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During the past twenty yeers sternal marrow
examination has become increasingly important in the
study of diseases of the blood forming organs. lany
reviews of the impo&tance 0f this method of
investigation have appeared in the literature from
time to time , but some of them have concentrated on
only one aspect of the subject, whilst the more
comprehensive ones have failed in some respects to
deal adequately with the subject.

The first part of this thesis is devoted to
& comprehensive review of this subject and includes a
description of a method of procuriag MATT oW by sternal
puncture and the technigue of staining smears.

In the second part of the thesis ie a
detailed account of the value of marrow examination in
diagnosis, prognosis and treatment of the diseases of
the blood forming organs, based upon my own personal
experience of approximately eighty cases, which
necessitated the performance of over a hundred sternal
punctures.

It had been my origingl intention %o
illustrate this thesis.by coloured photographs, but
I was unable to procure the necessary materiasls. 1In
the place of these photographs I have substituted

coloured /




coloured drawings which were painted for me by lr. J.
Varney. '

ly theanks are due to Dr. A, ¥, Hewat, who
encouraged me to carry out this work and has given me
much valuable help. “he major part of the clinical
work for this thesis was done in Dr., Hewat's wards
whilst I was in the receipt of a senior government
re-settlement grant for demcbilised medical officers.

I also extend my thanks to Dr. L.R.R. Todd
who allowed me to study all his haematological cases
during the past year. Liany of these cases are
ineluded in this thesis.

I also wish to thank the Librarian of the
lloyal Society of lledicine for his help in tracing the

more obscure articles referred to in this work.
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| the humen bone marrow was credited to Hobin (1849) who
| marrow, a tissue which had hitherto been regarded as

| functionless and a mere packing of the bones. He was |

unable to attribute any functions to these cells, and

| Coronia 1903) punctured the upper part of the

- made / '

+ B 2R ODYECPTOHN.

The first reference 1o nucleated cells in

discovered that there were nucleated cells in the bone

it was not until nineteéen years later that Neumann
(1868 and 1869) working with dead rabbits, demonstra- |
ted that these nucleated cells were responsible for

the production of both the red and white cells of the
blood.

|
Cohnheim 1876 (cit. lerwe 1936) reported
that the post mortem appearance of the marrow teken

from a patient suffering from pernicious anaemie had

an intense red appearance., Pianese - an Ltalian (cit. |

epiphysis of the femur in living subjects with a

|
|
trocer and aspirated the marrow by means of a Potain‘s!
apparatus. He did not leave any records of the '
appearance of the bone marrow in either health or
diseése,,and it was not until Ghedini 1908 trephined}
the upper end of the tibia eand removed Some marrow

with a curette that serious study of the cytological
changes of the bone marrow was undertaken. Later in
1910 and 1911 he tried to co-relate the bone marrow

appearances in various diseases with the blood picture




made at the same time. ILf the patient died, further
post mortem samples of the marrow were obtained and
compared with the earlier specimens of the marrow and
blood. He claimed that he obtained diagnostic help by
these methods in lymphosarcoma, tuberculous lymphoma,
aleukaemic states, hypofunction of the bone marrow,
dermatitis herpetiformis and certain diseases of
'infants. He left no details of this work so it is not
of much value. Perhaps becaunse of thig lack of detail,
these papeis did not stimulate interest in this new
study and it was not until Seyfarth (1922), impressed
by the danger of haemorrhage following the diagnostic

‘puncture of the spleen in suspected malaria cases,

decided to search for the parasites in the cells of the

hone marrow, that further interest in this tissue

was shown. He trephined the sternum under a local
anaesthetic and éoraped out a piece of the marrow with
a sharp spoon and from this sample made smears, thick
drop preparations and paraffin sections. <his method,
involving as it did a minor'surgical operation for its

performance, did not gain wide favour amongst

Haematologists. Arinkin (1929) overcame this objection|

;by introducing a simple method of sternal puncture.
‘This method consisted of puncturing the sternum with a
'stout needle and aspirating some of the bone marrow
with a syringe. Smears were made from the aspirated
material. <LThe advantages and disadvantageslof this
method over the earlier method of sternal trephine were
discussed by such authors as Vogel Erf and Rosenthal

(1987), /



only certain way of assessing the degree of hypo or
hyperplasia is by post mortem examination of the
marrow .in all the bones, so this disadvaantage is
common to both methods. Lhis danger of placing too
much importance in the degree of cellularity of the
marrow is illustrated in two of my cases. Careful

study of many smears, including a few "squashed"”

preparations,revealed a severe hypoplasia in the first |

case, but after two weeks iron therapy a marked normo-.

blastic reaction in the marrow resulted. ''he smears

of the other patient suffering from pernicious anaemia |

showed very few cells, but after four liver injections
subsequent sternal marrow preparations revealed an
' intense no}moblastic reaction.

llendell and lleranze (1942) stated that the

procedure of trephining the sternum should be reserved

for those cases in which a ‘dry' tep had resulted from |

sternal puncture. In their series two dry taps were
experienced, one in a patient with Albers-schoenberg's
disease and the second in a case displaying dense

sternal sclerosis with aplasia of the marrow.
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YECHNIQUE OF STERNAL PUNCIUKE.

I obtained the marrow by the following

| technique. Yhe patient lay- in bed or om a couch withg_
the head supported by one pillow. LThe bone punctured

' was the sternum, because it contains the most maryow,

' and the site choSen for the introduction of the needle

| was half an inch below the sterno-manubrial junction.
in obese subjzets the sternum should be carefullﬁ

| palpated to make sure of its position. Lhe area of

| skin over the site of the puncture was shaved  if

' necessary and cleaned with etherjand'iodine applied.

“he skin over the chosen site was anaesthetised by a

small intradermal whe@l of novocain, or similar local
anaesthetic, using a thin sharp pointed needle, the

| subcutaneous tissues and periosteum were infiltrated,_'
using in all about 2 c.c. of the anaesthetic., ®hree
minutes were alloweé to elanse before a stout needle,

originally designed by Saleh (see diagram Iwith the

stylet in place and the zuard suitably =djusted, was

| driven through the anaesthetised area at right angles
to the sternum, until the bone was reached. Lhis was
ipenetrated with a rotary movement of the.needle.
|Lioderate force was used. the stylet of the needle was
withdrawn and a 5 or 1C c.c. syringe fitted ihto the
needle and a half c.c., of marrow fluid, which had the

appearance of blood, withdrawn. If a larger quantity |

\was withdrawn it became grossly diluted with blood. |
\Lhe needle was removed and the puncture wound in the

|skin [/



skin sealed with collodion. A dry dreéssing was
applied. A small drop of the marrow fluid out of the
needle was quickly placed on each of six clean slides |
arid smears made in the usual way. oSix smears were
necessary to make sure of obtaining a satisfactory
specimen jand to insure against accidents in the

. g
subseguent staining procedures. the remainder of the
fluid was transferred to a webch glass containing a

few drops of citrate to prevent clotting. After

thoroughly mixing the marrow juice with the citrate
the excess fluid was carefully poured away and the
marrow perticles remained behind on the surface of |
the wateh glass and were recognised as small bits of
tissue of varying colour, according to the condition
present. A féw bits of the marrow were picked off
the wateh glass with fine forceps and transferred to
a slide, and then smeared across the slide with the
face of a second slide, using sufficient pressure to |
ensure an even distribution of the cells, These

smears must be made within ften minutes after the

marrow was ootained, as experience with the present
method has shown that if a longer time interval is
gllowed to elanse, the details.of the cell

morphology were lost. “he smears were dried in the
alr? and stained by various methods which are described
later. Yhroughout the procedure strict aseptic

rrecautions are observed and the needle sterilised by

boiling.

Unly one failure in over 100 punctures resulted

with this method and this was probably due to lack of |

experience [/
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| 3 i . y 2
|experience as it occurred early in the seriee. ihis

compares favourably with the experience of roung and

Usgood (1935), who had five failures in 65 attempts.

| : . .
| bometimes fluid was slow to appear in the syringe and

| this was due L think to the point of the needle

|restbing against the posterior lamina of the sternum

and was rectified by a slight withdrawal of the needle.|

=
=

when great care was taken over the technical details,

the operation was practically painless. w~ome patients |

L ]

| exnerienced momentary discomfort or even pain when the!
| suction was applied, due most proﬁably to a sudden
increase in the negative pressure within the sternal
cavity. Une of my patieants complained of a severe pain
éin the left side of the chest radiating down the inner |
iborder of the left arm, which necessitated an injectioi
| of morphie for i sllevietion, [Ihe saly oid ok
réturn nor was it accompanied by any other symptom,
;l have Had no complications resulting from this method
| of puncturing the sternum, end this is in- agreement

with the experience of other writers.

IMPORTANT /




| puncturing the sternum as Zanaty (1937) has shown that

in the upper part of the manubrium there is only a

IMPORTANT VARTATIONS OF THIS METHOD AS PRACUISED BY

OLHBER WORKELS.

Arinkin (1929 ) punctured the anterior lamina

of the manubrium, but this is less satisfactory than

|
Ly |
spongy layer of marrow confined to a small narrow

| strip in the mid line, and even less in the lower part.

Holmes and Brown (1933) punctured the junction between‘
the two bones and they claimed that an easier entry ;
into the sternum was gained by this method.

Davidson (1941) entered the sternum just to the |
right of the mid line ,and held the needle at a slight
angle to the bone.

loung and Osgood (1935) held the needle at an
angle of 600 to the sternum. Tuschinski and ;
Katlavando (1932) preferred an angle of 45°. Propp

and Schwind (1944) entered the bone opposite the

- third rib.

turkel and Bethell (1943) designed a large hore
needle containing an inner trephining needle with a |
stylet, which they claimed gathered marrow as it
thrust through the cavity containing the marrow.

Weller (1932) used a No. 18 guage spinal needle.

Hynes (1939) sterilised his needle in hot oil. |
the treatment of the aspirated fluid veries in the
hands of different authors. Young and Osgood (1935)

and Hynes (1939) aspirated 10 c.c. of the marrow

juice [/



juice and transferred it to a test tube containing 2 mgm.

‘of potassium oxalate. After the tube had been corked

| and shaken thoroughly, smears were made from the

'resulting mixture. “hey claimed that an even

| distribution of the cells resulted.

| Meutens (1932), Weller (1932), Reich (1935),

‘fogel and Bassen (1939) and Davidson (1941) allowed

ithe fluid to clot and then made tissue sections.

| Keich (1934), Schleicher and Sharp (1937)

:centrifuged the fluid and made smears and tissue
sections from the buffy layer. Joppich and Leissens
ligﬁ?) placed thg aspirated marrow juice on a watch

glass and inserted a filter paper in the juice,

| claiming that the paper absorbed the blood but left
the marrow cells behind. ©<There is no evidence to
support this view. Weller (1937) managed to get
enough marrow intP his needle by merely inserting it

into the marrow cavity, and he made smears by moving

the needle backwards and forwards acrioss a slide, -

over an area of £ of an inch. He claimed that he

obtained a film free from blood by this method.

BXAMINATION OF THE ASPIRATED ¥LUID. /
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the aspirated fluid consisted of a suspension
of marrow cells mixed with a variable amount of blood.

Enumeration of the total of the nucleated cells per

| c.mn. was practised by Young and Osgcod (1935), Reid
(1934), Holmes and Sroun (1935), ete., but these

| counts were proved to be unsatisfactory by salconer
and Leonard (1941 ),Kzumbhaar snd Custer (1L935), as
they were so easily upset by the uncontrollable

| fluctuations of the amounts of blood present in the

aspirated material. The greater the volume of fluid
aspirated the greater the proportion of admixed blood

(Scott 1939). In thie work I have not counted the

nucleated cells in the aspirated fluid and cannot ‘

| recall one case in which the diasgnosis would have beeni
Ihelped by this procedure. Ilost workers made smears !
from the aspirated fluid, using the technique which is
commonly employed for making blood smears. Krumbhaar

and Custer (1935) raised the objection that the cell

relationship'was lost By this method and they examinedi
| & piede of merrow smeared across the slide. Davidson
{1941) utilized a similar method. He transferred the
marrow juice to a watch glass,and with a pair of fine
fqrceps placed a bit of marrbw on a slide and smeared .
this across the slide, with the face of a gecond slide,
| the degree of pressure being regulated so that the
mar i ow was spreéd with thé minimum of destruction to

[ the /




the marrow cells. I adopted both methods, and more
often than not the required information was obtained |
as easily by one method as the other. The thin blood
film type of smear gave excellent results when the
bone marrow cells were numerous. on the other hand
when the cells were scanty, "squashed" preparations
gave better results as areas of the marrow, and hence
a greater number of cells per microscopic field,
counld be examined relatively undisturbed. anminationi
of squashed films in suspected myelogenous leukaemia,‘
because of the relatively undisturbed histology, |
sometimes facilitated the detection of invasion of i
the marrow tissue by the myelogenous cells.

Davidson (1943) admitted that in the spreading of
individual bits of marrow cellular damsge was caused
and aggregation of unrecognisable cells occurred in

the films, but claimed that it was always possible to

find other fields which were rich in undamaged cells,
and maintained that a more rapid and accurate w
assessment of the prevalling cell tyces was obtained
by this technique. Despite carefully following ;
bavidson's technique I occasionally obtained smears
00ntaining s0 many damaged cells as to reander them
useless. On these occasions I found that the
examination of thin films with their high proportion
of undamaged cells indispensable. The smears were

stained by one of the Lomanowski technigues.

UBSERVATIONS ON STAINING /




USSERVATIONS ON STAINING.

nomanowski, (1891) discovered that an

i
| excellent purplish red stain for the nuclei of malaria

. parasites could be made by mixing o0ld mould covered
\ solution of methylene blue with a solution'of eosin, '
| i'reshly dissolved methylene blue lacked this quality. |
.1his mixture also stained the nuclei of tissue cells
better than any ﬁrevious dyes,and also demonstrated ;
the various cytoplasmic constituents in different
colours.

somanowski's mould covered methylene blue solution
owed these proPefties to a polychroming process, whichI
decreaseﬁ'the.degree of methylatim of the methylene |
blue molecule by a form of oxidation. Unna (1891) ‘
found that an alkaline solution of methylene blue had ‘
the same composition as the mould solution and becausel
of these meta-chromatic effects he called the solution‘
| polychromed methylene Plue. i
oimultaneously, but independently, lfalachowski i
' (1891) discovered these properties of methylene blue,
and added the information that the best methylene blue;
solution was a very dilute agueous solution of borax \
methylene blue, and the solution became known as {
Unna's polychromed methylene blue. ﬁocht (1900) !
combined Unna's polychromed methylene blue solution !
with eosin,and obteined consistent results similar to |
those obtained by liomanowski. Lhese two solutions had‘

; to be freshly made every tlme they were required. r

L dbhig ' !



This inconvenience stimulated Jenner (1899) to search
for a better combination and he found that by
precipitating methylene blue and eosin,and dissolving

the precipitates in methyl alecohol, a single solution

resulted which acted both as a fixative and a stain, i

" but as he had not used polychromed methylene blue this |

| stain lacked the metachromatic omanowski nuclear

effects, 0Lhe final solution to this problem was

achieved simultaneously by Leuter (190l(a) and

‘Le ishman (1901), who discovered that if the precipitates

of polychromed methylene blue and eosin dissolved in |

methyl alcohol were first allowed to fix the tissues

on the slide,and then were diluted with distilled

7watef, the polychroming,effect was produced and the

nucleus, eytoplasm’ and cytoplasmic constituents weqé_
satisfactorily stained and differentiated. The same
principle was used by Wright (1902) and Giemsa (1910).

lhis staining method and individual |

' mo@ifications of the technigue were named after the !

first users of the stains, Jenner, lWright, Leishman, |

llay- Grunwdld, Giemsa and Pappenheim. Collectively |

' these slightly different staining methods are known as |

| the homenowski techmique. Lowmenowski stains gave

| inconsistent results if certain factors were not

controlled. After the cells have been fixed by the \

methyl alcohol, the depth and quality of the staining
of the cells depend on the concentration of the

|
methylene blue and eosin used as well as on accurate

' dilution /



dilution with distilled water. As the depth of colour
given by a known concentration of the dye in a fixed
‘time interval, cannot be reproduced by allowing
different concentrations of the dye to stain for
;pr0portionately 1onger-or shorter time intervals, the
Isame concentrations of the dye must always be used, and

'the time interval for staining kept constant.

@by careful dispensing of the stock solutions, and so

|Accurately measured quantities of the dyes are ensured

|the actual concentrations of the dyes in the solutions

used, depend on the amount of the solvent which has not

evaporated since the mixture was dispensed. This

danger was minimized by keeping the solutions in well

|
'corked bottles and discarding them after prolonged use.|

Lhe quantity of both the staining solution and the
distilled water is often measured in drops from the
same pipette. This practice results in variable

dilutions of the staining sclution,as the drops are not

always the same siZe, and the drops of the dye solution

are always smaller than the drops of distilled water.
An accurate dilution was achieved by drawing the
.staining solution up to a mark on the pipette and
transferring it to the slide and then drawing up the
distilled water to another mérk on the same pipette,
and diluting the staining solution with this quantity.
Wwhen these details were carefully followed I found
Leishman's modification of the omanowski technique
gave excellent results., 1 adopted this method for

staining /



staining the smears. A carefully measured quantity of |
Leishman's sbick solution was put onto the slide from a
| pipette and allowed to act for one minute. Listilled
water was then added in the proportion of eight parts .
of the water to five parts of stain end allowed to act |
| for.eight minutes. fhe slide was washed in distilled
| water, dried and mounted in the usual way. some
solution of Leishman's stain tended to precipitate |
before the time required for perfect results had
expired. The precipitate was redissolved with some I
undiluted stain and the slide again washed with
distilled water and dried. OUnce a solution has shown |
a tendency to precipitate it must be filtered before
being used again.

vavidson (1941) found Leishman's stain very ;
useful, but ﬁsed liay-trunwtld--iemsa's method as a ‘
routine. He clained that this method gave more I
consistent results and stained the cytoplasm of
haemocytoblasts a darker blue. [ agree that the |
cytoplasm of the haemocytoblasts were beautifully |
stained by thig method, but no more so than by the
modification of Leishman's technique which I used. I |
found that May-Gruanwald-Giemsa's technique stained |
the granules of the myelogenous cells better than
leishman's stain, [ usually stained the smears by |
both these methods. Letails of May—Grunw&ld~Giemsa's|

technique which I used were :-

J.'.'J'.ay - /
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Méy-arunﬁélo‘s stain was poured iﬁ measured
quantity éver the slide and allowed to act for 3 minuteé.
:hxactly the same quantity of distilled water was then
added and the diluted stain left for & minutes. The
glide wes washed with distilled water, and a one-in—ten‘
dilute wiemsa's stain poured onto the slide and

alldwed to act for 15 minutes. ‘The slide was washed

with distilled water, dried with a filter paper and

Tmounted in the usual way. L1 also usced uwright‘'s and
_Jeﬂner—&iemsa‘s'methods. The former tended to
precipitate before staining was satisfactorily
:completed.whilst the latter stained the cells a paler

ico_lou:c"with consequent poorer differentiation of the

colours. L obtained such good results from the first
two methods described thet I did not continue with
these less satisfactory techniques.

The smears were examined microscopically.

N O M BNG L AT U & E.

A clear definition of the nomenclature of the cell

|is essential as a preliminary to a thesis on this

'subject. All the cells which I consider to take part

Iin the maturgtion of normal and abpormal haemopoiesis
lare named and described. The reasons for my choice

|

‘of terminology are discussed later. Lhe descriptions
:are bgsed onn cells stained by the modification of

Ly :
Leishmen's technique |/




technique which I have already described. [The
magnification was that obtained through the oil

immersion lens of a good modern microscope.

HAEMOCYTOBLAST .

This is a large cell (20-30 u) and it is the
eaﬁligst recognisable red cell precursor. The nucleus
£fills almost the entire cell and the nuclear membrane
is sharply demarcated from the cytoplasm. <1he nuclear
chromatin is arranged in finely woven threads and
stains violet. There are two or three nucleoli. The
cybtoplasm stains a deep royal blue which sometimes
shows an area of non-staining near the nucleus. & have
been impressed by the royal blue staining of the
cytoplasm which makes this cell distinctive, a fact not
stressed in the literature. Other names for this cell
are lymphoidocyte (Pappenheim 1911), primitive
erythroblast (Cunningham, Sabin and Doan 1925),
stem cell promegaloblast (Downey 1927), Megaloblast
(Fowler 1945, Whitby and bBritton 1946, Rhodes 1944,

Krache 1941, Vogel and Bassen 19%9, Uemeshek 1935),

Keryoblast (Osgood and Ashworth 1937), Erythroblast I
:(Eavidson, Davis and Innes 1943), stem cell

promegaloblast (Downey 19287).




i
' The cell begins to ripen and by a series of almost

imperceptible cheanges the nucleus becomes smeller, the

\chromatic network gradually condenses, and

haemoglobinization of the cytoplasm procedes until

| .
|finally a non-nucleated erythrocyte is formed, and l

gains access to the blood stream. At certain

|arbitrary stages in this procedure the cells are named.|

PRO-ERYTHIOBLAST.

|
| |
| F
| the nucleus is somewhat smaller than the ;
l
\preceding cell, but still has a well defined network.
|Hucleoli are present and the chromatin stains a deep
i
|violet, Lhe cytoplasm is basophil but nof’so deep a

'blue as in the haemocytoblast. 0

NURMOBLAST A. (15-24 u) |

The nucleus tekes in about two-thirds of the
space of the cell and its chromatin structure is now
condensing and may be arranged in small clumps and

stains dark violet. There are still vestiges of

nucleoli. Haemoglobinization has commenced in the

‘eytoplasm which has a muddy grey appearance. Other
fnames given to this cell are :- Prokaryocyte

:lOsgood /




(0sgood and Ashworth 1937), orthochromic normoblast

(Downey 1927), macroblast (Piney 193C), Erthroblast II

| (Davidson, Davis and Innes 1943), early erythroblast

(Whitby and Brittom 1946, Krache 1941 and Fowler 1945)

early basophil normoblast (Israels 1943), |

NORMOBLAST B. (10-15 u)

The nucleus has further condensed and is arranged
in coarse c¢lumps  frequently arranged, like the
spokes in a cart wheel, this was particularly
noticeable in my preparations, The staining of the
chromatic is almost black. 4‘he cytoplasm which is '
about one-third of the cell is polychromatic. Other

names for this cell are :- Pro-aormoblsst (Downey

1927), macro-normoblast (Piney 1930), erythroblast IIT

(Davidson, Davis and Innes 1943). ILate erythroblast
(Whitby and britten 1946), karyocyte (Osgood and

Ashworth 1937).




- network. . of this nucleus is arranged in an open network

HOIMOBLAST C. (8-10 u)

The nucleus is now gyknotic  and stains black and
is frequently eccentrically placed. the cytoplasm is
fully haemoglobinized and therefore red, L1his cell is
called by most authors a normoblast. Uther names are

erythroblagt IV (Davidson, Lavis and Inneg 1943) and

metakaryocyte (0Osgood and Ashworth 1937 ).

when there igs any serious disturbance in the supply of
the haemopdetic factor to the maturing nucleated red
cells an entirely different set of cells appear and

are called megaloblast ﬁ,‘B and C., according to their
maturity. i

MEGALOBLAST A, (15-24 u)

Lhe cell is fairly large and has a nucleus which

f£ills more than two-thirds of the cell. <Lhe chromatin

but containg no nuecleoli. “he nucleus stains about

the same colour as a normoblast A, which is a dark |
violet. <The cytoplasm is partly haemoglobinized and
so stains a muddy grey. iLhe other name given to this
cell is a haemcglobinized megaloblast (Whitby and
sritten 1943).

\s gﬂx_
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MEGALOBLAST

‘his is a slightly smaller cell and the nucleus
[has not ripened much more s0 it still has a
;relative}y open network appearance, and still stains

a dark vioclet. ©The cytoplasm is fully haemoglobinised

and so is eosnophilic.

’ MEGALCBLAST C. (10-15 u)

The nucleus suddenly ripens and becomes pyknotic

| o

i

| and the ceytoplesm is eoginophilie., Some workeres find

this cell difficult to distinguish from a normoblast

| G but it hae not been my experience. It is always

e

| much larger than a normoblast C.
|

| CHOICE - /




CHOICE Ll TEAIHOLOGY .

Lthere is much confusion over

have

name megaloblast and this erises becauvse authore
name to entirely different cells found in
widely verying circumstances., Ehrlich (1907) first
applied the neme megaloblast to a large heemoglobinised

cell with a finely reticulated nucleus, found.in the
bone marrow and peripheral films of patients
suffering from psrnicious anaemia in relapse. Sabin

(1922) called the primitive non-haemoglobinized cell

=

of the developing check & megaloblgst, and Doan,

sunningham and Sabin (1925) called the geunerations of .

developing red Dlood cells in the human embiyo

megaloblasts. Peabody (1927) called the large cells

with scanty basophilie cytoplasm which he found . -in

AT

the bone marrow of patients with pernicious anaenia,
)

tiegaloblasts, and considered the

of red cell

megaloblast Tepresented an early stage

devel opment requiring the heemopoietic prineiple for

Cyi

its further development. Israels (1939) pointed out

that the appearance of a large haemcglobinized cell,

with an open reticular
t0 conditions in which

proper activity of the

nuclens,wae strietly limited
therevwas interference with the

haemopoietic priuciple, and

emphasized® that this cell is always a pathological

cell.

L hgve only found this cell under these .

conditionsland in common with other avthors (Israels

1939




PABLE M.
SABS

NWOMENCLATURE USED BY DIFFERENT AUTHORS.

Davidson et alia Wihitby end Britton Israels
Normal H.P. def. Jorme Hei. def. ﬁdrﬁai“ T e ﬁgfogg and Ashworth
ey Pro- Haemocytoblas S el i L H.T. d
erythroblast 2 - Raryoblast =
Brythroblast I Haemoglobinised cell Megaloblast Haemoglobinised Pro-erythroblast
included in megaloblast Prokaryocyte Haemog
erythroblast II. ' prokar;
Irythroblast II Early Hormoblast A, lieg o
erybhroblast _ legaloblast A, Karyeeyte
Erythroblast III Late : Hormoblast B,

liegal o
erythroblast egaloplast B

Erythroblast IV Jormoblast Horuei g dis . llegaloblast C. lietakaryocyte



S

0 el

frequency of the primitive basophil erythroblast I.

Al

1939, Davidson 1942, Peabody 1927) have observed their
rapid disappeararice from the bone marrow of patients
with pernicious snsemia after sn injection of liver.

I am content, therefore, to agree with ILsraels (1939)
that the fterm megaloblast should be reserved for the
patiological cells found only in conditions where
there is a disturbance in the activity of the
haemopoetic princiﬁle. Again egreeing with Israels

I think it is wise to imdicate the maturity of the cell
oy the recognition of three types of megaloblast, A;

B and 0.

T7E WORMAL H{ED ¢ELL SERIES, LThe nemesS given to the
: €

various cells concerned in the maturation of the normall
red cells by the leading authors are given in table M.
Davidson (1944) in‘'a praiseworthy attempt to achieve
gimpliecity did not recognise the primitive
haemoglobinized cell as a distinect.entity, but
regarded it as & variant ‘of his Type I erythroblast
énﬁ writes thus - "ilegaloblastic erythopoiesis is

based@ upon the presence of a greatly increased

lype 1I are also numerous, these may shuw various
degrees of cytoplasmic haemoglobination and are
characterised by the loosely reticulated openwork
structure of their nuelei'which presents aﬂ appearance
quite distinct from the 1umpy‘condensed nuclei, of the
erythoblaests of equivalent degrees of haemoglobination

seen in normoblastic merrow.". He d4id not mention

megaloblast /




megaloblast in his gerninclogy of the cells but did

apply the term megaloblast to the type of erythro-

5]

e kind of

{

poiegis he wished to dezscribe. The s
driticism can be directed against the term normoblasti
erythropoiesis which he used when "the faet majority
of the redloell precursors have compact condensed
nuclear chromatin. An occasional primitive basophil
erythoblast may be geen but the remaining erythoblasts
which may include a proportibn of the cells with
basophilic cytoplasm varying with the degree or type
of anaemia present are characterised by displaying
lumpy chromatin patterns,_ﬁhé degree of condensation
of which increases with the haemoglobinizgtion of the
cytoplasn", Again confusion arises if it is not

realised that the erythoblast III and IV correspond to

‘the normoblast. It is for these reasons that I think

the objections to this terminology outweigh the
advantages gained by its simplicity. I therefore
rejected this system.

lhe terminology used by whitby and Sritten (1946)
is unsetisfactory as they used the term megaloblast
for one of the early primitive nucleated fed cells
which conteined no haemoglobin. In the absence of
proper quantities of the haemopoietic principle they
said - "megaloblasts and early erythoblasts unable to
mature in a normal manner become haémoglobinized and
resemble in size and appearance and nuclear structure

the

|
|
1

haemoglobinized embryonic megaloblast of Ehrlich".

They / !
|
i



They have no distinct name for the primitive
haemoglobinized cell., Another unsatisfactory feature
of this system is the introduction of three different
names for only five cells,

Usgood and Ashworth's terminology (1937) is very
simple as only one stem name is_used.but they call |
the haemoglobinated nuclear forms produced by
haembpoietic factor deficiency pfokaryOGytes, 1
thereby making no distinction between these cells and
those early omes fcund in normel maturation. Lhis
causes confusion and lessens the value'of this system,

Israels (1939) in his classification made a
clear distinction between the normel erythropoiesis
and the erytiropoiesis found in haemopoietic factor
deficiency. He used the termhmegaloblast to describe
the cells which were found in bone marrow smears
consequent upon a deficiency in the haemopoietic
factor. As I think this terminology prevents
confusion I have adopted it, and it can be summarised

thus :- AEMOOYTOBLAST
PRO- mRILHnUBLAST

AR ‘

JCORMOBLAST A MEGALOBLAST A
NORMUBLAST B MEGALOBLAST
HOURMOUBLAST C LEGALOBLAST C

ERYPHLOCYTE WMACROCYIE

Israels' classification has not escaped criticism.

bevidson et alia (1942) stated in their experience

with /



| |
i l
‘with differential marrow films the classification is an|
impracticable working proposition for in numerous |
instances they found it impossible to decide with
'certéinty whether a given cell should be classified in
the early normoblast or late megaloblastic series.
‘Thomson (1939 ) on the other hand praised Israels'
:classifieation and wrote that many haematologists do
inot recognise the megaloblast B but restricf the term
to pro-erythroblast and megaloblast A, and many
imistekes arise in inter@retation of myelograms by
:inoluding normoblast A as megaloblasts.

After prolonged practice, I have experienced no ,
Iﬁifficulty in the differentiation of these cells, with
(the possible exception of.distinguishing a normoblast

C from a megaloblast C. Even here a mistake can be

|avoided by careful attention to the size of the cell.
|‘he megaloblast ¢ is always a much larger cell than

the normoblast C. |

|LHE WHITE COBELL SERIES. There are three distinct

I
'groups of cells in this series. <They are the myeloid,‘

 lymphoid and monocytiec groups.

+HE MYELOID GROUZD.

Ll
Lhe most primitive cell is the myeloblast and it

is difficult to distinguish it from the haemocytoblast

' especially in normal smears, but I was able to study

the /



-a somewhat reticulated appearance as if there was

the structure of this cell from the films I prepared !
from a case of acute myelogenous leukaemia. It is a |

medium sized cell (11-15 ul), with a centrally placed

1
|

| = - - |
| nucleus, which has an open reticular network and stains

) 3 - 1 . _ i
a rather pale violet and contains & - & nucleoli, Iy |
|

impression is,that the nucleus stains a lighter shade |

|
of violet than the haemocytoblast. Lhe pale hlue |
cybtoplasm forms a rim round the nucleus. I have

noticed, in some of these cells that’the cytoplésm has

already a suspicion of granulation. I am in agreement
with Davidson (1943) who stated that this cell is
usually smaller than the haemocytoblast (erythroblast
I). ©This cell was called a myeloblast by Davidson
L1945j. Israels (1939), Vogel and Bassen (1939),
Domeshek (1935), Hynes (1939) lMendell and lieranze
(1942) and Downey and kato (1927), a haemocytoblast by
ferrata (1918), a lymphoidocyte by Pappenheim (1912)
and a granuloblast by Usgood-and Ashworth (1937J.

=

THE PROMYBELOCYTE.

Lhis cell is a little smaller than its

predecessor. uhe nuclea® chromatin is beginning to

condense and contains vestiges 0f nucleoli. The

nucleus [/



nubleus is etill large and slightly indented aﬁd
stains a dark violet. <ccattered throughout the light |
blue cytoplasm are a few asurophilic granules which I |
have noticed always stain the exact colour of the
nucleus. Whis cell is called a megaloblast by ey
Davidson (1943), Dameshek (1937), Mandell and lLeranze
(1942), Vogél and Bassen (1939), a premyelocyte by

Hynes (1939) and an early myelocyte by Lsraels (1939 ).

{HE MNYBELOCYIE.

t‘he nuclaus is now kidney shaped and the chroﬁatin
is condensed so that it appears lumpy. The granules
are basophilic, numerous and coarse. This cell is
called a Iﬁyeloc'y’ce by most authorities except Usgood

and Ashworth (1837) who name it the granulocyte.

After this stage the granules differentiate into their|

different colours - neutral, basophil and eosinophil. |

|t
For
=
Sy




UHE NEUTROPHIL METAMYELOCYUE.

This cell is approaching the size of the mature

forms. ‘'he nucleus is bean or kidney shaped with‘'a

\coarse chromatin structure. Lhe lumpy parts I have

'noticed stain black, whilst the remainder stains a deep
violet. ©The neutrophil granules are always fine and ;
|

remain distinct and are scattered throughout the

cytoplasm which is still a light blue colour.

UHE BOSINOPHIL METAMYSLOCYLE.

Yhe nucleus is bean or kidney shaped with coarse

| lumpy chromatin, the stain varying in ¢olour from

' black to deep violet. rhé cytoplasm is filled with

coarse red granules, which in a few instances I have

noticed are superimposed upon the nucleus.

LHE BASCOPHIL METAMYELOCY(E.

i
|
‘ L have only seen this cell on two cor three
|

(occasions. It is about the same size as the other

‘metamyelocytes /



metamyelocytes with a similar nucleus, but the

| cytoplasm is filled with irregular coarse granules,
ranging in colour from a deep blue to black, many are
superimposed upon the nucleus, and may obscure its

structure.

The term metamyelocyte is used by the majority of
haematologists, is called a late myelocyte by lLsraels
' (19389), a myelocyte C by Cunningham, Sabin and Doan
(1925), a non-segmented myelocyte by vogel (1939), a

metagranulocyte by Usgood and Ashworth (1937).

UHE BAND CusLl.

l These again have either neutrophil, eosinophil or
|
pasophil gramules. These cells are young polymorpho-
nuclear cells and are not illustrated. The polymorpho-

nuclear cells are illustrated later.

iHb NEUTLOPHIL BAND CELL.

the nucleus is curved, rod shaped or curved upon

itself. The chromatin is dark and condenses, and the
| cytoplasm /




cytoplasm which is plentiful is full of fine

neutrophilic granules.

vHE KOSINOPHILIC BAND CELL.

The nucleus is like a curved or coiled rod,
which may be constricted in the middle, Coarse red

granules, may be superimposed upon the nucleus,

IHE BASOPHILIC B3AND CELL.

'he nucleus is curved or rod shaped and £fills a

large proportion of the cell. ULhe cytoplasm is
filled with coarse black or blue granules, many of

which are superimposed upon the nucleus.

Davidson /




CHE 3ASOPHIL LEUCCCYIE.

‘he nucleus, which in my sections was never
properly lobed, is condensed and stains almoét black,
and fills about the whole of the cell. ‘he cytoplasm
is filled with blue or black coarse granules, many of

which are superimposed upon the nucleus.

!@:ﬁggﬁgfw

vHE LYMPHOID SERIES.

THE LYMPHOBLAST.

A medium sized cell 15-20 u. The nucleus fills
~almost the entire cell and is finely reticulated and
contains 2 - 3 nucleoli. fthe nuclear chromatin
stains violet. A small rim of light biue cytoplasm
surrounds the nmucleus. L have sometimes = ooserved a
few asurophil granules in the cytoplasm. Lhe
majority of authors agree with this name but rerrata
(1918) calls it a haemocytoblast, Uowney and Kato
(1917) a myeloblast, and Peppenheim (1912) a

lymphoidocyte.




LARGE LYMPROCYIE (12-15 u)

| A large eccentrically placed nucleus fills almost
two-thirds of the cell. the chromatin yetyory 18
coarse and even lumpy in blaces and staing unevenly.

| the cytoplasm stains a clear light blue and scattered

here and there throughout it may be fine asurophil

granules. These granules are present in meny of the

cells L observed. Again there is common agreement to
| the name, except LUowney and wnato (1927) call it an
| )
yatypical leucocytoid lymphocyte, and usgood and

| Ashworth (1937) a prolymphocyte.

SMATL EYNMPHOCYTE (7-8 u)

A round, intensely blue nucleus fills almost the |

entire cell and is surrounded by an agranular rim of

lizht blue cytoplasm. <¥Lhie rim of cytoplasm, in my

[

smears from cases of chironic [ymphogrtic leukaemia, seems

r
to be easily detached from the nucleus.




uany heematologists camnot differentiate this cell

| finely scattered asurophil grenulation is easily over-

MONQCYILIC SELIES.

WMONOBLAST (2U-30 u)
this is a very large cell with & round or oval
nucleus which fills most of the cell. ¥he chromatin
is arranged in a very fine kein and stains a light
violet and always containg one or two clearly
demarcated nucleoli. The cytoplasm is a light glekishl
blue which gives it a typical ground glass appearance.

I have never been aple to meke out any granules.

from a myeloblast or a lymphoblast.

MONOCYTE (15-20 u)

The nucleus may be kidney shaped, bean shaped,
oval lobulated or even convoluted. The chromatin
network is coarse but still distinect and stains a pale
violet. There are no nucleoli. The cytoplasm is a
light greyish blue which gives it a typical ground
glass appearance, L have never seen granules in the
sytoplasm but Osgood and Ashworth (1937) state "the

- .
looked when poorly stained or when viewed through an

indifferent microscope.




MEGAKARYOCYTE (40 u) !

A large cell with an irregular outline. It is
formed by tle fusion of several endothelial cells. ‘
1t contains meny nuclei which are arranged in an
irregular ring and may contain a few coarse granules} .
The cytoplasm stains purple. Individual granules J] fjr;;r

cannot be seen but the cytoplasm does not stain

| evenly.




' never granules.

UNCLASSIFIED CELLS.

- Two other cells, which I am not prepared to
classify appeared in my smears with regularity. Lhese
are the plasma cell and the haematogone.

HE PLASMA CELL (12-15 u)

The nueleus is always eccentricelly placed. The
chromatin is lumpy and these are arranged like the

spokes in a cart wheel. The chromatin stains

-

unevenly end is mainly dark violet. The cytoplasm

stains a deep blue and usually contains vacuoles but |

THE HAEMATCGONE,

I have observed quite a number of these cells
especially in my normal smears, The cell is remarkabl}

like a small lymphocyte but it is smaller than a

lymphocyte. The nucleus is composed ofs dease chromatin

network and is surrounded by a rim of pale blue cyto-
plasm. Maximof and Bloom (1é50) considered it was an
vndifferentiated p;imarﬂial cell or haemocytoblast,
Eaiconer and Leonard (1941) called it a primitive cell
but did not attempt to place it in éﬁy category, whilsft

Jogel, Zrf and Hosenthal (1957) called it the mystery

;

cell
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| NORMAL MYELOGRAMS BY
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Homoblast A
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| Promyelocyte 1.9
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49,
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[cell of the marrow, and 1 am guite content to

agree with them,

@

It was always impossible to classify all the
| cells seen in bone marrow smears and many nuclel

| without cytoplasm were always present.

£l

IMPOLTANCE OF MYELOGRALS.

liarked variations in the percéntages of each

| important cell is illustrated in TableN. As there are
| such wide variations in the normal figures only E
| grosser changes in the cell percentages are significant
Bxperience gained from the examination of films is the |
i only real guide to diagnosis in doubtful cases. Any
| attempt to arrive at a diagnosis by placing reliance
in minor variations in the percentages of the cells
away from normal,undoubtedly leads to serious errors.
| The marrow picture was diagnostic after the J
i examination of a few fields, in the majority of my
cases, but a myelogram was always counstructed as it
: was interesting to compare the percentages of the

' cells in the same diseases affecting different

| patients. A myelogram gave the greatest help in the

diagnosis / ;



diagnosis of a case of chronic Imphocytic leukeemia,
where a significant rise in the total lymphocyte
count established the real cause of the patient's
illness. In two other cases é diagnosis of chronie
myelogenous leukaemia was suspected because of a
raised leucocyte count and many myelocytes in the
blood film, lyelograms in both these patients were

normal so the diagnosis of leukaemia was abandoned.

The ' importance of myelograms will be fully illustrated|

| in other secbtions,

)
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THE VALUE OF THE EXAMINATION OF THE MARROW IN

WYBLOGEN-OQUS LEUKAEMIA.

There are two commonly accepted variations of the

nomenclature used in the classification of the
leukaemias involving the myeloid series. They are:
Acute ﬁyelogenous leukaemia.
Subacute myelogenous leukaemia.
chronic myelogenous leukaemia,
and
Acute leukaemic myelosis.
cubacute leukaemic myelosgis.
Chronic leukaemic myelosis.
he real difficulty arises over the nomenclature
employed to describe the group of cases with a low

peripheral white cell count. Forkner (1938) in his

book listed the following nemes applied to this group.

| Pseudoleukaemia, anaemic pseudoleukaemia, pseudo-

leukanaemia, splenic pseudoleukaemia, aleukaemic

leukosis, aleukaemic myelogenous leukaemia, aleukaemic

reticulosis, aleukaemic reticulo-endotheliosis,
aleukaemia, aleukia, aleukaemic erythroblastosis,
aleukocythaemic leukosis, medullary leukaemia,
aplastic leukaemia, leukanaemia, subleukaemic
leukaemia and leukopenic leukaemia.

Perhaps the most popular term in Britain is
aleukaemic myelogenous leukaemia, which is a

contradiction /



| myelogenous nomenclature. Aleukaemic myelosis is the

contradiction of terms, but is in harmony with the

best suited to fit in with the leukaemic myelosis
variation which I have chosen, and so is adopted in
this thesis. :
It is accepted without eny dissension that the |
mnarrow is nggégg in acute 1eukaeﬁic myelosis with
myeloblasts and promyelocytes, and in chronie
leukaemic myelosis by more mature cells such as the
myelocytes and metamyelocytes. <This invasion takes
place whether or not there is an increase in the white|
cells of the blood. The white cells are slightly more!
mature in the blood than those found in the marrow.
Exemination of the bone marrow is unnecessary when .the
diagnosis is obvious from the clinical features and

blood examination, and it is in the aleukaemic

myelosis group that the knowledge of the marrow

cytology gives the greatest help in diasgnosis. The
examination of the merrow is also of impor tance,
where chronic leukaemla myelosis 1s confused with
other conditions and often decides the diagnosis. Thq
value of marrow examination in this respect is not
stressed by other writers. r
Cases from my series will stress this imp0rtancej
ror the purpose of illustrating these statéﬁents‘
I examined the marrow in three groups of patients

suffering from leukaemic myelosis.

I
|
|
[
|
|
(1) / |



(1) Those in which a confident disgnosis had bee

made from the peripheral film and clinical features.

=

(2) fThose suspected to have leukaemic myelosis
with an aleukagmic blood picture.

(3) Those in which the diagnosis of chronic '
leukaemic myelosis was suspected for one reason or
another.

(a) Differentiation from lymphadenoma. i

(b) Differentiation from leukaemoid states. ‘

in the first group I always found the accepted marrow !

| picture, i.e., great infiltration with myelocytes and |

netamyelocytes, and depending on the acuteness of the }
| process, promyelocytes and myeloblasté.

Details of one case are given as representative ‘
of this group. ¥
|

Case Z. L.l'se Aged 41.

History. ©ix weeks prior to admission he was
working as a Ioadmaﬂ and began to suffer from tlrednes$,
loss of energy, and all the common symptoms of a severé
ansemis, '

ixamination. ‘

General, There was a sﬁinging intermittént J
temperature, rapid pulse and moist skin. A milad ‘

|
ceneralized enlargement of all his lymph gleands with |
moderate increase in the size of the liver and spleen |
| were discovered.

Heemopoietic /




iy
L1le

| Cels 037 WeBeCy 41,000, Film, Tred cells
|
|

| showed mild haemoglobin deficiency and the
| differential white cell count was
liyeloblast 6 ©per cent

Promyelocyte 8

Myelocyte 22 " "
lletamyelocyte 18 " n
Polymorph 42 i i
Lymphoeyte I
" lMerrow examination. The_film-was invaded by
i Sree e Mt/

| promyelocytes and myelocytes. A few myeloblasts were

_jpresent. Details of the myelogram were

‘ Myeloblast 10 per cent
I | Promyelocyte 55 i 1

i lyelocyte 20 " "

| Metamyeloéyte 5 m =n

i Polymorph v 10 i i

There were no red cells precursors present. ULhe
- —nmu-.—..-" e o

marrow appearances in this and many other similar

patients confirmed that the blood reflects the
marrow cytology and that the percentage of the more
immature cells is slightly higher in 'the marrow than
found in the blopd,

The aleukeemic group.

Case A'1l. B. McK. Aged 67.

History. For nine months had suffered from signs
and symptoms of a severe anasemia, such as, intense

pallor /

L

K




pallor, breathlessness, tiredness and irritability,
Exemingtion.
Heemopoietic system. i.B.C. 1,100,000, Hb. 26%l

CsIs 1.2 (epprox.). W.B.Ce 2,400. ilm, TDhere was

L

merked variation in size “and shape of the red cells
L}

with an occasional nucleated form of the type

normoblast C. The differential white cell count was

Polymorph 68 ©per cent

Lymphocyte 24 " &
ionocyte 6 " &
Eoginophil 2 u i

The B.%. and C.T. were normal,

Other systems. There was no enlargement of the
lymph glands, liver or spleen. Wil else found,

llarrow examination. <The marrow was invaded by
nyelocytes and promyelocytes, an odcasional cell of
the nucleated red cell series was seeun.

Prior to marrow eiaminaﬁion, the diagnosis rested
between pernicious anaemia, aplastic ansemia, and a
maérocytio anaemia produced by other conditions of the
boue marrow., Without this examination it was
impossible to differentiate these three conditions.

Case A 2., A.R. Aged 73,

History. Lor four weeks he had been feeling very
ill with paiuns in his stomach. He collapsed and was
admitted to hospital for further investigation.

Lymphatic /




Lymphatic system., A few scattered enlarged
lymph glands were discovered but there was no

cal evidence of an increase in the size of the

| gt

clin

liver or spleen.

b

His blood pressure was 180/104. Little else was
discovered. Before death he became uraemic, [*

Haemopoietic system. W.B.¢. 1,700,000, Hbs 30%.
Cel. 0.9, WeBsC., 1,400, &ilm. There were a few

normoblasts B, and C. present. The red cells were

well filled with haemoglobin and varied in size and

shape. ©The differential white cell count was 5
liyelocyte . 4 per cent
Polyﬁorph 62 " "
Lymphocyte o5 m m
Eosinophil 2 f "
ionocyte ) it m

A sternal puncture revealed a marrow infilgrated With|

/
promyelocytes and myeloblasts. Details of the

myelogram were
liyeloblast 6 per cent

i

Promyelocyte 4;: #

i

n n

o9

Metamyelocyte
Polymorph

Wormoblast 3.

" "

luyelocyte “§§ " L
0
3
1
4

lormoblast C.
Before sternal puncture the diagnosis amongst many

other conditions might have been pernicipous anaemia

complicated by & certain smount of white cell

irritation /



7appearance of lumps in his neck and a swelling in the

egg, and was hard, discrete, painless and not in any

irritation in the marrow, splastic anaemia, and ,
aleukaemic myelosis. The marrow findings made the
last diagnosis obvious. |

Differentiation from lymphadenoma. | !

Case A & L.G. Aged 26,

History. 4or one year had been suffering from |
loss of energy, tiredness, anorexia, breathlessness on |

exertion, and he had also noticed the gradual

left side of his abdomen.
Examination. : .

Lymphatic system. The enlarged glands involved

the posterior cervical chain, more on the right than :

the left. Bach gland was about the size of a pigeon's

4
way attached to the surrounding tissues. <the sﬁleen i
was mederately enlarged and not tender. <The liver i
appeared normal.,

Heemopoietic system. H.B.C. 4,300,000. Hb. 835 |

C.Is 1. W.B.C. 12,200, Differential white cell ;

| count . A !
Polymorph - 70 per cent
Lymphocyte 25 i 5 ?
lonoeyte 5 4 ¥

| A careful search of the film failed to reveal any

early cells of the myeloid series. Lhe diagnosis at

this stage rested between lymphadenoma and chromic

leukaemic myelosis.

Marrow [/ ;



llarrow examination. lormal.
tChronic leukaemic myelosis was ruled out of the
diagnostic piecture by these findings and lymphadenoma

(was strongly susPected'and this diagnosis was

|

;subsequently confirmed by pathological examination of
‘one of the glands,

Case A 4, A, C. Aged 21,

History. LIor one year had suffered from loss of

gnergy

Je

, fatigue, lethargy and gradually increasing
pallor.

Examinati on.

Lymphatic system., <here was a generalised

?aﬁenopathy. Gach gland was about the size of a marble,

painless, discrebé and moderately hard. The spleen
| F

iwas slightly enlarged and the liver was normel.

|

Heemopoietic system. R.B3.C. 3,800,000. Hb. 52

Cele 0.7 (approx.) W.B.C. 8,200. Film,

-« Polymorph ) 74 7per cent
| lyelocyte e NaR
| Lymphocyte gp -
lionocyte e [T

These clinical findings suggested a mild lymphadenoma.

lMarrow examination.

liyeloblast 1 per cent
Promyelocyte S8 e

, liyelocyte 18 s -l

; lietamyelocyte 95 " "
Polymofph 30 " "
Normoblast B 2 1" 1
Normoblast C 19 " "

i i




| The clinicel findings and peripheral blood exsmination
|

pointed to a diagnosis of lymphadenome, but the sternal
| marrow ruled out this and the diegnosis of an early
|

chronic leukaemic myelosis was made.

| pifferentiation from leuksemoid states.

Peripheral blood pictures indistinguishable from
thogse familiar in chronic leukaemia myelosis sometimes
oceur in . '
(a) Acute infections, i.e., meningococcal meningitis, |
diphtheris and tuberculosis. F |

' (b) Intoxication, e.g., eclampsia, severe burns and
jmercury poison, .

' lc) lMalignaney. X

\ld} Occasionally following severe haemorrhages: or
!sudden haemolysis of blood.

liarrow examinationcisionly ofihelp in differentiating..
theileukaemoid picture consequent &pon an acute infec- |
tion, from chronic leukaemic myelosis. This 1is

illustrated by the following case.

| cage A& 5, KE.J. Aged 18,

History. For many months he had suffered from E
increasing fatigue and general malaise. :

Exeminati on.

General. There was‘no enlargement of the spleen
?or liver but there was a mild general adenopathy.

4o evidence of sepsis was found at first.

Haemopoietic /



Haemopoietic system. ...
;C.I. 0.76%  WeBuG. 16,400,
| white cell count was
Folymorph
lyelocyte
Lymphdcyte

lonocyte

B.Ce

#ilm,

3,400,000, Hb. 50%

The differential

82 per cent
8 n "
8 T n

2 " "n

The possibility of an early leukaemia was suspected.

| llarrow examination revealed a mild polymorphonucléar

increase,he myelogram was
liyeloblast
Promyelocyte
liyelocyte
lietamyelocyte
Band cell
Folymorph
Hormoblast A
Normoblast 3

Hormoblast C

uymphocyte

1 per cent
1 1 1]

6 i n

n " |

1
i " n

l:j m "

5 n "

' This result enabled the serious diagnosis of leukaemic |

myelosis to be abandoned. About a week after this

| eXamination the signs and symptoms of an acute

| infection of his left antrum arose and this diagnosis

' was confirmed by an E.N.T. consultant.

It is generally accepted that the later cells

IOf the myeloid series are increased in such an acute

| infection, put there is lack of uniformity of

Opinion /



opinion whether the marrow can be myeloblastic or not
in leukaemoid states due to acute infections. Scott
(1939) observed that a myeloblastic marrow usually

but edmitted the

necessitated a diagnosis of myelosis,

possibility of a myeloblastosis in occasional cases of |

leukaemoid reaction remaireddeibowitz (1938) reported
a proved case of tuberculosis with a blood picture

identical with that of myelosis with many myeloblasts

| end myelocytes in the marrow, but Klima {1938) denied |

that there was ever any evidence of a myeloblastiwec
reaction in the marrow in acute infection.
ixamination of the marrow was of minor importance

in the confirmetion of a diasgnosis of chronie

' leukeaemic myelosis complicating a case of pernicious

anaemia. There are only two references t0 pernicious

enaemia ending in chronic leukaemic myelosis in the
literature. (Sterne et alia, 1941, end Wolley, 1944).
lhen such a rare occurrence is encountered it is wise
to confirm such.a disgnosis by every means possible.
Lthe examihation of the marrow confirmed the diagnosis |
of chronic leukaemic myelosis complicating a proved
case of pernicious anaemia.

Case A 6, I.P, Aged 64,

History. oince 1940 had been suffering from

pernicious anesemia which had respended satisfactorily:

to liver injections until early in 1946 when she
began to suffer from increasing pallor, tiredness,
breathlessness, etc.

Examination. / : !



bxamination.
There was a generalised adenopathy. Liver eand

spleen were also enlarged.

Heemopoietic system. w.B.C. 4,760,000, Hb. 58|

Cele 0.78. WeB.Ce 36,000. H#ilm, A differential
white cell count showed

Polymorph 58 per cent

Lymphocyte 5 m "
lonocyte 4 m "
¥osinophil 4 i n
liyeloblast 3 n n
liyelocyte 48 M "
Zosinophil

myelocyte 3 n "

Sternal marrow examination. The film was invaded

throughout by myelocytes and me tamyeloc¥tes.

“he diagnosis of chronic leukaemic myelosis was

therefore confirmed.




OHE VALUE OF MARROW EXAMINATION IN MONOGYIIC LEUKARMIA

‘here are no 3eferencea in the literature to
an aleukaemic form of monocytic leukaemia. ©he only
case of monocytic leukaemia studied in this series was |
an example of this type and marrow examination proved
vefy usefyl in helping to arrive at the correct stem
cell diagnosis.

Case A 7. L.W., Aged 62.

History. usor two years had suffered from

periodic attacks of weekness, breathlessness and

|
| -

| fits of depression., A day before admission he waes

seized with a severe precordial pain, and admit ted

with a provisional diagnosis of coronary thrombosis.
cardicsvascular system. Lhe heart was dilated
and there was a soft systolic murmur in the mitral

area which disappeared when he sat-up. <Lhe B.P. 110/8

N o L

Lymphatic system. One slightly enlarged gland

'was found in the right side of the neck.

| Haemopoietic system. K.B.C. 1,500,000, Hb. 40%. |
|c.1. 1.3. W.BsCe 1,000, #ilm. The red cells |
showed a marked veriation in size and shape and were

lwell £illed with haemoglobin. lo nucleated red cells

were seen. (he differential white cell count was |

. ? Barly white cells 90 per cent

1 |

| wuyelocyte g 5 |
Ly‘_[ﬂl}h(}c y't e 2 i L]
Polymorph S 8 =

EE




It was obvious from these findings that the cause of
his illness was an alevkaemic leukaemia, bubt’ the sfem
cell responsible for this process remained in doubt.
Close examinetion of the undifferentiated white cells
gave the impression that they might have contained
granules and the nuclei of some of the cells were
indented.

.

Sternal marrow examination. Lhe marrow was
invaded by large immature white cell:iprecursors. The

nuclei of these cells were irregular in shape and were

(composed cf a rather fine reticular chromatin. Wo

!nueleoli were, present. UThe cytoplasm was greyish-blue
| \____’_..."‘”. s S,

.
| and had the dgfinite eppeersnce that granules were

' individual granules. could not be
There was an increase in the myelocytes

he myelogram

Aﬁ&mf @ '\ lomoblast 75 per cent

| 14 ,‘f

e a2 Myelocyte Las # "
Polymorph j Lo %

|
; i Hormoblast C.
| This merrow appearance was that of an acute monocytic
leukaemia sometimes referred to as the Naegeli Type,
tecause of the myelocytes which were found increased in

both the film from the marrow and blood. j




| thought to start by the multiplication of the fixed

yEE IMPORTANCE OF EXANINATION OF THE MARROW IN -

= ST A T A T LATRO AT T T AT T T CTTE
DISEASES ARFECLULNG THE LYNPHOLD “ISSUR.

+he diagnostic importance of stewnal puncture
in diseases resulting from disordered proliferation of
the lymphoid tissue cannot be evaluated without a clea|
understanding of their classification, over which there
is much disagreement and confusion. <The Dbest '

clasgification of this group of diseases was given by

Wiseman (1935 and 1943) and also used by Bethell 11943I
|

Although no satisfactory concept of the identity, |

life history and specific functions of the lymphocyte

has yet been discovered, normal lymphopoiesis is

reticulum cell with the production of a primitive
round cell. Lhese two cells are theoretically

; e ; : : . Ny |
totipotential, but because of environmental conditions

the conditioning stimuli received, or poth, these pre-

.

. cursors meture only in the direction of the next cell

incapable of producing any other cells other than

maturation of the cells at any level since all the

which is the lymphoblast. <his cell and all others

produced from it are fully differentiated and are

lymphocytes. Mormal maturation proceeds through the |
large lymphocytes to the small lymphocytbes. !
Lymphopoiesis may also be effected to an important
degree by a rapid amitotic division of the large and
small lymphocytes. Abnormal lymphopoiesis is

theoretically possible by multiplication without

cells /



gcells have the power to reproduce themselves, further-
more neoplastic changee may occur at any of the stages

in the development. In other words, there are three

| mechanisms by which lymphoid tissue can become hyper-

plastic :-

(1) Uhen there is excessive multiplication and
maturation of the cells occurring simultaneously,
e.2., infectious mononucleosis.

(2) When there is exéessive multiplication with
little or no concurrent maturation, e.g.,

lymphocytic leuvkaemia.

| {3) lhen there is multiplication of the cells with

neoplastic alteration, e.g., lymphosarcoma.
“he first mechanism is not discussed further here as

it is not a true leunkaemia. In the second mechanism

| two cells can be involved,in the multiplication - the

 although not showing maturative phenomena does possess |

lymphoblast end lymphocyte. When the former is

implicated the disease is known as acute lymphoblastic |

leukaemia, and when the latter is implicated it 1s
known as chronic lymphocytic leukaemia. These two

diseases are quite distinct entities. ‘he lymphoblast

all the attributes of a neoplastic cell, whilst the
lymphocytes do not possess any of these features of
neoplasia.

The classificetion can be tabulated thus :-

A. Acute lymphoblastic leukaemia.

B. Acute lymphosercoma cell leukaemia.

C. Chronic lymphocytic leukaemia.

This classification is by no means accepted by the

majority /




| majority of Haematologists and Pathologists. The
chief objection to the classification ig the inclusion
of lymphosarcoma. <Lhe usual classification of this
group of diseases i1s based on whether the disease is
acute or chroniec, leukaemic, subleukaemic or
aleukaemic. These terms are sometimes combined with
the dominant cell.
Acute (lymphocytic) leukaemia.
subacute (lymphocytic) leukaemia.
vhroniec (lymphoeyticJ leukaemia.
Aleukaemic (lymphocytic) leukaemia.
Others indicate the origin of the cell.
Acute lymphogenous or lymphoid leukaemia.
subacute lymphogenous or lymphoid leukaemia.
Chronie lymphogenous or lymphoid leukaemia.
Aleukaemic lymphogenous or lymphoid leukaemia.
Yet another group of workers prefer to use
' nomenclature with & neoplastic significance, such as,
Acute, Subscute, Chronic, Aleukaemic leukaemic !
lymphoblastoma. |
Many combinations of the above terims are also used.
| inally, there has been some tendency to substitute
| the term lymphadenosis for leukaemia on the grounds
' that this term indicates a more fundamental haemo-
| poietic chaﬁge. The literal translation of the term
leukaemia is "white blood".
Whether lymphosarcoma should be classified along

with the leukaemias of lymohogenous origin presents a

difficult problem. Textbooks of Pathology do not as a

| rule /



| should be classified with the lymphoeytic: leukaemias

rule classify these diseases together, but while some,
Beattie and Dickson (1943), Boyd (1945), Moore (1945),

admit a close relationship, none deny it altogether,

|licCallum (1940) indludes Sternberg's (1904) classifieaJ

tion in his book, whiech includes both leukaemia and

| lymphosarcoma in the hyperplasia of the lymphoiad

tissue. llallory (1914) placed lymphosarcoma, lymph- |

adenoma and lymphogenous leuksemia in one category, i

 lymphoblastoma. It is my opinion, which is based on

the evidence already submitted, that lymphosarcoma i

but admit that absolute proof of the etiology is J

lacking. The classification I have adopted, therefore,
| ng |

| is

: ' A, Acute lymphoblastic leukaemia.

| Bs Acute lymphosarcoma cell leukaemia. !

' nodes and only in the terminal stages invade the

(1) Without leukaemia.
(2) With leukaemia.
C. Chronic lymphocytic leukaemia. 4 |
(1) With leukaemia. ‘
(2) Without leukaemia.
the next guestion to be considered is where does é
the initial lesion of these three diseases start. |
Does acute lymphoblastic leukaemia start simultaneouslﬁ
in lymphmodes and the bone marrow? Does acute lympho—i

sarcoma cell leukaemia start regionally in the lymph

| marrow? Does chronic lymphocytic leukaemia arise

spontaneously throughout the lymph tissue of the body9‘

'Obvlously the diagnostic value of sternal puncture in

the /



| these questions. [The evidence on which satisfactory

| confusing and will be reviewed before any further

| ‘derived from mediastinal lymph glands and limited in |

the early stages of these varieties of leukaemia is
intimately linked with the accurate interpretation of |
|
answers cen be given to these and similar questions is |
|
evidence based on the study of my own cases is
advanced.

It is difficult to find many references in the

literature which throw light on the starting point of

| lymphosarcoma. It is generally stated that the bone

marrow is unaffected in lymphosarcoma. Kundaet (1893) !

recognised that lymphosarcoma was a widespread growth |
|
arising from a group of lymph glands (more rarely from|

a single one) or from a tract of lymphoid tissue such :
as oceurs in the intestinal wall, pharynx, ete. It ‘
fails to respect the capsule of the lymph glands and
grows repidly and invades adjacent tissue. Isolated

metastases in distant orgens are rare but when they do|
ocour they remain as sharply localised infiltration of|
cells., He did not mention if the metastases were foung

in the bone marrow. McCallum (1940) studied eight

cases. UYhree showed thoracic masses apparently

their extension to the thorax, whilst five were
equally limited to the abdominal cavity. in two of i
these cases there were many cells in the bone marrow |

which resembled precisely those of a tumour growth.
Scott (1939), sriedmann (1945), both found that the

| bone marrow was unaffected by lymphosarcoma, but this |

was |/



was not the experience of .iseman (1943) and Bethell
(1943) who both found early invasion of the marrow in
this disease.

leumann (1870) showed that the marrow was

infiltrated with lymphocytes in post mortem studies of |

chronic lymphocytic disease. Leube and ileisher. (1881)

found normal‘cellular marrow in the femur of s

gangrenous leg amputated from a patient said to have

lymphocytic leukaemia., Banti (1904) stated that in
| the early stages of lymphocytic leukaemia the merrow

is hypereemic and that this is followed by hyperplasia |

!of all the elements in the marrow. As the disease

|

| progresses focal collections of lymphocytes appear !
|
|

amongst this hyperplastic tissue. These foci enlarge
and coalesce until the marrow is almost entirely
| feplaced by lymphocytes. He was therefore gquite
certain that the early lymphocytic lesion is outside

the bone marrow. No further references to this

subject appear in the literature until Gulland (1925)
basing his statments entirely on the clinical features |
of his patients and without examining the marrow wrote |
that in chronic lymphocytic lenkaemia the process
certainly starts in the lymphatic glénds and
gradually involves one group after another, the |
final anaemia does not set in until the marrow becomes
completely involved. He went on to comment that there
is no reason why the process should not start in any

bit of the lymphatic tissue in the body. In cases

where the disease étarts outside the marrow the !

chronicity or the acuteness of the individual case

seems /




that /

geems to depend entirely on the period when the marrow

becomes involved or on the rate at which the marrow

| space 1s filled with lymphocytes. The assessment of

the value of this evidence is difficult without the
knowledge of the marrow histology. It is tempting to
accept the evidence of this experienced clinician
without further questions but this cannot be

contemplated as the argument could always be advanced

that if sternal biopsy had been performed iufiltration|

L

of the marrow, even if only in a minor degree, would

have been found every time. Warren (1929) pointed out|

that study of post mortem material of lyﬁphocytic
leukaemia gives little help in determining the origin
of the disease, as by this time there is always grossl
involvment of the 8pleeﬁ, lymph nodes and bone merT ow.
Italo (19380), Rossle (1980), Livingstone (1932), end
Zanaty (1934), repagted cases in which there was
marked infiltration of the marrow without any
infiltration of the lymph glends.

Juite the opposite view was expressed by.
Krachi and Garver (1955) who thought that there was a
reversion to embryonic condi tions in lymphogenous
leukaemia, in which extra-medullary haemopiesis

occurs, so the origintof the disease is elways in the

lymph nodes, and there is only a terminal precliferation

of the lymphoid tissue in the marrow. Un what evidenck

they based this categorical statement was not giveun.

Scott (1939 ) stated that there is a general agreement

|
|
|
|
|

|




that with a marked peripheral lymphocytosis (over
50,000 lymphocytes per c.mm.) the sternsl marrow
elway s shows about 98% lymphocytosis. 8y the time
such a marked peripheral lymphocytosis is mesent the
diseﬁse is well advanced so hié experience does not
help to pippoint the origin of the disease. Klima
(1988 ) and Weiner and Kaznelson (1925) exmressed the
view that marrow lymphocybtosis may ﬁé absent or only
slight in chronic lymphocytic ‘leukaemia but this is
dgnied by Henning, who thought that absence of
lymphoecytosis of the marrow almost execludes
leukaemia,

Cairad (1940)‘reparted the results of his studies
| of a few patients suffering from chronic lymphocytie
| leukaemia. Two of his patients had no glendular
enlargement, early disappearsnce of the thromboeytes
and granular cells from the circulation, together with
relatively early irritative reaction of the red cells.
From these facts he drew the conclusion that the
process must have starteé in the marrow. I admit that
these features do point to marrow involsment with
the leukaemic cells, but without corroborative
evidence from marrow smears tooc much attention cannot
be paid to them. In the third patient he argued that
because the blood picture did not become frankly '
leukaemia for five years after the first enlargement
of the glands that this was proof that the marrow was

inveded from without. Lymphoeytic reinforcements of

the: /




| opinion the merrow in chronic lymphoeytic leukaemia is

invaded by lymphoid cells. At first these form only

the blood come in the mein from the lymphoid tissue
‘outs ide the marrow and this srea when compared with
thet availabvle in the marrow is so large that it makes
eny contribution to the lymphoecytosis of the blood
from the marrow relatively small. MecCallum (1940) in
his textbock of Pathology wrote that it is impossible
to determine where the disease starts because at a
post mortem all the lymphoid tissue, as well as the
mgrrow, is packed with lymphoeytes. He reported one
case of acubte lymphoblastic leukaemia in vhich all the
lymphoid tissue outside the marrow‘was unaffected but
was iteelf packed with lymphocytes. Naegeli (1913)
dogmatically stated that acute and chronie lymphocytic
leukaemia never begin in the marrow alone but are
essentially systanie diseases affecting all the lymphol
tissgue. |

Dibble and Davie (1945) thought that the
marjority of the lymphocytes in the marrow are there
as a result of passive infiltretion, and may represent

foci of active lymphopoiesis. In Boyd's (1945)

isolated islands which eventually coalesce and finally
replace the marrow cells. He did not express an
opinion where the diseage starts but agreeé with

Benti (1904) as to the nature of the invasion of the
Marrow., |

RBeattie and Uickson (1943) also stressed this

patechy [/




patchy distribution of the iymphoeytic cells and had
thig to say of their origin - "as to the nature of

these lymphoeytic e=lls opinion variesg sreatly, some
regard them as infiltretion %f the tissue by cells

produced elsewhere, but opponents of thie theory point
outi that the marrow is exteﬁsiveiy affected in cases
where these nodes show little or no chenge. Iately
the view that these cells are in reglity early members
of the myelocytic series has gained ground and it is
belidved that lymphoblmst like cells, especially the

large varieties, are simply non-granular promyelocytes

.or myelocytes in which the granulés hawve not developed,

*

and the two series of cells have a common ancestral
gell",

The. difficulties which arise when.altempts are
made t0 answer the guestions referred to earlier in
this section are made abundantly clear by this review'
of the relevant facts. e conclusions to be drawn
from this mess of conflicting evideunce ére (1)
simultaneous involvement of the marrow and lymphatic
tissne elsewhere has not been proved so a normal
marrow count in suspected chrenic lymphoecytic
leukaemia does not exclude the disease.  (2) The
merrow igs often iavolvéd early in the disease and if a
marrow lymphocytosis of over 40% is found then the
diagnosis of chronie lymphocyftic leukaemia is certain.

Lower lymphocytic counts suggest chronic
lymphocytic leukaemia but fur ther marrow ?iopgy mu st

be performed to confirm or disprove the diagnosis,

@) /




(3) In advanced chronic lymphocytic leukaemia the

marrow is always heavily inveded with lymphocytes

whether or not there is a lymphocytosis in the blood.

A sternal biopsy gives veluable confirmatory evidence
®

in the aleukaemic forms. (4) The confident opinion
expressed by some British writers that lymphosarecoma
cell leunkaemia does not invade the bone marrow is not
supported by the writings of some of the Americen
authorities.

Cases from my series which are useful in helping
to solve these problems'are now described.

Gase 0. R.C. Aged 163

History. £For six weeks he had been suffering fron
| inecreasing breéﬁalessness, loss of weight end pain in
the chest.
Examination.
The lymph glandg, liver and spleen were normél.
Lungs. There was a little moisture at both bases.
X-ray of the chest showed a large round mass inveolving
the mediastinal glands.
Haemopoietic system. L.B.C. 5,000,000. Hb. 96%.
G.1. 0.96, W.BiG. 12,000, Film, A differentisl
white cell count revealed polymorph ., 56%
small lymphocyte 28j%
large lymphocyte 1lj
monocyte 5%.

A film made from the centrifuged specimen of blood

5 :
Showed aifew large immatere lymphocytes. 'Thers.was.

Lthickﬁning of the /__



the nuclear membrane, g diagnostic feature of the
lymphosarcoma cell (Bethell 1943),

Prior to sternal puncture the conditions which
had to be considered in the differential diagnosis
were lymphadenoma, acute or swbscute lymphoblastic

leukaemia, chronic lymphOcybic leukaemia ana

|
lymphosarcoma cell leukaemia. Iliarrow examination '

revealed a gross infiltration of this tissue with l
immature lymphocytic cells which had centrally placed
round or slightly indented nuclei with a rim of
cytoplasm round this nucleus. Close examination
showed thet there was a distinct thickening of the
nuclear membrane, which was easiato see in the marrow
films than in the blood smears. OUn the basis of these
findings teken in conjunction with the other ciinical
features (site of origin,more or less normalparipheral
blood findings, etc.) a diagnosis of lymphosarcoma
cell leukeemia was made. [The diagnosis was proved by
a post mor tem examination.

L‘his case supported the experience of licCallum
(1940) Wiseman (1943) end sethell (1943) but was not
in agreement with the opinions expressed by Scott
(19239 ) and Friedmann (1945).

Case - P. Ld-AM.BL ~Aged 70,

History. He suffered from severe pains in both
hands end feet for one month and his own doctor
discovered an enlargaispieen on routine examination.
He had:beén:al lifelong worker with lead paint.

Examination., [/




Examination.

C.N.3. rhere was bilateral weakness amni wasting

of the small muscles of both hands and feet with acute
tendermess on deep pressure, but with no actual sensory

| : = -
iloss. the arm jerks were present but sluggish and the

right ankle jerk was absent.

i Abdomen. There was moderate .enlatgement of liver

|
‘end spleen.

| Haemopoietic system. ...B.C. 5,200,000. Hb, 99%.
Ic.I.. 1.0 (approx.). W.B.G. 12,000, §ilm, &

|

differential white cell count was

!

large lymphocyte ébper cent
small Iymphocyte A
polymorph 26 i
monocyte 4. .

Other exeminations.
“he 1lead content of a 24-hour specimen of urine
jwas below normal end the W.R. was negative in the blood

land C.N.S,
|

i the differential diagnosis rested between a
| _

chronic syphilitic infection, infectious mononucleosis,

| _
Banti's disease and chronic lymphocytic leukasemia. The

first two conditins were ruled out by a negaﬁive WeR.
lend Paul-sunnell agglutination test. A low total vhite

|cell count affecting mainly the granulocytes, giving a

relative increase in the lymphocytes, is common in

Banti's disease, whilst such a low count is rare in

chronic lymphoeytic lenkaemia. Asternal puncture

Fevealed i

/ {p.d /,,
-\;1];,"/,"&-' |} ‘(I,J"'.“\.;
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reve&aled

large lymphocyte %2 percent
small lymphocyte ol P n
normoblasts : | T6. gt '
promyelocyte P i "

; myelocyte B0 e m
polymorph hic) " n

There was therefore a total pércentage of lymphocytes

of 55. A close examination of the lymphocytes

revealed that many of them were more primitive than

normal. Lhe nuclear chromatin was arranged in loose

" reticular network whilst a few of the nuclei had

| & diagnosis of chronic lymphocytic leukaemia was

vestiges of nucleoli, liany of the smell lymphocytes

had a very narrow rim of cytoplasm round their nuclei.

proved., In this patient there was =n early generalised

"

infiltration of the lymphatic tissue both outside and

within the marrow, and so study of this marrow gave a

certain amount of support to the view that the

lymphatic tissue throughout the body is sponteneously
involved in lymphocytic leukaemia. iurther, marrow

examination by revealing the true nature of the

di sease enabled X-ray therapy to be confidently

advised.

case Q. K.K. Aged 31. ‘

History. Mior six months she had been gradually

oecoming weaker with loss of emergy, irritability, ‘

ete. Her own doctor was confident that she was |

| suffering /

)



suffering from chronic lymphocytic leukaemia.

Lxamination,

* Haemopoletic system. K.B.C. &,400,000. Hb. 54%
C.I. 0,77. W.B«C. 6,600 #Film., The red cells
showed a mild degree of hypochromia. The differential
white cell count was .

lerge lymphocyte 30 per cent
small lymphocyte SO &
e polymorph &5 " ®
monocyte e M "
‘he lymphocytes were normal in appearance. Lhe
remaining investigations were all negative.

A sternal marrow exemination showed that 29% of
the total number of cells present were lymphocytes.
the diagnosis therefore rested on whether or not this
prercentage was significant of lymphocytic leukaemia.
Lhe total lymphocytic cell count of the peripheral
blood was low, therefore few of the cells meking up
this pelcentaoe could have come from the blood

enmeshed in the marrow spaces; there was therefore a

| real ‘increase of the lymphatic elements in the marrow.

However, this figure was 11lj% below the lowest figure
accepted by Scott (1939) and'zlp below that accepted
by lLsraels (1936) as significant of, lymphocytic
leukaemia. On the other hand it was higher than the
highest figure claimed as normal by Holmes and croun
(193%) which was 24.9%. WYhe lymphocytosis of 29%
taken in oonjﬁnction with the other clinical features

which /




‘which were not in the least swggestive of chronic

!1ymphocytic leukaemia,did not allow of a final

|
iaiagnosis of chronic lymphocytic leukaemisg being made.
|

' A second sternal puncture was performed fourteen day s

after the first one, following a slight improvement in !
|

| the peripheral blood picture,and on this occasion was

|
}within nomal limits, and so the diagnosis of chronic

lymphocytic leukaemia was abandoned. liarrow ot

‘examination was therefore of the utmost value in
dismissing this fatal diagnesis.

k}aSe _'{. :n';iro IJ. Aged 590

History., oix years before admission the glands
 began to enlarge in the right side of his neck and he
 began to complain of general malaise. A pathological

report in 1944,0on a gland removed from the neck,
stated that the architecture of the gland was
 completely destroyed by lymphocytes. [The appearance |
was not that of lymphgsarcoma but more that of a
= m

:simple lymphocytic hyperplasia or a leukaemia. The

radiologist thought the glands were those of a

generalised lymphadenoma.
Examingtion, !
Lymphatic system. The glands were about the size
of a cherry. ©They were not tender but were moderately
| hard and freely mobile. ihe spleen was slightly
enlarged but the liver was normal.

Chest. An 4-ray showed slight enlargement of the |

| mediastinal glends.

Uther /



Uther investigatiom,. (.R. was negative.

Heemopoietic system. k.B.C. 3,600,000. Hb., 52%

¢.I. 0.72. W.B.C. 18,000, £ilm. .Ihe differentiall

white cell count showed

small lymphoéyte 61 per cent
large lymphocyte L E
polymorph 1o ™ X
monocyte 4 v =

the diagnosis was almost certainly chronic
lymphocytic leukaemia as only rarely has a
lymphocytosis been recorded in lymphadeﬁOma, but on
account of the slight doubt thrown on the diagnosis
by the earlier report on the pathology of the gland
a sternal puncture was performed and a marrow found
heavilyi! invaded by small lymphocytes. They comprised
93% of the total number of cells., [The diagnosis of
chronic lymphocytic leukaemia was confirmed beyond

all doubt.




VALUE UF M/HGOW EXAMINATION LN ANARMIA DUE TO

of the haemopoietic factor.

A,

Be

Ue

U'

HATHOPOLETIC DEFICIENGY. |

Classification of anaemia due to deficiency

Dietetic,

®

(1)
(2)

Deficiency secondary to gastro-intestinal =

disturbances.

due to extrinsic factor deficiency.

Tfropical macrocytic anaemia. )
&

Yernicious snaemia of pregnancy.

(1) Pernicious anaemia.

(2] Carcinome. of the stomach.

($) astrie gyphilis.

(4) wGastric polyposis.

(5) Carosion of the stomach with poisons.

(6) oStrictures.

(7) ﬁbllow&ng gastrectomy.

(8) HFollowing gastroenterostomy.

(9) 4sollowing resection of the intestine?

and various anastomoses.

(10) Jejuno-ileal absorptive deficiency. |
* (11) Kegional ileitis.

(12) Chronic pencreatic disease.

#ollowing liver damage.
(1) cirrhosis.
(2) malignancy.

7 =) i ith tapeworys.
Infestation with tap éQ

(1) biphyllobothritm Latum.

A2)

fgenia saginata.

(3) Ascaris lumbrigoides.

lfarrow /

——A



Marrow examination is of great velue in pernicious
anaemia in relapse, tropical macrocytic anaemia and
pe;nicious aneemia of pregnancy,as a megaloblastiec
picture is always present. A megaloblastic picture
jf;hﬁually present in sprue, but.tﬁﬁ disease is
easily diagnosed from the other clinical features so
marrow examination is rarely necessary. In the other
diseases listed in the classification, a megaloblastic
reacbion is not constantly present, so. examination of
the marrow is of little help in diagnosis.

I have not had any opportunity to study macrocytic
engemia of pregnancy, but Callender (1945) summed up
the diagnostic impaftance of merrow exemination in
pernicious anaemia of prégn&ncy thug "the only two °
features which may be relied upon for the certain
diagnosis of pernicious ansemia of pregnancy are the
appearance of megaloblasts in the peripheral blood
and the finding of a megaloblastic change in the bone
marrow’,

[MPOUTANCE OF MAROW EXAMINATION IN PERNICIOUS
ANARITA. |

There ist‘alweys a @ngggggggggc reaction in
the marrow in pernicious snaemia and so the
demonstration of this picture is strong confirmatory
evidence of this disease. Dbavidson (1941) did not
consider thet a sternal puncture was reguired for the
routine diégnosis of pernicious enaemia but expressed
the opinion that it should be reserved for all cases

of macrocybic anaemia which failed %o respond

Lok ™~

ALAA AT AT

adequetely to potent liver preperations. Lf sternal

puncture / |



ﬁuncture-ie always withheld until the failure to
respond to a potent liver preparation is proved,

meny patients whose initial macrocyhic anaemis was
due to such conditions as leuksemic ' myelosis,
mgerocytic haemolytic anaemia, or ansemis secondary
to‘infiltration of the bone marrow with carcinoma or
lymphadenoma, which never give a megaloblastic
picture, will be subjected to an unnecessary delay in
diagnosis. »uch delays can be prevented by routine
exgmination of the marrow in all cases of macroecytic
anaemia as soon as possible aefter admission to
hospital. %wo cases in this series serve to emphasize
this argument.

vase A. lrs. licK. An o0ld lady admitted with a

peripheral blood typical of pernicious enaemia but -
a routine examination of the marrow revealed a
myelogenous infiltration. Lhis case is reported
fully in Section dealing with leukaemic myelosis.

Case B, A.G. 'he correct diagnosis in this patient

was delayed for nine months because of the failure to
perform a routine examinaﬁionlof the bone marrow.

iistory. Admitted to hospital iniﬁugust 1945
with a long stending history of persistent tiredness
and left-sided abdominal pain.

Haemopoietic system. R.B.C. 5,600,000. Hb. 80%.
Cols 1?§\[approx.). W.B.Cs 7,400, Film, ‘the red
cells were well filled with.haemoglobin‘and they
varied merkedly in size and shape, the ma jority being
macrocytes. .

Uther systems. ©There was slight enlargement of

the /




pernicious anaemia was mede and he was treated with

the spleen, histamine fast-achlorhydria and a reised

icteric index. VYn thig evidence a diagnosis of °

liver extract: for three weeks in hospital and then
discharged hdme, symptomatically greatly improved, but
his blood in almost the same condition as when he was
admitted. However, he was regarded as a pernicious
anaemia who was responding élowly to treatment. WNine
months later he was readmitted with the came sigus
and symptoms as previously, having had no liver
injections for fhree months prior to admission.
Investigation proved that clinically he was in the
same condit ion as the first time he was admitted. In
addition-a persistent reticulocytosis of 7% was noted.

A sternal puncture revealed an intense normoblastic

reaction of the bone marrow._ The details of the jﬁ;,
myelogram were £,$~
Haemocytoblast = 1 per cent =
rro-Frythroblast Dz g T R L,
Hormoblast A 9 n "
Normoblast B T6 "
Normoblast C . '11 " "
Promyelocyte 2 " "
yelocyte 5 u "
lletamyelocyte 15 i "o
Polymorph 34 " "
Plasma cell 2 it "
Lymphocyte 4 " n

The final diagnosis in view of the intense normo-

blastic reaction of the marrow, the persistently

raised / J
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raised reticulocyte count, slightly enlarged spleen
and relatively high total white count, was haemolytiec
disease of o0ld age of unknown origin. rresumably if a
marrow examination had been performed on his first
gdmission this ﬂormoblas?ic marrow picture would have g

been discovered and a diagnosis of pernicious anaemia

abandoned,

|

1

anaemia was only considered as an outside possibility
and a sternal marrow exasminstion made with a rather

|optimistic hope that it might help in arriving at a |
|

diagnosis.

Case C. H.B., Aged 45, His presenting symptom was

severe epistaxis, He had four attacks dquring the
| first two days in hosPital,‘afterlmhich they ceased
altogether.

fxamination. Heart, blood vessels, chest and
(U.N.5. were all normal. B.P, 1395/75.
| Aliﬁentary system. His tongue was not atrophied.
ithe only abnormality detected on barium meal
examinati on was a degree of spasm of the pyloric end of]
the stomach with no suggestion of malignancy.
| Gastric analysis. Histamine fast achlorhydria.

Urine. Urobilinogen present.

RPN

Haemopoietic system. i.3.C. 2,800,000. Hb. 475%.
U.I.:]l (approx.). W.B.C. 7,000. Reticulocytes lj.

B.T. sand ¢.T. WNormal. £Hilm. Led cells were well

filled with haemoglobin but there was little variation |

| 4 ’ .
'in size and shape of these cells. A differential ;

:white cell count was normal.

In the next three cases the diagnosis of pernicious



|
These clinical features of epistexis, a relative-|
ly high white cell count and the peripheral film
findings did not suggest the diagnosis of pernicious
anaemia. UYhere are no reports in the literature of

pernicious anaemia givingas its first symptom ol
epistaxis. out the evidence of haemolysis, the

et ey

histamine fast achlorhydria and the normal ¢.I. after

four attacks of severe epistaxis made the'diagnosisof

pernicious anaemia a possibility. sxemination of the
mgrrow revealed a megaloblastic hypopiastic picture
strongly suggestive of pernicious aneemia. Lhe
possibility of a megaloblastic type of refractory
anaemia could not be ruled out at this stage. After
fourteen days of intensive liver therapy the blood
count, Hb., and reticulocyte percentage remainéd
unaltered, but a second sternal puncture performed at
this time revealed a marrow which was intensely
normoblastic. Lsour days after this puncture a brisk
reticulocyte respouse resulted and the blood
gradually returned to normal. ihe diagnosis based
mainly on the marrow examinations was therefore
pernicious ansemia. <the hypocellular appearance of
the first merrow smear serves as a warning that a

L]

hypercellular marrow is not glways found in this

disease.

vase D. G.H. Aged 52. I
History. Wwo years before admission to hospital |
she had a severe vaginal haemorrhage bub since then

she has had no further haemorrhages apert from her

normal periods. Since then she has, however, become

increasingly /



increasingly tired, together with the usual symptoms
of ansemia.

Examination.,

Alimentary system. Her tongue was atrophied.
there was no enlargement of the liver or spleen.

Other systems. Negative.

Gynaecological report. UNegative.

e an B

special examinations. Histamine fast achlorhydria
and benzidine negative reaction in the stool.

ﬂaemo?oietic system. #.B.C. 3,260,000. Hb, 46,
¢.I. 0.7. W.B.C. 5,800. ieticulocytes 2%. #ilm.
there was macrOGytosis, poikilocytosis and aniso-
cytosis of the red cells which definitely showed
haemogiobin deficiency. Lhe differential white
count was normal.

the clinical features, apart from the

achlorhydria and evidence of haemolysis, did not

b e TS

encourage a diagnosis of pernicious anaemia, but
sternal puncture revealed a megaloblastic hyper- |
cellular marrow. Many haemocytoblasts, proferythro—
blasts and megaloblasts A.,B. and C. were present.
lhe myelocytes and metamyelocytes were also increased
in numbers and showed‘signs of immaturity of the
‘cytoPlasm. ‘‘hese findings were highly chearacteristic
of per%icious enaemia in relapse. Treatment with
liver mreparations proved effective end so the
diggnosis was proved.' ‘

uaée E. A.D. Aged 58.

{hree weeks prior to admission he suffered from |

attacks [/




attacks of flatulence and vomiting, The vomitus was |
bile stained. ([hese symptoms became alarming so he
was admitted to hospitel. Uhe last attack of vomiting
was accompenied by deep jaundice. On a feWw occasions
severe epigastric pain complicated these symptoms. It
usually disappeared in about ten minutes. He also
suffered from the usual signs and symptoms of a severe
anaemia.

Exemination.

Alimentary system. 'There was some tenderness in
the mid epigastrium on deep palpation, but no tumour
was felt. Lhere was also a histamine *ast
achlorhydria and the benzadine test was EgFative in
the stools., No other asbnormalities wers/found. He was
too 111l to have a barium meal. %

Haemopoiefic system. h.B,O.. 1,200,000. Hb. 24%.
C.l. 1. #ilm. ied cells were well filled with
haemoglobin and showed mapkéd changes in size and
shape. .No nucleated re@ﬁcells were discovered. The
white cells were norggigin numbers and appearance.

The elinical féatures,apart from the blood
findings ﬁere more suggestive of a gastric neoplasm
than pernicious anaemia. Examnination of the marrow,
however, showed that it was hypercellular and filled
with promegaloblasts, pro-erythroblasts and
mégafbolasts A.. 0 B. and G, fThe promy?looytes and
myelocytes showed signs of immaturity.

On this evidence a diagnosis of pernisious

ansemia was mede although it was realised that a

1
similsr merrow picture cam be present in carcinoma Ofxf'g
: T

Lot
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JLhe stomach., wsefore carcinome of the stomach can
destroy the glands producing the intrinsic factor to
such an extent that a profound megaloblastic bone
merrow picture is produced the test meal, apasrt from
the achlorhydria present, would have shown other
features of necplasm. 4Yhe stools would also have
gshown occult blood. He was treated with liver sand
a satisfactory response resulted, and a subsequent
barium meal excluded any possibility of neoplasm, so
she original disgnosis of pernicious anasemis was
upheld.

there is enother group of cases in which
exeminetion of the marrow helps to exclude the
diagnosis of pernicious anaemia when it has been
suspected on clinical grounds. <Lhe following cases
from my series are illustrative of this .group.

vase I', I.W. Aged 64.

distory. [Hox three years had been suffering from|
increasing -tiredness, loss of appetite, breathlessness;
and palpitation. She had a sore tongue on occasions,
and her appetite had feailed. ©She was admitted %o
hospital for investigation with the provisional
diagnosis of pernieious anaemia.

kxamination.

Heart. ‘“here was moderate hypertrophy of the
heart. B.P, 190/100.

Alimentary system. Her tongue was smooth but not
ulcerated. Nil else.

C.N.S. DNormal.

daemopoietic system. x.B.C. 3,400,000, Ib. 807




¢l 1.2. W.B.Cs 4,000. #ilm. ked cells were well
filled with haemoglobin and there was a slight degree
of anisocytosis and poikilogytosis. the overall
picture was one of macrocytosis. #he differential
'white count was lymphocytes 54p,-polymorphs 445,
monocytes 2. |

opecial investigations. Lhere was a histemine
fast achlorhydria and there was no occult blood in the
' sﬁools; Lhe barium mesfl proved.negative.
The mild hyperchromic macrocytic anaemia with the |
| histemine fast achlorhydria and normel barium meal all
suggested the possibility of a mild pernicious anaemia)
kxamination of the marrow revealed that it was normal
and so the diagnosislof pernicious anaemia could not
be entertained.

:, C&SE} G. C-?ﬁf. Aged 72-

History. wror the past three months he had \
oomﬁlained of dizzinsss, weakness, anorexia, nausea \ {
and vomiting. He had geined 1 stone in weight during
: thé past year.

ixamination. He was a well built men with a

A0 TR

sallow complexion. Ghe rest of the clinical

examination was essentially negative except for

findings in the C.N.S. and haemopoietic system.
G.N.S. fThere was some lack of co-ordination in

both legs. Both enkle jerks were absent and Babinski's

plantar response was bilaterally positive.
Heemopoietic system. i.B.C. 4,000,000. Hb.100%

GeI. ' 1.92. W.B:Gs 6,400, Film. ZThe red cells were

well filled with haemoglobin and showed slight

variations / > |




fast achlorhydria and the I.I. was 5.

veariations in size and ghape,
C. was present.

Special investigations. “There was a histamine
Lhere was no
oceult blood in the stools.

These signs and symptoms were suggestive of
pernicious anaemia with early postero-lateral
sclerosis and so a sternal puncture was performed in
an attempt to confirm this diagnosis but the marrow

S R A AR AT L

was normal., The diagnosis of pernicious anaemia was

abaﬁag;gd and the final diagnosis proved to be
mym L “‘l* (A . CAl < N e
Uaée He M.W. Aged 67, |

distory. «or the past six months had been

suffering from severe breathlessness on exertion,
loss of power of concentration, amorexia, nausea and

vomiting. &She had one attack of epistaxis about a

fortnight before admission.

BExemination.

Cardio-vascular system. 1Lhe heart was

markédly enlarged with a systolic murmur in the
mitral area, together with a systolic and diastolic

in the sortic area. The pulse was regular and there

was a marked difference between the systolic and
ihe figures were 210/60.
Hb.28%.

diastolic blood pressures.

Haemopoietic system. HeB.Co 1,400,000,

G.I. 1. W.B.C. 6,000. &ilm, Ked Cells showed

merked changes in size and shape with an ocecasional

normoblast C. The differentiel white cell count was

An occasional normoblast

normal.

Special / ;




| injections are given in hospital they respond

| immediately. These patients cannot be classified as

| few will be shown to have other conditions affecting

. this point.

| had been proved to be suffering from pernicious

admission [/ I

‘as possible after admission to hospitel as thereby a

speclal investigations. uthere was a higstamine I
fast achlorhydria and there was no occult blood in the |
stools. The W.R. was negative.

Amongst‘many other conditions too numerdus for !
discussion in'this thesis, pernieious anaemia was i
sﬁSpeoted because of the blood findings end the

achlorhydria, but a sternal puncture revealed a normal‘

' marrow and this diagnosis was abandoned. Lﬂ&wﬁikjm?

|
! _,.._-T

|

|

.

It has been my experience that for some P—
: |

unexplained reason a number of proyed cases of
pernicious anaemia, although having regular monthly

liver injections, relapse. When further liver

suffering from true refractory anaemia - a condition
discussed elsewhere - as it can never be proved that

they were refractory to liver injections as those they

received outside the hospital may not have been potent,

|
| the marrow of swch patients should be examined as soon!

the marrow and so causing this lack of response to

treatment. These conditions are aplasia of the bone

marrow and early leukaemic infiltration of the marrow.

. The following case from my series serves to illustrate|

Case I. J.M, Aged 62.

History. wusighteen months prior to admission he

| anaemia. He made good progress until six weeks before|

e N ———
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| except for the abnormalities found in the haemo-

admission to hospital when all his old symptoms of |

anaemia gradually returned.

Lxamination, <This was essentially negative

poietic system.

Heemopoietic system. k.B.C. 1,100,000, Hb. 40%.
c.I. 1.9. W.B.C. 3,100. keticulocytes 0. 5%, Eilm.{
the Ked Cells were well filled with haemoglobin and

showed great changes in size end shape. ‘here were

large numbers of macrocytes present but no nucleated

red forms. Lhe differential white cell count was |

| normal. !

| However, he immediately responded to liver injections

| ABNORMATL LEUKOPOIESIS IN HAEMOPOIETIC #ACTOR

' these cells also show signs of cytoplasmic
| immaturity as well as changes in the nuclei.

nuclei are very large

expected [/ |

A sternal puncture revealed an intense megalo-
blastic hyperplasia. A disgnosis of pernicious
ansemia in relapse was made although the possibility

of a true refractory enaemia was not excluded.

and the diagnosis of uncomplicated pernicious anaemia |

was upheld,

DERICIENCY ANABMLA.

Wintrobe (1946) and other writers have drawn
attention to the abnormal leukopoiesis in haemopoietici
factor deficiency ansemias, especially in pernicious i
anaemia. Yhere is general agreement that an increase

in the myelocytes and metamyelocytes takes place.

i

ihe

and have an irregular outline.

the cytoplasm is blue and less mature than would be




expected from the appearance of the nucleus, and
contains a few neutrophil granules and occasionally
vacuoles. <the majority of my cases of perniecious
anaemia had these changes but in two cases the
white cell series showed no abnormelity. It is
difficult to decide whether the myelocytes and
metamyelocytes are increasecd above the normel figure
as the highest normal figures given are 14% (Klima,
1938) and 15.7% (Scott 1929 ). Mleny other authors
quote much lower figures than this. <the highest
figures L have found in normal smears are 8% and 6%
respectively. OUnly four cases in my'series of
pernicious anaemia showed figures above those of

Klima and sScott. ‘Ghis study convinces me that too

| much impor tance has been attached to the increase in

the percentage of these cells in pernicious angemia

and further study is required to clear up this

confusion.




VALUE OF MARROW EXAMINATION IN KEFRACTORY ANAEMIA.

Bomford and ihoads (1941 ) who included in their
classificaﬁion all disorders of the blood which
failed to yield to any treatment except trensfusions

of blood. Lo case of anaemia secondary to such

| diseases as cancer, tuberculosis, lymphogranuloma,

| nephritis, cirrhosis of the liver, sepsis, infective

endocarditis and frank leukaemia were included. ‘The

clasgification of these anaemias was based on the
histological appearance of the marrow. Their cases

fell into four groups.

' I, Those with partly mature cellular marrow, i.e.,

' IV. those which were replaced by fibrosis, glant cell

slight hold-up in maturation to the stage of
normoblast and'polymorph.
II. Those with hypocellular normobléstic marrow.

III,Those with immature cellular marrow of a normo-

blastic type.

hyperplasia of the marrow and replacement of the

marrow by other tissues.

these authors therefore included in their classificatio

all conditions which at one time were grouped rather

unsatisfactorily under the heading

ihomson et alia (1954) end xhoeds and iiller (1938)

studied the marrow appearances in ~agplastic anaemia

and recognised the different phases of matur

;cells /

of aplastic anaemia.

ity in the

| The first workers to classify refractory anaemias were |
|

n




:cells but ineluded allectypesof aplastic anaemia -however
icausedlin their classification. Uavidson, ULavis and

| Ilnnes (1943) clarified the classification of

refractory anaemia thus :

|
| A, Refractory anaemia with hypocellular normoblastic ‘
marrow. i

(1) Secondary to the exposure of toxic substances.

|

|

!

(2) Idiopathic. . ‘
(a) Progressive hypoplastic anaemia with ‘
fafal termination. %

(b) Chronic hypoplastic aneemia surviving

for about two years.

(ec) Relapsing hypoplastic anaemia.

B. Lefractory anaemia with hypercellular

megaloblastic marrow. ; T*

(1) Occurring in pregnancy and the puerperium.

({2) Idiopathic.

|

|

|

|

|

'C. With cellular normoblastic marrow and arrested
! myelocytic maturation. r.
| .

|

|
|
|

|

. b

: !
lMarrow examination must be performed as soon as _ |

possible in order that treatment can be placed on a i
It '

scientific basgis and an accurate prognosis given.

!is therefore in this group of diseases that sternal !
|

;biopgy can be described as indispensable, as the

' following cases prove.
[
Case /

| | !



cage Jo. J.G. Aged 52, |

History. In 1939 he was diagnosed as suffering |
from a typical pernicious anaemia and treated
satisfactorily with liver injections and continued
with & maintenance dose of 2 c.c.s of Anahaemin every
month. In 1942 and 1945, despite these injections, he|
had relapses\with the return of all the symptoms of
anaemia, but on both occasions after a short stay in
hospital with further intensive treatment with liver
injections his blood responded and was restored to
normal. ©ix weeks prior to admission all his
symptoms returned so he was admitted to hosgpital for
full investigation.

Haemopoietic system. .B.C. 1,200,000, Hb. 58
C.I. 1.5 (approx.). W.B.C. 2,400. ¥ilm. Red cells
were well filled with haemoglobin and showed marked -
variations in size and shape. Iflo nucleated forms were
seen., llany large macrocytes were present.

liyelogram, |

| Haemocytoblast 13 per cent

Pro-erythroblast 27 " " : ?

liegaloblast A. 5 s n
llegaloblast 5. Tt 8
Megaloblast U. 2 n Ul
Hormoblast 4 " n
Promyeiocyte 1 X "
liyelocyte L8 = el
lletamyelocyte 5 g "
Polymorph L0 walinge”

Other /




Other investigations revealed a histamine fast
achlorhydria, an I.I. of 14, and urobilinogen in the
urine, and so0 completed the picture of & pernicious
apnaemia in relapse. Intensive liver therapy from a
batch of empoules of proved potency failed tc bring
about a response and further merrow examinetion
fourteen days after the commencement of this treatment
revealed a picture«identical with the fir st smear.
These findings supplied the final proof that this was
an example of a refractary anacmia with & hypér-
cellular megaloblastic bone marrow. The prognostic
impor tance of finding such a hypercellular marrow is
emphasized by Davidson, Davis and Innes (1943), who
found that in six cases of refractory anaemia with a
hypercellular megaloblastic.marrow, recovery resulted
after a variable refractory Phase if treatment was
continued with liver and life maintained during the
interim period with repeated blood transfusions. In
Davidson's (1943) cases this time interval varied from
four to ten weeks.

Davidson (1945) thought that the finding of a
megaloblastic picture in refractory amaemia was an
indication for the substitution of liver injections
with proteoljysed liver, this view being supported by
experience gained from this patient. The explanation
of the cause of this patient's refractory state is that
.he required an unknown factor, present omly in small
quantities in Anahaemin, to give him & satisfactory
haemopoietic response. Intensive treatment with

Anghaemin in 1939 provided /

|




provided enough of this unknown substance to give him
a satisfactory response, but when he returned %o
monthly injections he was supplied with insufficient
quantities so he gradually relapsed. In 1942 after
forther intensive Anashaemin injections he again

responded only to relapse in 1945 on reverting to
[

monthly injections. rurther intensive liver |

®
injections restored the missing factor. Luring these
years he has become more and more resistant to this

unknown factor that in 1946 he was incapable of

regponding any more to liver by injection. It appears

that this missing factor might be destroyed to a large|

extent in the preparation of the highly purified form
of Anahaemin aand that perhaps this missing factor was
present in proteolysed 1iver,w£ich is merely a papain
| digest of whole liver. Proteolysed liver, 1 teaspoon-
ful three times a day, was administered and after ten
days a reticulocyte response of 12j occurred and a
sternal puncture performed on the §ame day'provided'a
normoblastic bone marrow giving final proof of the
a&icacf of this treatment. [he patient has remained
well on this treatment up to the present time.

iy second case of refractory anaemia was somewhat
different.

ase K. J.M. Aged 59.

For two years he has been a known case

Higtory.

0f pernicious anaemis and has been treated with the

usual monthly injections of Anshaemin. A few weeks

prior to admission thefe was a return of all his old

sore tongue, etc.

symptoms of lassitude, weakness,

Examination. /[




-

#xamination,
Haemopoietic system. u.B.C. 1,720,000, Hb. 45[
e

.I. 1.5. W.B.Ce 2,800, #ilm, ied cells were well

filled with haemoglobin and veried greatly in size and

shape. Hucleated forms of the type liegaloblest B. were!

present., The differential white cell count was normal.
Uther investigations revealed a histamine fast
achlorhydria, an I.I. of 14, and urobilinogen in the
ﬁrine. A sternal puncture was not performed on
admission, a mistake emphasized earlier in the thesis,
as she was considered to be a straightforward case of
pérnicious angemia, despite the evidence of treatment
by liver injections. Daily injeetions of Anshaemin
were prescribed but rdo response was farthcoming after
ten days. sShe developed urticaria so Nebhepatex was
substituted for the Anahaemin in doses oOf 2 c.C.S every
othef day. After a further period of ten days there
was no response. A sternal puncture was performed and
the result was a hypercellulsr marrow with an intense

megaloblastic reaction. <Lhe details of the myelogram

were

Haemocytoblast 6 per cent

i i

Pro-erythroblast 17
lMegaloblast A. GRS SRR
Megaloblast B. R, ST

Hepaloblastutis it 4651 W

i n

Normoblast A.

n n

Normoblast Be.

n m
Normoblest C.

Promyelocyte

" "

DRt e, e e

liyelocyte
lietamyelocyte /

e T




J;Letata’:yelOcyte 4 per cent
£olymorph lg = n

Lymphoeyte 2 i

Merrow examingtion therefore revealed that she was

suffering from & refractory anaemia with an intensely
hyperplastic megaloblastic picture., It was decided to
cerry on with the Neohepatex to try and find out if she
would respond to parenteral liver as was the case with
bavidson's (1941) patients. ln three weeks time a brisk
reticulocyte response of BOﬁ occurred and she made an
ininterrupted recovery and has remained well ever since
it remains to be seen whether she will relapse as Case
J. did., without a marrow examination the true nature
of this case would not have been revealed.

My third patient in this series il;ustrates a
rather different value of sternal puncture. He suffere
from pernicious enaemia and was apparently slipping int
a refractory state.

C&S@ L. .l\'InC. Aged 74’

*

History., fThis old man was admitted to the ward
with a history of pernicious angemia for the past five
years adequately treated with monthly injections of
Anahaemin. ©The pertinent clinical details were :-

Haemopoietic system. M.B;C. 1,600,000, Hb. 50%.
C.I. 1.6 (approx.). 'W.B.C. 3,500, 4ilm, ued'cells
were well filled with haeniﬁglohin with intense aniso-
cytosis and poikilocytosis. ‘No nucleated forms were

seen in the red cell series. the differential white

count was normal.

the other investigations supported a diagnosis of

Pernicious /

[&]




pernicious anaemia. A gternal puncture revealed a
remarkable marrow. Lhere was an intense early normo-
blastic reaction together with a megaloblastic
picture.

Haemocytoblast 7 pér cent

Pro-erythroblast o Wl &

Megaloblast A. S ¥ S
lilegaloblast B. L
liegaloblast C. 160 X "
Normoblast A. 21 it
Normoblast: B. 12 v i
Normoblast C. il "
Promyelocyte R "
liyelocyte s e "
lletamyelocyte . 16w n
Polymorph ' 1A TR Brn
L&mphooyte : DINEE f

I have never come across such a picture before and
the only reference I could find to a similar case in
the literature was by Lavidson (1945). He reported
his case as examples of refrgctory anaemia which
ultimately responded to liver therapy. <+“his case
therefore supports Davidson's (1945) supposition
that in some instances there is a dimorphic
appearance in the bone marrow in refractory anaemia.
It might be argued that in this patient the haemo-
poietic system at the comﬁencement of liver therapy
was quite sensitive to the haematinic faetors
supplied by the Anahsemin, but-as the years passed

there /




‘there was a gradual decline in this sensitivity and at

'the time of performing the sternal puncture he was just,
passing into the refracthry stage and his marrow was
reflecting the reversal of the normal process. This |
ipatient was treated with 1 teaspoonful three times a

day of proteolysed liver and within a week a satisfactory
!reqPonse resulted and further marrow examination gave

'a normal marrow. The value of proteolysed liver in
'refractory anaemia which ultimately responds to
Itreatment was further demonstrated, as well as the
|value of marrow examination in assessing progress under
!treatment. The experience of this case, together with
Ethat of Davidson, emphasizes that the classification of
‘refractory anaemia into groups with normoblastic or
|

| megaloblastic marrows is too rigid and a further group |

'with a mixed normoblastic megaloblastic picture must be
added.
! The next example of refractory anaemiag does not |

fall neatly into any of the sub-groups mentioned by

Davidson (194%3). |

Case M, C.M. Aged 50.

History. uor one month had suffered from the
:usual signs and symptoms of a severe anaemia.
Ixamination.

Haemopoietic system. k.B.C. 2,400,000. Hb. 55%.

Cele 12 (approXe) W.B.C; 4, 500, Film., The usual

features of pernicious ansemia in relapse were

discovered and the differential white blood count was

l normal.

| Other /



Other investigations, revealed that the I.I. was |

|16, and there was also a histamine fast achlorhydria.
All other examinations were negative.
Marrow examination. There was an intense megalo-

blastic reaction, He was treated with the usual

linjections of Anahaemin but as there was no response

!after ten days to this treatment a further marrow

'exeamination showed that there was now a normoblastic |

|
reaction. Davidson (1945) reported that in his three

|a haemopoietic response had occurred but in my patient |

cases a normoblastic reaction was found shortly after

| despite the normoblastic reaction no demonstrable
|

!change occurred in the peripheral blood, nor d4id one i
|
come about until considerable quantities of iron were

|
|
|added. ‘Lhere may prove to be another series of cases“
‘'which fail to manufacture mature red cells despite the

|

'change from megaloblastic to a normoblastic reaction in

|
| the marrow. My last example in this.series of so+

called refractory anaemia supports thel.conclusions,
arrived at from the study of the preceding patient. .

!C&SB l'I. E.T.". Agad 70.

History. #or many months had suffered from the .
usual symptoms of a severe anaemia.
Haemopoietic system. .B.C. 1,400,000. Hb. 44%.

CaIls lue6b. W.B.C. 5,4C0. Film. KHed cells were well

|filled with haemoglobin and showed marked changes in
isize and shape. A few nucleated forms of the type
‘megaloblast B. were seen. Lhe differential white
;count was normal.

| confirmation /



| pernicious anaemia in relapse was forthcoming when a

histamine fast achlorhydria, I.I. 9, and a negative

Confirmation of the confident diagnosis of

barium series were found. A mégaloblastic picture
was also discovered in the marrow. she failed to

respond to the usgal therapy and after a fortnight's |
time a second sternal puncture revealed a normoblastic

reaction in the marrow. A detailed myelogram showed |

that the normoblast A. constituted 20% of the total

————

marrow count, and approximately 55% of the total of
the nucleated red cells. This definitely indicated a

hold-up in the maturation of the red cells due to

|
, |
lack of synthesis of haemeglobin. JFferrous sulphate !

was prescribed and within a few days a satisfactory
response resulted. Some of these patients, therefore,
would not pass satisfactorily out of the refractory .
stage without both liver and iron. i
ly experience with marrow examination in patients!
suffering from refractory enaemia makes it possible to
extend Davidson's (1943) classification to include ‘
further groups. The classification of refractory
enaemia would then read :-
A. udefractory anaemia with hypocellular normoblastic
marrow.
(1) GSecondary to the exposure of toxie substances|

(2) Idiopathic.

(a) Progressive hypoplastic anaemia with
fatal termination.

(b) Chronic hypoplastic anaemia surviving
for about two years. |

el =/ ' .



(e) Lelapsing hypoplastic anaemia.
efractory anaemia with hypercellular megaloblastiq
marrow.

(1) Occurring in pregnancy and the puerperium.
(2) Idiopathic.
(a) With hypercellular megaloblastic marrow
responding to proteolysed liver or less
satisfactorily to Anahaemin.

(b) With hypercellular megaloblastic and

normoblastic marrow responding to
proteolysed liver!

(¢) liegaloblastic reverting to normoblastic
with proteolysed liver but requiring iroﬁ
to terminate the refractory phase. ?

with cellular normoblastic marrow and arrestéd

myelocytic maturation.
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TABLE D.
TIONAL ANAEMIA

Details of myelograms.

Haemocytoblast
Pro-erythroblast
Normoblgst A,
Normoblast B.
Normoblast C.
Myeloblast
Promyelocyte
liyelocyte
lletamyelocyte
Band cell
Polymorph
Lymphocyte
Plasma cell
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LASLE

A.

IDIOPATHIC HYPOCHLOMIC ANASMIA®

Haemocytoblast
Pro-erythroblast
Normoblast A.
Normoblast B.
Normoblast C.
liyeloblast
.Promyelocyte
llyelocyte
lletamyelocyte
Band cell
Polymorph
~ymphocybe
Plasma cell

Details of myelograms.

Bneddon

1

=
How |

(&) =
1 OGO

Mitchell, K.

9 Do

tav)
NN oOHFYWPVHOHF L

vl el = . E ;
HEMAGOHIL OO0 JOh.ﬂStOﬂe, E.

o

Buchan

\

D

=
1 1 o0 1 OGO

Wiilson

.

—
1 OGO LNn] ©OOCIx Pk

al]




VALUE OF MARROU EAANINATION IN AVABMIA DUE T0 IRON
JEFLCIENTY.

It is generally agreed that the marrow is
hyperplastic with & relative as well as absolute

inerease in the normoblast cell types in eall iron

deficlency snsaemias, whether this anaemia is due to
tefective inteke or absorption of iron or due to &

undue loss of iron resulting from chronic haemorrhsage.
<his is also true in a large group of cases of
unknown origin.

Scott (1939 ) reported the debtailed myelograms of

twenty-three patients with iron deficiency anaemia of

en idiopathic type, and concluded that the marrow is

1ighly cellular with & relative increase in the
erythroblasts using this term to denote any nucleated
red cell, "The predominant cell weas a small mature
polychrematic normoblast with an irregular outline
and only & emell rim of qlatej -grey cytoplasm round
the pyknotic nucleus., An analysis of the marrow
findings in.twelve cases of iron deficiency ansemia
ere given in Teble X. & study of this Table shows
that thefe igs always an increase in the numbers of

QhaemOCEtobla gste and pro- er;throblas s and the normo-

blagt B, and C.
In Table I the increaese in normoblast C. in
nutritional anaemia is well shown. In Table A the
t

heemocytoblasts, normoblast B, and normoblast C. are

chiefly sffected in the -inerease in the cells in




=

Ue Jldiopathic.

| menstruation, lactation, blood loss, and lowered iron

in males. This condition is perhaps becoming more

(1)Fron deficiency enaemia in the diet (nutritional anaemi

idiopathic hypochromic anaemia.

CLASSINFICATION OF IEON DEFICIENCY ANAREMIA.

A. Physiologicel Iron bLeficiency.
(1) In the first year in both sexes.
(2) Puberty in the male.
() Complicating or following pregnancy,
lactation and menstruvation.
B, Pathological.
(1) Blood loss.
(2) Lowered iron content of the food, péssibly

aggravated by achlorhydria, gastric

operations, ete.

cternal marrow examinations were made in patients

suffering from iron deficiency anaemia secondary to

content of the diet., A normoblastic picture was ;
always fﬁund. (Table X ). A normoblastic picture was
always present also in the idiopathic group, and it is|
only in this group and in the group of nutritional iron
deficiency cases that any help can be gained from a

study of the bone merrow. HLxamples of these two

groups are now given in detail.
There are three such cases in my series, two occurring
in 0ld men and one in a middle-aged man, and these have

added interest because of the rarity of this condition

frequent /

a)




frequent as 918 men living alone, attempt to keep
themselves alive on present day ration foods.

case S. H.S. Aged 73.

History. wor five years he had'tried to live on
the present dey rations, having no extra food epart
from bread. He noticed a grédual loss of strength,
malaise, etc. .

ixamination,

fhere was no discoverable blood being lost from
any part of his body. His finger nails were spoon-
shaped. .

Alimentary systan: The A-ray of the stomach was

negative but there was a histamine fast achlorhydria.

Haemopoietic system. n.B.C. 2,800,000. Hb. 40%

Cele 0Oo7. WaeBeCoe 2,800,  Film., .Hed cells showed
merked hypochromia. IThe B.T. and C.0. were normal.
The marrow was normoblastic. <The normoblastic
reaction in the marrow helped in the diagnosis as it
pointed to a diagnosis of iron deficiency enaemia in
the absence of all other known causes of iron
deficiency. Lt also ruled out aplasia of the marrow
as well as replacement of the marrow by various
tissues such a8 carcinoma, early leukaemia, etc.

vase 1., A.B. Aged 59,

History. Similar to case 5.

ixamination.

Apart from a test meal showiﬁg a histamine fast
achlorhydria, nothing abnormal was detected except in
the haemopoletic system.

Hgemopoietic /

T e e



Haemopoietic system. R.B.C. 2,300, 000. Hb. 58%.
C.I. 0.8. W.B.C. 6,400. HFilm. Red cells were |
lbadly filled with haemoglobin, and a few normoblast B.
and C., together with an occasionel myelocyte, were |

Seen.

Sternal marrow. Qhroughout the section there were |
areas where the fat had been dissolved away and what '
remained showed a normoblastic reaction. :

Following these findings a provisional diagnosis

of aplastic anasemia was made and the patient treated

i
with iron therapy. JYourteen days after commencement of |
|

this treatment a brisk reticulocyte response resulted,

?nd a further sternal puncture revealed a hypercellular |

hormoblastie marrow. It is evident from such an |
experience that an eplastic anaemia must not be
diegnosed without awaiting the result of iron therapy
?ollowed by a second marrow examination.

1

Case U, B.L. Aged 42.

History; For many weeks he existed on a diet of |
milk, tea and biscuits. He gradually became tired and |
breathless on exertion.

Exemineation.

A1l his investigations were negative except for.
the haemopoietic system. |
Haemopoietic system. R.B.C. 2,560,000. Hb. 50%
L, L | |




Coelse 1o W.B.Cse 5H,2800. PFilm. The red cells showed
variations in size and shape and were moderately well
|filled with haemoglobin. An occasional normoblast C.
was present.

- Marrow examination. There was an intense normo-
'blastic reaction.

; An iron deficiency anaemia, based upon above

|findings, was diagnosed.

(2) Details of patients belonging to the idiopathic’

group.

Idiopathic iron deficiency anaemia was first

‘recognised by Demeshek (1931) and his findings were
| .

‘confirmed by Young and Osgood (1935) and Scott (1938
iand 1939 ). These authors repor ted a normoblastic .
reaction in the marrow. <Lhis was also my experience
and the details of thelmyelograms of these patients
lare set out in TabledA . In order to save tiresome :

repetition the details of oune patient representative of

‘this group are given.

| -
|cage V. J.J. 'Aged 34.

History. ©She had suffered from signsland symptoms
of anaemia which got better at times then relapsed.
FShe also had a sore tongue, gastro-intestinal
?disturbances, parasthesias, pallor, spoon-shaped nails
‘and fits of depression. |
| Examinati on.

i She was not suffering from any discoverable

!haemarrhage /

|
|
|
|
i




pa@norrhage.

The rest of the examination was negative,

}exoept for the haemopoietic system.

|
|
|
l

normal,

Haemopoietic system. R.B.C. 3,200,000. Hb. 50%
C.I. 0.78. Keticulocytes 0.5%. W.B.C. 3,700. Pilm.
The redccells showed extreme anisocytosis and poikilo-
cytosis. Meny of the red cells were well filled with
haemoglobin.but the majority exhibited extreme pallor.

larrow examination. <There was extreme hyperplasia

of all the red cell elements. The white cells appeared

“he main value of marrow examination in this

!patient was that it enabled any aplasia of the marrow

|t0 be excluded and the normoblastic reaction supported

‘the already suspected diagnosis of idiopathic irom

|
:deficlenqy anaemia.

|
|
|




LHE VALUE OF THE EXAMINATION OF THE MARROW IN

HAEMOLYYIC ANAEMTA, |

The marrow in haemolytic anaemia however caused

is intensely normoblastic, due to the proliferation of

destruection. Usually the raised icteric index,

|

. . o |

the normoblasts in response to the increased blood !
|

|

| persistent reticulocytosis, ete., give: ample proof
%that an haemolytic process is at work without the need |
ifor confirmatory evidence of a normoblastic marrow.
‘Sometimes, however, the haemolytic process results in i
!a macrocytic high colour index anaemia, which is easy

| to confuse with pernicious anaemia. Details of such a
patient, representative of this group, are given in the

section devoted to pernicious anaemia. (Case B.). As

marrow ruled out any suggesti on of pernicious anaemia.
| In another patient the value of marrow examination

was shown in a slightly different way.

Case W E.E.D. Aged 54.

, History. +fow months before admission to

|
|
'hospital she tegan to feel tired and run down and her

Jowmn doctor treated her with injections of livey in the
belief that she was suffering from pernicious anaemia.
ohe appeared to improve following these injectious but

relapsed from time to time, despite the continuation of

%different liver injections. Her symptoms gradually |

increased /

was shown in this case the normoblastic reaction of the




| increased until she was adnitted to hospital for
further investigation.

Examination. she was not losing blood from any
discoverable source.

Alimentary system. Lhere was a histamine fast
achlorhydria. Her spleen was enlarged two fingers
breadth below the costal margin.

Haemopoietic system. i.B.C. 2,100,000. Hb. $5%.
CeI. 0.7, W.B.C. 4,000. #Film. +<he red cells showed
marked irregularity in size and shape and a few !

polychromasia, obcattered throughout the film were

| normoblast A., B. and C., The differential white cell

count was normal., ihe reticulocyte percentage was 7%.
opecial investigations. Lhe I.I. was 21 and
urobilinogen “was frequently found.
“his patient had always been well before the |
| onset of the illness and denied that she had ever been:
jaundiced. surthermore, the fragility of her red cellé

was always within normel limits. The diagnosis rested |

between an atypical pernicious anaemia with a strong

| haemolytic element or an acguired familial haemolytic

jaundice. A sternal puncture revealed a hypercellular

intensely normoblastic reaction. ©Lhis was not the

appearance of a pernicious anaemia responding to liver |

: | |
‘but that of a reactive marrow secondary to blood

! :
destruction. A diagnosis of familial haemolytic !

jaundice was finglly made and liver therapy abandoned. |
'The marrow examihation, taken in conjunction with other|
| :

‘clinical [/




clinical signs and symptoms, was of help in arriving

of treatment.

'at the diagnosis as well as helping in the determinatiom
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THE VALUE OF QHp BXAMINATI ON OF WHE MAHROW IN

HABJMORRHAGIC DISEASES.

Wisemen , Doeu and Wilson (194(0) reported an

increase in the megakaryocytes in essential

thrombocytopenia, and various morphological chengeg in

these cells have been described by Seeliger (1924) and

fohr and Coller (1938), such as toxic granuletion,

D

decrease in the granulati ons and even vacuolization

13

of the cytoplasm, but Merkoff (1938) thought that

vart of the normel maturation of

the megakaryoccytes. He alsc denied that the numbers

these changes were

were increased, These conflietine merrow findings

eprive marrow examinati on of much of its impartance

b

in the diagnosi s of this {ype of purpura.

Symptomatic thromboeytopenia due to the

=

‘eplacement of the various cells in the marrow by
such tissue as carcinoma,leukaemia, Gaucher's cells
and liemenn-Pick cells, can often be demonstrated by
examination of the merrow which is usuaelly performead
a8 a routine in the diagnosis of the primery disegse
rather than for the ineidental purpﬁra. A sternal
puncture mgy fail to reveal scattered foci of cells
such as occur in metastases unless the needle is
actually inserted in the éeposit 80 negative findings
are not trustﬁartby.

Marrow examination cam be of ve in confirming




the diagﬁosis of a simple symptomstic purpura due 1o
a toxiec degeneration of the vascular endothelium,

by helping to eliminate the other forms of purpura.

The following case illustrates this value of marrow

exaninatiocn,

Case Y, 1l.0. Aged 38.

Higtory. <ourteen days prior to admission she
hed o mild attads of influenze which was followed
during convalescence by a generalized purpura, She
also complained of pain in the face and thighs. She
was ooatinualiy'beiﬂg sick and also aufferedlfrom
d iarrhoeas.

Lxeminati on.

lhere were massive haemorrhagic areas all over
her body, partiouléﬂ_y on the face. the was drowsy
but eble to give details of her history., Temp. normal.

Abdomen. ‘‘he spleen was not palpable. There
was some tenderness in the epigastrium.

Heemopoietic system. H.B.C. 4,200,000, Hb. 100%.
¢.I. 1.2 (approx.). W.B.0G. 40,000, Platelets
o0, 000, B.2. and C.T., normal, #ilm. Hormel.

A sternel puncture revealed a normoblastic hJ

marrow and so helped to eliminate all the forms of Ft)
i

symptomatic purpura. Adiagnosis of simple
symptomatic . purpura due to an unknown toxin was made. |
Before any further investigations could be carried

out she died. The post mortem examination revealed a

deep seated influenzal bronchopneumonia which was 1o

doubt responsible for the purpura.



Haemophilia can usually be diagnosed quite

easily and accurately from the clinical features of

'this disease without recourse to marrow examination.

|However, a few cases of haemophilia occur

of the disease. 4n such cases the accuracy of the

spontaneously and in the absence of a family history L

disgnosis of haemophilia is always a little
doubtful, so any evidence which supports such a

diagnosis is welcome. Creveld (1942) reported that
L9

| the megakaryocytes in the marrow were increased in

' numbers in three patients with haemophilia which he

had studied. No other reports appear in the !
literature which throw light on the marrow

appearance in this disease. <1 have studied a patient A

'suffering from spontaneous haemophilia and there was

| a definite increase in the megakaryocytes in his

' marrow and this gave valuable evidence in support of

the diagnosis, and also supported Creveld (1942)
findings.

Case X. F.P, Aged 43.

History. ©Since early childhood he had suffered
from repeated haemorrhages from slight abrasions.
His nose frequently bled and his jJints often became |
swollen and painful., Lhere was no family history of
haemophilia. HYe was admitted because of haemoptysis.

Ixamination., /



I

I
i

Bxaminati on. *

Chest. In-the right apex there was an active

tuberculous focus.

Abdomen., Yhere was slight enlargement of the
gpleen., :

Joints., Both his knee joints were swollen and
limited in their movements.

Heemopoietic system. &.B.C. 4,800,000. Hb. 95%.
C.l., 1 lapproxsl.. W.B«@. 7,800, Film., Normal. 4he
B.7. was normal:-but the C.T. was markedly prolonged,

-
and the actual time ¢f clotting varied from day to day.

Uther investigations. The capillary resistance
test was normal. The fibrinogen content of the blood
was within normal limits. The prothrombin time was

normal., 4

Lhe co-existence of haemophilia with pulmonary
tuberculosis resulting in a severe haemoptysis Wil th
survival is extremely rére. Spontgyeous haemophilia is
also uncomnmon. Any corroborative evidence of’the
diagnosis of haemophilia would be welgome. A sternal
puncture revealing as it did an increase in the
megakaryocytes gave this evidence. Uetails of the

myelogram are given in full., N NJML“"
. 1 e‘f""l

b}
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Haemocytoblast
Pro-erythrohlast
Hormoblast A
Normoblast B3.
Normoblast .
liyelocyte
Metamyelocyte
Band cell
Polymorph

liegakeryocyte
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CRITICAL CONSIDERATIONS 0. OPINIONS AS 10 THE VALUE

OF THE EXAMINATION Of THE MARROW IN DISEASES O THE

BLO0OD MORMING CORGANS.

Conflicting opinions are expressed by other
workers concerning the velue of the evidence which can
be secured from a careful examination of marrow smears,
in arriving at a diagnosis in the various diseases of
the blood forming organs. Similar differences of
opinion are expressed about its value in assessing

prognosis, and estimating the response of the marrow to

| treatment. The views of the various leading

| authorities are now summarized.

' (2) establishing the diagnosis in doubtful cases of

' (1) differentiating the various types of anaemia.

Reich (1935) and Demeshek, Henstell and Valentine
L] y i

(1937) thought the examination of the merrow useful in
|
|
|

leukaemia.
(5j differentiating aleukaemic lymphatic leukaemia
from agraﬁulocyﬁosis.
(4) in finding tumour cells in the bone marrow.
(5) in observing the direct results of therapy.

Hynes (1939) wrote that the study of the bone

| merrow is now essential in all the pure diseases of

| the bleood. lrom it we may learn what ere the

pathological changes in the marrow, whereas blood

' merely reflect and distort these changes. Sternal

purncture gives a clearcut and distinctive picture in
n . : - i
leukaemia, pernicious anaemia, haemolytic anaemia and

secondary anasemias [ . ’



anaemias.

Kendel and Leroy (19%9) thought that examination oﬁ
the marrow was of relatively little use in diagnosis. |
Falconer end Leonard (1941) commented thus :-

("It is interesting to note that the diegnosis arrived

at after thorough study of each case before sternal

FSpir&tiOﬂ was rarely changed by data subsequently

!obtained by study of the marrow cells."

! liendell, lleranze and Meranze (1942) thought that

| . . it ey ;
marrow examingtion was indicated in all cacses

L] .
suggesting disorders of the blood forming organs or
| .
reticulo-endothelial system.
| Davidson (1941), wrote that the scene of interest

| *
in haematology has shifted from the peripheral blood to

the bone merrow and urged the examination of the bone

marrow in the hope of meking a correct diagnosis in
certain anaemias in which a similar peripheral picture
may be the result of an entirely d4ifferent
‘pathological process in the bone marrow. He added that
diseases such as‘cancer, lymphadenoma, multiple
myelomatosis and the lipoidoses can be diagnosed by ‘
establish ing the findings of the sﬁecific cellular
elements in the bone marrow. It may also be of value |
in excluding the presence of disease, such as

ﬁymphatia leukaemia, wher. there is a lymphocytosis in

?he peripheral blood, such as occurs in whooping cough,gng
%nfeﬁtious mononucleosis i
| Propp and Sehwind (1944) considered that most oases!
!coula be diagnosed without recourse tc sternal puncture.
These /

|



These workers either confine the examination of
the marrow to a much too restricted fielg or fail to
| give a detailed description of what they consider the
value of marrow examination to be'im.all the various
diseases of the blood forming organs. Lhe preceding
| account of my cases establishes that examination of
. the msrrow can give valuable assistance in a much
| wider field then is suggested by fthe writings of some
of these authors.

‘'he evidence presented in this thesis shows that
. the chief value of a study of the marrow is the
i gaining of information as regards the morphology of
| thelmarrow;cells as well as their respective‘numhers
in disease, Yhis information should be cerrelated
with the other clinical features in order to |
establish an accuwrate diagnosis. Information gained -
from this examination can also be useful in
forecasting the prognosis and assessing the efficacy
¢f therapy. Lhis value of marrow examination can be
summarized as follows :-

Uiseases primarily affecting the red cell series.

(a) Haemopoietic factor deficiency anaemia. Sternal
puncture has a great value in unmasking early
pernicious anaemia with atypical signs and
symptoms. (CasesC &nd D). It is in this type of
case that marrow exemination serves one of its |
most vuseful purposes and this fact is not
stressed by any writings on this subject. Lt

was of almost equal value in ruling out

vernicious /



pernicious anaemia when this di agnosis had been
suspected on clinical grounds. (Cases I, G. and H).
Prompt exeamination of the marrow in patients with

pro ved pernicious anaemis, who have relapsed whilst
recelving injections at home eliminates serious

marrow pathology at an early stage in the investigation,
and allows treatment with other liver preparations to
be instituted. (Case I), &Hinslly, patients with

an initial macrocytic anaemia due to0 such conditions

as leucopoenie myelosis, macrocytic haemolytic anaemial

or anaemia secondary to infiltration of the marrow

with carcinoma or lymphadenoma can have these

| conditions diagnosed as soon as they are admitted to

'hospital by examination of the marroﬁ, (Cases A and B),

| thereby reducing the length of stay in hospital. ‘

| sense these are examples of refractory anaemia, but a

i
Abnormal leulpoiesis found in the majority of '

marrows in patients suffering from lack of the

haemopoietic factor gives little help in diagnosis.

(b) Hefractory anaemias. The marrow should be
examined when there is lack of response to adequate
liver therapy whether or not the initial diagnosis of
pernicious anaemia was confirmed by sternal biopsy. f
Lhere are a group of cases which fail to respond to
liver injections given at home but when they are

readmitted to hospital and the injeétions repeated

immediately respond satisfactorily. (Case I). In a |

:are / £ |



are not included in the classification of this
condition., If, after ten days of liver therapy, there
-is a failure to respond, a further sternal puncture
must be performed. If the picture is still
megaloblastic a true refractory anaemia can be
’diagnosad. (Cases J. and K.)., Study of other patients
lwith refractory anaemiea demonstrated that the marrow
may have a dimorphic appearance. (Case L. ). Utheré
‘with a megaloblastic picture,after the marrow has
;become normoblastic, require iron to bring about a
satisfactory haemopoietic response. (Cases M. eand N.).
study of the marrow cytology has enabled the
classification of refractory anaemia to be clarified
(Davidson, 1943) and further exfended by experience

'gained in this work.

(e) Iron deficiency esnaemias. Ln meny instances the
;evidence for diagnosing an iron deficiency of unknown
!origin‘is 0ften incomplete and a marrow examination,
e A4k reveéls a normoblastic marrow, gives valugble }
iconi‘irmatory evidence of this eondition!and is of
!partieular value in ruling out aplasia of the marrow.
(Case V.) ¢ s whé demonstretion of a normoblastic
ireaetion in the marrow is of value in confirming iron
Ideficiency anaemia in males. (Cases 'S., 4., U.]; ‘he
demonstration of an aplastic condition does not
necessarily mean that the red cells will not react

catisfactorily to treatment. (Case S.).



|
;(d) Haemolytic disease. An intense normoblastic
‘reaction is always found in this disease. osternal
puncture is of value in differentiating the
macrocytic blood piciture sometimes produced by an
ihaemolytic condition from that of a true pernicious
‘anaemia. (Case B.) <The finding of a normoblastic
‘reaction was of velue in ruling out vernicious anaemia. |
(Case W.) The improvement in this pati;nt's health was |
iattributed to the benéfit gained from liver injections
. J
%after a miecteken diagnosis of pernicious anaemia
!instead of to the natural remissions characteristic of
!familial haemolytic Jjaundice.

“ternal biopsy is.of little value in the routine |
Eexamination of haemolytic disease. i

Diseasgses primarily affecting the white cell series.

(a) <The myeloid series., Lhe value of marrow

iéxamination in this condition can be demonstrated in

| e
three distinct groups of cases.

! (1) To confirm a confident diagnosis of chronic
leukaemic myelosis. (Case Z.)

(2) Qo unmask the diegnosis of the aleukaenmic

! form. (CasesA 1,and A 2).
|
l (%)ja.lo0 differentiate lymphadenoma from leukaemic
| myelosis., (Cases A 3 and A 4). '
b.To /differentiate leukaemoid states from

|

| leukaemic myelosis. (Case 4 5).

It is of minor importance in confirming chronie

Eeukaemic myelosis complicating pernicious anaemia.

(b) ZLymphoid /[
|
|
|



| ¥ . |
! |
| {(b) Lymphoid series. <ihe valuation of the examination

of the marrow smears in this disease wasg shown to be

Eintimatelj linked to the starting point of this
disease. If the condition does involve all the I
lymphocytic tissue simultaneously throughout the bodg
then the marrow will reflect this process with an
increase in the lymphocytes at the earliest stages. !
whether the process does in fact start simultaneously

throughout the body is still unsolved but the case

| nresented in this thesis did support the_viéw that an

early involyement of the bone marrow occurss -iCase P),

Little reliance can be placed upon @ | marirow .

lymphocytosis of less than 30% “ip the diagnosis of!-

¢hrondeilymphocytic leukaemia. . L Cage Qe e IH

doubtful cases with & marrow lymphocytosig of about

30% a further stermal biopsy should be. performed in

. about three weeks' time when clearcut findings are
| usuelly mwresent. (Case Q.). A figure of over 4.0%
is pathognomonic of leukaemia. (Case P.). ‘
Post mortem studies on ceses of lymphosarcoma
cell leukaemia have proved that the bone marrow can
remain unaffected but that this is not alweys the case,

is proved by my patient in whom a marrow, infiltrated
|

with lymphoeytic cells, was found. These lymphocytic

|
cells had the morphological gppearance of lymphosarcoma

cells. (Case 0.). ' ' : |

(¢c) lonocytic series. This disease can masquerade
in an aleukaemic form as was clearly demonstrated by

Cage A 6. °/



| the incrimineting cell may be due to the aspiration

| of a piece of marrow unaffected by the disease.

purpura is suspectel o be due to damage to the capillary

.endothelium by an unknown toxin., (Case Y.).

ZSpontaneous haemophilia is forthcoming when a definite
| increase in the megékaryocyfes is found in the marrow

' of a suspected case. (Case XZ.).

Case A 6., The only possible method of arriving at thig
dlagnosis was by finding the marrow infiltrated with
the various types of monocytes, as these cells were

only identifisable in the marrow smear.

ihe haemorrhagic diseases.

lgrrow examination is of 1little value in the
diagnosis of essential thrombocytopenia.
symptomatic thromboecytopenia following upon the

replacement of the marrow by various cells can often

be demonstrated by marrow biopsy, but failure to find |

Marrow examination also helps to eliminate all

these forms of symptomaticec thrombocytopenia when the

Veluable confirmation of the diagnosis of




Tropical diseases.

Marrow examination is said to be of value in
demonstrating the parasites of malaria when they
cannot be found in the peripheral blood. I have had
the opportunity of performing a marrow examination in
two cases of suspected chronic¢ malaria in soldiers
recently repatriated from maleriel districts ,but I
found no parasites in the red cells of the marrow, nor |
were any parasites found in the ﬁeripheral blood. |

|
l
Both patients recovered on anti-malarial therapy. !
|

| It is difficult to assess the value of this method in

the diagnosis of malaria, |
In kala-azar, Leishman-Donovan bodies have been

|
|
demonstrated in the marrow cells and lurray (1946) ‘
!

f reported that the frequency of positive results

dependé upon the time spent in the examination of the

films for the parasites. If a painstaeking examination

is made the proportion of positive results is very
high and becomes of great value as a diagnostic ;
procedure. 1 have had no opportunity to study kala-

azar.



5 U MMARY,.

' (1) This thesis opens with an historical review of

the literature dealing with the discovery of the

marrow and the realisation of the value of the study

| of this tissue in widening the knowledge of the

:diseases of the blood forming organs.

(2) My technique of sternal puncture is described and
compared with that of other authorities.

(3) The nomenclature used by different writers in

| their description of the marrow cells is discussed and

| cell found in normal and abnormal marrow is minutely

| the reasons for my choice in terminology given. Each

described so that when any cell is referred to

| subsequently the reader will have no doubt as to which

| the cells is given and my technique described.

development of the various methods used in staining

cell I am referring.

(4) An historical review of the discovery and

' (8) The value of myelograms is discussed.

(6) The importance of the examination of the marrow.

in the various diseases af blood forming organs is

described in detail, and the wider epplication of this |

method of examination is wrged in the diagnosis of

(7) The value which I place on the importance of

|

. |
these diseases. |
' |

|

|

.
marrow examination as compared with other authorities

is summarized.
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BONE MARLDOW.

MEGALOBLASTIC ERYTHROPOIESIS.

This film shows two myeloid cells in addition to
primitive red cells, thus emphasising that there is
often a myeloid proliferation in this disease.

L]

This film shows islands of haemocytoblasts surrounded
by pro-erythroblasts and megaloblasts A. and C.




BONE MARRCOW.

NORMOBLASTIC ERYTHROPOIESIS.

This film shows proliferation of normoblasts B. and
C.
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| BONE MARROW.

| LEUKOFENIC MYELOSIS.

this film shows the invasion of the marrow with
primitive myeloblasts in acute leukopenic myelosis.

This film shows the invasion of the marrow with
promyelocytes and myelocytes in chroniec leukopenic
I myelosis. .




BONE MARROW.

MONOCYTIC ILEUKAEMIA.

This film shows
of monocytes.

the marrow invaded with various'typas
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LYMPHOCYLIC LEUKAELMIA.

This film shows the marrow tissue invaded with small
lymphocytes in chronie lymphocytic leukaemia.
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Thig film shows aplasia of the marrow, but this does
not necessarily mean that the marrow will prove to be
aplastic, after treatment.



