plasma cells,
separated by dense collagen; structures resembling C. neoformans were found
both in and separate from macrophages, and this organism was subsequently
cultured from the discharge from the wound. A lung biopsy showed confluent
sarcoid tubercles, and C. neoformans was not demonstrable in it.

Inguinallymph-nodes were the only detected site of cryptococcal infection
in a 53 year old man whose case was described by Baum et al. (1973). He had
been found to have symptomless pulmonary infiltration with a positive Kveim
test three years before a Iymph-node abscess in the groin was incised, and
yielded C. neoformans on culture. Treatment with amphotericin B was
followed by healing of the groin lesion, without change in the ehest radio
graphic appearance.
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In two cases observed by one of us, cryptococcal meningitis was the ter 

minal event in patients with long-standing sarcoidosis. The first has been
reported in detail (Clinicopathological Conference, 1969). An army officer
was found at the age of 28 to have symptomless pulmonary infiltration;
investigations were inconclusive, but a provisional diagnosis of sarcoidosis
was made . During the following year, he had an episode of fever, headache
and vomiting, from which he recovered spontaneously; du ring the investiga
tion of this the cerebrospinal fluid (CSF) was found to be normal. just over
two years from the first abnormal radiograph, after two weeks of intensive
sunbathing, he feit tired, weak and thirsty, with cornplete anorexia, and the
serum calcium, previously normal, was found to be very high. This hypercal
caemia and the symptoms associated with it responded rapidly to treatment
with prednisolone; but soon afterwards, he developed fever and headache,
and the CSF showed increasing lyrnphocytosis, and rising protein and falling
glucose levels, and eventually C. neoformans was both seen in and grown
from ir, Treatment with amphotericin B led initially to improvement, but had
to be interrupted because of pancytopenia; this was complicated by Staph .
aureus infection with septic endocarditis, leading to death from cardiac arrest.
At necropsy, sarcoidosis in a fibroric stage was found in lung, lymph-nodes,
liver and spleen; the renal tubules showed calcinosis ; there was cryptococcal
meningitis and cryptococci were seen also in the kidney; and large vegetations
in which both staphylococci and cryptococci were seen grossly distorted the
aortic valve.

The second presented two diagnostic problems; that of appropriate categor
ization when mycobacteria are found on a single occasion in a patient whose
c1inical picture is that of sarcoidosis, and that presented by Iymphocytic
meningitis in a patient with sarcoidosis. A West Indian woman presented at
the age of 20 with enlarged cervical lyrnph-nodes which on biopsy showed
granulomatous changes; she also had BHL. The following year she came to
England, and at the age of 22 she was found to have enlarged cervical and
axillary lyrnph-nodes and the hilar nodes had subsided. Biopsy of a cervical
node showed non-caseating granulomas; a tuberculin test with 1: 10 000 OT
was positive . The following year she developed uveitis, which was treated for
two years with topical corticosteroids. When she was aged 27, the uveitis
recurred and required systemic corticosteroid treatment, in spite of which
secondary glaucoma in the right eye required surgical treatment. At the age of
30, afrer a urinary tract infection she was found to have renal and ureteric
calculi. At laparotomy for removal of a ureteric calculus, an enlarged pelvic
lyrnph-node was removed and was found to contain epithelioid and giant-cell
granulomas with some necrosis; acid-fast bacilli were seen, and M. tuberculo
sis, sensitive to the usual antimycobacterial agents, was cultured from it,
Treatment with streptomycin, isoniazid and PAS was begun. Two rnonths
later, she complained of giddiness and headache; CSF showed increased
protein, Iymphocytosis, and normal glucose, and the diagnosis being thought
to rest between mycobacterial tuberculous and sarcoid meningitis, anti ruber 
culosis treatment was continued. There was little change over the next five
months, when severe headache, mental confusion and fever was accompanied
by increase in CSF pressure and protein content, with a predominantly
polymorphonuclear pleocytosis. Cryptococcus was identified in the CSF, but
before treatment could be started, she died of a massive pulmonary emboli sm.
At necropsy, the meninges were infilrrated with Iymphocytes, macrophages,



Concomitant or Associated Diseases I 529

many Langhans giant cells and some polymorphs, with many cryptococci,
both within macrophages and extracellular. There was granulomatous in
filtration of both kidneys. No acid-fast bacilli were seen.

Plummer et al. (1957) reported the occurrence of sarcoidosis in monozygo
tic rwins, complicated in one by cryptococcosis involving bone and later the
meninges, leading to death. At the age of 31 this man had been examined as a
contact of his wife who had been found to have pulmonary tuberculosis. He
had then been found to have mottling in both lungs, but was not investigated
until two years later, when supraclavicular lymph-nodes had enlarged and in
biopsy showed sarcoid changes. The Mantoux test was negative with 1:10
OT. Treatment with cortisone was started; shortly afterwards, he became
febrile, a nodule previously noted on the ehest wall enlarged and later
softened, and a fluctuanr swelling appeared over the left acromion, associated
with rarefaction in the underlying bone. These swellings were aspirated, and
later C. neoformans was found in the aspirate, both by microscopy and by
culture. Further biopsies of Iymph-nodes and tonsil showed sarcoid changes .
Treatment with 2-hydroxystilbamidine led to regression of the abscesses. Two
years later, loss of weight, fever and splenomegaly were followed shortly by
evidence of meningitis which was fatal in spite of further treatment. At
necropsy, sarcoidosis in a sclerotic stage in lyrnph-nodes, lungs and spleen,
calcified caseous Iymph-nodes in mediastinum and mesentery, and cryptococ
cal meningitis were found. The twin, examined at the time his brother first
developed symptoms, showed Iymphadenopathy, with biopsy evidence of
sarcoid structure, lung mottling, and negative Mantoux test, and later sple
nomegaly.

Lepow et al. (1957) reported the case of a black girl, aged ten, who
presented with sarcoidosis characterized by generalized Iymphadenopathy,
lung infiltration, hypercalcaemia, cyst-like changes in phalanges, a number of
Iymph-nodes removed for biopsy all showing sarcoid changes, with no bacilli
or fungi demonstrable by microscopy or culture, and a positive Kveim test .
Shortly after treatment with cortisone was instituted she developed meningitis,
and C. neoformans was cultured from the CSF. In spite of treatment with
polymixin Band nystatin she died. At necropsy, sarcoid changes were were
found in lungs, Iymph-nodes, liver, spleen, kidneys, salivary glands and bones,
calcareous deposits in the kidneys, and meningoencephalitis due to C. neo[or
mans. No cryptococci were found by staining or culture in any site except the
central nervous system.

Brandt and Stürup (1959) described the case of a woman aged 58 who
developed cryptococcal meningitis; she had been known to have sarcoidosis
for five years, confirmed by Iymph-node biopsy and characterized by a lung
infiltration which persisted. The meningitis responded to treatment with
amphotericin B.

Sokolowski et al. (1969) reported a case of sarcoidosis in which early in the
course there was suggestive evidence of infection by a scotochromogenic
mycobacterium, and later C. neoformans was found in affected lung and
Iymph-node, in new skin lesions and in CSF. A black woman aged 32 pre
sented with enlarged cervical lyrnph-nodes, splenomegaly and BHL; biopsy of
a Iymph-node and of a Kveim test site confirmed the diagnosis of sarcoidosis.
In a second node biopsy, the histology was similar but AFB were seen; culture
was negative. Serology suggested a scotochromogenic mycobacterial infection.
A year later, she developed bilateral ehest pain and fever, and increasing lung



530 Sarcoidosis
infiltration was found; treatment with prednisone was starred. Shortly after
wards, fever recurred and a smallieft pleural effusion was found, and later an
acneiform rash apeared on rhe face. Biopsies of skin and of lung, pleura and
hilar nodes obtained at biopsy showed non-casearing granulomas with many
budding organisms, and cultures from the tissues produced C. neoformans.
Later this organism was found in CSF, and also in urine. Treatment with
amphotericin B led to resolution of skin lesions, which had ulcera ted,
and normalisation of CSF, but had no effect on the ehest radiographic
appearances.

Case 12 of Baum et al. (1973) was that of a black man , aged 45, who had
extensive Iong-standing cutaneous sarcoidosis, with lung involvement, con
firmed by biopsies of skin and lung. Nineteen years from the onset, he became
febrile, with increased lung shadows, and C. neoformans was found both in
sputum and CSF. He was treated with amphotericin, but the response was not
reported.

Sporotrichum schenkii

MeFarland and Goodman (1963) reported the ease of a blaek wo man, aged
33, who presented with eough, dyspnoea, multiple small raised skin lesions,
generalized Iymphadenopathy, and seattered opaeities in the ehest radio
graph. A diagnosis of sareoidosis was made on the basis of biopsies of a skin
lesion and of a lyrnph-node and negative tubereulin and other skin tests.
Treatment with prednisolone was started, with improvement. Shortly after
wards, the skin lesions starred to suppurate and ulcerate, and later areas of
rarefaction appeared in bones of the foot. Biopsy of a skin lesion showed
non-specific inflammatory changes with necrosis ; no organisms were
seen, but eultures from ulcers and from a bone lesion grew Sporotrichum
schenkii. Treatment with potassium iodide was followed by healing of skin
and bone lesions. Two years later, she was known to be weil, with anormal
ehest radiograph. Shortly afterwards she died suddenly. Necropsy showed
no cause for the sudden death; there were healed granulomas in lungs and
mediasrinal lyrnph-nodes, without demonstrable organisms, the nodes being
almost entirely fibrotic.

In Case 6 of Baum et al. (1973), a black man was found to have
sarcoidosis with uveitis and lung infiltration, confirmed by liver and lyrnph
node biopsies, at the age of 26; eorticosteroid treatment was given for
control of ocular and pulmonary symptoms. Thirteen years later, ulcers
appeared on both legs after needling of a swelling near the ankle; culture
from a skin lesion and from the lung (presumably from sputum) led to the
diagnosis of sporotriehosis. Treatment with amphotericin B led to healing of
the skin, but little effeet on the lung changes.

Blastomyces dermatitidis

Baum et al. (1973, Cases 1 and 2) reported two cases in a black woman aged
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23 and a black man aged 31 , presenting with mediastinal lymph-node
enlargement and lung infiltration suggestive of sarcoidosis, but without
histological evidence, which were later shown to be due to blastom ycosis.
Hiatt and Lide (1949) described a complex case in a black man , aged 27,
with BHL, lung infiltration and non-ca seating granulomas in a lymph-node
removed for biops y, later showing evidence of infection by both M.
tuberculosis and Blastomyces, confirmed at necrop sy. In all these cases, it
seems likely that the whoie process was a response to the observed infecting
agent or agents, and it was unn ecessary to invoke a diagnosis of sarcoidosis.



Chapter 24

Concomitant or Associated Diseases

II Miscellaneous

The c1inical course of sarcoidosis is in many cases prolonged, and may be
preceded by aperiod of varying duration during which granulomatous
changes are present in various organs without causing symptoms; and it is
certain that some individuals go through the entire course of sarcoidosis to
spontaneous resolution without, or with only trivial symptoms, although
granulomas if sought would be found in involved organs. Thus it is to be
expected that a proportion of patients will show evidence of some other
disease during the course of known sarcoidosis; and also that during the
investigation of patients found to be suffering from some other disease,
evidence of previously unsuspected sarcoidosis will be found occasionally.
The associations of greatest interest are those that may cause diagnostic
difficulty because one disease masks the other; and those in which there is
some possibility of a pathogenetic relationship through a common immuno
logical, genetic or other factor between sarcoidosis and the other disease, or
through some feature of sarcoidosis that predisposes to the other disease. If
such a relationship seems possible, it is important to determine whether the
association occurs more frequently than would be expected by chance .
Because of uncertainty about the total incidence of sarcoidosis, including
undiagnosed and asymptomatic cases, estimates of the expected frequency
of associations with other diseases are subject to considerable error.
Another source of uncertainty arises from the occurrence of local granulo
matous reactions in adjacent tissues and Iymph-nodes to malignant disease,
lymphomas and some infections (Chapter 2, p. 33 ); because of such reac-
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tions , convincing evidence of generalized granulomatosis is required before
the additional diagnosis of sarcoidosis should be accepted in patients with
diseases of these sorts.

MALIGNANT TUMOURS

There is no evidence that the frequency of malignant tumours in general, or
of any particular tumour with the possible exception of lyrnphornas, differs
from expectation in patienrs with sarcoidosis. The idea that the immunolo
gical peculiarities of sarcoidosis might predispose to turnours, which has
been suggested, was based upon a misconception; for, as discussed in
Chapter 20, although the abnormality of T-cell function in sarcoidosis
results in diminished ability to express delayed hypersensitivity, it does not
impair immune defences.

In Denrnark, where from 1962 to 1971 a central registry of cases of
sarcoidosis known to ehest c1inics was maintained, Brincker and Wilbek
(1974) correlated this with the Danish Cancer Registry. Among 2561 regis
tered patients with sarcoidosis, 65 were also recorded in the Cancer
Registry. In 17 of these, the diagnosis of malignant disease preceded that of
sarcoidosis. Thus among 2544 patients with sarcoidosis and no previous
history of malignant disease, 48 were subsequently registered with malig
nant disease. This number significantly exceeded the number expected,
33.8. The excess was attributable principally to malignam lyrnphorna, of
which six cases, 11 times the expected nurnber, were reported, and partly to
lung cancer, of which nine cases, three times the expected nurnber, were
reported. But Romer (l980b) reviewed these 48 cases by tracing individual
case-records, and found that the diagnosis of sarcoidosis had not been
established in ten, and of cancer in three. Removal of these cases reduced the
numbers of cases of malignant disease of all sorts combined and of lung
cancer to almost exactly the expected levels; the incidence of malignant
lymphomas remained six times that expected, but the number of cases was
only three? As would be expected if sarcoidosis and cancer occurred
together by chance, ages at onset of sarcoidosis in those later found to
develop cancer showed a distribution peaking past middle age, 94% being
over 40 years old when sarcoidosis was diagnosed, as compared with the
peak in young adult life seen in unselected series of parients with
sarcoidosis.

lt is probably because the occasional concurrence of a common cancer
with sarcoidosis is not unexpected that few reports of the concurrence of
lung cancer and sarcoidosis have been published, mainly to draw attention
to diagnostic difficulties (jefferson et al., 1954; Goodbody and Taylor,
1957; Ellman and Hanson, 1958; ]örgensen, 1963a; Sakula, 1963; Sarkar,
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1970; Schoenfield et al., 1978). The following two ca ses illustrate the
diagnostic problems that may arise. In th e first, changes in radiographie
appearances in the lung of a man w ith pulmonary sarcoidosis at first
suggested coalescence of sarcoid infiltration, but were found to be due to
bronchial carcinoma:

A man aged 42 noticed cough and some breathlessness on exertion and rwo
years later was found to have a widespread irregular mottling in the lungs; the
diagnosis of sarcoidosis was confirmed by biopsy of a cervicallymph-node
and a Mantoux test negative to 100 IU. Six years after the first abnormal ehest
radiograph, when he was aged 50, he had become so breathless that treatment
with cortisone was begun . Thi s was follow ed by clearing of the shadows in the
left lung, but those in the right appeared to coalesce into large 'cannon-ball' 
like masses . Needle biopsy of one of these showed undifferentiated carcinoma.
He died with cerebraI meta stases ; at necropsy the carcinoma appeared to have
arisen in the middle lobe bronchus, and old sarcoid changes were evident in
lungs, intrathoracic lymph-nodes and spleen .

In the second, symptomless sarcoid infiltration in the lungs of a man who
had been treated for carcinoma of the rectum, raised suspicion of
pulmonary metastasis, but proceeded towards resolution, while the carci
noma later metastasized in the lung and elsewhere:

A man aged 66 underwent abdomino-perineal resection for carcin oma of the
rectum. A year later, a ehest radiograph showed widespread fine nodular
shadows. A Kveim test gave a granulomatous respon se. Under observation the
nodular shadows diminished, but six months later, a solitary rounded shadow
appeared in the upp er part of the left lung. At thoracotomy, a firm nodule
was found in the left upper lobe which was removed, together with a large
subaortic lymph-node. Histologically, the nodule proved to be an adenocarci
noma, presumably metastatic from the rectum; sarcoid-type granulomas were
present in the lung, and the lymph-node showed sarcoid granulomas, but no
evidence of carcinoma. Subsequently, there was no further clinical or radiolo
gical manifestation of sarcoidosis, but hepatic metastases of the carcinoma led
to death one year later.

Sybert and Butler (1978) reported the case of an 18 year old man who was
treated for osteosarcoma of the femur by amputation, followed by one year of
treatment with methotrexate and doxorubicin. At the end of this time, the
ehest radiograph was normal, bur later there was progressive enlargement of
hilar and right paratracheal shadows. Mediastinoscopic biopsy showed non
caseating granulomatous lymphadenitis, and later ill-defined nodules
appeared in the lung and on biopsy were found to be due to sarcoid granulo
mas. In this case, sarcoidosis appeared to develop and pursue its course
independently of the osteosarcoma, though the possibility that immunosup
press ive treatment may have been a factor in determining its onset cannot be
dismissed.

MALIGNANTLYMPHOMA

Sarcoid reactions in or adjacent to tissues affected by Hodgkin's disease and

other lymphomas are discussed in Chapter 2, p. 33; and a case illustrating
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the diagnostie diffieulty that they may eause if they are prominent in the
early stages of these diseases is deseribed in Chapter 10, p. 256.

Brineker (1972) in a survey of 1500 eases of various sorts of maligant
lymphoma found five in whom the diagnosis of sareoidosis was made on
aeeeptable grounds, in three before and in two after rhe lymphoma was
diagnosed. Those in whieh rhe sareoidosis appeared first do not seem
especially remarkable; in two ehronie lymphatic leukaemia was diagnosed
14 and 27 years after erythema nodosum and lymphadenopathy attribut
able to sareoidosis, and in the other, Hodgkin 's disease developed in a
patient with ehronie pulmonary sareoidosis whieh had been diagnosed eight
years earlier. Of the two in whieh lymphoma appeared first, both had
Hodgkin's disease, sueeessfully treated; in one, eutaneous sareoidosis with
radiographie evidenee of sareoid ehanges in a meta tarsal bone appeared five
years later, and in the other erythema nodosum and BHL 17 years later. In
both, sareoid-type granulomas had been seen in the lymph-nodes whieh had
provided the initial histologieal diagnosis of Hodgkin's disease; it is a matter
for speeulation whether these were a loeal reaetion to the Hodgkin's disease,
or part of a widespread sareoid granulomatosis that later beeame clinieally
apparent.

As noted above, Brineker and Wilbek (1974) reported a high ineidenee of
rnalignant lymphoma in their survey of 2544 patients with sareoidosis,
whieh even after review by Rerner (1980) had removed dubious diagnoses,
was six times that expeeted for the general population; the number of eases,
however, was only three. Among about 500 patients with sareoidosis fol
lowed for varying periods by one of us OGS), three developed malignant
lymphomas nine, one and 11 years from the diagnosis of sareoidosis whieh
was following a ehronie course.

The first was a woman who had had multiple small nodular sareoids of the
skin of the trunk and extensive sareoid infiltration of the sealp and forehead
(Fig7.8 and Plate 11), with fibrosing pulmonary infiltration for nine years before
she developed a mediastinal tumour eausing dysphagia and stridor. She died at
the age of 59, less than two months after the appearanee of these symptoms. At
neeropsy, Iymphosareoma was found to have spread widely in the mediasti
num, where it had apparently originated, and involved also the right iliae
lymph-nodes; there were old sareoid ehanges in the lungs; and the right
suprarenal gland showed an area of easeation, 2.5 em in diameter, enclosed in
a firm partly ealcified eapsule, showing no histologieally speeifie features, and
yielding no myeobaeteria on eulture.

The second was a woman who at the age of 41, investigated beeause of
eough and loss of weight, was found to have widespread fine mottling in the
ehest radiograph. A year later, she developed nausea, vomiting and diarrhoea
whieh continued for six weeks, but recurred shortly afterwards. At this stage ,
the only abnormality on physieal examination was some vague abdominal
tenderness, with indefinite masses palpable in the iliae fossae, especially the
right, thought to be enlarged Iymph-nodes. Radiography of the ehest showed
the mottling to have dimini shed eonsiderably. A barium meal showed no
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abnormality in the alirnentary tract. The Mantoux test gave a positive reaction
to 1:100 OT . Although a liver biopsy showed no specific changes, a diagnosis
of sarcoidosis seemed likely. Two years later, when she was aged 45, the
gastric symptoms, which had persisted, became more severe, and a barium
meal showed a filling defect in the stornach. At laparotomy the wall of the
stornach was thickened and indurated, and the spleen was considerably
enlarged. Two-thirds of the stornach and the spleen were removed. The spleen,
a portion of liver and a lymph-node removed for biopsy were found to be
infiltrated with sarcoid tubercles. In the greater curvature of the stornach there
was a large plaque of infiltration, which histologically was found to be a
malignant lymphoma. After the operation, she improved, and ten years later
remained in good health, without evidence either of sarcoidosis or of recur
rence of the lymphoma. The latter appears to have been of the type of primary
malignant lymphoma of the alimentary tract described by Allen et al. (1954),
Azzopardi and Menzies (1960) and jacobs (1963), in which prolonged survi
val after surgical treatment is possible.

The third was a patient who ar the age of 38 developed lupus pernio and
larer other skin lesions, illustrated in fig 7.9 . She was found to have lung
changes, illustrated in Figs 6.28 and 6.29. On prednisolone treatment, both
these manifestations were controlled. At the age of 49, she developed acute
abdominal symptoms, and laparotomy showed a perforanon of the ileum,
which on biopsy was found to be infiltrated by a reticulum cell sarcoma. This
illness proved fatal, and at necropsy, multiple deposits of reticulum cell
sarcoma were found in the lungs, apparently densest round collections of
typical Schaumann conchoidal bodies, and the liver, spleen and stornach were
infiltrated by a similar tumour.

A few other cases in which malignant lymphoma and sarcoidosis were
associated have been reported.

Buckle (1960) reporred the case of a woman, aged 28, who was found at
routine radiography to have widespread mottling in the lungs, the Mantoux
test being negative with 100 IU; seven months later she developed rapidly
increasing enlargement of lymph-nodes in the neck, shown by biopsy to be due
to an undifferentiated reticulosarcoma ; in spite of radiotherapy, the disease
spread rapidly; ar necropsy there was extensive reticulosarcomatous infiltra
tion of lyrnph-nodes, ehest wall and pericardium, together with non-casearing
epithelioid and giant-cell tubercles with much fibrosis in the lungs. Raben et
al. (1961) reported rhe case of a woman, aged 45, with sarcoidosis of the skin,
histologically proved, associated with enlargerner-t of cervicallymph-nodes,
the right parotid gland, the liver and spleen; one and a half years from the
onset, she became ill with increase in the size of the lymph-nodes and the
spleen, and now a cervicallymph-node biopsy showed evidence of reticulosar
coma ; she died two years larer, and at necropsy the diagnosis of reticulosarco
ma was confirmed, the report not sraring whether or not sarcoid changes
persisted. Goldfarb and Cohen (1970) reported two cases in which epithelioid
cell granulomas of sarcoid type were found in several organs not affected by
Hodgkin's disease in parienrs with Hodgkin's disease. One of these patients
died, and there was no necropsy, and rhe report gave no information abour the
later course of the other; interpreration of these cases must remain in doubt,

Cases in which extensive skin infiltrations initially showing the histologicaI
pattern of sarcoidosis later changed character and showed the histological
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pattern and course of malignant lymphoma were reported by Atwood et al.
(1966, Case 1) and Kahn et al. (1974) . In rhe first of these, the change in
histological pattern occurred gradually, starring six years after the original
biopsy, wh ich had been accompanied by two 'positive' Kveim tests; lyrnph
nodes became involved larer, and a Kveim rest was negative; there was
persistent BHL. In spite of treatrnent the patient, a black man aged 49, died
five years after rhe diagnosis of lymphoma; ar necropsy, rhere was extensive
malignant lymphoma, but no active sarcoidosis, rhe only residual evidence of
which was fibrosis in hilar lyrnph-nodes. In the case reported by Kahn et al.
(1974), there was no evidence of systemic sarcoidosis during life, and no
necropsYj and the initial sarcoid histology was interpreted as an unusually
florid local sarcoid reaction.

Hairy-cell leukaemia

Myers et al. (1979) reported the case of a woman, aged 45, who presented
wirh erythema nodosum, fever, anterior uveitis and arthropathy, hepatosple
nomegaly and BHL with lung infiltration. The blood leucocytes numbered
3300 mm>', and 34'}"o of them were hairy cells. The spleen, weighing 415 g,
was removed; it and a wedge biopsy of liver showed both infiltration with
hairy cells and granulomas of sarcoid type. There was a 20 mm reaction to a
tuberculin test with 5 IU; because of this treatment with isoniazid was given.
After the splenectomy, rhe symptoms improved and six months later the ehest
radiograph was normal. In this case, it seems likely that sarcoidosis occurred
incidentally in a patienr with hairy-cellieukaemia, and resolved spontan
eously, while there was the favourable symptomatic response to splenectomy
often seen in hairy-cell leukaernia. The question wherher the granulomatosis
was a reaction to the mycobacterial infection indicated by the strongly positive
tuberculin test and responded to isoniazid treatrnent remains open; it is
relevant that infections, including those with mycobacteria, are frequent in
hairy cellieukaemia (Bouza et al., 1978j Golomb et al., 1978).

Myeloma

Selroos et al. (1974) described a case in which myeloma of lambda-type IgG
appeared during the course of sarcoidosis.

At rhe age of 48 a woman whose mother had died of a lung disease, probably
tuberculosis, was found to have symptomless BHLj the diagnosis of sarcoido
sis was supported by scalene node biopsy, though there was a positive reaction
to a tuberculin test with 1 IU. Four years later, she developed bilateral uveitis.
Investigated ar the age of 54, she was found to have persistent BHL, posterior
synechiae due to old uveitis, a histologically confirmed sarcoid papule on the
cheek, a granulomatous response to a Kveim test, and fibrotic granulomatous
changes in a mediastinallymph-node. Over the next few months, rhe
erythrocyte sedimentation rate rose to 95 mm, and the serum protein to
9.2 g ar ',with paraprotein amounting to 2.03 g dl- 1

, shown to be a lamba
type IgG. The findmg ot plasma cells amounting to 15% of nucleated bone
marrow cells, and 2% of peripheral blood leucocytes indicated a pre
symptomatic multiple myeloma.



538 Sarcoidosis

Macrocryoglobulinaemia

Turkington and Buckley (1966) reported the case of a black man, aged 55,
who presented with macrocryoglobulinaemia causing episodes of bleeding,
anaemia, neurological symptoms, including a seizure, retinal changes, and
Raynaud's phenomenon, in whom the finding of enlarged hilar lymph-nodes
followed by a pulmonary infiltration and of granulomas in liver and lyrnph
node biopsies led to the diagnosis of sarcoidosis. The relation between the two
aspects of this case remains speculative.

Gammaglobulin deficiency

Several cases of sarcoidosis 10 patients with IgA deficiency have been
reported.

Goldstein et al. (1969), in a review of immunoglobin levels in 84 patients with
sarcoidosis, mentioned two, both black women, who had no IgA; one, aged
38, had chronic pulmonary sarcoidosis, and the other, aged 39, had BHL with
erythema nodosum; in neither was there evidence of undue susceptibility to
infections. Davis et al. (1970) reported the case of a man, aged 36, who had
had recurrent episodes of otitis media and two of pneumonia, and was found
to have IgA deficiency; intermittent diarrhoea was assocated with nodular
hyperplasia of the lymphoid tissue of the small intestine; ehest radiography
showed enlargement of hilar and right paratracheallymph-nodes and rounded
shadows in both lower lobes ; biopsy of a scalene lymph-node showed sarcoid
type granulomas; and the hilar lymph-node enlargement and lung shadows
subsided spontaneously. Sharma and Chandor (1972) described the case of a
31 year old woman with selective serum and salivary IgA deficiency in whom
enlargement of peripherallymph-nodes and lung infiltration was attributed to
sarcoidosis, supported by biopsy of a scalene lymph-node. Siegier (1978)
reported two patients with selective IgA deficiency who developed sarcoidosis.
In the first, a man aged 47 presented with BHL and lung infiltration and
arthropathy of the ankle s, which subsided in a manner characteristic of
sarcoidosis; he was larer found to have no detectable IgA. In the second, a 21
year old woman with serum and salivary IgA deficiency who had had many
severe bacterial infections of the respiratory and urinary tracts and of the skin,
presented with evidence of a widespread granulomatous disease with mixed
features of sarcoidosis and mycobacerial tuberculosis. In rhe man with sar
coidosis and auto-immune haemolytic anaemia reported by Thomas et al.
(1982), there was a selective IgA deficiency.

Bronsky et al. (1965) reported the case of a black woman aged 37 who had
had several episodes of pneumonia, otitis media and paronychia. BHL was
noted after a pneumonia, and later she developed sarcoids of the skin, the
diagnosis being supported by biopsies of scalene lymph-node and skin . She
was found to have no detectable IgA or IgM, and the level of IgG was low.

In all these cases, the diagnosis of sarcoidosis was supported by a cornpat
ible course. Since the frequency of IgA deficiency of the sort reported in
most of them is estimated at between one in 500 and one in 700 of the
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general population (Amman and Hong, 1971), rhe number of recorded
cases is probably within that to be expected if the association occurred only
by chance. Granulomas in spleen, liver and Iymph-nodes may be a feature of
some immunoglobulin deficiencies (Rosen and ]aneway, 1966); thus not
only histological evidence of granulomas, but also clinical features and
course compatible with sarcoidosis are required to establish this diagnosis in
patients with such deficiencies. For instance, judgement must be reserved
about the case reported by Zinneman et al. (1954), that of a woman, aged
30, who was known to have had 44 attacks of pneumonia and two of
pneumococcal meningitis, and was found to have hypogammaglobu
linaemia and no isohaemagglutinins; biopsies of an axillary Iymph-node
and of liver, and of the spleen weighing 1130 g and removed surgica11y, a11
showed sarcoid-type granulomas.

SYSTEMIC LUPUS ERYTHEMATOSUS

Cases in which during the course of systemic lupus erythematosus (SLE)
BHL and lung infiltration attributable to sarcoidosis appeared have been
reported by Harrison et al. (1979), Hunter et al. (1980) and Needleman et
al. (1982). These occurred in women aged 54, 62 and 47 after the diagnosis
of SLE had been established for 16 months, eight years and four months; in
a11 cases the diagnosis of sarcoidosis was supported by histology, of a skin
papule and liver, of lung and hilar Iymph-nodes, and of lung and bone
marrow respectively.

De Paola (1958) recorded the case of a woman who died at the age of 43
with SLE; at necropsy, in addition to the changes of this disease, hyalinizing
sarcoid tubercles were found in hilar Iymph-nodes and lungs, although
sarcoidosis had not been clinically manifest.

A patient observed by one of us (JGS) presented a confusing mixture of
features, criteria for the diagnosis first of sarcoidosis and later of SLE being
met:

Aman, aged28, developed pain in the rightsideof the ehestand fever. He was
found to havea generalized lymphadenopathy and a palpable spleen and a
ehestradiographshowedenlargement of hilarnodes, especially on the right.A
Heaf tuberculin test gave a strongly positive reaction. Biopsy of a lyrnph -node
showedno specific changes. The fever did not respond to antibiotics. Three
weeks fromthe onset,he became acutely ill,witha leukaemoid reaction and a
severe haemolytic anaernia ; the totalleucocyte count roseto 44000 mm>', of
which a high proportion wereimmature cells of the granulocyte series, and the
haemoglobin fell to 28%. He wastreatedwith bloodtransfusions and predni
solone; because of the strongly positive tuberculin test, streptomycin and
isoniazid wercgiven also. Improvement startedfromthe fourthdayafter the
beginning of prednisolone treatment,and the bloodcount returned to and
remained normal.Antituberculosis chemotherapy wascontinued for six
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rnonths, but prednisolone was gradually withdrawn after two rnonths. The
hilar node enlargement subsided during prednisolone treatment, but within
two months of its cessation, had recurred and was accompanied by wide
spread mottling in the lungs. Nine months from the beginning of the illness,
the only symptom was slight dyspnoea on exertion. The only abnormal
finding in physical exarnination was slight enlargement of lyrnph-nodes in
neck, axillae and groins. The ehest radiograph showed bilateral enlargement
of hilar lymph-nodes with some foci of calcification on the left side and fine
mottling throughour the lungs. Further lymph-node, bone-marrow and liver
biopsies showed no specific change. Open lung biopsy showed a soft lung, not
deflating as easily as usual , and with no gross nodulariry; lymph-nodes up to 1
cm in diameter were palpable at the root of the Jung; a wedge of the apicaJ
segment of the lower lobe was removed and showed aggregations of tubercles
of sarcoid type along the interlobular septa and around the vessels, under
going circumferential fibrosis; culture produced no tubercle bacilli. As the
pulmonary function was little affected and he had no disability, no treatment
was advised. Six rnonths later, he became ill with fever, left pleuritic pain,
cough and expectoration. The fever persisted; he developed pain and stiffness
in the knee joints; the heart enlarged; arid LE cells were found repeatedly in
the blood. Treatment with prednisone led to prompt defervescence and relief
of symptoms. Maintained on prednisone treatment, he remained syrnptom
free, though LE cells continued to be demonstrable in the peripheral blood.

In all these cases, the features attributable to sarcoidosis and to SLE
seemed to have run expected courses independently of each other, and the
nu mber of recorded cases seems to be no greater than would be expected
from the frequency of the two diseases.

CHRONIC ARTHROPATHIES

Rheumatoid arthritis

There is no reason to believe that sarcoidosis and rheumatoid arthritis (RA)
occur together more frequently than would be expected by chance. As noted
in Chapter 9, p. 241, Putkonen et al. (1965b) in a review of 94 patients with
sarcoidosis found evidence of RA in two, 'definite' in one and 'probable' in
one.

In the patient with chronic pulmonary sarcoidosis leading to the forma
tion of thick-walled cavities, whose case is summarized in Chapter 6, p. 132,
there were mild joint symptoms and rheumatoid nodules on the elbows, and
at necropsy evidence of inactive RA in an interphalangeal joint.

Hillerdal et al. (1965) recorded the case of a woman with sarcoidosis,
starring with erythema nodosum and BHL, and proceeding to pulmonary
infiltration and fibrosis; syphilis causing pharyngeal ulcerations and later
aortic valve disease; and severe rheurnatoid arthritis with nodules.
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Ankylosing Spondylitis

A patient observed by one of us (]GS), and mentioned in Chapter 8, p. 213,
had ankylosing spondylitis and sarcoidosis, manifested by hilar Iymph-node
enlargement followed by lung infiltration. There was also a uveitis which
might have been associated with either disease; the first symptoms of the
two diseases appeared about the same time, and both diseases followed a
similar course to spontaneous cessation of activity.

Verstraeten and Bekaert (1951) reported the case of a man, aged 36, who
presented with ankylosing spondylitis involving the lumbar and thoracic
spine, and was found to have BHL, diffuse pulmonary infiltration, a Mantoux
test negative to 1:100 OT, and sarcoids of the skin of the forearm, confirmed
by biopsy both of skin and of an enlarged epitrochlear lymph-node. Lovelock
and Stone (1953, Case 7) mentioned briefly a black man, aged 32, with BHL,
lung infiltration, an epididymal nodule, negative tuberculin and positive
Kveimtests, who also suffered from Marie-Strumpell arthritis. Deshayes et al.
(1965) reported rhe case of a man aged 40 with sarcoidosis, manifested by
pulmonary infiltration, negative tuberculin test and typical histological
changes in a bronchial biopsy, who also had ankylosing spondylitis.

Gout and psoriasis

Kaplan and Klatskin (1960) observed two patients in whom sarcoidosis,
psoriasis and gout were associated.

The first had had psoriasis since the age of 20, and his first attack of gout at
the age of 33; at the age of 37, he presented with widespread lung infiltration,
with sarcoid-type granulomas in a liver biopsy. The second was a man who at
the age of 42 had erythema nodosum, uveitis and BHL, with sarcoid granulo
mas in a liver biopsy, followed by a pulmonary infiltration; six years later he
had his first attack of gout, and two years later still, psoriasis appeared. In a
third patient with gout and psoriasis, the diagnosis of sarcoidosis was less weil
established.

Interested in this association, Kaplan and Klatskin reviewed 73 patients
with sarcoidosis and found none with psoriasis or gout, though six of 25 in
whom the blood uric acid was estimated showed a raised figure; in 100 with
psoriasis they found no gout and no unequivocal evidence of sarcoidosis,
though 11 had unexplained shadows in the ehest radiograph, or an enlarged
liver or spleen, and one had a number of odd features and a small unspecific
granuloma in a Iiver biopsy; and in 100 cases of gout they found no
psoriasis or sarcoidosis, though two had so me pulmonary fibrosis.

Bunim et al. (1962) considered possible relationships between psoriasis,
gout and sarcoidosis in discussion of a case of psoriasis with hyperuricaemia
and infiltration of the liver with granulomas. There is evidence that psoriasis
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and gout occur together more frequently than would be expected by chance.
For instance, Kuzell et al. (1955) stated that psoriasis occurs in a proportion
estimated to be between 0.27 and 1.4% of the general population, and that
among 520 patients with gout they had found 4.0% to have psorias is; they
thought that this might be due to hyperuricaemia in psoriasis caused by the
rapid turnover of epidermal cells. But the bizarre assocation of these two
diseases with sarcoidosis seems to have been recorded only by Kaplan and
Klatskin. Zimmer and Demis (1966) examined the hospital records of 233
patients with gout, 335 with psoriasis and 79 with sarcoidosis . Although
gout and psoriasis occurred together in 11 cases, no patient with sarcoidosis
had either of the other two diseases.

Polyarteritis nodosa

Symmers and Gillett (1951) described the necropsy findings in a man who
had suffered from pulmonary tuberculosis and died ar the age of 50 after a
haematemesis. This was found to have arisen from a ruptured polyarteritic
aneurysm in the duodenum; similar polyarteritic lesions were found else
where, especially in the liver, the spleen and the kidneys. Other arteritic
lesions resembling those of systemic lupus erythematosus were found else
where, especially in the kidneys. There was a widespread lymphadenopathy
involving cervical, mediastinal and abdominal nodes, with the histological
picture of hyalinized sarcoidosis, Schaumann bodies and asteroids being
present. No sarcoid-like lesions were found elsewhere. In the lungs there
was evidence of an old silicosis, together with banal tuberculous changes. In
this case it seems probable that the sarcoid changes antedated the arteritis
and were unrelated to it.

AMYLOIDOSIS

Very few cases in which sarcoidosis and amyloidosis have occurred together
have been reported. In reviews of amyloidosis, Azar (1968) commented on
the lack of association with sarcoidosis , and Glenner and Page (1976) found
only one published case. This was reported by Swanton (1971).

It occurred in a 30 year old man, known to have bilateral basal bronchiectasis
for seven years. He presented with heavy proteinuria and hepatospleno
megaly; rhe diagnosis of amyloidosi s was based on amyloid deposits in
biopsies of liver and kidney, and in the spleen, which was rernoved; the
diagnosi s of sarcoidosis on granulomas in liver and spleen, but not in kidney,
and at a Kveim test site, and on hypercalcaemia responsive to corticosteroid.
This patient later died in renal failure, and there was no necropsy.

Subsequently other cases have been reported by Bar-Meir et al. (1977) and
Fresko and Lazarus (1982). The patienr described by Bar-Meir et al. was a 58
year old woman, who presented with a very large spleen, enlarged lymph-
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nodes in axillae and groins, slight BHL and lung infiltration; the diagnosis of
sarco idosis was supported by biopsy of an axillary lymph-node and of liver,
and a positive Kveim test; and the diagnosis of amyloidosis by histology of the
axillary node, and in a rectal biopsy, but not in the liver. Treatment with
prednisone led to reduction in the size of the spleen, which had caused pain,
and after 18 months the ehest radiograph was normal. The case reported by
Fresko and Lazarus (1982) was that of a 40 year old black man, known to
have had pulmonary sarcoidosis for 16 years, leading to fibrosis and episodes
of pneumonia; he died in respiratory and right ventricular failure , with
proteinuria; at necropsy, there was gross fibrosis of the lungs with hon-
eycombing, showing both granulomas and intlammatory exudate microsco-
pically, and both interalveolar septa and vessel-walls were infiltrated with
amyloid; hilar lyrnph-nodes showed granulomas with extensive hyalinization;
and amyloid was found around vessels in many organs, including heart, liver,
spleen and kidneys .

In this case, it seems likely that the amyloidosis was related to chronic
infection in the fibrotic lung, and in that reported by Swanton (1971) to the
unrelated bronchiectasis, rather than to sarcoidosis itself.

INFECTIONS

Aspergillosis

The sort of aspergillosis which consists in the growth of a mat of mycelium
in an air-containing space in the lung, causing it eventually to become filled
with a rounded mass of mycelium, the so-called 'fungus ball' or aspergil
loma (Hinson et al., 1952) is a well-recognized complication of any chronic
pulmonary disease leading to the development of such spaces. It may thus
complicate the late stage of pulmonary sarcoidosis, and is discussed in
Chapter 6, p. 1)5. There is no evidence that the liability of lungs damaged
by chronic sarcoidosis to be colonized by aspergilus is different from that of
lungs .with similar anatomical changes due to other diseases.

Nocardiasis

Steinberg (1958, Case 1) reported the case of a black woman who at the age of
38 was found to have pulmonary and skin sarcoidosis, confirmed by skin
biopsy. Fibrosis gradually developed in the lungs, and because of this
cortisone was administered, with temporary improvement. Seven years from
the onset, she became ill with cough, haemoptysis and dyspnoea and shortly
afterwards developed meningeal signs and coma and died. At necropsy there
were cavities in both lungs and bilateral cerebral abscesses, in which Nocardia
asteroides was found both microscopicall y and by culture.

A similar case was reported by O'Neili and Penman (1969) in a man aged
52 with chronic pulmonary sarcoidosis, treated with varying doses of pred 
nisone; he died of an acute meningo-encephalitis, Nocardiaasteroides being
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grown from CSF shortly before death. At neeropsy, the eentral nervous system
showed the ehanges of noeardial disease only, while the lungs and hilar nodes
showed granulomas without demonstrable miero-organisms.

In both these cases, it seems likely that Nocardia infection was an unre
lated late complication of the fibrotic stage of pulmonary sarcoidosis.

T oxopIasma gondii

In a ease deseribed by Konstantin-Hansen and Arentsen (1981), a man aged
29 presented with a clinieal pieture of eneephalitis, with high protein level in
the CSF. A diagnosis of sareoidosis was made on the ehest radio graph and the
finding of granulomas in a liver biopsy. Treatment with prednisone was
started, but shortly afterwards serologieal findings indicating reeent toxo
plasma infeetion were reported, and treatment with pyrimethamine and
spiramyein was added. There was symptomatie improvement, but relapse
after eessation of treatment. Subsequent response to prednisone alone
suggested that the nervous system ehanges may weil have been due to
sareoidosis, the toxoplasma infeetion being ineidental.

Herpes simplex encephalitis

Sweeney and McDonnell (1979) reported the case of a woman, aged 33,
who died of herpes simplex encephalitis : at necropsy, there were severe
changes attributable to this disease in the brain, and non-caseating granulo
mas of sarcoid-type in lungs , hilar lyrnph-nodes, liver and spleen.

A case in which fatal generalized herpes virus infection developed soon
after the initiation of methotrexate treatrnent for intractable sarcoidosis of
the central nervous system is mentioned in Chapter 27, p. 596.

Yersinea enterocolitica

Infections with Yersinia enterocolitica causing illnesses of varying severity
with such features as gastro-enteritis, mesenteric lymphadenopathy, arthro
pathy, septicaemia, and, as mentioned in Chapter 5, p. 73, erythema nodo
sum (EN), have been reported mainly from northern Europe (Mollaret,
1971; Ahvonen, 1972; Hällström et al., 1972). In some cases, EN has been
associated with hilar lymph-node enlargement, but Hallstrom et al. found
no granulomas in lymph-nodes removed by scalene biopsy or mediastinos
copy in three such cases. On the other hand, Agner and Larsen (1979) in a
study of 55 patients with biopsy-confirmed sarcoidosis in Copenhagen
found seven with serological evidence of recent infection with Y. enterocoli
tica, of Type 3 which is prevalent in Denmark. Of these seven patients, five
had erythema nodosum, six joint pains, one uveitis and five fever; in all, the
course over periods of 14-41 months was compatible with a diagnosis of
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sarcoidosis. The relation of the Yersinia infection indicated by the serologi-
cal evidence to generalized granulomatosis is uncertain. It may have been a
precipitating factor, or have brought to light a previously asymptomatic
condition; it seems unlikely to have been directly causa!.

Inflammatory bowel disease

The few recorded associations of sarcoidosis and inflammatory bowel
disease (Crohn's disease and u1cerative colitis) are discussed in Chapter
17, p. 373.



Chapter 25

Aetiology

Hypotheses that have been advaneed about the aetiology of sareoidosis are
of widely different sorts. Some are now of historie interest only, and some
have been implied rather than explieitly stated.

Among those that are of historie interest are those implied by the names
proposed by Boeek and by Sehaumann. As noted in Chapter 1, Boeek at first
thought that the 'multiple benign sareoid' of the skin whieh he deseribed in
1899 was a benign new growth of eonneetive tissue, and although he later
reeognized that the histology was that of a tubereuloid granuloma, the name
he suggested gradually erept into general use to designate the systemie
disease of whieh the skin eruption is a possible manifestation. In 1914,
Sehaumann advaneed the name 'lymphogranulomatosis benigna' for the
generalized disease underlying sareoids of the skin and lupus pernio, sug
gesting that it might be regarded as a proliferative disease of lymphatic
tissue, analogous in some respeets to Hodgkm's disease (Sehaumann, 1934).
Like Boeek, he eame later to the conclusion thar it was probably related to
tubereulosis; this is diseussed below.

DISCARDED HYPOTHESES

The sareoid diathesis hypo thesis

This postulated an inherent tendeney in eertain individuals to reaet to a
variety of stimuli with non-easeating epithelioid-cell granulomas. This, the
sareoid dia thesis or 'terrain sareoidique' hypothesis ean be eontroverted on
several grounds. Apart from the tendeney of old sears to become infiltrated
in the aetive stage of sareoidosis, and of the few reports of Kveim-like
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reactions to intradermal injections of certain materials not derived from
sarcoid tissues (Chapter 21, p. 453), there is no evidence that patients with
sarcoidosis react with a sarcoid granuloma to non-specific stimuli.

Refvem (1954) investigated granulomatous reactions to a number of
agents including silica and phospholipids from hen 's eggs and from human
serum, and showed that patients with sarcoidosis showed no evidence of
abnormal reactivity to these substances. Hurley and Shelley (1959) per
formed intradermal tests with sodium stearate, a large number of metallic
elements and homologous blood in normal subjects and in patients with
sarcoidosis and with zirconium granulomas. They found no difference in
quality or intensity of reaction between the various groups, apart from the
specific granulomatous response to zirconium in the patients with zirconium
granulomas (Shelley and Hurley, 1958a and b), suggesting that the sarcoid
granuloma is a specific response to an inciting agent or possibly one of a
number of possible agents.

Non-infective causal agents

A number of non-infective factors have been considered as possible causes
or contributory causes of sarcoidosis. The high incidence of sarcoidosis in
the south-eastern area of the United States coincides with a high content of
beryllium in the soils of this region (Gentry et al., 1955); but the clinical
differences between chronic beryllium disease and 'idiopathic' sarcoidosis
(Chapter 22 ), the clear relationship between known exposure to beryllium,
and the development of beryllium disease, and the absence of skin reactivity
to beryllium in sarcoidosis rule out the possibility of a relationship between
'idiopathic' sarcoidosis and beryllium exposure.

A general correspondence of areas within the United States with the
distribution of pine forests (Cummings et al., 1956) led to much investiga
tion of the possibility that inhalation of pine pollen might be a causal factor
in sarcoidosis. Cummings and Hudgins (1958) demonstrated that pine
pollen had acid-fast staining characteristics, contained an acid-fast lipid and
an amino-acid resembling diaminopimelic acid, and was capable of induc
ing epithelioid cell granulomas in tuberculin-sensitive guinea-pigs, both at
the site of intradermal injection and in the related lymph-nodes. Laboratory
and epidemiological studies relevant to this hypothesis were reviewed by
Cummings (1964), who concluded that they did not support it. While pine
pollens had components with granuloma-producing and immunogenic
potentiality in the experimental animal, no evidence was obtained that any
component caused or contributed to a progressive generalized granulomato
sis; and epidemiological studies in other areas showed no relation between
the distribution of pine forests and the incidence of sarcoidosis.
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Relation to mycobacterial infection

The similarity of the histological changes of sarcoidosis to those of myco
bacterial tuberculosis, and some observed clinical associations between the
rwo diseases, led some early investigators to the view that sarcoidosis might
be an unusual form of tuberculosis. Pinner (1938) held this view strongly
enough to propose that sarcoidosis should be called 'non-caseating tubercu
losis' , When the term 'tuberculosis' was first introduced, it was defined, and
was definable, only in morbid anatomical terms; but since the time of Koch,
it has been definable, and generally is defined, aetiologically, as the disease
caused by certain species of mycobacteria. And to state that sarcoidosis is a
non-caseating variety of tuberculosis, so defined, is to postulate that rnyco
bacterial infection is a necessary causal factor in all cases of sarcoidosis. In
view of the current inability to demonstrate a causal agent of any sort in
most cases of sarcoidosis, this generalization is as unjustified as its opposite,
that sarcoidosis cannot be related in any way to mycobacterial infection. It
is therefore appropriate to summarize the evidence for and against the
possible role of mycobacterial infection in at least some cases of sarcoidosis.
In favour of this possibility are the following points :

(a) Observations of the concurrence of sarcoidosis with bacteriologically
proved infection with M. tuberculosis have been summarized in
Chapter 23. Of these cases, those most difficult to explain as
coincidental are those in which a clinical picture of mycobacterial
tuberculosis merges imperceptibly into one of sarcoidosis; those in
which mycobacteria are isolated, sometimes with unusual sorts of
evidently mycobacterial lesions, in the course of a disease otherwise
characteristic of sarcoidosis; and those in which the discovery of
mycobacteria is accompanied by disappearance of specifically sarcoid
features.

(b) Non-caseating tubercles may be the most prominent finding in
undoubtedly mycobacterial disease. Zettergren (1954) studied 54
lyrnph-nodes from cases of sarcoidosis and 49 diagnosed as chronic
hyperplastic tuberculosis because of the finding of acid-fast bacilli in
them, and concluded that the two groups could not be distinguished
histologically. It is weil recognized that non-caseating granulomas at
the periphery of an obviously caseating focus of mycobacterial disease
contain very few, possibly no detectable acid-fast bacilli. The agent
locally inciting granuloma formation at these sites is unidentified, apart
from the presumption that it is derived from the infecting mycobac
teria; it is highly improbable that it is a chemical component of these
organisms (Chapter 2, p. 14). Much of the recent information about
the cellular immunopathogenesis of the sarcoid granuloma reviewed in
Chapter 20 may weil be equally relevant to this aspect of the
pathogenesis of mycobacterial tuberculosis.
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(c) No clear line of dernarcation can be drawn between sarcoidosis and
certain cases in which a diagnosis of indolent mycobacterial tuberculo
sis with low tuberculin sensitivity is appropriate. It is, of course, weil
recognized rhat patients seriously iII with acutely progressive tuberculo
sis often have depressed skin sensitivity to tuberculin, and that inter
current disease of various sorts may cause similar depression (Scadding,
1971 b). The cases over which diagnostic difficulty may arise are a
smaller group of patients with indolent lung infiltrations, not acutely
ill, with persistently negative reactions to tuberculin, in whom myco
bacteria, when found, are discoverable only by persistent search and
possibly intermittently. Cases of this sort have been described by
Mascher (1951), Scadding (1956) and Kent and Schwarz (1967) .

In relation to the problem of the relationship between mycobacterial
infection and sarcoidosis, cases of proved tuberculosis which present
'sarcoid-likc' features with insensitivity to tuberculin are important out
of proportion of their rarity. Even failure to respond to antimycobacte
rial chemotherapy does not distinguish sharply between tuberculosis
and sarcoidosis. Occasional cases have been reported in which proved
mycobacterial tuberculosis failed to respond to chemotherapy to which
the infecting organism was shown to be sensitive in vitro, although
none of ,the features such as overwhelming extent of disease were
present, responded when corticosteroid was added, as in the case
sumrnarized in Chapter 6 (p. 166). In another case under the care of
one of us (JGS), the diagnosis of chronic miliary tuberculosis with low
tuberculin sensitivity seemed likely, and was supported by the finding
of acid-fast bacilli in lesions in a liver biopsy and in the sputum,
though they did not grow on culture; but antimycobacterial drugs
were ineffective until corticosteroid treatrnent was added.

(d) The differences, clinical and pathological, between sarcoidosis and
indolent forms of tuberculosis are far less than those berween these and
such acute forms as tuberculous broncho-pneumonia and acute miliary
tuberculosis. Even more strikingly, in the rare cases of acute M.
tuberculosis septicaemia (Ball et al., 1951) there are no formed
tubercles, the lesions taking the form of foci of necrosis with very
numberous bacilli. The contrast between this picture and that of
indolent productive tuberculosis is so great that without the bacter
iological evidence it would be difficult to see any connection between
them. Nevertheless, they must be accepted as the ends of a range of
possible reations to mycobacterial infection. Tuberculin sensitivity may
be undetectable at both ends of this range. The possibility that some
cases of sarcoidosis are extreme examples of indolent, granulomatous,
paucibacillary mycobacterial tuberculosis cannot be rejected a priori.

(e) In some epidemiological studies, reviewed in Chapter 4, p. 65 a high
proportion of patients with sarcoidosis have been found to have a .
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history of contact with tuberculosis (Parsons, 1960; Ten Have and
Orie, 1961; Bunn and ]ohnston, 1972). Wurm et al. (1962) described
two sibships in one of which eight cases of sarcoidosis and four of
tuberculosis, and in the other four of sarcoidosis three of tuberculosis
and two having features of both diseases occured in two generations.

(f) In areas with populations including distinguishable ethnic groups,
groups with a higher incidence of tuberculosis generally have a higher
incidence of sarcoidosis. In the United States, blacks are more liable to
both tuberculosis and sarcoidosis than whites. In London, Brett (1965)
studied the changes in prevalance of abnormalities interpreted as due to
tuberculosis and sarcoidosis in repeated mass radiographie surveys in
an area with considerable proportions of inhabitants of Irish and of
West Indian origin. Among persons born in the United Kingdom, the
prevalence of both tuberculosis and sarcoidosis remained unchanged;
among Irish immigrants the prevalence of both disease diminished, and
among West Indians both increased between the times of the two
surveys. Thus the prevalence of sarcoidosis showed a change in the
same direction as that of tuberculosis in each of three ethnic groups.

(g) Reactions to graded doses of tuberculin were found to be similarly
distributed in aseries of 133 patients in London with sarcoidosis
between 41 in whom there was calcification or other presumptive
evidence of mycobacterial infection and 92 with no such evidence
(Scadding, 1961), although the deviation of this finding from expecta
tion on rhe hypothesis that the tuberculous infection was unrelated to
the sarcoidosis did not attain statistical significance. Similarly in the
observations on the effect of cortisone on tuberculin skin reactions in
sarcoidosis mentioned in Chapter 20, p. 426, among the tuberculin
negative sarcoidosis patients, the proportions reacting to tubereuIin
plus cortisone were the same, whether or not there was calcification or
other evidence of old tuberculous infection (Citron and Scadding,
1957).

Arguments against the role of M. tuberculosis infection as a necessary
factor in the causation of sarcoidosis include:

(a) The proportion of cases of sarcoidosis from which tubercle bacilli are
isolated is very smalI; and in some series has been reported to be zero.
The latter staternent can of course be interpreted only if the precon
ceived ideas of the collector of the series are known. If he is one of those
who adopts adefinition which permits hirn to diagnose sarcoidosis only
if mycobacterial infection has been excluded, the staternent simply
reiterates his definition and has little factual content. The rejection of
the diagnosis of sarcoidosis in a number of cases presenting otherwise
characteristic features when intensive investigation led to the isolation
of M. tuberculosis by Kent et al. (1970), quoted in Chapter 23, p.50S,
is a good example of this.
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(b) When tuberculosis was customarily treated in special accommodation
in hospitals and sanatoria, patients with sarcoidosis might be admitted
for investigation to such units, where they would be liable to be
infected with mycobacteria; but this could account for only those cases
in which such exposure occurred, and in wh ich the c1inical manifesta
tions of overt mycobacterial disease appeared at a considerable interval
after the initial presentation.

(c) The fact that tuberculin sensitivity is lower in groups of patients with
sarcoidosis than in unselected members of the population from which
they are drawn has been regarded as a militating against a mycobacte
rial aetiology. In view of the occasional occurrence of chronic forms of
tuberculosis with negative tuberculin reactions, noted above, this
argument has little force .

(d) The common patterns of organ involvement in sarcoidosis differ from
those in tuberculosis. The uveal tract, the salivary and lacrimal glands,
the heart and skeletal muscle and the small bones of the hands and feet
are commonly involved in sarcoidosis, rarely in tuberculosis; con
versely the adrenal glands are not infrequently involved in caseating
tuberculosis, but almost never in sarcoidosis. lt must be admitted,
however, that different patterns of organ involvement are weil recog
nized at different stages of, or in different types of react ion to, the same
infection: e.g. in tuberculosis itself, in syphilis , and in lepromatous and
tuberculoid leprosy.

(e) Epidemiological studies have shown differences between the geographi
cal distributions of sarcoidosis and of tuberculosis (Chapter 4, p. 64) .
There is evidence from the United Stares, Denmark and Germany that
sarcoidosis is associated with residence in the country, and tuberculosis
with residence in towns; and contemporary preval ences of sarcoidosis
and of tuberculosis in different parts of the same country show no
correlations.

(f) The failure of antituberculosis chemotherapy to influence the course of
sarcoidosis is difficuIt to reconcile with a direct aetiogical role for M.
tuberculosis. Yet, as noted above, rare cases have been recorded in
which a disease undoubtedly due to M. tuberculosis sensitive to the
drugs in use has failed to respond to chemotherapy alone, responding
only after the addition of a corticosteroid to the treatment.

HYPOTHESES RE LATING SARCOIDOSIS TO
MYCOBACTERIAL INFECTION

Several suggestions about ways in which mycobacterial infect ion might be
related to widespread granulomatous changes without demonstrable acid
fast bacilli or cuItivatable mycobacteria have been made.

Mankiewicz (1964) advanced an ingenious hypothesis relating sarcoido-
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sis, mycobacteria and mycobacteriophages. Mankiewicz and van Walbeek
(1962) found that a high percentage of patients with tuberculosis and with
sarcoidosis were infected with mycobacteriophages. Normal subjects and
patients with tuberculosis produced phage-neutralizing antibodies, while
those with sarcoidosis showed no appreciable amount of such antibodies
either to their own or to another mycobacteriophage. Mycobacteria resemb
ling photochromogens emerged in cultures of virulent tubercle bacilli in
feered with mycobacteriophage. It was suggested tentatively that sarcoidosis
might develop in persons infected with tubercle bacilli and with myco
bacteriophage but incapable of producing antibodies to mycobacter
iophage; the tubercle bacilli under the influence of the phage assuming
unrecognizable forms and eliciting only a non-caseating reaction. In sup
port of this view, Mankiewicz (1964) reported that by serial culture in
media enriched with phage-neutralizing rabbit sera, she had isolated from
sarcoid tissues mycobacteria resembling rhe 'anonymous' types. Man
kiewicz and Belarid (1964) found that in guinea-pigs infected with a small
dose of tubercle bacilli, infection with mycobacteriophage DSGA reduced
the number of granulomas and made them more discrete, but diminished
survival time; from these sarcoid-like lesions, atypical mycobacteria could
be isolated. Mankiewicz and Liivak (1967) later confirmed the isolation of
mycobacteriophages from stools, tissues and sera of parients with sarcoido
sis, from stools and tissues but not from sera of patients with tuberculosis,
and only occasionally from stools of healthy subjects,

An objection to this hypothesis is that antibody-production is, if any
thing, enhanced in sarcoidosis (Chapter 20, p. 419 ); and the experimental
studies to which it led have received little support. Bowman and Daniel
(1971) found no difference between the neutralizing activity of sera from
patients with sarcoidosis and with tuberculosis against mycobacteriophages
D29, Leo and R1; and sera from normal subjects differed only for D29,
against which their activity was lower than that of sarcoidosis and tubercu
losis sera. Bowman et al. (1972) reported failure of concurrent infection of
guinea-pigs with M. tuberculosis and with mycobacteriophage to produce
sarcoid-like disease. Rather surprisingly, no attempt appears to have been
made to confirm the initial findings of Mankiewicz and van Walbeck (1962)
and Mankiewicz (1961) and Mankiewicz and Liivak (1967) that mycobacter
iophages are present in the stools of patients with sarcoidosis, which was the
starting point of their hypothesis. Abrief report by Kozrnin-Sokolow and
Kostina (1971) mentions the isolation of mycobacteriophage from the
stools of patients with sarcoidosis. Cater and Redmond (1963) isolated five
strains of bacteriophage with activity against mycobacteria from 17 patients
whose sputum yielded tubercle bacilli or Group 3 mycobacteria. Most of
the bacteriophages Iysed human tubercle bacilli, and one M. kansasii;
Group 3, Battey, bacilli which infected many of the patients were insuscepti
ble to the bacteriophages. No patients with sarcoidosis were studied.
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Burnet (1959) discussed ways in which mycobacteria might be con
cerned in the causation of sarcoidosis. The principal suggestion was that
they might be present in some form other than that of a cultivatable
acid-fast bacillus, possibly in a protoplast or L form, lacking the power to
produce the characteristic cell wall, and persisting as an intracellular para
site of mesenchymal cells. Ir would be necessary to postulate that the
protoplast form was not cultivatable and only very rarely liable to revert to
bacillary form, that infected cells might migrate to initiate foci of disease in
other parts of the body, and that in most cases infected cells would be
gradually eliminated, though in unfavourable cases the intracellular virus
like infection might persist and give rise to progressive destructive changes .
The affected individual would be expected to show unusually efficient
production of humoral antibody, and abnormal cellular immune responses.
Epithelioid cells in non-caseating elements of mycobacterial tuberculosis
might contain the protoplast form of the bacilli. Burnet's second suggestion
was that during the course of a mycobacterial infection, a low-grade virus
might infect mesenchymal cells and thereafter behave like the hypothetical
protoplast form of tubercle bacillus.

Hanngren et al. (1974) reiterated the suggestion that viral and mycobac
terial infections might interact in the pathogenesis of sarcoidosis, viral
infection depressing T-cell function and mycobacterial infection stimulating
B-cell function. Evidence now available that depression of peripheral ex
pression of some aspects of T-cell activity is due to the sequestration of
activated T-cells at sites of active sarcoidosis (Chapter 20, p. 443) rnilitates
against this hypothesis, and makes it unnecessary to postulate two interac
tive causal agents.

AETIOLOGY IN THE LIGHT OF THE CELLULAR
IMMUNOPATHOGENESIS OF SARCOIDOSIS

Current views of the cellular immunopathogenesis of sarcoidosis, outlined
in Chapter 20, p. 442, lead to several questions about aetiology.

Is it possible that no external causal agent is required to initiate and
maintain the granulomatous changes of sarcoidosis?

The possibility that sarcoidosis develops as the result of 'an intrinsic
biochemical, genetic cellular alteration rather than the stimulation of an
external non-host antigen or other substance' was advanced by Silverstein
(1976), largely on the grounds that the sarcoid granuloma is biochemically
different from other granulomas, principally in its synthesis of ACE. But
such differences do not distinguish the sarcoid granuloma unequivocally
from other granulomas; granulomatous responses to known agents may
show high ACE levels (Farber et al., 1982; Hara et al., 1983) . In the original
statement of his hypothesis, Silverstein allowed for the possibilities that
'genetic alteration of epithelioid cell precursors might be due to early
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precursor mutation or to a virus'; and in a later discussion, Silverstein et al.
(1983 ) inclined to the view that 'a sarcoidosis agent, perhaps viral' affected
epithelioid cell precursors and/or T lymphocytes.

If an external agent is concerned in initiating and maintaining the cellular
changes leading to the sarcoid granuloma, what is its character?

Is it related to any already known pathogen?
Is it unique and specific to sarcoidosis? Or is sarcoidosis a response in a

person with appropriate immunological reactivity to one of several possible
agents?

These questions remain unanswered. Answers to them depend upon the
discovery and characterization of an agent or agents that can be identified in
the lesions of sarcoidosis. Of the attempts that have been made to find such
an agent, most have met with no success, while the agent producing granu
lomatous changes in mice and transmissible serially in these animals for
wh ich evidence was first advanced by Mitchell and Rees (1969) remains
uncharacterized.

ATTEMPTS TO ISOLATE CAUSAL AGENTS IN SARCOIDOSIS

Viruses

Löfgren and Lundback (1950) reported the isolation of a virus of the
mumps-influenza-Newcastle disease group by serial inoculations into
embryonated eggs of gastric lavage material from four and sarcoid tissue
from two cases of sarcoidosis. Later (1952) they concluded that this virus
must have been a laboratory contamination, since the results could not be
repeated in a laboratory where the mumps virus was not handled. Lundback
et al. (1959) cultured sarcoid lymph-nodes and skin lesions by the plasma
clot technique, and observed parchy degeneration of the outgrowing fibro
blasts of a type they did not observe in cultures of lyrnph-nodes of other sorts,
but attempts to transfer a cytopathogenic effect to human embryonie lung
cultures were unsuccessful.

Steplewski and Israel (1976) tested 28 sarcoid lymph-nodes, four sarcoid
lung biopsies, three Kveim test papules and three sarcoid spleen suspensions
for evidence of viral infection by co-cultivation of lymphocytes from the
sarcoid material with cultured human fibroblasts, and of fibroblasts grow
ing out from sarcoid tissues with human fibroblasts or with monkey Vero
cells. Some cytopathic effects were seen in the co-cultivation of nine of the
sarcoid Iymph-nodes with human fibroblasts, but transfer of supernatant
from these to fresh fibroblast cultures did not induce similar changes. All
other tests for viral activity were negative, and there was no electron
microscopic evidence of viral agents.
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Mycoplasmas

Homma et al. (1971) reported the isolation of unidentified mycoplasmas
from throat swabs of five of 17, and from scalene Iymph-node biopsy on one
of 17 patients with sarcoidosis. Cultures of granulomatous tissues from lung
and hilar Iymph-node in two and from liver biopsies showing granulomas in
five patients were all negative. Yansson et al. (1972) isolated an organism
related to Mycoplasma orale Type I from four of seven skin biopsy sampies
and both of two lyrnph-nodes affected by sarcoidosis. Patients with sar
coidosis had higher indirect haemagglutination titres against the isolated
strain of mycoplasma than did controls, but it seems possible that this was
due to the generally enhanced humoral antibody response observed in
sarcoidosis. M. orale Type I is a common commensal; Taylor-Robinson et
al. (1964) isolated it from 25% of normal subjects, and there is no reason to
suppose that in the patients studied by Yansson et al. it was pathogenic.

Nocardia-like organisms

Similarly, Uesaka et al. (1974) reported briefly the isolation of 17 organisms
from 65 tissue sampies from 36 patients with sarcoidosis, from cultures in a
wide variety of media, incubated at various temperatures and for periods of
up to three months. Of these 17 organisms, four cultured from three
granulomatous mediastinal or scalene lymph-nodes had the characteristics of
Nocardia. The characteristics of the other 13 organisms were not described.

ANIMAL INOCULATION STUDIES

Over the years, a number of reports of attempts to transmit sarcoidosis to
guinea-pigs or hamsters by inoculation of material from patients have been
published (Ravaut et al., 1929; Pautrier and Glasser, 1936; Santoianni,
1938; GriIlo, 1939; Amati, 194 7, 1948; RosenthaI, 1949; Santoianni and
Ayala, 1949; Muratore and Vulpis, 1952). These were uncontrolled, usually
based on single patients, and their results must be regarded as inconclusive.

Agent transmissible to mice

Mitchell and Rees (1969, 1970) reported experiments, based on the proce
dure found useful in the study of leprosy (Shepard, 1960; Rees and Weddell,
1968), in which homogenates of human sarcoid tissues and of control
normal tissues were injected into the footpads of 12 week old female CBA
strain mice. Initially, both mice made immunodeficient by thymectomy and
whole-body irradiation, as used in the lepros y studies, and normal mice
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were studied, but since closely similar results were obtained in normal and
immunodeficient animals, later studies used normal mice only, and early
results can be reported without reference to immune status. In later studies,
some mice were injected intravenously or intraperitoneally. Findings in this
long-term study have been summarized in successive reports (Mitchell and
Rees, 1974, 1976, 1980).

Fresh sarcoid lymph-nodes obtained from 26 patients by mediasti
noscopy performed for diagnosis and spleens removed for hypersplenism
from two patients were the sources of sarcoid splenic tissue. As control
tissues, lymph-nodes were obtained from the para-aortic area during the
course of vascular surgery in six otherwise healthy individuals, and from the
groin at surgery for varicose veins in one other. These nodes showed normal
histology apart from some simple inflammatory changes in some. Control
splenic tissue was obtained from a Kveim-negative patient whose spleen was
removed for gross splenomegaly, but who showed no evidence of sarcoido
sis. Homogenates were prepared from the fresh tissues in 1% bovine albu
min in saline solution, to yield an approximately 13.5% suspension. For
intravenous injection, they were filtered through nylon to remove coarse
particles and diluted 1 : 3 or 1 : 4 to reduce toxicity. All were tested by

Figure 25.1 Histological of footpad of a normal mouse nine months after
inoculation of sarcoid tissue homogenate, showing epithelioid and giant-cell
granulomas. H & E. X 160.
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Figure 25.2 Histology of Kveim test given in ear of a mou se 15 months after
footpad inoculation with a second-passage homegenate of granulom atous mou se
footpad tissue. H & E. X 91.

guinea-pig inoculation and by Löwen stein-Jen sen culture for mycobacteria
with negative results.

Homogenates were injected into the hind footpads of the mice (0.03 ml),
or in some intraperitoneally (0.05 ml) or intravenously (0.1 ml). Full
thickness biop sies, initiall y of the injected and later of the opposite footpad,
were made six to 24 months after injection. Only a proportion of the
footpads were sampled at any one time; at least one footpad of all surviving
mice injected with sarcoid tissue homogenates and both footpads of all
surviving mice injected with nonsarcoid homogenates were examined histo
logically. Mice becoming siek were killed and their footpads and viscera
examined histologically. Histological assessments were made from coded
sections that were examined routinely under polarized light to assist in the
detection of foreign-body material.

Kveim tests were made in the ears with Lots 0025, 004 and 005 of CSL
suspension (Hurley and Bartholomeusz, 1968), usually between nine and 17
weeks after the inoculation of sarcoid or control tissue homogenates. The
Kveim tests were assessed microscopically after punch biopsy (4 mm) at
intervals of 35-46 days after injection.

Histological responses were categorized as positive , equivocal or nega
tive. In a positive response the essential feature was the presence of one or
more granulomas composed principally of epithelioid cells with occasional
Langhans-type giant cells. In an equivocal response there was either a
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diffuse arrangement of epitheliod cells with no true epithelioid-cell granulo
ma s, or focal collections of histiocytes (with less abundant cytoplasm and
smaller rounded nuclei ) with few or no epithelioid cells. Negative responses
included non-specific inflammatory changes, foreign-body reactions, scars
with fibroblasts or fibrocytes and normal tissue . Of 193 footpads from 114
mice injected with sarcoid homogenate, 57 showed positive responses (Fig.
25.1 ) and 46 equivocal responses after a mean interval of 15 months, Kveim
tests were made in 111 of the se mice ; 21 showed a positive response (Fig.
25.2) and were associated with positive footpad histology. Of 173 footpads
from 78 mice inoculated with non-sarcoid homogenate onl y one was posi
tive and six equivocal after the same interval and Kveim tests in all these 78
mice were negative.

In further experiments, fresh homogenates, autoclaved homogenates,
supernarants after centrifugation at 400 g for five minutes, and supernatants
after passage through a 0.2 .um filter were injected into footpads, intraper
itoneally, or intravenously. After a mean interval of 15 months, microsco
pically positive changes were present in the footpads of some mice receiving
each fresh sarcoid homogenate, including the footpads of mice given filtered
(0.2.um) supernatant. These positive footpad changes were present in mice
inoculated intraperitoneally or intravenously and were again associated
with Kveim reactivity. Microscopically the footpads of mice given iden ti
cally prepared non-sarcoid homogenate were negative and were all associ-

Figure 25.3 Histology of normal mouse 15 months after inoculation
of fourth passage homogenate of granulomatous mouse footp ads, initiated by
intravenou s injection of 0.2.um filtrate of human sarcoid lymph-node homogenate.
H&E. x 120.
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ated with negative Kveim tests in the ear. No changes were found in mice
receiving autoclaved homogenates by any route.

Homogenates of granulomatous tissues of mice injected with sarcoid
tissue homogenates were found capable of causing similar changes on
injection into normal mice. At the first passage of this sort, fresh homogen
ates from granulomatous footpads harvested at a mean interval of 15
months after injection of human sarcoid tissue homogenate were injected
into the footpads of normal mice, and led to changes interpreted as positive
in 24% and as equivocal in 48%; comparable proportions of positive and
equivocal histological changes were found in footpads injected with super
natant and with filtrate of supernatant, but autoclaved material produced
no response. Up to six successive passages of this sort have been achieved,
with granulomatous changes not only in the injected footpad (Fig. 25.3) but
also in other footpads and in lungs, liver, spleen and lymph -nodes in a
proportion of animals; and intravenous and intraperitoneal injections of
granulomatous mouse-tissue homogenate were also found to produce
changes in the organs of a proportion of mice.

Sarcoid tissue homogenates retained granuloma-producing capability
after storage for one week at + 4°C or at - 70°C but lost it after storage at
-20°C, and after irradiation with 2.5 mR. This inactivation by irradiation is
in sharp contrast with the retention of selective activity by validated Kveim
test suspens ions after similar irradiation (Mitchell et al., 1974a).

Mitchell and Rees (1970) studied Crohn's disease by a similar procedure,
using abnormal ileum and mesenteric lymph-nodes obtained from four
patients who underwent bowel resection. Homogenates of these tissues
were injected into mice, into footpads, intravenously or intraperitoneally.
Fifteen to 17 months later, granulomas were found in footpads in a substan
tial proportion (40% positive, 30% equivocal), and in mesenteric nodes and
in bowel in a small proportion of injected mice. No changes were found in
other lymph -nodes, liver, spleen or lung. The distribution of changes in
internaiorgans was thus different from that observed in mice injected with
sarcoid tissue homogenates; in these, granulomas might be found in lungs,
liver and spleen, but not in bowel. Transmission of granulomatous changes
serially by injections of granulomatous mouse tissue homogenates originat
ing from human Crohn's tissue homogenates was demonstrated, the
changes having similar distributions in successive passages. The effects of
storage of homogenates at various temperatures and of irradiation were
similar to those found with sarcoid tissue homogenates.

These findings suggested that in both sarcoid and Crohn's disease tissues
there is a transmissible agent that can be passaged repeatedly in mice, that is
inactivated by autoclaving or by irradiation, and that can pass a 0.2 ,um
filter. Ir is presumably viable, and must approximate to the size of a virus or
be capable of being deformed so as to pass through 0.2 zzrn pores.
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In further studies, Mitchell and Rees (1983) reported that although all

human tissues studied had shown no acid-fast bacilli and had been negative
on culture for mycobacteria, acid-fast bacilli had been seen in granuloma
tous tissues of mice passaged from the sarcoid tissues of six patients. These
were found in the lungs of mice, and also in spleen in five, 17 months or
more after the injection of fresh homogenate or supernatant filtrate of
mouse granulomatous tissue on first to third passage from the original
injection of human sarcoid tissue 3-9 years previously. Mycobacteria hav
ing the characteristics of human M. tuberculosis were grown on Löwen
stein-]ensen medium from pooled homogenates of lungs and spleens from
mice in two of these serial passages. One of these originated in tissue from a
patient with BHL who had a negative tuberculin test and a positive Kveim
test; mouse lungs from the second passage and lungs and spleen from third
and fourth passages grew M. tuberculosis. Two of these passages resulted
from supernatant passed through a 0.2 ,um filter. The other originated from
a patient with BHL, pulmonary infiltration and skin sarcoids, and positive
Kveim and negative tuberculin tests; from the second passage, which was
with filtered supernatant, a homogenate of lungs and spleen grew M.
tuberculosis.

In similar studies starting with human Crohn's disease tissues, acid-fast
organisms were detected on prolonged subculture of mouse passage tissues
originating from each of three patients; these did not have the cultural
characteristics of M. tuberculosis, and remained unidentified.

Taub and Siltzbach (1974) confirmed the findings of the starting-point of
the studies of Mitchell and Rees. No abnormalities were seen in the foot
pads of 16 mice injected with normal lymph-node homogenates, or in
footpads injected with frozen sarcoid homogenates. By contrast, four of 14
mice injected with fresh sarcoid homogenates, and five of 16 with Crohn's
disease homogenates showed slowly developing granulomas; lymph-nodes
draining the injected sites were hyperplastic, but granulomas were not
found in spleen, liver or lung. Kveim tests in the ear were performed 6-8
months after injection in all mice, presumably with a spleen] suspension, as
compared with the CSL suspension used by Mitchell and Rees; all were
negative.

Other investigators have been unable to repeat these findings. Beleher and
Reid (1975) injected homogenates of six sarcoid lymph-nodes and three
skin sarcoids into footpads of CBA/] mice; as controls they used three
lymph-nodes reported to be either normal or to show 'non-specific lyrn
phadenitis', and, rather surprisingly, skin biopsies from two patients with
granuloma annulare and one with 'acute or chronic derrnatitis'. Definite or
equivocal granulomas were found in 19 of 126 mice injected with sarcoid
lymph-node and in five of 51 with non-sarcoid lymph-node homogenates.
The corresponding figures for those injected with skin homogenates were
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seven of 50 and six of 24 respectively; but granuloma annulare seems an
odd 'contro!' for sarcoidosis. In the studies of Iwai and Takhashi (1976) , the
sources of sarcoid tissues were scalene lymph-nodes from 31 sarcoidosis
patients, and of control tissues lymph-nodes from lung hilum, mediastinum
or ehest wall obtained at thoracotomy in patients with tuberculosis, bron
chiectasis or giant bullae. Of mice injected with sarcoid homogenates, 42%
showed granulomatous changes in footpads; these were evident three
months after injection and persisted without regression for more than one
year. Of those injected with the 'control' lymph-node homogenates, 21 %
showed similar granulomas, generally less weil formed. Granuloma-inciting
activity persisted after the homogenates had been sterilized, and was present
in the sediment but not in the supernatant after centrifugation. The authors
concluded that the granulomas were responses to heterotopic protein; they
did not specify the strain of mice used. Their control lyrnph-nodes differed
from those used by Mitchell and Rees. Intrathoraeie lymph-nodes removed
at surgery for bronchiectasis or tuberculosis had almost certainly been
draining an area of microbial disease, and were likely to contain particulate
matter derived from the respired air, whereas the para-aortic lymph-nodes
used by Mitchell and Rees were unlikely to have been affected by the first of
these factors, and could not have been affected by the second.

Thus in one study, the initial finding of Mitchell and Rees (1969) that
granulomatous changes develop slowly after the injection of homogenates
of sarcoid or Crohn's disease homogenates into footpads of mice was
confirmed, while in others results were inconclusive, granulomas developing
not only in some mice injected with sarcoid tissues but also in a not very
different proportion of those receiving the control tissues, which differed in
probably important respects from those used by Mitchell and Rees. The
long-term serial transmission experiments of Mitchell and Rees have not
been repeated by others; and it is probably fair comment that they and
suggested interpretations of them have been viewed with some scepticism.
Nevertheless, they appear to be complementary to recent work on the
cellular immunopathogenesis of sarcoidosis, which leaves open the question
of the cause or causes of the activation of immunocompetent cells which
leads to the formation of the sarcoid granuloma, and is entirely compatible
with the possibility that a replicating viable agent, of a sort difficult (at
present) to demonstrate, is the initiator of this process.

The work of Mitchell and Rees suggests that in at least some human
sarcoid tissues there is an agent producing in mice granulomatous reactions
transmissible in these animals for at least five passages; that this agent is
capable of pass ing a 0.2,um filter and thus aproximates to the size of a virus
or is capable of being deformed sufficiently to pass the filter; and that it is
inactivated by autoclaving and by irradiation. The suggestion that the
inciting agent may be a tissue component capable, like Kveim-test suspen-
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sion, of inducing granulomatous reactions in which further production of
the active component occurs is refuted by the observation that irradiation
inactivates the granulorna-producing capability of homogenates or of
filtrates from them, whereas it does not affect rhe potency of Kveim test
suspensions in reactive subjects. There is thusgood reason to suppose that it
is a replicating and viable agent that is responsible for the serial transmis
sion from human sarcoid tissue of granulomatous changes to mice.

The presumed transmissible agent has not yet been characterized. The
finding that after several passages in mice in some instances acid-fast rods
appeared in mouse tissue, and in a few eventually became cultivatable as
M. tuberculosis is compatible with the suggestion of Burnet (1959), out
lined above (p. 553 ) that a protoplast or L form of tubercle bacillus may be
an inciting cause of sarcoidosis. lt is also compatible with some of the
otherwise puzzling associations between sarcoidosis and mycobacterial in
fection in man (Chapter 23). However, it is highly desirable that the work,
of necessity extending over several years, wh ich led to these findings in one
laboratory, should be repeated elsewhere.

lt cannot be assumed that all cases of sarcoidosis are initiated by the same
or one of a closely related group of agents, though of course this seems likely.
Other as yet unidentified filter-passing agents, possibly including L forms of
other infective agents causing granulomatous inflammation, may remain to
be discovered. In the present state of knowledge it is essential to be receptive
to, and consider critically, any tenable hypothesis.
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Diagnosis

Some problems in the diagnosis, more espeeiall y the differential diagnosis,
of sarcoidosis of individual organs have been eonsidered in earlier ehapters.
In th is eha pter, more general aspects of the diagnosis of sareoidosis will be
eonsidered.

For the clinieian , a diagnosis of sareoidosis is a sraternent of belief that
the symptoms and signs a patient presents are relat ed to a non-easeating
epithelioid-eell granulomatosis. Thi s belief should be based on the sumrna
tion of all ava ilable data, and is most seeure if histologieal eomfirmation of
eompatible granulomatous ehanges has been obtained from one or more
sites. The amount of support required from biop sy varies inversely with the
degree of eonfidenee with whieh the gener al c1inical pieture is reeognizable
as eharaeteristie of sareoidosis. In most instances, biopsy of one affeeted
organ or from a Kveim test site showing charaeteristie granulomas is suf
fieient to establish the probability of the diagnosis. But it must be reeognized
on the one hand that in some atypica l cases, doubt may remain after several
biop sies showing granulomas, and eertainty be attainable onl y by neeropsy
or an unjustifiable number of biop sies; and on the other, tha t there are some
syndromes so eharaeteristie of sareoidosis, and so likely to proeeed in most
eases to spontaneous resolution, that it is arguable that the best interests of
patients are served by an initial expeetant poliey without recourse to biopsy.

A number of immunologieal and bioehemieal findings, or evidenee of
asyrnptomatic involvement of organs liable to be affeeted in sarcoidosis,
may eont ribute to diagn osis by inereasing or dimini shing the probability of
sareoidosis, withour being eonclusive.
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PRESUMPTIVE DIAGNOSIS OF SARCOIDOSIS
WITHOUT BIOPSY

Although it has become customary to suggest that it is not proper to make a
diagnosis of sarcoidosis without biopsy, patients presenting some easily
recognizable syndromes associated with bilateral hilar lymphadenopathy
(BHL), discussed in Chapter 5, are so likely to be suffering from sarcoidosis
that in them, this diagnosis can be accepted without the need for biopsy,
provided that there are no discordant features, In a study of 100 patients
with BHL, Winterbauer et al. (1973) found that all of 34 without symptoms
or abnormal findings on physical examination, and all of 13 with erythema
nodosum or uveitis, had sarcoidosis; those in whom the hilar lyrnph-node
enlargement was due to lymphoma or metastatic neoplasm all had syrnp
toms or physical signs other than those of erythema nodosum, arthropathy
or uveitis. If in a patient with mediastinallymphadenopathy there is suspi
cion of caseating tuberculosis, of Hodgkin's or other lymphoma, or of
rnetastatic malignant disease, mediastinoscopy for biopsy of anode is the
most direct, and should be the preferred procedure; a Kveim test giving a
granulomatous response provides strong evidence favouring sarcoidosis
rather than lymphoma or metastatic malignancy, but does not exclude
tuberculous lymphadenopathy, and entails a delay of at least four weeks.

SOURCES OF BIOPSY MATERIAL

Because of the wide range of clinical presentations of sarcoidosis, with
differing distributions of granulomatous changes, the preferred site for
biopsy varies from case to case. If an apparently involved tissue is accessible
to a single biopsy procedure - e.g. the skin or a superficial lyrnph-node - it
should be the first choice. In other cases, a number of organs known to be
involved asymptomatically in a high proportion of cases of active sarcoido
sis have been used. In patients presenting with chronic changes apparently
limited to one internaIorgan, direct biopsy of this organ may be required.

Even though these factors may have been taken into consideration, the
choice of site for biopsy is affected by local custom and facilities, and of
course by the introduction of new procedures. In a retrospective interna
tional review, ]ames et al. (1976a) found wide variations in preferred site for
biopsy in different centres for cases diagnosed over varying periods of up to
20 years before 1975. For instance, the proportions of histological con
firmations by tissue biopsy obtained from lyrnph-nodes ranged from 13
96%, from skin from less than 1-27%, and from liver from none to 26% in
different centres; and from bronchial mucosa from none in London and
New York to 67% in Paris. The proportions of cases in which Kveim tests
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had been performed ranged from only 4 % in Naples to all in New York,
with an overall average of 60 %. Seventy -eight per cent of these tests were
interpreted as positive, the diagnosis of sarcoidosis being accepted in the
remaining 22 % in spite of 'negative' tests . At the time of this review,
fibre-optic bronchoscopy with forceps biopsy of bronchial mucosa and lung
had only just been adopted for the investigation of sarcoidosis. In a survey
of diagnostic methods four years later, Teirstein et al. (1980) found that of
209 respondents to a questionnaire, 193 had access to fibre-optic bronch
oscopy, and 106 to an acceptable Kveim test suspension. Those using the
Kveim test generally chose it in the investigation of hilar adenopathy,
though some used fibre-optic bronchoscopy or other procedures; while for
pulmonary infiltration with or without hilar Iymphadenopathy, choice was
about equally divided between the Kveim test and fibre-optic bronchoscopy.
Among those who did not use the Kveim test, fibre-optic bronchoscopy was
the most commonly chosen procedure irrespective of the radiographic pat-
tern.

Lyrnph-nodes

As noted in Chapter 10 (p, 257) , palpable lymph-nodes are a very favourable
source for biopsy confirmation of a diagnosis of sarcoidosis, and should be
sought for in all suspected cases; and in cases with intrathoracic changes
and no palpable nodes, the Daniels procedure of removing the scalene
fat-pad which usually contains small Iyrnph-nodes yields a high proportion
of contributory findings. This is now practised in a few cent res only (Stjern
berg et al., 1980), in others having been displaced by mediastinoscopy.

Mediastinoscopy, a method by which the anterior part of the superior
mediastinum can be inspected and lymph-nodes removed for biopsy
through an instrument introduced through a small incision in the skin over
the suprasternal notch was introduced by Carlens (1959) , who in 1964
reported that it had given confirmation of the diagnosis of sarcoidosis in
118 (96 %) of 123 cases 'with a reasonable suspicion of sarcoidosis' . There
were no complications in Carlens' series, but clearly the procedure should
be performed only by an expert and experienced surgeon. Mikhail et al.
(1979) reported that of 227 patients in whom a diagnosis of sarcoidosis was
thought likely and who were investigated by mediastinoscopy, 187 (82 %)
were found to have lyrnph-nodes showing sarcoid-type granulomas; the
proportion was lower (55%) in those with lung infiltration only than in
those with radiologically evident hilar node enlargement, with or without
infiltration (88%). Three of seven patients with normal ehest radiographs
who had changes suggestive of sarcoidosis in extrathoracic sites not readily
accessible to biopsy showed granulomatous changes in nodes removed by



566 Snrcoidosis

mediastinoscopy. During the same period, the diagnosis of tuberculous
lymphadenitis was confirmed by mediastinoscopy in 48 of 49 patients, and
of malignant disease of Iymph-nodes in all of 14 patients.

The interpretation of granulomatous changes in Iymph-nodes is compli
cated both by the occurrence of non-caseating changes without discoverable
mycobacteria in nodes remote from a focus of caseating mycobacterial
tuberculosis, and by sarcoid reactions in nodes draining areas which are the
sites of malignant disease, and in association with Hodgkin's and other
lymphomas (Cha pter 2, p.33 ). Welsh and Welsh (1977) reported six
patients among about 700 investigated by mediastinoscopy in whom sar
coid-rype granulomas were found in Iymph-nodes obtained at this proce
dure, and various forms of malignant disease were or subsequently became
apparent. The case-reports suggest that in three of these, generalized sar
coidosis and malignant disease (myeloid leukaemia, carcinoma of the
tongue and thyroid carcinoma) were coincidental; while in three there was a
local sarcoid reaction in the removed mediastinal nodes to lymphoma in
two and to carcinoma of the lung in one.

Liver

Liver biopsy has been widely used in the past in the diagnosis of sarcoidosis,
as granulomas are discoverable in a needle biopsy of liver in up to 70% of
patients with active sarcoidosis, irrespective of clinical or other evidence of
liver dysfunction. lts value is limited by the large number of possible causes
of granulomas in the liver, between most of which histology does not
discriminate (Chapter 11, p. 265). lt may be helpful in cases where the
differential diagnosis rests between sarcoidosis and a non-granulomatous
disease, e.g. in a patient with chronic lung changes which might be either a
late stage of sarcoidosis or fibrosing alveolitis. But lung biops y would now
be preferred by most physicians in such cases.

Skin (Chapter 7)

In patients presenting with skin lesions, biopsy is safe and simple, especially
if performed with a punch technique; and since the diagnosis of sarcoid of
the skin cannot be sustained in face of an incompatible histological picture,
discussion of the percentage of positive findings in such cases is pointless. In
all patients suspected of sarcoidosis, a careful search for minor abnormal i
ties of the skin which the patient may not have noticed or mentioned, should
be made; old scars, whether traumatic or surgical, should be sought and
inspected. Any suspicious abnormality can be submitted to biops y, with a
good prospect of a positive result if the diagnosis of sarcoidosis is correct.
Israel and Sones (1964) found that 88% of skin lesions biopsied in 292 cases
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of sarcoidosis gave typical histological pictures. Subcutaneous nodules,
which may be found especially at the early acute stages, are another favour-
able source of tissue for biopsy.

Bronchi

The available evidence about the proportions of patients at various stages of
sarcoidosis in whom biopsy of bronchial mucosa shows granulomas has
been reviewed in Chapter 5, p. 92, and Chapter 6, p. 140. Biopsy at the later
stages of bronchial involvement, when there may be localized narrowings of
main and the proximal parts of segmental bronchi, may show scattered
epithelioid and giant-cells with only rare and poorly-formed granulomas in
thickened mucosa with round cell and fibroblast infiltration.

The findings in more recent studies in which both bronchial and trans
bronchiallung biopsy have been performed at fibre-optic bronchoscopy are
discussed below.

Lung

Lung biopsy may be performed by thoracotomy, by transcutaneous needle
or drill, or transbronchially by forceps at bronchoscopy. Of these, only
thoracotomy can be relied upon to produce a large enough sampIe from a
precisely selected part or parts of the lung for critical study in obscure cases;
and much information has been obtained by this method about correlations
between histology and c1inical, functional and radiographic findings (Chap
ter 6, p. 105). Techniques based on that of Klassen et al. (1949) require only a
short intercostal incision and constitute an acceptable method of obtaining
biopsy material when important decisions depend upon a diagnosis which
remains in doubt after simpler methods have been used unsuccessfully.
Nevertheless, the procedure is not devoid of discomfort, of complications,
or even of some slight risk for the patient, and if all that is required is
histological support for a diagnosis of sarcoidosis that seems likely on other
grounds, the finding of granulomas in the small and sometimes distorted
fragments obtained by transbronchial forceps or percutaneous needle biop
sy may be sufficient. If doubt remains after this, and biopsies from other
sites, including Kveim tests, have been non-contributory, thoracotomy can
be considered.

With the introduction of fibre-optic bronchoscopy, permitting forceps
biopsy directed into most broncho-pulmonary segments and the taking of
several sampIes, together with bronchial mucosal biopsies, percutaneous
methods, at one time favoured in some centres, are now Iittle used. Koerner
et al. (1975) described their experience with biopsy during fibre-optic bron
choscopy, with f1uoroscopic control to ensure that pleura was not included
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in the bite of the forceps. Of 26 patients with features suggesting sarcoidosis,
the biopsy showed non-caseating granulomas in 21 and normallung in five.
Of these five, two were finally diagnosed as tuberculosis, one as sarcoidosis,
and one as multiple pulmonary emboli, one remaining undiagnosed. Teir
stein et al. (1976a) reported that of 25 patients with sarcoidosis from whom
lung and/or bronchial tissue was obtained for biopsy through the fibre-optic
bronchoscope, 20 (80%) showed non-caseating granulomas; these were
found in all of four with BHL only, five of seven with BHL and pulmonary
mottling, and 11 of 14 with pulmonary mottling only. Of the remaining
five, histology was normal in three, one had pulmonary fibrosis, and one
simple inflammatory changes. Poe et al. (1979) performed transbronchial
lung biopsy in 41 consecutive patients with suspected sarcoidosis; granulo
mas were found in 22 of 23 (96%) with radiographie shadowing in the
lungs and in eight of 18 (44%) without lung shadowing, of whom 17 had
BHL. Roethe et al. (1980), taking ten sampies from the right lung, five from
the upper and five from the lower lobe in each case, obtained granulomas in
36 of 37 patients with presumptive sarcoidosis; the number of sarnples
showing granulomas was lower in the ten with BHL only, ranging from one
to three, than in those with lung shadows, in four of whom all ten sampies
contained them. Mitchell et al. (1980) reviewed the procedures by which
histological confirrnation was obtained in 79 patients with an ultimate
diagnosis of sarcoidosis. In 24 there were untypical presenting features,
leading to provisional diagnoses other than sarcoidosis in eight, Fibre-optic
bronchoscopy was performed in 50, endobronchial changes compatible
with sarcoidosis being seen in 19. Bronchial mucosal biopsy was perforrned
in 22, and showed granulomas in 17. Transbronchial lung biopsy per
formed in 42 cases showed sarcoid-type granulomas in 37. Kveim tests were
performed in 44, and were interpreted as positive in 19 and equivocal in 11.
Biopsies of Iymph-nodes in 12, cervical in ten and mediastinal in two, of
liver in two, of skin in one and of parotid gland in one, all showed
granulomas.

Broncho-alveolar lavage, showing a high proportion of activated lyrnpho
cytes in active sarcoidosis (Chapter 20, p. 435) is of differential diagnostic
value in some circumstances, distinguishing sarcoidosis from cryptyogenic
fibrosing alveolitis, in which there is a high proportion of neutrophil
polymorphs, but not from tuberculosis or extrinsic allergie alveol itis. lt
can, of course, be combined with biopsy procedures during fibre-optic
bronchoscopy.

The finding of granulomas in lung biopsy specimens, especially the small
fragments obtained by transbronchial forceps, does not discriminate
between the conditions in which granulomas may be present in the lung,
though detailed assessment of histology, especially of additional non-
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granulomatous features, may favour one or more arnong the possibilities. In
particular, lung biop sy, even with the larger sampies provided 'b y thora
cotomy, may not discriminate reliabl y between sarcoidosis and mycobacte-
rial tuberculosis, Failure to detect acid-fast bacilli or to culture mycobacter-
ia, or to find caseation in lung biopsi es, especially in the small sampies
obtained by the transbronchial procedure, is no guarantee that mycobac-
teria are absent from the lung, or that mycobacteria and caseating lesions
are not present elsewhere. Andrews and Klassen (195 7) referred briefly to
two patients in whom the histological diagnosis on open lung biops y was
sarcoidosis, but who subsequently proved to have tub erculosis. In Cases 1
and 3 of Reid and Lorriman (1960) the diagnosis of sarcoidosis suggested
by lung biop sy wa s followed by a clinical course compatible with this
diagnosis, including negat ive tuberculin tests; but cultures both from the
biopsy specimen and from gastric contents in one, and from sputum in the
other produced M. tuberculosis. As mentioned in Chapter 23, p. 508, Kent et
al. (1970) found mycobacteria on culture of open lung biop sy sampies
showing non-caseating granulomas from 14 of 30 patients with clinical
features otherwise those of sarcoidosis.

As noted in Chapter 6, interpretation of lung biopsies must allow for the
facts that in the earl y acute stages, there may be considerable non
granulomatou s cellular infiltration of alveolar wall s (alveolitis) (p. 106 );
while in the late fibrotic stages there may be only nondescript remnants of
granulomas, with much hyaline fibrosis, possibly containing residual
Schaumann bodies (p. 140 ).

Conjunctiva

Conjunctival biop sy is discussed in Chapter 8, p. 223 . If careful inspection
of the conjunctiva shows suspicious abnormalities, especially accompanying
uveiti s, biopsy, wh ich can be performed simply and safely by an expert, has
a fair chance of showing granulomas in a patient with sarcoidosis (Karma,
1979 ); but random biop sy of a normal-looking conjunctiva is unlikel y to be
productive.

Skeletal muscle

As noted in Chapter 9 (p. 246), random biops y of skeletal muscle in patients
at the earl y stage of sarcoidosis with BHL, especially in those with fever,
arthropathy or erythema nodosum, shows granulomas in an important
proportion of cases ; later in the disease, biops y of muscle is unlikely to show
granulomas except in the rare cases with clinical evidence suggesting muscle
involvem ent.
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Minor salivary glands

Nessan and ]acoway (197 9) took random biopsies of the inner aspect of the
lower lip including one or two minor salivary glands in 75 patients with
sarcoidosis, al ready confirmed by other biopsies; granulomas were found in
44 (58%). There is no evidence, however, about the proportion of obscure
cases with predominant involvement of one organ in which this procedure is
likely to helpful.

Spleen

Selroos (197 6b, 1977) performed percutaneous fine-needle aspiration
biopsy of the spleen, after confirming anormal platelet count, in 77 patients
with verified sarcoidosis. The procedure was performed without local
anaesthesia. The aspirated material, spread on slides, air dried, and stained,
showed recognizable granulomas in 41 (53%). Five of six with enlarged
spleens, 47% with BHL as the only clinical sign of disease, and 67 % of
those with detected extrathoracic disease showed granulomas. Again, this
experience cannot be extrapolated to obscure case s.

THE KVEIM TEST

The background to the use of the Kveim reaction as a diagnostic test, and
the procedure by which a sarcoid tissue suspension can be validated for this
use are considered in Chapter 21. Here it must be emphasized again that a
Kveim test is valuable only if it is performed with a suspension that has been
carefully tested both for selectivity and for potency, and that, with an
inadequately validated suspension, it ma y be misleading.

Like random biopsies from sites not symptomatically affected, the Kveim
test gives the highest proportion of positive reactions in early active phases
of the disease, and a progressively lower proportion in the later stages, when
diagnostic help is most likely to be required. Moreover, again like a granulo
matous biopsy, a 'positive' test cannot be regarded as establishing a diag
nosis of sarcoidosis in a case whose general features include discordant
aspects. The difficulties ari sing from observer variation in the interpretation
of the histology of the reaction have been discussed on p. 460. We consider
that reports of the results of Kveim tests should be in terms of histology. A
'positive-equivocal-negative' scale misleadingly simplifies a complex situa
tion. A scale of histological appearances ranging from granulomatous,
through partially granulomatous and simple inflammatory, to no reaction,
is appropriate. This does not exhaust the possible variations, and where
appropriate reports should describe mixed reactions, and refer to such
features as the number and character of giant cells and the presence of
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foreign material, especially birefringent, or of necrosis; and the report
should be made without knowledge of the c1inical features .

The significance of a granulomatous response to a Kveim test should be
assessed statistically as increasing or diminishing the probability of the
diagnosis of sarcoidosis, after consideration of the c1inical picture of the
patient tested, and of the proportion of patients with sarcoidosis presenting
a similar picture expected to react in this way to the suspension used. If the
probability of sarcoidosis is already high, e.g. in a patient with BHL, either
symptomless or accompanied by erythema nodosum, a granulomatous res
ponse increases this probability slightly; but since 10-15% of such patients
in whom the diagnosis is confirmed by other means do not respond, failure
to give such a response is almost non-contributory. On the other hand, in
patients with chronic sarcoidosis, c1inically involving one organ or system
predominantly, only a minority react; e.g. about one-third of those with
chronic lung changes without BHL. In a patient with this sort of presenta
tion, a granulomatous response considerably increases the probability of the
diagnosis of sarcoidosis, while its absence alters the probabilities very little;
and direct biopsy of the affected organ, if it is reasonably accessible, is
advisable.

The occurrence of granulomatous responses to some well-validated Kveim
test suspensions in patients with Crohn's disease and some other bowel
diseases (p. 475) should cause no confusion because of the very different
c1inical features; but the possibility of such reactions in patients with tuber
culous lymphadenopathy (though not in Hodgkin's disease) and in patients
with indolent granulomatous pulmonary infiltrations from whom M. tuber
culosis is isolated, mentioned above, must be borne in mind.

In most contexts, the contribution of a granulomatous response to a
Kveim test to the diagnosis of sarcoiclosis can be regarcled as comparable to
that of finding granulomas in a biopsy of a site remote from that principally
affected. As compared with such biopsies, it has the advantage of being a
simple out-patient procedure, and with a carefully validated suspension is
sufficiently selective for sarcoidosis to be helpful in cases where confirrna
tion of a probable diagnosis is not urgent. It has the disadvantages that a delay
of at least four weeks is inevitable before the result is available, and that
since human sarcoid tissue is at present the only source of test-suspensions,
and only a proportion of such tissues submitted to the neccesarily prolonged
validation process are found to produce acceptable suspensions, difficulties
of supply limit its availability. The greatest interest of the Kveim reaction
lies in the light it may throw on the pathogenesis and aetiology of sarcoido
sis. If the specific substance eliciting the epithelioid cell granuloma in pa
tients with active sarcoidosis were isolated and could be made available
without the prcsent limitation of necessary origin from selected human
tissues, the test would become both more practicable as a routine procedure
and more easy to interpret.
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OTHER TESTS CONTRIBUTING TO THE
DIAGNOSIS OF SARCOIDOSIS

A number of tests, immunological, biochemical and radiological, may con
tribute to the diagnosis of sarcoidosis, either generally or in particular
contexts, without being specific.

The tubercuIin test and other deIayed skin reactions

The generally depressed reactivity to agents causing Type IV reactions
observed in patients with sarcoidosis (Chapter 20, p.414) is of limited
diagnostic value . The significance of non-reactivity to 'recall' antigens (those
of infective agents to which the subject has been exposed previously)
depends upon the proportion of reactors to be expected in the general
population. When most adults reacted to tuberculin, a negative tuberculin
test gave general support to the diagnosis of sarcoidosis, although a positive
test was (and is) entirely compatible with it; in communities where the
general level of tuberculin sensitivity is now low, the significance of non
reactivity to tuberculin has been reduced to making the diagnosis of caseat
ing tuberculosis very unlikely. Similarly, the significance of skin reactivity to
histoplasmin and coccidioidin varies with the local prevalence of the re
levant infections.

High proportions of adults are reactive to Candida, Trichophyton and
mumps antigens; and failure to respond, especially to more than one of
these, supports a diagnosis of sarcoidosis. This support may be useful in a
doubtful case, but is not conclusive enough to justify the routine use of these
tests.

Deficient capacity to become sensitized to contact antigens, which may be
demonstrated by the dinitrochlorobenzene test (p. 418) similarly gives gener
al support to a diagnosis of sarcoidosis; but this test, being itself a sensitiz
ing procedure, cannot be recommended.

Examinations for mycobacteria and other organisms causing
granulomatous inflammation

In patients with pulmonary infiltrations, the routine of examinations for
mycobacteria and other organisms by microscopy and culture of secretions
should be strictly followed, and a11 biopsy material should be similarly
examined. Where the differential diagnosis rests between sarcoidosis and
caseating tuberculosis, the finding of tubercle bacilli will of course support
the latter diagnosis, especially if it is repeatable. The problem presented by
the patient with a syndrome characteristic of sarcoidosis, except that acid 
fast bacilli have been seen or tubercle bacilli cultured on one or a few
occasions is discussed in Chapter 23, p. 511.
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Serum proteins

As noted in Cha pter 20, p. 420, cha nges in serum protein levels, with
increase in th e total protein and y-globulin and dimi nution in albumin may
be found in active and ex ten sive sarcoidosis. They are unlikely to be found
exce pt in cases with act ive and ex tensive disease, in which the diagnosis is
likely to be probabl e on clin ical grounds or esta blisha ble readily by a
suita ble biop sy. In such cases, severa l of the alternative diagnoses to be
considered might produce entirely simi la r serum protein cha nges. In cases
with less ex tensive and active disease, significant cha nges in serum protein
are unl ikely. Thus seru m protein cha nges are of no diagnostic va lue in
sa rco idos is, though the y may reflect the activ ity of the disease.

Serum calcium

Alth ou gh the seru m calcium level and urinary calcium output are elevated in
a proportion of patients with sa rco idos is at some stage of the disea se
(Cha pter 19), this finding is ra rely of diagnostic valu e, since it occurs most
frequ ently in patients wi th active sa rcoidos is and multiple man ifestations.
Altho ugh sympto ms cau sed by the abnormal calcium metab olism occas ion
a lly lead to th e diagn osis of sarcoidos is, routine estima tio n of the seru m
calcium level very rarely or never gives diagnost ic help in the case of a
pati ent who presents with othe r man ifestati on s,

Radiography of the hands and feet

Similarl y, cha nges in the bon es of th e hands and feet rarel y occur without
active and gene rally extensive sarco idos is, most frequ entl y inc1 uding skin
sa rcoids . For thi s rea son , rad iography of hands and feet in the sea rch for
chan ges cha racteristic of sa rco idos is in pati ents in whom th e diagnosis is in
doubt is only rarel y productive; and even if compatible cha nges are fou nd,
the histolog ical confi rm at ion which is desirable is pr eferabl y sought fro m a
more eas ily accessible site or a Kveim test.

Serum angiotensin-converting enzyme and lysozyme levels

Levels of certain enzymes , notabl y angiotensin-1-conver ting enzy me (ACE)
and lysozyme, have been found to be elevated significantly in the serum of
pat ients with active sarcoidosis, and to be related to the extent and activity
of the disease. As noted in Cha pter 2 (p.3 1), ACE and lysozyme have been
demonstrat ed in macrophages, epithelioid cells and giant cells in the sa rco id
granuloma. The implicat ion s of th ese findings for the pathogenesis of sar
coid osis are discussed in Cha pters 20 (p. 440) and 25 (p. 553). The follow
ing discussion concerns the diagnostic value of estimations of these enzymes.
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Pascual et al. (1973) and Selroos and Klockars (1977) found elevated

serum lysozyme levels in patients with sarcoidosis. Those with both BHL
and lung infiltration and those with both extra- and intra-thoracic changes
showed higher levels than those with BHL only. Khan et al. (1973) found
similar elevations in pulmonary tuberculosis, levels being related to the
activity of the disease, though it correlated poorly with the presence of
tubercle bacilli in the sputum. The diagnostic value of serum lysozyme levels
in sarcoidosis is thu s limited principally to discrimination from non
granulomatous diseases.

Lieberman (1975), using a modification of the spectrophotometric assay
described by Cushman and Cheung (1971), found that levels of ACE in the
serum of many patients with active sarcoidosis were raised, and fell on
resolution or therapeutic suppression of activity with prednisone; even
higher levels were found in Gaucher's disease, but raised levels were infre
quent in diseases likely to be confused with sarcoidosis. Lieberman et al.
(1979) extended their observations to 391 patients with sarcoidosis, of
whom 58% had levels more than 2 SD above the mean of values in a control
group; excluding 91 who were being treated with corticosteroids or whose
disease was thought to be inactive, 76% had raised levels. Values tended to
be higher in black than in white patients, and in children than in adults.
Among patients starred on treatment, mean values fell to less than half
pretreatment levels. Elevated levels were found in 5 % of a group of patients
with miscellaneous other pulmonary diseases. Fanburg et al. (1976), Silver
stein et al. (1976) Studdy et al. (1978) , Turton et al. (1979) and Gr önhagen
Riska et al. (1979) similarly found elevated levels of serum ACE in about
half their patients with untreated sarcoidosis. De Remee and Rohrbach
(1980) in serial studies found general parallelism between ACE levels and
clinical course, including response to corticosteroids. Turton et al. (1979)
found that both ACE and lysozyme levels fell rapidly towards normal in five
sarcoidosis patients after treatment with corticosteroids, but noted falls of
28 % and 24 % in ACE and lysozyme levels, initially within the normal
range in most, in nine patients receiving corticosteroids for other diseases.

In Gaucher's disease, serum ACE levels even higher than those found in
some cases of sarcoidosis are usual (Lieberman, 1975). This disease is
unlikely to be confused with sarcoidosis; but moderately raised levels have
been reported in some patients with pulmonary tuberculosis, leprosy,
extrinsic allergic alveolitis (hypersensitivity pneumonitis), primary biliary
cirrhosis and pneumoconiosis, all of which in some circumstances might be
confused with sarcoidosis. In tuberculosis, Silverstein and Friedland (1979)
reported that 6.5 % of patients with active and 10.5 % of those with inactive
disease had raised levels, though generally levels were lower than in sar
coidosis; and Studdy et al. (1978) found raised levels in 9% of those with
active disease. In some other reports, lower proportions of patients with
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tuberculosis showed raised levels; but without information about the extent
and character of the disease, especially whether it was in an actively granu
lomatous stage, it is difficult to interpret these findings. Similar considera-
tions apply to the varied reports in leprosy and in chronic beryllium disease,
in both of which some have shown a moderate proportion of patients with
raised levels and others levels similar to those in control groups. Sprince et
al. (1980) reported that serum ACE levels in 22 patients with chronic
beryllium disease were similar to those in 84 controls, while those of 56
patients with sarcoidosis were very significantly higher. But all those with
beryllium disease were old cases, the duration of symptoms ranging from
5-36 years; the duration of illness for the sarcoidosis patients was not
stated. InFinland, Grönhagen-Riska et al. (1979) found raised ACE levels in
three of 18 patients with asbestosis, in eight of 19 with silicosis, and in three
of 13 with cryptogenic fibrosing alveol itis. Of patients with primary biliary
cirrhosis, 12 of 57 in London and seven of 14 in Rochester, Minnesota, had
elevated levels. Ir is evident that serum ACE levels are of little use in
discriminating between sarcoidosis and other diseases in which levels may
be raised. However, a high level would favour sarcoidosis in discrimination
from diseases in which ACE levels are rarely or never raised; these include
Hodgkin's disease, primary lung cancer, chronic lung disease with persistent
airflow limitation, and asthma (Studdy et al., 1983). Another complicating
factor is that levels may be raised in diabetes mellitus; 18% of 265 diabetic
patients in California were found to have raised levels (Lieberman, quoted
by Studdy et al., 1983).

The value of serum ACE estimations in diagnosis is thus limited. The
association of raised levels in sarcoidosis with extent of granulomatous
changes has suggested that changes in serum ACE might be of value in
assessment of progress and response to corticosteroid treatment: this is
discussed in Chapter 27, p. 586. The combination of gallium-scanning with
serum ACE estimation in diagnosis is discussed below .

67Gallium scanning

Scanning after intravenous injection of 6 7gallium citrate was introduced for
detection of the spread of malignant disease (Edwards and Ha yes, 1969).
67Gallium is taken up not only by malignant tumours, including lympho
mas, but also by inflammatory processes , including tuberculosis (Lavender
et al., 1971; Higasi et al., 1972; Langhammer et al., 1972) and at sites of
active sarcoidosis (McKusick et al., 1973). In a study of 29 patients with
confirmed sarcoidosis, Hesh iki et al. (1974) found that radiographically
normal lungs showed no abnormal uptake, and thar uptake in lungs and
hila correlated poorly with clinical activity, although in three patients
uptake diminished after corticosteroid treatment. Israel et al. (1976) studied



576 Sarcoidosis
27 patients with sarcoidosis and nine with other pulmonary diseases; they
confirmed the avidity of mediastinal and pulmonary sarcoidosis for gallium,
but found that gallium scanning did not reveal clinically evident extrapul
monary sarcoidosis in six cases, and concluded that its chief diagnostic
value was in the possibility of distinguishing between enlarged hilar blood
vessels and lymphadenopathy. The diagnostic value of 67gallium scanning in
sarcoidosis is thu s limited; its possible contribution to the assessment of
activity of the disease is discussed in Chapter 27, p. 58 7.

Nosal et al. (1979) investigated 27 patients with clinically active sarcoido
sis and 156 patients with other acute and chronic diseases by a combination
of 6 7gallium scanning and serum ACE measurements. Of the sarcoidosis
patients, two had normal ACE levels; one of these had a positive scan, and
the other, with a negative scan, was receiving corticosteroid treatment. One
with raised ACE had a negative scan. Of the 156 with other diseases, 27 had
raised ACE levels; of these 25 had negative scans, only two, one with
oat-cell carcinoma of the lung and one with M. intracellulare infection,
showing abnormal uptake. The combination of ra ised ACE level and abnor
mal gallium uptake was thus highly suggestive of sarcoidosis, and in the few
patients with other disea ses in whom it occurred, confusion with sarcoidosis
was unlikely . In view of the many relatively simple procedures by which
direct histological evidence to support a diagnosis of sarcoidosis may be
obtained, occasion for the use of these indirect procedures in diagnosis must
be rare.

SUMMARY

At present, the diagnosis of sarcoidosis is a staternent of belief or knowledge
that non-caseating epithelioid cell tubercles or their hyalinized remnants are
present in a number of affected organs or tissues. This belief is justified in
the presence of a combination of clinical, radiological and laboratory
findings known to be associated with such changes, and supported by a
compatible clinical course. In such cases, corroborative histological evi
dence from biopsy of an accessible tissue or a Kveim test is usually easy to
obtain, and is desirable; but some clinical presentations are so characteristic
that for the practical management of the case of a patient presenting them,
confirrnation by biopsy is not essential, especially if a benign course is
probable. In all doubtful cases, and those with symptoms calling for con
sideration of corticosteroid treatment, support for the diagnosis from biop
sy of suitable tissue, or from a Kveim test is required. Easily accessible
tissues, such as skin and palpable superficial lyrnph-nodes, showing clinical
signs suggestive of involvement in the disease process present the most
favourable and convenient source of material for biopsy. In the early stage
of active sarcoidosis, granulomas are in many cases widely disseminated,
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and 'randorn' biopsies of a number of tissues, such as liver, salivary glands,
skeletal muscle, and impalpable scalene lymph-nodes may show characteris-
tic granulomas. In patients with enlarged hilar lyrnph-nodes, mediastino-
scopy is a favourable procedure by wh ich to obtain histological evidence. In
those with lung infiltration, fibre-optic bronchoscopy with biopsy of bron-
chial mucosa and of lung by flexible forceps under fluoroscopic control will
show compatible granulomas in a high proportion of cases of sarcoidosis,
but may be non-contributory or inconclusive if changes of other sorts,
inc1uding normality, are found. The Kveim test depends for its value on
availability of a test suspension which has been shown by thorough study to
be both potent and selective. It gives the highest proportion of positive
results in early active cases where the diagnosis is least in doubt and most
easily established by other means. Its greatest contribution to the dia gnosis
of sarcoidosis is in cases where the c1inically evident changes are not readily
accessible to biopsy, and in those where an untypical c1inical picture is
accompanied by a compatible biopsy from a single site; granulomatous
changes at a Kveim test site greatly increase the likelihood of sarcoidosis,
though their absence does not exclude it. Other tests, ranging from the
demonstration of low levels of Type IV hypersensitivity to 'recall' antigens
to high levels of serum angiotensin-converting enzyme, may support a
diagnosis of sarcoidosis in patients with active and extensive disease, but are
unlikely to be helpful in obscure cases. There are some cases where it is wise
to reserve judgement, even though there are sarcoid changes in a single
biopsy, or a Kveim reaction has been interpreted as positive. Such findings
do not establish, though they may suggest, the diagnosis of sarcoidosis in a
case presenting discordant elements in the c1inical syndrome; multiple biop-
sies or even a complete necropsy may be required before the diagnosis can
be accepted. The need for confirrnation by biopsy or Kveim test varies
inversely with the confidence with which the c1inical syndrome is recog-
nized; this of necessity depends to a large extent upon the experience of the
c1inician.
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Treatment

Special problems in the treatment of some particular manifestations of
sarcoidosis have been discussed in earlier chapters. This chapter is con
cerned with the general problems of the management of patients with this
disease .

Studies of the pathogenesis of sarcoidosis have as yet revealed no specific
causal factor which can be e1iminated by a therapeutic agent. Symptoms of
the early inflammatory changes that occur in association with BHL in some
patients can be relieved by non-steroidal anti-inflammatory drugs . Active
granulomas and the processes that lead to their formation are susceptible to
suppression by corticosteroids, the dosage required to effect this varying
from case to case, as does the duration of the active stage of the disease. In
many patients, the active stage comes to an end leaving little or no residual
changes; but in those following a less favourable course, granulomas
become converted into hyalinized connective tissue, which is unlikely to be
affected by any form of treatment. These phenomena can be observed
directly in sarcoids of the skin (Chapter 7), but these rarely call for corti
costeroid treatment. It is in the lungs that sarcoidosis following an un
favourable course most frequently leads to disability and risk to life. While
the suppressive effect of corticosteroids on active sarcoidosis of the lungs is
generally accepted, opinions differ about whether long-term prognosis can
be improved by appropriate use of this suppressive effect; and, if so,
whether intensive use of corticosteroids to control 'activity' (variously de
fined) even in patients with no overt symptoms leads to less residual disabil
ity than more limited use to control c1inically evident symptoms.

A few other therapeutic agents are currently in use in occasional patients
who have not responded to corticosteroids or in whom corticosteroids are
contraindicated. These include chloroquine and cytotoxic drugs . A number
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of drugs that have been used in the past will be reviewed briefly before those
in current use are considered.

HISTORICAL

The multiplicity of therapeutic agents that have been used reflects both their
ineffectiveness and the very variable course of the disease. The strong
tendency to spontaneous regression, partial or complete, of the active stages
of the disease is undoubtedly the main reason for the many premature and
eventually unconfirmed claims of benefit from a variety of types of treat
ment. Some of these treatments have been based upon hypotheses about
aetiology, and others have been tried because they have been used in other
diseases thought to have analogous features. Among these are chaulmoogra
oil derivatives, because they had been used in leprosy (Lomholt, 1934),
tuberculin (Gougerot and Burnier, 1937; Irgang, 1939) and antituberculosis
drugs, to be discussed further below, on the hypothesis of a relationship to
tuberculous infection; gold, in part on the same hypothesis (Bureau and
Bureau, 1933; Duverne et al., 1948); vitamin D preparations, in part by
analogy with lupus vulgaris; chelating agents, probably by analogy with
beryllium disease (Rukavina et al., 1958); and radiotherapy, discussed
below, possibly by analogy with Hodgkin's disease. Sones and Israel (1961)
studied the effects of potassium para-animo-benzoate because of reported
favourable results in scleroderma; there was no evidence of benefit. Some
agents appear to have been used on a trial and error basis; e.g. arsenic
(Boeck, 1916), sodium morrhuate (Barber, 1927), bismuth (Dupont, 1947),
and vitamin C in large doses (Joulia et al., 1956; Laugier and Ledoux, 1958;
Beurey et al., 1959).

Vitamin D

As noted in Chapter 19, p. 405, treatment with calciferol and other vitamin D
preparations was introduced, mainly by dermatologists, after the beneficial
effects of such treatment in lupus vulgaris had become apparent (Robertson,
1948). Gilg (1955) reported favourably upon the effect of calciferol upon
skin sarcoids, but recognized the danger of hypercalcaemia. In view of this
danger, even the tentative use of this agent in sarcoidosis is contra-indicated.

Radiotherapy

It is probable that in the past a nu mber of cases of sarcoid BHL have been
treated by radiotherapy under an unconfirmed and mistaken diagnosis of
Hodgkin's disease, and of course have appeared to respond favourably
because of the usual spontaneous regression. One of us (JGS) has seen two
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such patients, in whom the diagnosis of sarcoidosis was subsequently estab
lished; another had been referred to a radiotherapy department, but fortun
ately, the diagnosis of sarcoidosis was made before treatment was begun.
One of those who had received radiotherapy developed fibrosis in the
middle zones of the lungs with considerable disability; it is of course
impossible to say how far the radiotherapy contributed to this. Although
radiotherapy has been tried for various manifestations of sarcoidosis
(Florange, 1910; Jackson, 1925) there is no evidence that it has any bene
ficial effect (Donlan, 1938).

Antituberculosis chemotherapy

Hoyle et al. (1955) reported that in an uncontrolled study treatment of
patients with pulmonary sarcoidosis with streptomycin and PAS was fol
lowed by improvement in 11 of 29 whose disease was of less than two years'
duration, and in one of nine with a longer duration. Because improvement
was observed within four months in those improving, the authors suggested
that it could be attributed to the treatment; but the proportions improving
do not seem to be beyond expectation from the natural course of the
disease, and when cortisone was added in 20 cases, radiographic improve
ment was observed in 17.

Other authors have recorded failure to observe any significant effect in
antituberculosis drugs on the course of sarcoidosis (Pulaski and White,
1948; Hedvall, 1950; Gendei et al., 1952; Irael et al., 1953; Hoisinger and
Dalton, 1954; James and Thomson, 1959). One of us OGS) treated a
number of patients with active sarcoidosis for periods up to one year,
without observing evidence of modification of the course of the disease.
Moreover, in a few who had shown suppression of various manifestations
of sarcoidosis during short periods of cortisone treatment, and had subse
quently relapsed, the addition of antituberculosis drugs to a second period
of cortisone treatment was tried; most relapsed, and the small proportion
not relapsing was no greater than might have been expected from the
natural course of the disease.

Currently, antituberculosis chemotherapy is indcated only in those
patients with clinical and other features of sarcoidosis who show bacteri
ological evidence of M. tuberculosis (or other mycobacterial) infection
(Chapter 23); and prophylactically in those with unequivocally positive
tuberculin reactions who are receiving corticosteroid treatment.

CORTICOSTEROIDS

Early observations of the effects of elevation of the level of circulating
corticoids either by corticotrophin or by cortisone in patients with sarcoido-
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sis showed that manifestations of activity, both constitutional and local in
eyes, skin, lungs, Iymph-nodes, salivary glands and !iver were favourably
affected in the short term (Thorn et al., 1950; Olson et al., 1950; Siltzbach et
al., 1951; Lovelock and Stone, 1951; Sones et al., 1951; SmalI, 1951; Brun
et al., 1952; Shulman et al., 1952), and that in those with hypercalcaemia,
serum calcuim levels became normal (Shulman et al., 1952). Riley et al.
(1952) found in three patients with impaired lung function that while
ventilatory capacity was improved, severely reduced diffusing capacity was
!ittle changed. Repeat biopsies during corticotrophin or cortisone adminis-
tration generally showed remission of granulomas (Siltzbach, 1952). All
these early observers noted that the cessation of short-term treatment was
generally followed by relapse of the active manifestations.

Subsequent reports of uncontrolled series of patients treated for longer
periods with oral corticosteroids, usually prednisone or prednisolone,
generally confirmed these early findings (Israel et al., 1954; Hoyle et al.,
1955 ; Rudberg-Roos and Roos, 1958; James and Thomson, 1959; Scad
ding, 1961; Hoyle et al., 1967; Turaif et al., 1967; Johns and Ball, 1967;
Barber et al., 1971; Refvem, 1974; johns et al., 1976; Middleton and
Douglas, 1980b; Refvem and Refvem, 1980) . Extrathoraeie manifestations
accessible to inspection are usually partially or completely suppressed.
Enlarged Iymph-nodes in the mediastinum and elsewhere diminish in size to
a varying degree. In the lungs, changes that appear non-fibrotic, and especi
ally if they are of short duration, show diminution or clearing of radio
graphie shadows; but functional impairment associated with them usually
shows only partial improvement, which is generally more evident in ventila
tory than in gas-exchange tests (Smellie et al., 1961). Older-standing fibrotic
lung changes show little objective change, though patients may claim some
subjective improvement. Hypercalcaemia and hypercalciuria are controlled,
usually by moderate dosage. In some patients, the improvement observed
during limited periods of treatment is maintained after its cessation; but in
many the condition relapses within a few months towards the former state,
or occas ionally to a worse one, and this sequence of events may be repeated
with further periods of treatment. Occasionally, new manifestations - e.g.
skin infiltrations (Scadding, 1972) - appear shortly after the end of aperiod
of corticosteroid treatment. The lability of sarcoidosis in response to corti
costeroid administration is especially easily observed in chronic skin infiltra
tions, in the upper respiratory tract and in the eyes.

These observations suggest that the effect of corticosteroids is no more
than suppressive of manifestations of sarcoidosis that are in a labile state,
presumably represented pathologically by developing and formed epithe
lioid and giant cell granulomas without fibrosis; but has no effect on the as
yet unidentified inciting agent or agents . This suppressive effect benefits
patients symptomatically, so rhat there are clear indications for the use of
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corticosteroids in the management of those who have troublesome symp
toms which cannot be controlled in other ways. Uncontrolled observations
show that it can improve long-term prognosis in some cases of ocular
sarcoidosis (Chapter 8) in which control of active changes may prevent
secondary mechanical effects threatening sight, and in patients with hyper
calcaemia in whom irreversible damage by hypercalcaemic nephropathy can
be prevented by the control of calcium levels, usually possible with modest
doses of corticosteroids (Chapter 19). But opinions differ on the important
question whether corticosteroid treatment affects the end-result in those
patients with granulomatous infiltrations, especially in the lungs, who
initially have no important symptoms or impairment of function (De
Remee, 1977).

MANAGEMENT OF PULMONARY SARCOIDOSIS

Both uncontrolled experience and controlled tr ials have shown that symp
toms and signs caused by granulomatous infitrations of the lungs can be
relieved by the administration of corticosteroids, though both the dose
required to produce this effect, and the duration of treatment required to

maintain it, vary from case to case.

Controlled studies

In a number of controlled studies, the progress of patients with pulmonary
sarcoidosis receiving specified regimens of corticosteroid treatment has been
compared with that of similar groups not receiving corticosteroids. In all of
these, treated groups have shown more favourable radiographie changes
and some improvement in functional assessments as compared with untre
ated during the treatment period, but the advantage for the treated group
has disappeared on reassessment after the cessation of treatment. In the
earlier studies the duration of treatment was unrealistically brief. Hapke
and Meek (1971) compared 16 patients treated with prednisolone, 15 mg
daily for six months, with 16 matched for age, sex, duration of sarcoidosis
and degree of functional impairment. Both groups made satisfactory pro
gress; during the treatment period there was more radiographie clearing in
the treated group, but follow-up four years later showed no difference
between the two groups. Young et al. (1970) treated alternate patients with
pulmonary sarcoidosis causing lowered carbon monoxide transfer factor or
arterial oxygen pressure with prednisone for at least six months, starting
with 60 mg daily; function was marginally better in the treated group ar six
months, but review one or two years later, and again ten to 15 years later
(Harkleroad et al., 1982) showed no difference between treated and untreated
groups on clinical, radiological and functional assessments. Israel et al.
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(1973) enrolled 90 patients with intrathoraeie sareoidosis in a randomized
trial of prednisone, 15 mg daily for three months, excluding any with
irreversible fibrosis or with uveitis or hyperealcaemia; 83 were followed for
at least one year. In 37 with BHL, no differenee was found between treated
and untreated at any time. In 46 with lung infiltration, improvement was
evident at the end of treatment, but after a mean interval of 5.4 years, no
differenee was found between treated and untreated, Mikami et al. (1974)
reported a ]apanese study in whieh 50 patients reeeiving prednisolone for
six months, starting with 30 mg daily were eompared with 51 reeeiving
plaeebo tablets; during 'treatment', the group reeeiving prednisolone
showed aeeeierated subsidenee of BHL, and more improvement of pulmon-
ary infiltration, but one year later there was no differenee between the two
groups. Selroos and Sellergren (1979) randomly alloeated 39 patients with
pulmonary infiltration due to sareoidosis to treatment with methylpredniso-
lone or observation for seven months; at the end of this time the radiog-
raphie findings, vital eapaeity and earbon monoxide diffusion eapaeity were
more favourable in the treated group, but at two years and four years,
treated and untreated groups were similar. The dosage of methylpredniso-
lone was 24 to 32 mg daily for the first two weeks, and thereafter gradually
redueed; half the treated patients reeeived methylprednisolone every other
day after the initial two weeks, thus reeeiving only half the dosage of those
on daily treatment. There was no differenee in apparent response between
the two treated sub-groups. Eule et al. (1980) reported a study in whieh
patients with intrathoraeie sareoidosis divided into three groups. Two were
treated with predinsolone, initially 40 mg daily and redueed gradually to
10-15 mg, for either six months or one year, and the third observed as
eontrols; 65 and 66 in the two treated, and 78 in the control, groups had
been followed for at least three years. The treated patients fared better
radiographieally during treatment; but 12 and 18 months later, the findings
in all groups were similar, and remained so. Yamamoto et al. (1983) in a
study of matehed pairs of patients, 16 with BHL and 21 with BHL and
pulmonary infiltration, treated one of eaeh pair with prednisolone, given on
alternate days, starting with 60 mg and gradually redueing to 5 mg over 18
months. In .the first six months, a higher proportion of treated patients
showed radiographie improvement but thereafter treated and untreated
fared similarly, the proportions showing resolution at the end of three years
being 76% and 74%.

These eomparative studies, in whieh patients with pulmonary sareoidosis
were treated for periods of up to 18 months with cortieosteroids, thus
eonfirm that eortieosteroids ean suppress aetive granulomas and relieve
symptoms; in none was there evidenee that this treatment improved long
term prognosis. Bur these findings ean be aeeepted as valid only for the sorts
of patient and the regimens of treatment studied. One eriterion for the
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selection of patients in most of them was the exclusion of any with features
that might be regarded as necessary indications for corticosteroid treatment;
thus those studied were likely to be a group with a genera11y favourable
prognosis. And it is common experience that the dosage and duration of
treatment required to suppress active manifestations vary greatly from case
to case, and cannot be forecast for the individual patient; thus protocols
specifying dosage and duration in advance may be thought unrealistic in
that they do not resemble the procedure which experience has shown to be
necessary to maintain an initia11y favourable response.

Policies of long-term management

In view of uncertainty about long-term effects, it is not surprising that there
is no general agreement about the optimal use of corticosteroids in the
management of pulmonary sarcoidosis.

Impressed by lack of evidence that prognosis for patients without impor
tant symptoms is improved by corticosteroid suppression of clinical evi
dences of the disease, and reluctant to prescribe treatment which may have
undesirable effects without good reason, some physicians have adopted as
their indication for the use of corticosteroids the relief of symptoms severe
enough to interfere with the patient's normal conduct of life (Scadding,
1961; Mitche11 and Scadding, 1974) . The assumptions underlying this
policyare:

(a) In many patients with pulmonary sarcoidosis, the active stage comes
spontaneously to an end, leaving no evident or only trivial changes.
There is no evidence that corticosteroid treatment in such cases either
reduces the duration of the active stage or diminishes the amount of
residual fibrosis .

(b) In those with symptoms restricting their activities, the relief of these is
sufficient justification for the use of corticosteroids, provided that the
required dose is tolerable for long-term administration.

(c) The severity and pattern of impairment of function in pulmonary sar
coidosis and other diffuse lung diseases reflects the extent and distribu
tion of changes in alveoli, airways and blood vessels in the lungs without
necessary implications about the histological character of these changes
(Keogh and Crystal, 1980). In sarcoidosis, pre-granulomatous, granulo
matous and fibrotic changes may a11 contribute to impairment of func
tion; and in management, the chief contribution of pulmonary function
tests is in fo11owing progress. Tests within the normal range are reassur
ing in a patient with an abnormal ehest radiograph. Occasiona11yresults
indicating considerable impairment of function may be found in
patients who deny symptoms; if this cannot be explained by other
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disease, it may constitute a valid indication for treatment, especially if
serial tests show deterioration. Apart from this, function tests contribute
little to decisions about the initiation of corticosteroid treatment.

(d) The various tests of 'activity', discussed below, are certainly of interest
for the light they may throw on pathogenesis and the mode of action of
corticosteroids, and are of undoubted value in research. They may have
a place, to be defined, in assisting decision about duration of treatment
in patients with persistently active sarcoidosis; but unless it is found
that treatment guided by them leads to better long-term results than
that based on simpler criteria, it is inadvisable to advocate their routine
use.

(e) lt is possible that in some patients with extensive active pre
granulomatous infiltration ('alveolitis') and labile granulomatous
changes, in whom corticosteroids produce relief of symptoms and
radiographic clearing, prognosis is improved and extent of residual
fibrosis diminished. On the suggested criterion for the use of corticoster
oids, such patients would of course be treared.

At the other end of the range of opinion, some physicians have thought
that the use of corticosteroid treatment on much wider indications to
suppress 'activity', variously defined, irrespective of symptoms, is likely to
diminish the proportion of patients left with serious disability (Turiaf et al.,
1967; De Remee and Anderson, 1974), or have implied that they thought so
by advocating prolonged uninterrupted regimens of corticosteroid treat
ment without feeling the need for a controlled trial to establish their value
(Deenstra and Van Ditmars, 1968). The assumptions underlying rhis view
are:

(a) In pulmonary sarcoidosis, the appearance of dyspnoea indicates that
fibrosis has developed.

(b) The development of fibrosis can be prevented by the inception of
corticosteroid treatment during the pre-fibrotic, possibly asymptomatic
stages, and its sufficiently prolonged maintenance.

(c) Either (i) it is possible to estabIish some criteria by which asymptomatic
patients at risk of developing fibrosis can be identified, so that they can
be treated; or (ii) all patients with active pulmonary sarcoidosis should
receive corticosteroids, and it is possible to establish criteria for the
duration of treatrnent.

The first of these assumptions is doubtful; there is now good evidence 
e.g. in the studies of Carrington et al. (1976) and Huang et al. (1979)
reviewed in Chapter 6 - that the profusion of pre-granulornatous cellular
infiltration and of granulomas, as weil as the extent of fibrosis can be
correlated with dyspnoea. The second may be true in some cases, especially
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those with much pre-granulomatous infiltration, even though none of the
controlled studies hitherto reported has produced evidence to support it. Ir
cannot be refuted by reference to past experience, or to the negative results
of controlled studies of limited regimens of corticosteroid treatment, since
the development of fibrosis in a treated patient can be explained by those
who hold these views as due to delayed, inadequate or insufficiently pro
longed administration of corticosteroids. This plea can of course be coun
tered by reference to patients with relentlessly progressive sarcoidosis of the
lungs (and of other organs) which has led to disability and death in spite of
the use of corticosteroids in dosage limited only by side-effects.

Assessment of 'activity'

The practical application of a policy of the second sort depends upon the
definition of 'activity', and the specification of the criteria by which it is to
be assessed. Activity should properly denote the possibility of change, either
favourable or unfavourable, as opposed to inactivity, which implies a stable
condition. If criteria of activity are correct, they should define a group of
patients some of whom will improve, some deteriorate, and some show no
change during limited periods of observation, while all of a group not
showing the criteria should remain unchanged. Serial observations are
required to show the direction of change in individual active cases, to detect
activity in doubtful cases, and to confirm inactivity. The histology of biopsy
sampies suggests activity if it shows fresh granulomas, especially with
pre-granulomatous cellular infiltration, and inactivity if it shows only hyali
nizing granulomas and fibrosis, but is subject to sampling error. Clinical
features that occur in some cases, such as fever, constitutional symptoms,
erythema nodosum, new or worsening respiratory symptoms, or the recent
appearance of extrathoraeie manifestations are indicants of activity. Some
radiographie appearances, especially if they are known to be of recent
origin, suggest activity, which may be confirmed by serial observation.
Abnormal pulmonary function tests may be due to active or inactive lung
disease, changes in serial tests suggesting activity. Response of radiographie
changes, of accessible extrathoracic manifestations, and, less convincingly,
of symptoms to corticosteroid treatment is evidence of activit y. Lymphope
nia in the peripheral blood, achanging pattern of serum proteins, and raised
erythrocyte sedimentation rate suggest activity.

A number of tests that may be correlated with cellular events in the
granulomatous process have been investigated as possible indicants of
liability to progress to fibrosis, rather than of unpredictable changeability.
These include serum ACE levels, the analysis of cell-types in broncho
alveolar lavage fluid (BAL), and 67gallium scanning.

Serum ACE levels are elevated in many, but not all patients with active
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sarcoidosis (Chapter 26, p. 573), and fall with evidence of diminished
activity. ACE is present in sarcoid epithelioid cells, but not in macrophages
and monocytes (Chapter 2, p. 31 ), and it has been suggested that serum
levels may reflect the number of active granulomas (Silverstein et al., 1976)
though alveolar macrophages (Hinman et al., 1978 ) and circulating mono-
cytes (Friedland et al., 1978) are other possible sources of the enzyme.
Elevated levels in patients with sarcoidosis fall with corticosteroid treatment
(Baughman et al., 1980), but so do normal levels in patients receiving
corticosteroids for other diseases (Turton et al., 1979). ACE levels are less
sensitive as evidence of activity than BAL or gallium scanning, being normal
in some patients in whom one or both of these indicate activity (Beaumont
et al., 1982; Rossman et al., 1982; Schoenberger et al., 1982); thus, a
normal level does not excIude activity. Elevated levels in patients with
sarcoidosis can be accepted as indicating activity, and changes in serum
ACE in untreated patients probably reflect changes in numbers of meta
bolically active epithelioid cells in granulomas; but the value of ACE
estimations in deciding about the need for corticosteroid treatrnent and in
following response to it appears limited.

BAL makes possible the study of effector cells from the pulmonary
alveoli. Its contribution to knowledge of the cellular immunology and
pathogenesis of pulmonary sarcoidosis is considered in Chapter 20 , p. 44.
This has led to the concept that granuloma-formation is initiared and
maintained by activated T-Iymphocytes in the alveoli (Hunninghake et al.,
1980; Crystal et al., 1981); these attract monocytes which become con
verred to macrophages and then to epithelioid cells. The active phase of
pulmonary sarcoidosis may be regarded as an alveolitis in which lyrnpho
cytes have the leading and macrophages an important role. The proportions
of effeetor ceIIs found by BAL have been found to reflect those found in
open Jung biopsies (Hunninghake et al., 1981a). In active pulmonary sar
coidosis, the proportion of Iymphocytes obtained by BAL is characteristical
Iy increased, and many are identifiable as activated T-cells. Though the
proportion of macrophages is less than in normal subjects, the absolute
numbers are increased, since the total number of cells obtained is much
higher. lt has been suggested that the proportion of T-Iymphocytes in BAL
should be regarded as an index of the comtribution of activated lyrnpho
cytes to new granuloma-formation, more than 28% indicating a high level
of activity of this aspect of the alveolitis of sarcoidosis (Keogh et al.,1983;
Crystal et al., 1983).

The contribution of gallium-67 scanning to the diagnosis of sarcoidosis is
considered in Chapter 26, p. 575. Since 67Ga accumulates selectively at sites
of active sarcoidosis, the relationship between indices of Jung uptake of
67Ga and cIinical, radi ologicaI and physiological findings and with other
measures of 'activity' have been studied. Line et al. (1981 ) performed scans
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in 41 patients with sarcoidosis, estimating for each an index of 67Ga uptake
in the lungs; 46 (65%) showed high uptake as compared with a control
group. Uptake was correlated only weakly with clinical, radiological and
physiological findings, but strongly with the percentages of lymphocytes
and of T-lymphocytes among cells obtained by BAL. Hunninghake et al.
(1981b) performed BAL in patients who had just had 67Ga scans; in ten
with sarcoidosis, 95% of radioactivity was found to be associated with
macrophages and only 5% with lymphocytes; and in eight with cryptogenic
fibrosing alveolitis , 66% with macrophages and 34% with neutrophils. In
vitra, 67Ga was taken up by macrophages from sarcoidosis patients but not
by those from normal subjects . It thus appears likely that the correlation
between numbers of lymphocytes in BAL aad 67Ga uptake is indirect,
activated lymphocytes activating macrophages which take up 67Ga.
Beaumont et al. (1982) performed 67Ga scans in 54 patients with intrathor
acic sarcoidosis, repeated in 23. Scans distinguished fibrotic from active
lung changes, and detected some previously undetecred localizations in
mediastinum, spleen and salivary glands . Gallium-67 uptake in the lungs
showed rough correlation with serum ACE levels, and was more sensitive
than ACE levels to clearing, spontaneous or after corticosteroid treatment.
In 29 patients submitted to BAL, there was no correlation between the
numbers of lymphocytes per 100 ml of fluid recovered and 67Ga uptake.
This discrepancy with the findings of Line et al. (1981) may be in part due to
technical differences, such as the use of absolute numbers, rather than
percentages, of lymphocytes, and different ways of estimating 67Ga uptake;
and in part to differences between the groups of patients studied, especially
in view of the evidence provided by the study of Hunninghake et al.
(1981 b), mentioned above, that 67Ga uptake reflects activation of mac
rophages. Thus, while the proportion of T-lymphocytes in BAL is an index
of the lymphocytic component, 67Ga uptake in the lungs may be regarded as
an index of the macrophage component of active pulmonary sarcoidosis.

Crystal et al. (1983) have suggested a grading of activity which takes
cognizance of both lymphocyte and macrophage components, by combining
the lymphocytic index noted above with a simple assessment of 67Ga uptake
in the lungs as 'positive' or 'negative'. If the percentage of lymphocytes in
BAL is above 28%, and the 67Ga scan is positive, their overall assessment
was 'high intensity alveolitis'; a lymphocyte percentage below 28%, and an
negative scan indicated ' low intensity alveolitis'; while a high percentage of
lymphocytes with a negative scan, or a low percentage with a positive scan
was described as 'split alveolitis'. Keogh et al. (1983) performed serial studies
in 19 patients with pulmonary sarcoidosis and no evident extrapulmonary
localizations. Low intensity alveolitis was found for 80% of the time, but
nearly 80% of the patients had either a positive scan or a high proportion of
T-cells in BAL at least once. Of observed 'episodes' of high intensity alveoli-
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tis, three-quarters spontaneously reverted to low intensity, while 12% of
low intensity findings were followed by high intensity. Keogh et al. found
that of patients with high intensity alveolitis, 85% showed reduction of
either lung volumes or diffusing capacity over six months' observation,
while of those graded as low intensity, less than 10% showed such de
terioration; thus the combination of BAL and 67Ga scanning was of predic-
tive value.

Unsolved problems

The outstanding unsolved problem is aetiological: to what is the complex
process that leads to the formation of the sarcoid granuloma a response?
The identification of a causal agent or agents would open the way to the
possibility of curative treatment aimed at the removal or neutralization of
this agent or agents . In the meantime, the principal problem is the optimal
use of corticosteroids to suppress some aspects of this response. The short
term effects on symptoms, c1inicalmanifestations accessible to examination,
and a variety of tests of 'activity' are not in dispute; but it remains unknown
whether a policy of attempting to suppress sarcoid infiltrations of the lungs
in all patients throughout the varying duration of 'activity' (however
specified) by the administration of corticosteroids for sufficient periods and
in sufficient dose would diminish the proportion left eventually with serious,
possibly life-threatening impairrnent of function, as compared with the
simpler policy of using corticosteroids to control symptoms as far as pos
sible; and further, if the more vigorous policy were found to give more
favourable long-terrn results, whether the benefit would be of sufficient
degree to justify the side-effects of prolonged corticosteroid administration,
and the cost and general inconvenience, especially to those who would have
progressed favourably without treatment, both of the treatment and of
whatever tests of 'activity' were adopted to determine its duration and
intensity. Moreover, it should not be assumed, from short-term studies
suggesting that during corticosteroid treatment of active pulmonary sar
coidosis evolution towards fibrosis may be delayed, that in those patients
who have persistently active disease any practicable scheme of corticost
eroid administration can prevent the ultimate development of fibrosis. It is
an attraetive hypothesis that persistent suppression of activity will necessari
ly have this effect; but this hypothesis cannot be accepted a priori. The
reactions being suppressed by corticosteroids are presumably to some as yet
unidentified agent or agents that may persist for indeterminate periods, and
whose removal is aprerequisite for ultimate cessation of activity. The
frequency of recurrences of c1inical and other evidences of activity on with
drawal of corticosteroids suggests that they do not hasten removal of this
factor. It is possible that they might delay it; if this were so, the effect of
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prolonged corticosteroid treatment on the arnount of residual fibrosis might
vary from case to case, depending upon the balance between the favourable
effect of suppression of the cellular reaction and the unfavourable effect of
impeding the removal of the factor to which it is a response.

It is difficult to see how these doubts can be resolved except by a
long-term prospective randomized comparison of two policies for the use of
corticosteroids in the management of pulmonary sarcoidosis; one adopting
as the principal criterion for their use the relief of symptoms, and the other
the control of 'activity' to be defined in terms of whatever tests might be
accepted as likely to be best for this purpose, throughout its duration. The
definitive comparison would be at the end of an observation-period of at
least five years, in terms of symptoms, lung function, radiographie changes,
and proportions showing evidence of continued activity . Additionally, it
would be desirable to include some assessment of the quality of life during
the period of the study for the patients in the two groups. Because differ
ences in end-result between the two groups are likely to be small , the
number of patients required is likely to be large, necessitating a multi-centre
study. Physicians with strong preconceived ideas about the merits of two
policies would regard the study as unethical: only those who admit doubt
would be willing to participate. Agreement about the choice of test that
should be used to assess activity, and about their frequency might be
difficult to attain; this choice would be critical , in view of the possibility that
if the final result were equivocal, or favoured the less intensively treated
group, it could be claimed that a test not included might have been a better
guide to the conduct of corticosteroid treatment. Some patients in both
groups would be expected to develop extrathoraeie localizations or hyper
calcaemia that would call for corticosteroid treatment, irrespective of lung
changes, du ring the study period. Such patients could continue to be
included in the study, since the objective would be to compare two policies
of management of patients with pulmonary sarcoidosis; in the final assess
ment it would be informative both to include them in the main analysis and
to analyse them separately.

It is doubtful whether such a study is practicable, in view of the many
difficulties involved. A less ambitious study is currently being conducted by
the British Thoraeie Society, although the results are not likely to be avail 
able until 1986 or 1987. In this study, a policy of using corticosteroids to
control symptoms only is being compared with one of maintaining as far as
possible a clear ehest radiograph, over aperiod of fiveyears . In this way, it is
hoped to be able to compare the symptomatic, radiographie and functional
findings at the end of five years in two initially comparable groups, one of
which will have had more intensive corticosteroid treatment than the other.
If the more intensively treated group does not fare better, it will be apparent
that any advantage from more elaborate procedures for the control of
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corticosteroid treatment in pulmonary sarcoidosis is likely to be marginal; if
it does, search for the optimal procedure in cost-benefit terms will be
justified; and it is not impossible that the less intensively treated group will
be found to have done at least as weIl, with fewer corticosteroid side-effects.

Indications for corticosteroid treatment

In view of current uncertainties, indications for corticosteroid treatment in
pulmonary sarcoidosis remain largely a matter of dinical judgement, with
inevitable variations between physicians, as discussed above . The following
comments concern only some special points.

BHL without radiologically evident pulmonary infiltration has a good
prognosis, especially if it is accompanied by erythema nodosum, and unless
accompanied by some other manifestation does not call for corticosteroid
treatment. Initial arthropathy and febrile symptoms can be controlled by
non -steroidal anti-intlammatory drugs.

For the patients with pulmonary infiltration, with or without BHL, we
indine to the view that the indication for the use of corticosteroids is the
presence of symptoms troublesome enough to warrrant relief by what may
prove to be indefinitely prolonged treatment with hormones which may
have important side-effects, and themselves cause symptoms. This view is,
of course , open to revision should a comparative study show that better
long-term results are produced by a policy of using corticosteroids to
suppress 'activity' as assessed by such criteria as radio-isotope scanning,
enumeration of ceIl-types in BAL, serum ACE levels or other tests, indi
vidually or in combination. In the meantime, we consider that the simpler
policy has the advantage of not interfering with the lives of the majority of
patients who have no important symptoms, and in whom the disease
resolves leaving little or no detectable fibrosis, while helping the minority in
whom it follows a less favourable course by alleviating symptoms, irrespec 
tive of any effect corticosteroid treatment may have on the development and
extent of fibrosis. It seems probable that the proportions of patients with
pulmonary sarcoidosis who require corticosteroid treatment on these, or
any other, criteria vary between populations; in both North America and
Europe, it is the general impression that more blacks than whites with
pulmonary sarcoidosis have symptoms caused by it, as weIl as by accom
panying extrathoracic localizations of sarcoidosis, requiring control by
corticosteroids.

Stenosing sarcoidosis of the bronchi (Chapter 6, p. 143) responds weIl to
corticosteroid treatment, and represents a situation in which suppression of
active sarcoidosis is likely to diminish the probability of permanent lung
damage due to the non-specific consequences of bronchostenosis. In patients
who have developed the proximal bronchostenoses characteristic of this
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condition, corticosteroid treatment may need to be continued indefinitely to
maintain improvement initially attained,

In the presence of irreversible fibrotic changes in the lungs, the symptoms
such as dyspnoea and paroxysmal cough may be diminished in variable
degree in a few patients by corticosteroid treatment. There are probably two
elements in the causation of such relief: suppression of such residues of
active sarcoid granuloma as remain, and diminution of airway obstruction
by reduction of bronchial mucosal swelling. The correct policy in such a
case is an empirical one; in the minority of patients in whom symptoms are
found to be alleviated by a dose of a corticosteroid that is tolerable for
prolonged administration, the treatment is worth continuing; in others in
whom it is tried and found ineffective, it should be withdrawn.

Hypercalcaemia

Hypercalcaemia that cannot be controlled by limitation of calcium intake
and avoidance of vitarnin D preparations constitutes an absolute indication
for corticosteroid treatment. Fortunately, it is usually controllable by
modest dosage (Chapter 19, p. 412).

Uveitis

If not controlled by local treatment, uveitis requires systemic corticosteroid
treatment (Chapter 8, p. 215.

Skin sarcoids

These call for corticosteroid treatment only if they are disfiguring to a
degree causing distress to the patient; and whether the improvement pro
duced is worth while can be determined only by trial. It may be found that
any improvement is outweighed by the ehanges in appearance caused by the
side-effects of the high doses that may be required to suppress persistent
infiltrations of the lupus pernio type. Moreover, such infiltrations are likely
to recur after cessation of treatment (Chapter 7, p. 204). The behaviour of
persistent skin infiltrations in response to cortieosteroids illustrates both the
ability of corticosteroids to suppress formed granulomas, of which such
infiltrations are composed, and their inability to remove whatever it is that
ineites the formation of granulomas.

Nervous system

The response of sarcoidosis involving the central nervous system is unp re
dictable. In the presence of a diffuse meningeal infiltration or a loeal deposit
within the brain of spinal cord, corticosteroid treatrnent is advisable, sinee
suppression of the aetive granuloma may be expected to relieve symptoms;
however, foeal epilepsy may be aggravated (Chapter 14, p. 326).
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Other organs

If myocardial sarcoidosis can be diagnosed during life, a trial of corticoster
oid treatment is c1early indicated, though its results cannot be predicted
(Chapter 15, p. 34 7).

Similarly, if sarcoidosis of other int ernai organs - e.g. liver, spleen alimen
tary rract - is causing symptoms, the effect of corticosteroid treatment
should be tried.

The foregoing views are in general agreement with the recommendations
of the Committee on Therapy of the American Thoraeie Society (1971) with
some minor differences of emphasis.

Procedure in corticosteroid treatment

In view of the many uncertainties, only general guidelines to the use of
corticosteroids in the management of sarcoidosis can be given. The purpose
of corticosteroid treatment is to suppress some features of the active stage of
the disease. The dosage required to attain this varies from case to case, and
the duration of the active stage cannot be predicted. Hence the duration of
the treatrnent can be determined only by trial, and it is not possible to
prescribe any predetermined 'course' of treatment. Once the decision has
been made that it is in the patient's best interest to atternpt to suppress some
manifestation of the disease, be it asymptom, a localization accessible to
examination, or a test of 'activity', the rational procedure is to determine
what dose will effect this; if this is tolerable for long-term administration, to
continue it, with periodic gradual reductions of dosage during which careful
watch is kept for recrudescence of the feature which has been suppressed or
other evidences of activity; and to reinstitute suppressive dosage should
such evidence appear.

The usual procedure is to start with a relatively large dose until maximal
improvement has been attained. In most cases of pulmonary sarcoidosis, 30
mg daily of prednisolone is appropriate, though if initial response is poor, it
is advisable to increase it before the conclusion is reached that the disease is
in an unresponsive stage. In some patients with extensive and active disease,
and in those with severe involvement of some extrapulmonary sites - e.g,
the central nervous system - doses of the order of 60 mg daily may be
needed to obtain optimal suppressive effects. After six to 12 months of the
maintenance dose, very gradual reduction with careful observation of symp
toms, clinical and other assessments appropriate to the chief sites of involve
ment, and whatever tests of activity may be thought appropriate, is the only
means by which it can be decided whether corticosteroid administration
should be continued. In this decision, any side-effects of corticosteroids that
have been observed should be given due weight, as should the possibility
that indefinitely prolonged treatment may be required to maintain the level
of improvement that has been attained,
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At the eorticosteroid dosages required in most eases, side-effects are not
serious, and problems of pituitary-adrenal suppression are rarely observed.
Alternate-day treatment may diminish these, while maintaining anti
inflammatoryeffeets (Harter et al., 1963; MaeGregor et al., 1969). Selroos
and Sellergren (1979), as noted above, found that alternate-day administra
tion of methylprednisolone in dosage diminishing from 20 mg to 4 mg was
as effeetive in maintenanee of improvement attained by initial daily dosage
as was daily administration. With the very gradual reduetion of dosage that
is advisable when withdrawal of cortieosteroid treatment in sareoidosis is
being attempted, pituitary-adrenal suppression is generally not a problem.
Westerhof et al. (1970) studied adrenoeortieal funetion in patients on two
prolonged regimens of daily prednisone for sareoidosis reported by Deenstra
and van Ditmars (1968). These started with 40 mg daily and redueed
gradually to 2.5 mg daily at the end of three years and four years respective
Iy, with a final few months of 2.5 mg on alternate days. When the daily dose
had been redueed to 7.5 mg, plasma eortieosteroid levels showed a diurnal
rhythm, and low dosages of prednisone at the end of these regimens were
additive to the returning function of the adrenals.

Antimalarial drugs

The use of antimalarial drugs, especially chloroquine, in skin sarcoidosis,
and the ocular and other eomplieations of such treatment have been dis
cussed in Chapter 8, p. 205. A few reports have appeared on the effeets of
ehloroquine on lung changes. Morse et al. (1961) thought that the response
of lung changes to 500 mg of chloroquine sulphate daily for six months was
less striking than that of skin ehanges, a response regarded as definite being
observed in only one of six eases; mueosallesions in two eases treated both
responded. Davies (1963) treated five patients with pulmonary sareoidosis
with chloroquine for periods up to one year, the initial dose being 400
600 mg daily, with diminution in radiographie shadows and relief of syrnp
toms in most; in two improvement initiated by prednisolone was main
tained. All patients showed bleaching of the hair as a side-effect; one
complained of misty vision but no objective change could be found in this or
any other of the treated patients' eyes. Siltzbach and Teirstein (1964) treated
43 patients with 500 mg of chloroquine daily for periods ranging from four
to 17 months. Of 14 with hilar Iymphadenopathy alone, 11 improved
during treatment and six relapsed afterwards; and of 29 with pulmonary
infiltration with or without hilar Iymphadenopathy, 20 improved and five
relapsed. Fourteen of their patients had skin sarcoids; all improved under
treatment, and nine relapsed afterwards. In some patients treatment caused
minor discomforts, not requiring cessation of treatment; only one developed
corneal changes after ten months of treatment and these cleared three weeks
after it was stopped. The British Tuberculosis Association (1967) conducted
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a controlled study in which patients with pulmonary sarcoidosis were ran
domly allocated to treatment with chloroquine sulphate, 600 mg daily for
eight weeks and 400 mg daily for a further eight weeks. Assessments at four
and six months showed significant radiological improvement in rhe treated
group, with some improvement in dyspnoea and ventilatory function, but
eight months after the end of treatment there was no difference between
treated and control groups. Morse (1967) carried out, in 30 patients with
pulmonary and mediastinal lyrnph-node sarcoidosis, a eross-over study, in
which six months of treatment with chloroquine phosphate 250 mg twice
daily and six months of placebo tab lets were given, half the patients starring
with chloroquine and half with the placebo. Continuous improvement was
observed in nine, of whom four received placebo and five chloroquine
during the first six months: these were regarded as spontaneous improve
ments. Chloroquine was regarded as having had a beneficial effect if im
provement occurred during the first six months in those then receiving
chloroquine and was followed by relapse during the following six months
on placebo, or during the second six months in those then receiving chloro
quine, followed by relapse during subsequent observation. On these criteria,
intrathoracic sarcoidosis was judged to have been favourably affected in 14
of the 21 not showing spontaneous improvment. Among 55 patients treated
with 500 mg of chloroquine daily for four months or more, including the 30
in the eross-over study, nine could not tolerate the drug because of nausea
and vomiting, and two developed a presumably drug-related rash; one
developed corneal changes which resolved after cessation of treatment;
none showed retinal changes.

Occasions for considering the use of chloroquine, to which its derivative
hydroxychloroquine may be preferred since it is said to cause less gastro
intestinal upset, in sarcoidosis are rare. These drugs have a suppressive
effect on granulomas but this is less reliable and slowcr in onset than that of
corticosteroids; and their value is reduced by the frequency of gastric
discomfort in patients taking them, and by the risk of retinal damage in
patients ta king them for more than six months, which calls for careful
ophthalmological supervision if treatment is prolonged. Thus they should
be considered only if there is an urgent indication for suppression of an
active granulomatous change, and a contraindication to the use of corti
costeroids. Recrudescence of persistently active sarcoidosis after cessation
of chloroquine which has had a suppressive effect on it is to be expected,
just as after cessation of corticosteroid treatrnent.

Immunosuppressive and cytotoxic drugs

Lacher (1968) reported a single case in wh ich the addition of methotrexate,
20 mg twice weekly, to prednisone, 75 mg three times weekly, which had
failed to control florid sarcoidosis of five years' duration in a young black
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woman, involving lymph-nodes, skin, lungs, liver, spleen and joints, with
fever, was followed by remission of all manifestations; this was maintained
during 18 months' further observation, during whieh prednisone was with
drawn and a redueing dosage of methotrexate eontinued. The temporal
relationship of remission to the administration of methotrexate was strik
ing, but eoineidental spontaneous improvernent eould not be exduded.

Israel (1971) treated 25 patients with aetive progressive sareoidosis in
whom eortieosteroids were not effeetive or not tolerated with ehlorambueil,
2 mg four times daily, or methotrexate, 20 mg twiee weekly, five being
treated with both these drugs. In six, 'dramatie' dinieal and radiologieal
improvement was observed , but relapse oeeurred three to 12 months later;
in some others there was symptomatie improvement only. No ill effeets
were observed .

Sharma et al. (1971a) reported observations on ten patients who had
sareoidosis of two to 20 years' duration, whieh was said not to have
responded to cortieosteroids or chloroquine, and who were treated with
azathioprine 100 mg daily for six to 30 weeks. All had intrathoracie ehanges
and six uveitis. Improvement in dinieal findings, induding uveitis, and in
radiographie appearanees were noted in three, but no long-terrn observa
tions were reported.

As noted in Chapter 7, p. 206, Veien and Brodthagen (1977) reported
suppressive effeets of methotrexate, 25 mg onee weekly, on skin sareoids in
12 of 16 patients, with relapse on eessation of treatment, and on uveitis in
three of four who also showed this loealization.

Kataria (1980) treated ten patients with progressive sarcoidosis with
chlorambucil, either beeause they had not responded to eorticosteroids, or
beeause there was a contraindieation to eortieosteroid treatment. Eight
showed some dinieal improvement, but effeets on radiographie ehanges in
lungs and on lung funetion were variable, and one patient with severe
eentral nervous system sareoidosis died. In patients showing improvement,
it became evident within three months.

The mode of aetion of these drugs in sareoidosis is uncertain. Israel
(1971) eonsidered that beeause of the rapid onset of improvement in
responsive patients, and of relapse after eessation of treatment, and of
inconstant changes in immunoglobulin levels, the effeet was anti
inflammatory, like that of eorticosteroids, rather than cytotoxic or imrnuno
suppressive . However, the possibility of effeets of the latter sorts demands
dose surveillanee of patients treated in this way, and these drugs ean have
only a very limited plaee, on an admittedly empirieal basis, in patients with
extensive aetive sarcoidosis causing severe symptoms whieh has failed to
respond to eortieosteroids. We are aware of one patient with intraetable and
life-threatening sareoidosis of the eentral nervous system in whom as a last
resort treatment with methotrexate was started; in spite of eareful surveil
lanee, he developed generalized herpes virus infeetion of whieh he died.



Treatment 597

Levamisole

The observation that levamisole, introduced as an antihelminthic, might
restore skin reactivity in anergie patients with malignant disease, and stimu
late some aspects of lymphocyte activity in vitra (Tripodi et al., 1973;
Binianimov and Ramot, 1975) has led to a few trials of its use in sarcoidosis
(Rosenthai et al., 1976; Veien, 1977; Cole et al. 1979). These all showed no
benefit, and side-effects preventing the completion of the trial therapy in
many patients; effects on immunological findings were variable. The lack of
clinical response is not surprising, since the immunological abnormality in
sarcoidosis is in most respects over-activity, only the ability to develop and
express Type IV hypersensitivity reactions being depressed.

CONCLUSION

No therapeutic measure so far studied appears to affect the agent or agents
inciting the development of sarcoid granulomas. The measure most reliably
affecting sarcoidosis is increase in corticosteroid levels, usually effected by oral
corticosteroids. The effect of this is to suppress active granulomas and some
aspects of the processes that lead to the formation of granulomas. Clinical
manifestations of active sarcoidosis can in many instances be suppressed by
corticosteroids, but the dosage required varies, and there is no evidence that
the duration of the active stage of the disease can be diminished, and
recrudescence is frequent after limited periods of treatment. Two indica
tions for the long-term use of corticosteroids in sufficient dosage to suppress
manifestations that cannot be controlled in other ways are uveitis and
hypercalcaemia, in both of which serious secondary effects may be pre
vented by such treatment. For other localizations of sarcoidosis, opinion is
divided about whether prolonged corticosteroid treatment of persistently
active infiltrations can prevent the ultimate development of irreversible
hyaline fibrosis. In none of the controlled studies of corticosteroid treatment
of pulmonary sarcoidosis with 'courses' of corticosteroid treatment which
have been published has there been any long-term advantage for the treated
groups, although during treatment they have fared better in various clinical
and other assessments than the untreated. Currently, the question whether
corticosteroid treatment directed by various objective tests of 'activity'
might produce better long-term results is being investigated. Fortunately,
the natural course of many cases of sarcoidosis is towards spontaneous
remission. Symptoms may be controllable during the active stage by moder
ate dosage causing no serious side-effects, and this constitutes a useful
guide-line to the sensible use of corticosteroids in pulmonary sarcoidosis.
For some of the less common clinical presentations of sarcoidosis, e.g. in the
central nervous system or in the heart, which may be immediately life
threatening, a trial of corticosteroid treatment is indicated; the effect is
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unpredictable, but only by trial can those patients who respond favour ably
be identified.

The physician's responsibility in the management of sarcoidosis is not
only to recognize those cases in which intervention of this sort is required,
but also, and perhaps of greater importance, so to explain the situation to
patients, the majority of whom present no indication for active treatment,
that the disease interferes as little as possible with their lives.
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