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CLINICAL SECTION
CLINICO-PATHOLOGICAL CONFERENCE-No. 17 *

Haemosiderosis in Aplastic Anaemia

Clinical History (Dr. J. C. S. Paterson)
A dressmaker, aged 22 years, died in April I951,

and thus ended a protracted illness which had
brought her into hospital on many previous
occasions. In I939, at the age of io years, she had
first noticed shortness of breath on running. Four
years later she (an orphan) went to work in the
Midlands and, during the next two years, was
employed as shop assistant, factory hand, switch-
board operator, etc., and found that she was losing
her jobs because she could not hurry. Her ankles
swelled from time to time and her gums bled
easily. She was treated with oral iron. In the
spring of I945 she was first admitted to another
hospital with severe anaemia. The anaemia proved
refractory to parenteral liver extract, oral iron,
proteolysed liver, marmite, vitamin B, and
vitamin C. Neither vitamin C nor calcium
administration modified the haemorrhagic ten-
dencv. Blood transfusions were given and
splenectomy was performed in April I945. Histo-
logically the spleen showed no important changes.
There was no improvement after splenectomy and
she continued to have blood transfusions at two to
three monthly intervals.

She was admitted to this hospital for the first
time in February 1947. She complained of
breathlessness and of bleeding gums. On ex-
amination there was marked pallor and the jugular
venous pressure was not raised. B.P., I05/65.
Apex beat 2 in. from the midline. There was a
blowing systolic murmur heard in all areas. Liver
not palpable. No enlarged lymph glands. There
was bruising over the left ankle and right foot.
There were no telangiectases.

Investigations. R.B.C., i.8 million per c.mm.;
haemoglobin, 6.9 g.; M.C.V., I00 c.0t; reticu-

*Held at Hammersmith Hospital on November 7,
I 95I. The report was assembled by Dr. Bernard
Lennox, to whom the Editor is most grateful. The
photomicrographs are by Mr. E. V. Willmott and the
sections by Mr. J. J. Griffin.

locytes, I.2 per cent.; leucocytes, 2,300 per
c.mm.; neutrophils, 52 per cent.; lymphocytes,
38 per cent.; platelets, 30,000 per c.mm.; Hess
est po3itive; serum bilirubin normal; bleeding
time, 8j mins.

Treatment. Folic acid was given orally, 20 mg.
daily for five days without response. Trans-
fusions were given and she was re-admitted in
July 1947 for hormone therapy. Height, 4 ft. 9 in.
Weight, 6 st. Feet and hands were small. There
was scanty axillary hair and pubic hair was less
than normal in amount. There was no breast
tissue. Menstruation had been irregular from the
time of her menarche at the age of I3a. years, and
had ceased spontaneously in February 1947.

Investigations. I7-ketosteroid excretion 4.6 mg.
in 24 hours. Insulin tolerance test, normal
response. X-ray, right hand, normal osseous
development.

Despite these findings and although her relatives
were also small, her physical appearance suggested
hypopituitarism and hypogonadism, and an
attempt was made to treat her on corresponding
lines.

Treatment. Testosterone, 25 mg. i.m. daily for
one month followed by ferrous sulphate, 9 gr.,
ascorbic acid, 50 mg., and thyroid extract, 3 gr.
orally daily, plexan, 2 ml. i.m. twice weekly for a
further month. TestosteroiLe implant, 400 mg.,
on October 3, I947.
There was no haematological response and she

resumed her transfusion life for the next four
years. During this time there occurred inter-
mittent bleeding from the gums necessitating con-
tinuous dental treatment. In 1948 a sternal
marrow puncture was done and showed the
features of erythropoietic hyperplasia. In I949
her serum iron level was 3/6 micrograms per ioo
ml. Vitamin B,2 was given without effect.

In January 1951 she was admitted to hospital
because of a general deterioration in her mental
and physical condition; she was easily tired and
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apathy was a new feature. Her skin was slate grey
in colour and there was follicular hyperkeratosis of
both legs, which appeared thinner than formerly.
Weight, 5 st. 6 lb. W.B.C., i,ooo per c.mm.;
neutrophils, i6 per cent. (i6o per c.mm.);
lymphocytes, 84 per cent. (840 per c.mm.). Hess
test positive. Bleeding from gums. Sternal
puncture showed an acellular marrow.

Progress. She improved with transfusion and
four weeks bed rest. Shortly after her discharge
from hospital there followed two emergency ad-
missions because of epistaxis. On each occasion
the nose was packed with gauze soaked in i in i,ooo
adrenalin and blood transfusions were given.

In April 1951 she was admitted to hospital for
the last time complaining of pain in the left side
of the chest for the past five days. The pain was
made worse by deep breathing and she brought up
a frothy blood-stained sputum. She complained
of inability to use her arms and legs for two to
three days. On examination, T., 102.4°; P.,
132; R., 30. There were ecchymoses on all four
limbs near to the joints and the limbs were stiff
and painful. There was an impaired air entry at
the left base and the W.B.C. count was 500 per
c.mm. She was treated with oral aureomycin but
became semi-comatose and died a few days later.
Over the last six years of her life this patient

had received a total of 210 pints of blood by trans-
fusion. The iron content of this blood was over
40 g.

Diagnosis. Aplastic anaemia, haemorrhagic ter-
mination. Transfusion siderosis. Infantilism.

Pathology (Dr. C. V. Harrison)
This patient showed evidence of four different

changes: Marrow aplasia, infantilism with a con-
genital anomaly, post-transfusion siderosis and
terminal haemorrhages and infection.

.4plastic Anaemia
Femur showed fatty marrow with a gelatinous,

buff-coloured area in the upper shaft.
Sternum and spine showed rather empty looking

marrow spaces and a buff colour.

Infantilism
The body measured 5 ft., weighed 4 st. 84 lb.

and looked like that of a girl of I2 years. Breasts
not developed and axillary hair absent. Uterus of
infantile type (body 25 mm., cervix 40 mm.). All
organs were small. Heart, 152 g. (normal for
woman of 5 ft., 250 g.). Kidneys, 2I0 g. (N.,
300 g.). Thyroid, 8 g. (N., 25 g.). Brain, 870 g.
(N., 1,250 g.).
The heart also showed congenital fibro-elastosis

of the endocardium of the left ventricle.

Siderosis
The skin showed a faint pigmentation over the

abdomen-and proximal parts of limbs. Liver was
relatively big (I,364 g.) and showed gross siderosis.
There was also gross siderosis of marrow, lymph-
nodes, pancreas, adrenals and thyroid. There was
minor siderosis of kidney and heart.

Terminal Changes
There were numerous haemorrhages in the skin,

visceral pericardium, epiglottis and pleurae. There
were apparent abscesses in both lungs. Thc
stomach showed apparent necrosis of the tips of
the rugae.

Histology
Spleen (removed in 1945). Showed no apparent

lesion compared with control of similar age.
Marrow. Showed gross aplasia. Of the cells

present, a high proportion were plasma cells;
there were also many mast cells. There was
severe siderosis (Fig. i).

Liver. Showed siderosis (Fig. 2). There was
iron in liver cells, more in Kupffer cells and most
of all in phagocytes in the portal tracts. There

FIG. 2.-Liver. Part of a single lobule stained for iron.
There are dark deposits in the portal tracts and in
enlarged Kupifer cells and fine dust-like deposits
in the liver cells. (Perl's stain + 145.)
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FIG. I.-Bone marrow showing virtually complete absence of haemopoietic cells. Plasma cells with
eccentric nuclei can be recognized (a). Two larger cells with dark-staining cytoplasm are
mast cells (b). The refractile bodies are deposits of haemosiderin in histiocytes (c). The
outlines of fat cells are just visible. (Giemsa stain + 550).

was slight fibrosis of the portal tracts but no real
cirrhosis (Figs. 3 and 4).

Pancreas and lymph nodes also showed severe
siderosis.

Skin. Showed iron in epithelial cells, in sweat
glands and in tissue histiocytes. There was also
a slight increase of melanin.

Lungs. Showed siderosis of septal cells (Fig. 5).
There were many haemorrhages and some of these
had become infected via the bronchi.

Stomach. There was no necrosis but the tips of
the rugae were infested by a thrush-like mould
(Fig. 6).

Pituitary. Showed a gross increase of eosino-
phils at the expense of the chromophobes. Baso-
phils were apparently normal in numbers and
both eosinophils and basophils were packed with
secretory granules.

Ovary. Contained no ripening follicles or
corpora lutea. There was gross siderosis, ap-
parently in corpora albicantia.
Endometrium was inactive.
Heart. Showed fibro-elastosis of the left

ventricular endocardium (Fig. 7).

Discussion
DR. DACIE: This is a difficult case to sum-

marize. The history, of course, is an extremely
long one. I think that we must accept the fact
that she lasted for six years or so as probably due
to the many transfusions she had. It is an ex-
ceptionally long time for a case of aplastic anaemia
to live. I feel we actually witnessed a transforma-
tion from a probably patchily hypoplastic marrow
to eventual complete aplasia. Clinically, the ten-
dency to bleed, which seems to be associated with
thrombocytopoenia, was far more important than
the granulocytopoenia, except perhaps just ter-
minally. The post-mortem findings confirm the
impression of marrow aplasia one gained from the
peripheral blood studies, and confirmed also our
last marrow biopsy findings. The large number of
mast cells and plasma cells in the marrow is a
particularly interesting finding (Fig. i). These
have been observed before, but I do not think
anyone quite understands what they are doing
there. It has been suggested that the mast cells,
play some part in the actual causation of aplasia
instead of being what they are usually regarded as,
a tissue reaction of an undetermined sort. It has
been said that these cells inhibit the growth of the
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FIG. 3.-Liver. Reticulin impregnation showing normal
pattern within the lobules and relatively slight
fibrosis spreading from the portal tracts between
the lobules. (+ 75.)
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FIG. 4. Liver.-Low magnification showing dark de-

posits of haemosiderin enlarging the portal tracts
and spreading out to surround the liver lobules.
(H. & E. +- 54 )
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FIG. 5.-Lung. A few alveoli stained for iroin. The
septal phagocytes are laden with haemosiderin and
appear black. There is also some oedema. (Perl's
stain + 370.)
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Fi(c. 6.-Stomtach. The tip of one of the rugae of the
gastric mucosa showing mycelia with club-shaped
expansions. (Gram's stain + 335.)
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FIG. 7.-Endocardium and underlying muscle, showing
thickening of the former by multiple layers of
elastic tissue (black) alternating with fibrous tissue
(pale). (Weigert's elastic stain + 33.)

haemopoietic cells by the local elaboration of large
concentrations of heparin.

If you turn to the July number of Blood you
will see a paper by R. S. Fadem, who reviews the
incidence of mast cells in bone marrow; he found,
in fact, that they are practically never found in
normal marrow at all, and where they are found
the marrow is nearly always hypoplastic or
aplastic. There is some evidence from tissue cul-
tures that mast cells or heparin inhibit the growth
of other cells. The haemosiderosis in this case was
extremely severe, but I cannot help feeling that it
did not creally contribute to the death of the
patient. I feel, looking at the sections, that
despite the fact that they contain so much iron, we
were justified in continuing transfusing her.

PROF. MCMICHAEL: Dr. Sherlock, any com-
ments on the liver?
DR. SHERLOCK: I think we ought to remember

that iron cannot be excreted, and if for any reason
it is introduced into the body there it will remain.
In this patient a tremendous amount of iron was
therapeutically introduced in the form of blood
transfusions. Such iron is deposited preferentially
in the liver, and even a couple of pints of blood

transfused will produce demonstrable haemo-
siderosis of the liver. After that, of course, iron
is deposited in all the other tissues. There has
been a good deal of discussion recently as to what
effect this iron has on the liver function. Schwarz
and Blumenthal (Blood, 3, 6I7, 1948) have even
suggested that the iron produces a true haemo-
chromatosis. I think, however, we ought to
guard against calling this transfusion lesion
haemochromatosis. This particular patient had
had more transfusions than anyone I can re-
member, and if anyone should have had cirrhosis
as a result of blood transfusions, it ought to have
been this woman. In fact, the actual fibrosis
which the iron had caused in the portal tracts was
minimal.
The functional significance of the iron deposits

in the liver after multiple transfusions has, I think,
been over-stressed recently, and it should not be
regarded as a contra-indication to continuing trans-
fusions. There is just one point I would like to
raise in the discussion-has blockage of the
reticulo-endothelial system by iron had any effect
on her response to the terminal infection?

DR. PATERSON: Two points I would like to
make; the first concerns the relation to haemo-
chromatosis. Incidentally, about once a year for
the last three years we did an oral glucose tolerance
curve to find out if she was becoming diabetic,
and there was never any evidence of this. In
Sheldon's monograph on haemochromatosis he
records his own findings in cases whose organs he
analyzed for iron and those of others, and it
appears that the total mount of iron in the body in
haemochromatosis is somewhere between 25 and
50 g., and that this iron content increases with the
age of the patient. He does not believe that a
case of haemochromatosis can ever have in the
whole body more than 50 g. of iron. Now this
patient very closely approximates that amount,
and I think the significant thing one must re-
member is that she had acquired it all within a
period of six years. Had she had it over as long a
period of her life as does a case of haemochroma-
tosis, she might have had very much more fibrous
reaction to it.
The second point that I find very interesting

was with regard to her menstrual history. She had
had irregular menstruation and that had ceased in
February 1947; she had testosterone implants in
October I947 and thereafter did not bleed again.
That is a very marked contrast to another patient
with aplastic anaemia whom we have in the ward
at the moment who is exsanguinating herself be-
cause of metrorrhagia. I think the contrast may be
due in the first place to the fact that our present
patient had a preceding infantilism, whereas this
second patient is an older and mature woman,
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Also it is interesting to read in the leader of this
week's Lancet a discussion on female haemophilia
in which three cases are mentioned, two of whom
had metrorrhagia and the third did not. It is
pointed out there that the quantity of menstrual
bleeding may not be entirely related to blood-
clotting factors.
One further point is that I think this fungus

infection of the stomach is related to the fact that
she was given aureomycin orally. It is also in-
teresting to see the normal stomach because
Whitby quotes Duke's case of aplastic anaemia who
had a congenitally small stomach and who re-
covered after feeding with proteolyzed liver.
Whitby also mentions that if you starve pigeons
they develop an aplastic anaemia.
DR. COPE: There is just one aspect that I was

proposing to raise. This arises from the fact that
I do rather agree with Dr. Paterson that the con-
dition is in many ways analogous to ordinary
haemochromatosis. It is frequent to find in
idiopathic haemochromatosis a state of apparent
hypopituitarism. The association is well-recog-
nized and is discussed at length in Sheldon's book
on haemochromatosis and elsewhere. This girl
shows the same state of apparent hypopituitarism.
I was therefore very interested in one of the pearls
of wisdom Dr. Harrison let drop when he re-
marked that the histological evidence suggested a
block between pituitary and the receptor organs.
It seems to me that this may well be the true state
of affairs in these people with haemosiderosis or
haemochromatosis. The evidence that they have a
true hypopituitarism is decidedly slender. We
have a well-developed case of haemochromatosis
attending outpatients here, under the care of Dr.
Sherlock. This man shows good laboratory
evidence of over-action of the pituitary in several
ways in spite of having the typical clinical features
of hypopituitarism. It seems possible that in him
also the end organ is at fault, and that there is not
a true pituitary deficiency in the ordinary sense.

DR. FRASER: As regards the endocrine points,
there is, first of all, the problem Dr. Cope has just
been discussing, that is to say, the presence of
some degree of dwarfing-that commonly occurs in
many serious general diseases. I do not think there
is even any reason to incriminate the pituitary
particularly; it is just a manifestation of general
ill health you get in people with severe infections,
congenital hearts and so on, and can usually be
distinguished clinically from real pituitary defect
by the relative absence of bone age changes. It is
true that some authors have suggested that there
is a specific anaemia due to pituitary deficiency,
and there is a little animal evidence for that, but I
do not think there is any good clinical evidence.
This particular patient was dwarfed, but she had a

very serious disease and I think that is probably
enough to account for it. Though it is a little
surprising that her pituitary did not look really
quite normal. I wonder if it would not be true to
say that she had a deficiency of basophils rather
than an excess of acidophils?

DR. PEARSE: Answering that point straight
away-I think there is no doubt that the chromo-
phobes were grossly decreased at the expense of
the acidophils, and without doing counts, my im-
pression was that the number of basophils was also
slightly reduced. The histology is always a bit
abnormal in cases of haemochromatosis because
the presence of iron interferes with fixation and
subsequent staining, but all we can say about this
pituitary to my mind is that there was a blocking of
output of material from the acidophils, that is of
growth hormone, and a lesser blocking of output
from the basophils. Some of these were, in fact,
degranulated, while others were of peculiar types
which I associate with an increased demand for
thyrotropic hormone. I suppose that some
TSH was being secreted at all events and I
would have liked to have seen the thyroid.
The other point, if we can get off the endocrines,

is the matter of the association of heparin and mast
cells; I think since the publication of the work of
Jorpes (I935, Biochem. 7., 29, I8I7) and of
Holmgren and Willander (I937, Z. mikr., anat.
Forsch., 42, 242) the medical world has swallowed
this heparin story a good deal too completely. I
think it is quite conceivable that the function of
the mast cells is something quite other than
secretion of heparin-at least as such.

PROF. MCMICHAEL: Will somebody just tell
us whether it was a wise thing to take the spleen
out or not?
DR. DACIE: I would say in this case that it did

not make any difference. On that basis, I suppose,
perhaps it was not wise. Can I make one remark
in relation to the infantilism? I saw, before the
war, a child with what appeared to be a congenital
aplastic anaemia; one of two affected sibs. This
child came to hospital at the age of 9- with a
very severe, apparently aplastic, anaemia. He was
treated with transfusions and lived to I4. He
only gained 3 lb. in the 42 years before he died.
His weight was thus almost stationary, and he only
gained i in. in height during this time. There is
one other interesting point in my notes-I direct
this question to Dr. Harrison-that boy's thymus
was atrophic. Did you look at the thymus of this
girl?

DR. HARRISON: The note here is-thymus, not
apparent.

DR. LENNOX: Can I just ask one small thing?
Has there not been a paper recently-I have not
seen the original-suggesting that in these people
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with transfusional siderosis, the amount of iron in
the body is greater than can be accounted for by
the amount transfused? That is to say, in some
particular case or cases the organs have been
analysed after death and the total amount of iron
in the body estimated. It seems very mysterious
if it is true.

DR. PATERSON: The difficulty about doing
accurate estimations of iron in organs is that you
can never get rid of the blood. You use a small
piece of tissue, dry it, ash it, but you also have got
blood as well, which gives you a relatively much
greater iron content.

DR. LENNOX: Yes, but the total amount of
blood in the body only accounts for about 750 mg.
of iron, so that blood cannot affect very much the
estimates of 25 to 50 g. of iron one gets in haemo-
chromatosis and haemosiderosis.

PROF. DIBLE: It is possible to haemolyse the
the blood and wash it out.
DR. SHERLOCK: You have to get hold of a body

to analyze it!
DR. LENNOX: It has been done and someone

has produced such figures.
DR. HARRISON: I can support Dr. Lennox. I

recall the paper but I cannot put my finger on the
reference.

DR. WEINBREN: Actually, I think the paper is
an Australian publication.* The patient had a
very severe anaemia and they suggested that
because of this severe anaemia and anoxia the gut
absorbed more iron than normal; that was the
way they explained the excess iron in the body.

PROF. DIBLE: I would like to suggest that we
get iron estimations done on liver and pancreas in
this case. The analogy with haemochromatosis is
extremely interesting, and sometimes in cases of
haemochromatosis-I think generally-the pan-
crease contains more iron than the liver.

DR. DACIE: Just one other point which I forgot
to mention which perhaps might please Dr. Pearse
in connection with the heparin story. We have
been observing two other patients with hypo- or
or aplastic anaemia recently. One has a pro-
longed coagulation time. We thought that this
might be due to an increased amount of circulating
heparin. Actually, in both patients there was no
evidence at all of any excess of heparin in the
blood.

*Later idenitified as an article by R. Motteram and
W. E. King 'Observations on Haemosiderosis,' Studies
in Pathology (presented to Peter MacCullum),' Mel-
bourne University Press,' pp. I96 and 197. 1950.
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