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It will be evident that the operation raises more
questions than it answers, but whatever the ex-
planation it does seem to be effective in alleviating
the attacks of asthma in some cases. It deserves
wider investigation.

Summary
Eight cases of asthma of various types have been

treated by bilateral excision of the carotid body,
and one by unilateral denervation. Those
associated with chronic bronchitis and emphysema
have been improved rather than those of typically
allergic asthma.
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MARROW PUNCTURE AND ITS AID IN DIAGNOSIS
BY ANGUS E. BREWER, M.R.C.S.

Clinical Pathologist, Hampstead General Hospital, Royal- Free Hospital Group

A patient's blood count reflects the condition
and the function of the bone marrow. An
abnormal blood picture that is inadequately
explained by the clinical condition is a direct
indication to examine the marrow.
The first attempt at marrow biopsy was made

at the beginning of this century by trephining
the femoral epiphysis or the upper third of the
tibia. The inconstant presence of active marrow
at these sites produced indifferent results and it
was not until Seyfarth described trephining of the
sternum in 1923 that widespread interest was
founded. Trephining is somewhat laborious and
the procedure was much simplified when Arinkin'
in 1927 showed that suitable material for examina-
tion might be obtained by puncturing the sternum
with a wide gauge needle.

Since then many varieties of needle consisting
of a trochar and cannula have been designed.
The Salah needle is now in general use and has
an adjustable stop which acts as a safeguard
against over-penetration and enables the operator
to gauge the depth of the needle point.
The site usually chosen for puncture is the

manubrium or the body of the sternum between
the second and the third rib in the mid-line.
Recently successful puncture of the spines of the
vertebrae, the iliac crests and the ribs has been
described and the marrow thus obtained in normal
subjects has been identical with that from the
sternum2 3

The patient is given a sedative and lies flat in
the bed. The skin and periosteum are infiltrated
with z per cent. novocain. The needle is pushed
vertically through the skin and into the bone
with a firm boring motion. The amount of pres-
sure necessary will depend on the thickness and
the condition of the bone. A give is usually felt
as the marrow cavity is entered. The stylet is
withdrawn and a z cc. sterile paraffined syringe
attached and o.z cc. only of marrow aspirated,
thus preventing excessive dilution with blood.
The stylet is replaced, the needle withdrawn and
the wound sealed with collodion. The patient
should then be at rest in bed for some hours.

The Dangers of Sternal Puncture
Haemorrhage and haematoma may occur, par-

ticularly in blood dyscrasias, but are never serious
unless the patient has been allowed up im-
mediately. Very rarely death from shock has
occurred and adequate sedation would seem to be
a necessary precaution. Infection, a- potential
possibility, has not been noted. Puncture of the
heart has only been reported where an unguarded
or unsuitable needle has been used.

It has been stated that haemophilia is the only
contraindication.

Normal Marrow and the Limitations of the
Biopsy
Normal marrow is semifluid and consists of
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islands of proliferating cells, blood channels and
fat (Fig. 7). Suction applied through the syringe
causes a local disruption of this delicate tissue and
the material obtained is a chance mixture of these
elements. Even though standard procedures are
adhered to and a constant volume of material is
withdrawn normal marrow counts show a wide
range of numerical values. A report as to the
general histological features, the character of the
red, white and platlet maturation, and the pre-
sence of any abnormalities is essential if the report
is to be of value to the clinician and not merely
a mass of figures. To this should be added a note
as to the relationship of the marrow findings to
the blood count and to the general clinical picture.

Patchy lesions such as some cases of multiple
myeloma may be completely missed, though the
chances of this are much less if marrow puncture
is repeated at other sites when the apparently
normal results of first puncture are suspect.

In those pathological conditions, e.o. myelo-
sclerosis, where the marrow loses its semi-fluid
state, aspiration is a failure and material must be
obtained by trephining.

The Preparation of Marrow Specimens
The 0.2 CC. of marrow obtained by suction is

expelled on to a glass slide. From this a number
of smears are spread on other slides in a similar
manner to peripheral blood smears. The 'fluid'
part of the specimen may then be absorbed with
blotting paper, leaving the small fragments of
marrow on the slide. Some of these are pressed
out between two slides to give impressions and
thin sections. Others are put into Zenker fixing
fluid and paraffin sections made. All preparations
are stained with Jenner-Giemsa or other blood
stains and the paraffin sections in addition with
haematoxylin and eosin.

The Indications for Marrow Puncture and
its Aid to Diagnosis
These are illustrated by case histories grouped

under five general headings as follows:

(I) Anaemia which Fails to Respond to Treatment
CASE I

A small, thin, pale woman, aged thirty-nine,
was seen in O.P. complaining of weakness,
dyspnoea and menorrhagia. The blood picture
(Hb. 46 per cent.) suggested the severe hypo-
chromic microcytic anaemia frequently seen in
women of this age (see table, Case i (a) ).

Comprehensive iron therapy failed to produce
any improvement. In a few months her Hb.
had fallen to 32 per cent. and she had developed
a leucopenia (I,200 per cm.), although the red

cells themselves now appeared more normal in
size, shape and staining (see table, Case i (b) ).

Material obtained at sternal puncture showed
a very severe hypoplasia, the smears containing
little more than fat spaces surrounded by blood
(Fig. i). Only a very occasional nucleated red
cell and myelocyte could be found and the scanty-
cells present consisted of monocytes, lymphocytes
and an undifferentiated cell of reticulo-endothelial
type. These changes were thought to be a phase
of marrow exhaustion due to continued extreme
anaemia and persistent menorrhagia.

Similar pictures were obtained when the punc-
ture was repeated after transfusions, hysterectom-
and intensive therapy with every possible haema-
tinic. Puncture of the third lumbar vertebral
spine yielded marrow showing identical histology.
A diagnosis of apastic anaemia was made,

although the presence of the undifferentiated cells
in the marrow was not adequately explained.
The patient was kept alive by repeated trans-
fusion. Some month3 later the spleen and several
of the sunerfi>ial lymph glands enlarged and
histology showed a reticulosis, the abn3rmil cells
being the same as those first noticed in the bone
marrow.

CASE 2
A stocky, well-h iilt man, aged fifty, complained

of gradual loss of energy and increasing dyspnoea
over many months. Apart from considerable
pallor and a tachycardia, no clinical abnormalities
v,ere evident, but a routine blood count showed
a very marked hypochromic normocytic anaemia
(Hb. 34 per cent.-see table).

Immediate transfusion was followed by inten-
sive iron therapy, but the blood failed to improve
and the reticulocyte count remained below i per
cent.
At sternal puncture very little material was

obtained. It consisted of blood containing a few
fragments of fatty tissue. No marrow cells could
be found and the only information obtained was
that the marrow had lost the normal semi-fluid
character, which permits aspiration.

Further material for examination was obtained
by trephine. Following preliminary local anaes-
thesia, the skin and periosteum over the sternum
at the level of the second rib was incised. A disc
of bone with adherent marrow was removed with
a i cm. trephine and additional marrow obtained
by curettage., The periosteum was replaced but
not sutured and the skin wound closed.

Sections showed the marrow to be almost
entirely replaced by fibrous tissue in which were
emeshed fat, isolated haematopoietic cells and
very occasional islands of blood-forming tissue
(Fig. 2). These changes are typical of myelo-
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IFIG. I.-Marrow from Case i. Fat spaces surrounded
wvith blood.

j .

FIG. 2.-NIvelosclerins. Marrow from Case 2.

F1IG. 3.--Marrow of normal cellularity containing
atypical cells (marked X).

FIG. 4.-Small group of carcinoma cells in the marrow
of Case 5.
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FIG. 6.-Leukaemic marrow from Case 7. Obliteration

of fat spaces by proliferating myeloblasts marked
X.

FIG. 7.-Normal red marrow.
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sclerosis, and in view of the clinical and haema-
tological history, it seemed reasonable to accept
this picture as a generalized condition of the
marrow rather than a localized process in the
sternum. In this case practically no blood-forming
tissue remained and there was no chance of a
return to any useful degree of haematopoiesis.
The patient was kept alive for i4 months by

repeated transfusion, during which time he
developed a considerable splenomegaly.

(II) Unexplained Illness Accompanied by an
Abnormal Blood Picture

CASE 3
A tall, well-built, but thin, man of sixty-five

consulted his doctor with a thrombosis of the left
calf following unaccustomed exercise. He also
reported increasing weakness and loss of colour'
over the last nine months. He developed a fever.
without any definite clinical signs and complained
of some indefinite pains in the right side of the
chest. *A blood count showed a severe normocytic.
normochromic anaemia (Hb. 44 per cent.) and
a marked leucopenia (i,ooo per cm.), the neutro-
phils having a pronounced degenerative and toxic
shift. Other laboratory investigations were nega-
tive and clinical and X-ray examinations failed to
determine a diagnosis. A sternal puncture then
undertaken revealed a hypoplastic marrow con-
taining 24 per cent. of plasma myeloma cells and
the diagnosis of multiple myeloma was established.

CASE 4
A few days after extraction of a carious tooth

a married woman of twenty-eight developed a
swinging temperature with a considerable degree
of general malaise, mild gingivitis and conjunc-
tivitis and a transient morbilliform rash. Blood
cultures were negative. A blood count showed
a mild normochromic anaemia and a leucopenia
with a relative eosinophilia. There were marked
degenerative and toxic changes in the neutrophils.
During the next ten days the general condition

became much worse. The gingivitis became
ulcerative and haemorrhagic. The spleen and
cervical glands enlarged. There were several
attacks of urticaria. The Hb. fell to 55 per cent.
The leucocytes rose to 8,ooo, with monocytes
22 per cent. and eosinophils I4 per cent. Some
of the monocytes showed atypical and primitive
characteristics and resembled the cells seen in
'glandular fever. However, a Paul Bunnell test
was negative and the patient's condition was so
grave that a clinical diagnosis of leukaemia was
suggested.
At sternal puncture a marrow of normal cel-

lularity was obtained which contained io per cent.
of atypical cells similar to those seen in the blood

picture. Red cell tissue appeared somewhat
reduced although maturation was normal. Neitro-
phil maturation'showed toxic changes and a shift
towards immaturity (Fig. 3).

These findings were not those of a leukaemia,
but supported the diagnosis of a;virus infection of
the glandular fever type, causing toxic depression
of bone marrow function and a reactive hyper-
plasia of the reticulo-endothelial system resulting
in abnormal mononuculer cells.

(III) Macrocytic Anaemia
In many cases of macrocytic pnaemia the

clinical signs and a detailed blood count enable
the diagnosis to be made, e.g. pernicious anaemia,
some cases of carcinomatosis, of hepatic cirrhosis
and hypothyroidism. In obscure cases help must
be obtained from marrow examination.

I 'CASE 5
An active man of sixty-five had for some years

suffered' with chronic bronchitis. Recently his
cough had become worse and he complained of
increasing fatigue and loss of weight. A blood
count showed a macrocytic anaemia (Hb. 55 per
cent.) with a reticulocytosis of 7 per cent. and an
occasional normoblast. The leucocytes were
IO,OoO with a considerable inflammatory shift
(myelocytes 5 per cent.). The findings were those
of a leuco-erythroblastic anaemia.

Carcinoma of the lung with bony secondaries
was suspected, but the X-ray examinations were
inconclusive and, as the cause of the macrocytic
anaemia remained uncertain, sternal puncture was
carried out.
The marrow obtained was very hyperplastic,

there being numerous early cells of both red and
white series. Proerythroblasts and early normo-
blasts were particularly noticeable and 30 per cent.
of red cell maturation was macronormoblastic with
early haemoglobinization. There were no megalo-
blasts, the remainder of the red cell tissue being
normoblastic.
Thus a picture was obtained which was typical

in its unproductive and abnormal hyperplasia of
secondary carcinoma involving'the marrow. In
an exhaustive search of the films several small
groups of carcinoma cells were found (Fig. 4).
With this definite evidence the diagnosis of

carcinoma of the lung was then made with con-
fidence and was confirmed by subsequent post-
mortem examination.

CASE 6
A previously healthy, married woman of thirty-

five complained of indefinite malaise, increasing
shortness of breath and vague abdominal pains.
Apart from a slight fever and a tachyeardia, clinical

El

copyright.
 on M

ay 17, 2023 by guest. P
rotected by

http://pm
j.bm

j.com
/

P
ostgrad M

ed J: first published as 10.1136/pgm
j.26.292.77 on 1 F

ebruary 1950. D
ow

nloaded from
 

http://pmj.bmj.com/


82 POSTGRADUATE MEDICAL JOURNAL Februarv I950

Waj .+i- =F wEnWo j3*
z CZ

CZ 0L.II

4C.| 0 o I lI|n|.

> .. -

.-..-

4-
1t1 lso s ^ t 1<

CZ .4 .

-i C* |- in | 0| CaN] t

copyright.
 on M

ay 17, 2023 by guest. P
rotected by

http://pm
j.bm

j.com
/

P
ostgrad M

ed J: first published as 10.1136/pgm
j.26.292.77 on 1 F

ebruary 1950. D
ow

nloaded from
 

http://pmj.bmj.com/


February 1950 BREWER: Marrow Puncture and its Aid in Diagnosis 83

examination failed to reveal any abnormalities.
A blood count showed a macrocytic anaemia (Hb.
52 per cent.) with considerable variation in the
size, shape and staining of the cells and a reti-
culocytosis of 6 per cent. A suggestion that the.
patient was slightly jaundiced was confirmed by
a serum bilirubin estimation giving a total of I.5
mg. with an indirect Vandenbergh reaction. The
urine did not contain bile.
The fragility of the red cells in hypotonic

salines was normal and no haemolytic antibodies
were detected in the patient's serum.

Since neither the cause of the symptoms nor
the nature of the macrocytic anaemia were
apparent, sternal puncture was advised. The
marrow obtained showed a striking hyperplasia
of the red cell tissue with a relative decrease in
maturing granulocytes. The fat spaces were
obliterated by masses of proerythroblasts, early
and intermediated normoblasts. Maturation was
normoblastic with a small proportion of macro-
normoblasts showing early haemoglobinization
(Fig. 5).
The complete absence of megaloblasts ruled out

pernicious anaemia and the findings were com-
patible with a marrow doing its best to compensate
for excessive blood destruction.
With this evidence a diagnosis of acholuric

jaundice was made, the case being one of the few
not showing an increased red cell fragility in
hypotonic salines.

(IV) Final Confirmation of a Diagnosis
As mentioned above it is frequently possible

to make a diagnosis from the clinical condition
and the blood count. Examination of the marrow
in such cases only adds further confirmatory
evidence, but nevertheless is a valuable and justifi-
able procedure where the diagnosis is serious and
the prognosis alarming to the patient and his
relatives.

CASE 7
A prosperous and hard-working business man

who had previously been in very good health
complained suddenly to his doctor of tiredness
and inability to concentrate. Routine clinical
examination was normal. The usual holiday rest
and tonics produced no improvement. A blood
count then showed a normocytic, normochromic
anaemia (Hb. 54 per cent.) with I,500 nucleated
red cells per cm. and a reticulocytosis of io per
cent. The leucocyte total was 5,ooo, but only
7 per cent. of these were neutrophils, 42 per
cent. were primitive cells resembling myeloblasts.
With such definite evidence there seemed no

doubt that the condition was one of acute myelo-
blastic leukaemia.

This startling and serious diagnosis was con-
firmed by sternal puncture which showed a marrow
crowded with myeloblasts with almost complete
obliteration of the fat slaces. Red cell tissue and
maturing granulocytes were greatly reduced
(Fig. 6).
The patient died in six weeks.

(V) Miscellaneous Conditions
Culture of the marrow in cases of bacterial

endocarditis and septicaemia has yielded positive
results where blood culture has failed6 .

Drip transfusions may be given into the marrow
of the sternum through a Salah needle when the
peripheral veins have been damaged. In children
under four the tibia may be used. The procedure
followed is similar to diagnostic puncture, though
it is better to have a winged guard attached to
the needle, which can be strapped down to the
chest wall.

In malaria the parasite has been found in the
marrow when repeated blood examinations have
been negative. Similarly in kala-azar, marrow
puncture has been successful in demonstrating the
parasite Leishmania Donovani within the endothe-
lial cells.

In lipoidosis such as Gaucher's disease the typical
large lipoid-containing cells may often be found
in the marrow associated with hyperplasia of the
erythroid and myeloid tissues.

Summary
A brief introduction is given to the development

and technique of marrow puncture. The pro-
cedure is simple and, with adequate care, almost
devoid of risk, though experience is necessary to
ensure trustworthy results.
Marrow puncture enables a direct and detailedc

examination to be made of a disordered tissue and
the specimen obtained exhibits within certain
limitations the state and function of the marrow
at that moment.
A number of cases are described to illustrate

the indications for marrow puncture and the aid
a detailed examination and a report correlated
with the clinical condition and the blood count
may give to diagnosis.

My thanks are due to Mr. John S. Sheppard of
the Royal Free Hospital for the photographs.
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