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Treatment resulted in a diminution of symptoms, but
had no effect on the renal function or the radiographic
appearance of the bones, and she died a year later in
oliguric renal failure. The post-mortem findings are
described.
We wish to thank the many persons who assisted in the

accumulation of the data about this patient, particularly
Dr. H. G. Sammons, Dr. W. F. R. Pover, and the late
Dr. A. H. Henley. We would also thank Dr. R. D.
Blachford for referring the patient, and Professors J. W. Orr
and D. H. Collins and Drs. J. Hardwicke and W. Whitelaw
for pathological reports.
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[WITH SPECIAL PLATE]

Schaumann (1914, 1917) first postulated the modern
concept of sarcoidosis as a systemic granuloma,
probably infective in origin, presenting a pleomorphic
clinical picture according to its sites of attack in the
body. In about 80% of cases the process is self-limiting
and the patient recovers. Often the disease is an
incidental finding. Death from sarcoidosis most
frequently results from heart failure-cor pulmonale
usually developing secondary to extensive pulmonary
sarcoidosis or its residual fibrosis. More rarely sarcoid
is found invading the heart directly and embarrassing
its action by massive replacement of heart muscle by
non-contractile tissue or by interruption of the con-
ducting mechanism. Occasionally it causes valvulitis
(Laroche et al., 1955) or pericarditis (Gilg, 1953).

Since Bernstein et al. (1929) reported finding epicardial
sarcoid granulomata in a patient dying of pneumonia,
all degrees of cardiac infiltration have been described.
Involvement of the heart is to be found in about 20%
of all cases of disseminated sarcoidosis (Freiman, 1948;
Longcope and Freiman, 1952). In many of these cases
the cardiac lesion has remained clinically silent, the
patient dying from some other manifestation of the
disease or from some unrelated condition (Skavlem and
Ritterhoff, 1946; Hauser, 1946; Spencer and Warren,
1938; Longcope, 1941). In a few instances the circula-
tory disturbance produced by cardiac involvement has
proved to be of a transitory nature and recovery has
followed (Longcope and Fisher, 1941 ; Moyer and
Ackerman, 1950; Gold and Cantor, 1959). There
remains a group of cases where myocardial sarcoidosis
has led directly to a fatal issue. Probably the first death
of this sort was recorded by Longcope and Fisher in
1941. Adickes et al. (1951) had the distinction of
recording the first case of myocardial sarcoidosis
to be diagnosed in life and subsequently confirmed
at necropsy.

Various associated cardiac arrhythmias have been the
subject of several excellent papers (Salveson, 1935;

E

Riley, 1950; Gold and Cantor, 1959; Porter, 1960),
and the electrocardiographic findings in myocardial
sarcoidosis have been described by Leitner (1946).
Salveson (1935), McCort et al. (1947), and others.
Criteria for the histological diagnosis have been firmly
established by Nickerson (1937), Bates and Walsh (1948),
and Yesner and Silver (1951).

Since 1941 we have collected from the literature (see
Table) 24 cases where myocardial sarcoidosis is con-
sidered by us to be the lesion primarily and directly
responsible for death. We wish to add to these a case
of our own.

Case Report
A white male steelworker aged 44 first presented as an

out-patient complaining of increasing shortness of breath
and of backache radiating round to the precordial area.
There was no significant previous medical history.
On examination at this time the pulse was 86 per minute

and regular, and the blood-pressure was 100/60 mm. Hg.
The heart was slightly enlarged ; there was no audible
murmur, but a triple rhvthm was heard and there were
bilateral basal crepitations. The rest of the examination
was negative. A tentative diagnosis of myocardial infarction
in early congestive heart failure was made and subsequent
electrocardiogram was reported by Dr. R. S. Weetch as
follows: " Sinus rhythm, P-R interval 0.22 sec. Occasional
ventricular extrasystoles, spread of QRS complex indicative
of interventricular block. Flattened T waves in the first
and second limb leads with a raised S-T segment in lead 3.
S-T depressed leads V4-6 and T1 inverted." This record was
highly abnormal, and, although not specifically diagnostic
of infarction, it was thought to be compatible with it in
view of the history and physical findings. The patient was
accordingly admitted to hospital, where his general condition
improved but his blood-pressure remained low; he developed
right bundle-branch block, and after three weeks he was
discharged home.
No clinical records of his progress at home are available,

but he is said to have led a careful life and did not again
complain of chest or back pain. Fifteen days after his
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discharge he collapsed and died while visiting his place of
employment, and his death was the subject of an inquest.

Summary of Post-mortem Findings
External examination showed no abnormality; the struc-

tures of the head and neck were normal. At this stage there
was no indication for a special examination of the parotid
glands or eyes. Both pleural cavities were dry, and the lungs
showed only slight oedema of the upper lobes. A number
of firm, enlarged lymph-nodes were present in the media-
stinum alongside the lower trachea and about its bifurcation.
The heart weighed 20j oz. (638 g.). All its chambers were
dilated and both ventricular walls grossly thickened. What
macroscopically appeared to be a greyish-yellow " fibrosis "
extended irregularly throughout the entire ventricular
myocardium and into the wall of the right atrium (Special
Plate, Fig. 1). The left atrium and the cardiac valves
appeared normal. The coronary arteries showed only
minimal atheroma. Slight enlargement of the spleen was
the only abdominal abnormality. Thus, apart from the heart,
mediastinal lymph-nodes, and spleen, the rest of the necropsy
was substantially negative.

Histology
Histological examination of the heart showed the presence

of typical sarcoid lesions in all parts of the myocardium.
In the left atrium there were only occasional early lesions
consisting of a few pallid epithelioid cells ringed by scanty
lymphocytes. In the right atrium, ventricles, and septum,
however, there was massive replacement of the myocardium
by a diffuse irregular fibrosis, containing numerous non-
caseating tubercles at all stages of development (Special
Plate, Fig. 2). Many giant cells, containing from 30 to 50
nuclei and occasional asteroid inclusion bodies (Special
Plate, Fig. 3), were scattered throughout the fibrous tissue,
both within the tubercles and outside them. Though the
granulomata were observed abutting the coronary vessels,

there was no evidence of compression or infiltration. The
mediastinal lymph-nodes showed extensive infiltration by
young granulomata with minimal fibrosis. In the spleen
prolonged search disclosed only three small epithelioid
tubercles.

Special stains for amyloid (congo red), bacteria including
Bacillus tuberculosis (Gram and Ziehl-Neelsen), and fungi
(periodic acid-Schiff) were all negative. Reticulin fibres
were demonstrated (Gomori) throughout the tubercles,
tending to divide the epithelioid cells into clumps. The
remaining organs revealed no histological abnormality.

Discussion
In the above series no significant racial difference

is apparent, but males were affected almost twice as
frequently as females. Of the 25 patients, 13 (52%)
were in their twenties and 22 (88%) were in the 20-50
age group. No case is recorded below 20 years of age.
The liability of these patients to sudden death, which

constitutes their special interest to the forensic patholo-
gist, is well illustrated here-no fewer than 19 patients
(76%) eventually died suddenly, and in five instances
(20%) death was classed as unexpected, there being no
known previous symptoms or these were few and
apparently inconsequential. Omitting these unexpected
deaths from further consideration, the remaining 20
victims all suffered some clinical illness severe enough
to warrant their seeking medical attention, and all but
one of these 20 showed definite cardiovascular abnor-
mality on clinical examination.
Dyspnoea was found to be a leading symptom, though

it must be remembered that associated pulmonary disease
was frequently reported at necropsy. Five cases (25%)
presented with Stokes-Adams syndrome due to varying

Table Showing Details of 25 Cases of Myocardial Sarcoidosis

History Signs

Sx History Necropsy:
Authors Race San Suggestive Symotoms Con- MultipleAuthrs Rce adofUveo nefniteSuddn Unx- (leowintin of Cardo- estiv Arhth Ab- OrganAge ofve-re1!teSdeUnx (Dsritnof Crirryhparotid Clinical Deathpected Presentation) megaly Hear mia* normal involve-

nvolve- Illness Death in Life Failure EGCG. mentt
ment

Longcope and Fisher
(1941)

Johnso.n and Jason
(1944)

Scott, and McKeown
(194R)

Bates andWalsh (194X)
RIcker and Clark

(1949)
Kulka (1950)
Yesner and Silver

(1941)
Adickes et a! (1951)
Simkiis (1951)
Oille et al (1953)
Gila (1953)
Sales (1953)

Powell (1954)

Stephen 1954)
Gottfarb and Wahl-

gren (1954)
Cowdell (1954)

Peacock et al. (1957)
Mfrrfis, n and Pierce

(1957)
Adams (1958)

Loprete et al. (1958)

Poon and Forbus
(9Q60)

Poon and Forbus
(1960)

Porter (1960)

Present authors,

M 40

M 24

M 26

MI 31
M 25

F 26
M 51

M 28
F 50
F 43

NM 45
M 20

F 27
F 23
M 47
F 54

F 21

F 27
M 33

NM 38

M 27

M 24

F 40

M 21

M 44

+

+

+

+

None

Dyspnoea

? pain round heart 18
mcinths previously

Weakness, pain in lees
Dyspnoea, failing vision

None
Dyspnoea. proiressive
cinvestive heart failure

Dvspnoea
Syncorpal attacks
Tiredness, " angina,"

febrile
nvspnoea
Paroxvsmal nocturnal
dvspnnea
yvs,pnoea

,%cute dvspnoea
rlvsnnoea. chest pain
Repeated syncopal attacks

? bilious attack 2 days
before death

Repeated syncopal attacks
Epigastric pamin, vomiting

Paroxvsmal dyspnoea and
cvanosis

D)yspnoea and chest pain
2 weks previously

Dyspnoea

Cough, syncopal attacks

Svncope with grand-mal
attacks

DvqPnoea. chest and back
pain

+

+

+

+

+

* Excluding sinus tachycardia. t Three or more sites involved in addition to the heart.

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+
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degrees of heart-block, and in two cases, our own and
that of Stephen (1954), dyspnoea was associated with
chest pain so as strongly to mimic myocardial infarction.
On clinical examination cardiac enlargement and some

degree of congestive failure were often found. Five
patients (25%), including our own, had persistent hypo-
tension throughout their illness. Almost three-quarters
of this group developed arrhythmias at some stage, and
19 of the 20 were classed as electrocardiographically
abnormal. A wide range of E.C.G. abnormalities was
reported, but no single abnorrmality can be said to be
diagnostic. There was a wide variation in the degree
of cardiac infiltration necessary to cause death. In
every case, however, the heart was involved as part of
a disseminated process, though in two cases granulomata
were discovered in only two other sites in the body.
The caw reported in this paper is almost unique in
that, while the myocardirum was so extensively involved,
almost no evidence of the presence of the disea-se was
forthcoming from a histological examination of the
remaining organs.

Summary
A case is reported of fatal myocardial sarcoidosis

and the literature is briefly reviewed. About one-third
of cases of this condition are seen in congestive heart
failure, and occasionally the presentation resembles
myocardial infarction. Three-quarters of the patients
die suddenly-about one-fifth without premonitory
symptoms-and at necropy disseminated sarcoidosis is
commoniv found. In the case reported here the disease
was virtually confined to the myocardium and media-
stinal lymph-nodes.

It is a pleasure to record our thanks to C. L. Blenkinsop,
Esq., H.M. Coroner for the Borough of Rotherham, for
permission to pllhtish this case; to Dr. R. S. Weetch for
details of the clinical history and for the electrocardiographic
reports; and to Mr. R. T. Clegg for technical assistance.
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Preliminary Communications

Movement of Strontium in the Human
Body

Irradiation of tissue from internally deposited radio-
activity may under certain circumstances be the limiting
hazard. The occupational hazard to luminizers from
radium is a classical example. Irradiation of bone and
bone-marrow from strontium-90 in world-wide fall-out
is thought to be another. Since strontium-90, unli-ke
radium with its decay products, does not emit y-rays,
the estimation of the body burden has to be made by
indirect means rather than directly with a whole-body
counter. Knowledge of the rate of turnover of bone salt
and replacement of pre-existing strontium by new
strontium (and strontium-90) from the diet is for this
purpose essential.

Turnover and Replacemnent.-In this paper the terms
"turnover" and " replacement " are not used inter-
changeably. For instance, a unit of bone may turn
over-that is, be resorbed and re-formed each year. If
all the old building blocks are re-utilized the replacement
is nil. Only if none of the pre-existing materTial is
re-utilized is the rate of replacement equal to the rate
of turnover.

TURNOVER OF CALCIUM
Strontium, which has no accepted physiological func-

tion, is usually considered together with its chemical
analogue, calcium, which is known to be essential for
bone and soft tissue.

Bauer et al. (1957) have calculated the rate of turn-
over of calcium in bone. I heir method was to inject
radioactive calcium intravenously and to analyse the rate
of loss of the radioactive calcium from plasma. An
essential requirement of the method is that the markcr
labels all the calcium fractions of the exchangeable pool
uniformly; and this seems to be true for calcium. From
the second to tenth day atter the injection this loss was
exponential, and was attributed to the combined effect
of excretion and incorporation into bone. Since the
excretion was measured, the rate of incorporation into
bone could be calculated as ahout 0.5 g. of calcium per
day from an exchangeable pool of about 5 g. of calcium.
If all the bone so formed were long-lived. this would be
equivalent in a standard skeleton containing 1 kg. of
calcium to nearly 20% turnover per year.
Bluhm et al. (1960) noted that the exponential rate of

loss of radioactive calcium from plasma became slower
after about 10 davs. To explain this they pos;tulated
that there was additional loss from the exchangeable
pool by diffusion into come larger space. so they deduced
a rate of turnover about one-half to one-third of that
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LORD ROTHSCHILD: SPERMATOZOA

.~~~~~~~~~~~~ ~ ~ ~~~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ....... t

FIG. A.-Electron micrograph of longitudinal section of
spermatozoon of Strongylocetnirotus droebachiensis (sea-
urchin) near egg surface of same species. The black line is

1 ,u long. (Afzelius and Murray, 1957.)
FIG. B.-Low-magnification view of active (top) and dead

(bottom) bull spermatozoa in semen.

G. FORBES AND A. USHER: FATAL MYOCARDIAL SARCOIDOSIS

Fro. 1.-Showing granulomatous infiltra-
tion of ventricular wall involving papillary

muscles.

FIG. 2.-Medium-power view of a typical field
from the interventricular septum. Note the
extensive fibrosis with islands of epithelioid
cells and numerous multinucleate giant cells.

(H. and E. x 32.)

FIG. 3.-Multinucleate giant cell
containing large asteroid inclusion
body. A second smaller asteroid
may be seen in the lower part of

this cell. (H. and E. x 105.)
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