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Since Diamond and Blackfan described four cases
of congenital hypoplastic anaemia in 1938 the
condition has been frequently reported and the
literature was fully reviewed by Palmen and
Vahiquist in 1949.

Little has been added to the original description
of the disease, which is a pure, red-cell anaemia in
which there is a constant lack of reticulocytes. The
erythroblasts in the bone marrow are slightly or
moderately depressed while the white blood cells
and platelets with their precursors are normal. The
condition usually becomes manifest after a few
months of life when anaemia develops and persists
in spite of treatment although blood transfusion is
of temporary benefit. The disease affects both sexes
and has no familial tendency. There is no evidence
of loss of blood or of haemolvsis, and Gleiss and
Greiner (1951) have shown that in such cases
transfused red blood cells survive a period of 90
to 95 days. No toxic agent has been detected in this
condition, which is considered to result from a
failure of maturation of the red blood cell at the late
normoblast stage. This was demonstrated by marrow
cultures by Cathie (1950).
Although a maturation factor deficiency would

seem to be the most likely cause, no such factor has
so far been discovered. The usual haematinics, liver
extracts, folic acid, vitamin B12 and iron in all
forms as well as trace elements of copper, cobalt and
manganese have no effect on this anaemia. The
possibility of an endocrine disorder has led to the
use ofhormonal preparations such as thyroid extract,
'antuitrin', insulin, parathormone, adrenaline, testo-
sterone and stilboestrol, but without success. Other
drugs, including arsenic and vitamin preparations
such as ascorbic acid and nicotinamide, as well as
short wave diathermy to the long bones have also
proved ineffective. Splenectomy has been followed
by equivocal results and its value is difficult to assess.
The only beneficial treatment is repeated trans-

fusions of blood; these are technically difficult in

the infant and smaller child and there is always the
possibility of a mis-matched transfusion. In long-
standing cases this treatment is followed by a rise
in the serum iron level according to Palmen and
Vahlquist (1949), and haemosiderosis with pigmenta-
tion of the skin and enlargement of the liver was
noted by Cathie (1950) and Lelong, Joseph,
Polonowski, Desmonts and Colin (1951). On
account of these hazards the following case of
congenital hypoplastic anaemia is reported in view
of the satisfactory response to A.C.T.H. and
cortisone therapy.

Case Report
Carol McC. (Fig. 1) was born on December 24, 1949,

as a full term infant but weighing only 4-. lb. (2 kg.).

FIG. 1.

She was the twelfth child of a family in which there had
been six miscarriages at the sixth month of pregnancy
and one child stillborn at full term. The second child
died, aged 5 months, of convulsions and the third child
at 10 weeks of meningitis; the fourth and tenth children
survived and are healthy.
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ARCHIVES OF DISEASE IN CHILDHOOD
She was artificially fed on dried milk. Pallor was first

noticed at 3 months of age, and failed to respond to iron
given by mouth. At 7 months the pallor was intense, a
haemic cardiac murmur was present and the spleen
palpable; a blood transfusion was given. At 14 months
a second blood transfusion was required and further
haematological examination showed a condition typical
of congenital hypoplastic anaemia.
On May 10, 1951, blood examination showed:

Haemoglobin 52% (7 -7 g. per 100 ml.), red blood cells
2,580,000 per c.mm., colour index 1 -0, white blood
cells 7,450 per c.mm., platelets 220,000 per c.mm.,
reticulocytes <0-25%. A blood film showed aniso-
cytosis. A differential white cell count gave polymorphs
43%,O large lymphocytes 3%,O small lymphocytes 44%
monocytes 10%. The P.C.V. was 22%, M.C.V. 84 c.ti,
M.C.H.C. 36%, E.S.R. 45 mm. per hour (corrected,
3 mm. per hour), bleeding time 1 min. 30 sec., clotting
time 2 min. Red cell fragility was normal; a Coombs
test was negative. The blood group was O (IV) Rh
negative.
The serum bilirubin level was 0-2 mg. per 100 ml.

The Wassermann reaction was negative.
Bone marrow investigation showed that the myeloid

series was normal, but there was marked hypoplasia of
the erythroid series.
No urobilinogen or urobilin was shown. Gastric

acidity was normal.
A radiograph of the chest, a barium meal and enema

were normal. There was slight osteo-
porosis of the wrist but the bone age
was normal. The Mantoux reaction was
negative.

Since then the child has required
blood transfusions at intervals of approxi-
mately two months, and other haema-
tinics, folic acid, vitamin B12 and liver
extract preparations have been given with-
out effect (Fig. 2).

Clinically the child was well propor-
tioned and well nourished with similar
features to those described by Cathie
(1950), of blonde colouring, snub nose,
thick upper lip, wide-set eyes and an
intelligent expression. The spleen could
be palpated only after a blood trans-
fusion but the liver was enlarged 1 j in.
(3-8 cm.) below the costal margin. When
anaemic, pallor and a haemic cardiac
murmur were present.
On August 4, 1952, peripheral blood

examination showed haemoglobin 710% 0
(10- 5 g. per 100 ml.), red blood cells Dec-, 190
2,990,000 per c.mm., colour index 1-2,
white blood cells 5,400 per c.mm., platelets
173,000 per c.mm., reticulocytes <0-2%. A blood film
showed slight macrocytosis. The differential white cell
count gave polymorphs 3900 eosinophils 2 00, monocytes
4 %,Tirk cells I %, large lymphocytes 2 00, small lympho-
cytes 52 %. The bone marrow showed hypoplasia of the
erythroid series but normal myeloid activity (Table 1).

TABLE I
BONE MARROW DIFFERENTIAL COUNTS

Myeloblasts .. .. ..

Premyclocytes
Myelocytes.
Metamyelocytes
Neutrophil polymorphs
Eosinophil polymorphs
Basophil polymorphs
Megakaryocytes
Lymphocytes
Plasmocytes ..
Monocytes.
Undifferentiated cells
Proerthroblasts .
Normoblasts A

B.
C .. .

Cells in mitosis
Granulocytic:erythrocytic ratio

August 4, December 12,
1952 1952

o0 0

0-5 1-0
4-5 4-0
10 0 15-0
10-0 20-0
21-0 12-0
2-5 0-5
- 0-5
1-0 0-5

39-0 11-0
- 1-0
0-5 2-0
1-5 -

7-0 1-5
- 4-5
2-0 23-0
- 3-0
0-5 0-5
2-8 l 1-25

A course of A.C.T.H., 10 mg. six-hourly by intramuscular
injection, was given for the next 14 days and was followed
by a slight reticulocytosis while the haemoglobin level
fell only 15% (2-2 g. per 100 ml.) during the next seven
weeks (Fig. 3).
On September 29 a further transfusion of 300 ml. of

packed red cells was given and on October 1 the haemo-
globin was 96% (14-2 g. per 100 ml.) falling to 87%
(12-9 g. per 100 ml.) on October 11 when oral cortisone,

May, 1953Age in Years
FIG. 2.

25 mg. at 12-hourly intervals, was started. This was
followed by a reticulocytosis, an increase in haemoglobin
level and a marked depression of the eosinophil count
(Fig. 4).
On December 8, as the haemoglobin level had reached

1130% (16-7 g. per 100 ml.) the dosage of cortisone was
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ER YTHROGENESIS IMPERFECTA 365
___________________________________ reduced to 25 mg. daily, but three days later

100 the child developed severe abdominal pain with
vomiting and constipation. The abdomen was
distended and tender, turbulent bowel sounds
were heard, and a radiograph of the abdomen

so showed some gaseous distension of the small
bowel. The possibility of hypokalaemia causing
symptoms of an abdominal surgicl emergncy
as described by Irons, Ayer, Brown and

\ Armstrong (1951) was excluded as the serum

:S 60 3\ ekctrolyte values were: potassium 18 mg. per
0 3% 100 ml. (4-9 mEq. per 1.), chloride (NaCl.) 605

mg. per 100 ml. (103 5 mEq. per 1.).
E The electrocardiogrn was also considered
to to be normal (Fig. 5).
z 40 2% At laparotomy a considerable amount of free
X /o fluid was present in the peritoneal cavity; a mass

in the ascending colon disappeared when the
bowel was delivered and the lower six inches

/ (15- 8 cm.) ofthe ileum were pink and distended.
20 / 0/\ The lymph nodes were large and juicy through-

/ \ ° out the mesentery of the small bowel. It was
considered most likely that the condition was

ACTH Retic I
one of intussusception with spontaneous

/ACTH Reticulocytes reduction. The post-operative course was
.__ _ _ __ uncompLicated. No blood transfusion was

1 2 3 4 5 6 7 given and cortisone therapy was discontinued.
Aug. S. Weeks 1952 Sept. 29 On December 16 the haemoglobin wasAug~~~~iG. 103% (15-25 g. per 100 ml.) and bone

FIG. 3. mnarrow examination revealed a normal red
cell series, a totally different picture from

Sept. Oct. Nov. Dec. Jan. Feb. Mar. April May
29 1 1 I

FiG. 4.
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ARCHIVES OF DISEASE IN CHILDHOOD

III
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FIG. 5.-.Nor-
mal electrocar-
diogram on De-
cember I 1.1952.

those previously reported as erythroid hypoplasia (Table
1). On January 5, 1953, the haemoglobin had fallen to
81 00(120 g. per 100 ml.) and cortisone was begun again
in daily doses of 12 -5 mg. together with I g. of potassium
chloride by mouth. A week later the haemoglobin had
risen to 97%o (14135 g. per 100 ml.) and the reticulocyte
count to 3 00O so cortisone, 12 -5 mg., was given on altemate
days. This has been continued to date and the haemo-
globin level maintained as shown in Fig. 4. The child
remains well and active although noticeably undersized
for her age, her height being only 25! in. (67 -3 c.mm.),
although her weight is 334 lb. (15- 2 kg.).

Discussion

This child shows the features which are characteris-
tic of congenital hypoplastic anaemia, i.e. the onset in

early life of a pure red-cell anaemia in which blood
loss and haemolysis are absent, reticulocytes are lack-
ing and there is no response to the usual haematinics.
No toxic substance could be detected and would in
any case be unlikely to exert such a prolonged effect.
Bone marrow examination revealed erythroid hypo-
plasia, which in this case was confirmed bv Dr.

A
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B
FK;. 6.-A. Phonocardiograr before blood transfusion. B. Phonocardiogram after blood transfusion showing triple rhythm; the

third heart sound is indicated by the arrosw.
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ER YTHROGENESIS IMPERFECTA 367

Cathie, who kindly examined the slides which he
considered similar to those of his own cases reported
in 1950.
No congenital abnormalities are present such as

occur with the anaemia of Fanconi's syndrome
(1927), while the normal white cell and platelet
counts exclude the possibility of primary splenic
pancytopenia. Before A.C.T.H. and cortisone
therapy was tried frequent blood transfusions were
required. (The method employed was the scalp vein
technique with general anaesthesia.) During trans-
fusion triple rhythm was detected by auscultation
and has been recorded by phonocardiograph
(Fig. 6), indicating a further potential danger to
such transfusions as overloading the circulation may
lead to cardiac embarrassment.
The occurrence of spontaneous remission is

reported in one of Diamond and Blackfan's (1938)
original cases. After two years of transfusions the
red cell count remained about 3,500,000 per c.mm.
Palmen and Vahlquist (1949) consider that there
may be a stabilization at a low haemoglobin level in
some cases when transfusions are withdrawn and to
these they apply the term 'stationary hypoplastic
anaemia'. The general experience, however, is, as in
this case, that the haemoglobin and red cell count
fall progressively, and Diamond and Blackfan record
a level of 10°. haemoglobin (1 5 g. per 100 ml.) and
580.000 red blood cells per c.mrnm. in one case.
The possibility of such a remission coinciding in

this child with A.C.T.H. and cortisone therapy is
considered unlikely as after laparotomy cortisone
therapy was deliberately withheld and the haemo-
globin level fell from 103%o (15 25 g. per 100 ml.)
to 81% (12 05 g. per 100 ml.) in 19 days. About IO,
(0 15 g. per 100 ml.) haemoglobin per day has been
the rate of fall in this particular patient.

This, together with the unprecedented rise in
haemoglobin to 1130. (16 7 g. per 100 ml.) and
reticulocytosis leaves little doubt that A.C.T.H. and
cortisone have been effective in causing maturation
of the normoblasts as is also shown by the dramatic
change in the bone marrow. The effect of A.C.T.H.
and cortisone in blood disease such as haemolytic
anaemia, sickle cell anaemia, thrombocytopenia and
leukaemia are well known though the actual
mechanism may not be fully understood.

Yoffey (1952) has investigated the effect of
A.C.T.H. and cortisone on the bone marrow of
guinea-pigs and he observed a significant increase
in the myeloid and erythroid cells of the marrow
suggesting that steroid compounds have a possible
erythropoietic function. Finch, Crockett, Ross and
Bayles (1951) have shown that anaemia in rheuma-
toid arthritis may respond to A.C.T.H. and

cortisone. There is reticulocytosis and acceleration
of red cell formation but no obvious change in the
bone marrow, and in spite of continued therapy
polycythaemia does not develop. However. poly-
cythaemia is a well recognized feature of adreno-
corticism or Cushing's syndrome and is presumably
an effect of the adrenal steroids on the erythroid
tissue.

In congenital hypoplastic anaemia the response to
A.C.T.H. and cortisone mav be a non-specific
erythropoietic effect if the condition is primarily an
inborn error of development of the late normoblast
as suggested by Cathie (1950) and for which he
employs the term 'erythrogenesis imperfecta'.
On the other hand the condition mav be associated

with an endocrine deficiency. The retardation of
physical development so well illustrated in this child
is not a constant feature of the condition but has
been reported by Palmen and Vahlquist (1949k and
Bernard, Inceman and Hovasse (1951). Adrenal
function tests have not been undertaken in this child
as cortisone therapy continues. This, in itself. may
lead to many common side-effects such as a rapid
gain in weight, pigmentation, acne, euphoria and
electrolytic disturbances, but also to the more serious
problem of masking the usual signs and symptoms
of bacterial infection. Of particular importance is
the activation or exacerbation of an unrecognized
tuberculous process and possibly an increased
liabilitv to this infection. With this in mind frequent
radiographs of the child's chest have been under-
taken as, although the Mantoux reaction is negative.
a falsely negative reaction may occur with A.C.T.H
or cortisone therapy in the presence of active disease.

A further case of congenital hypoplastic anaemia
is reported. Previous treatment of the condition and
the dangers of repeated blood transfusions are
reviewed. The successful response to A.C.T.H. and
cortisone over a period of eight months is demon-
strated and the mechanism of its effect discussed.
The dangers of such therapy, if continued, are noted.

We should like to thank Dr. N. A. J. Carson for
camring out the haematological investigations.
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Postscript
Since May, 1953, the child has required no blood

transfusion while on cortisone therapy. The
haemoglobin has therefore ranged between 80 and
93% (11*8 to 13*75 g. per 100 ml.) and the
reticulocytes between 0*5 and 1 - 25 0/i0O
It is interesting to note that, as a further side-effect
of cortisone, the child's hair has now changed from
blonde to brunette.
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