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FOREWORD

STERNAL PUNCTURE 18 the generally accepted means by which
myelord tissue may be studied dunag Iife It 1s one of the most
modern of the techmques included under the term “ chinical patho
logy A little hesitant at first, 1t has now developed nto a full-
blown method of mvestigation

By the help of sternal puncture three things are bemng accom-

states of the body are being observed  All these aspects of the
subjects are covered 1n Dr Piney’s present monograph
The lmits of usefulness of the new technique cannot yet be
stated They must await much more explottation of the method
than has so far been undertaken
PR N T . '

the Iner occur as possible examples

‘The authors have avorded dogmatism and have wisely kept such
knowledge as we have mn this field 1n a fluid state, where 1t should
be allowed ta remain whilst the technique 13 1n 113 early history and
the body of ascertamned facts relatively small Equal care has been
shown 1n handling the nomenclature

‘The book 1s timely because 1t summanses the present position
of the subject and acts as a manual for imestigators, whether their
approach 1s on the pathological or on the clinical side

The populanity which has been achiesed by Dr Piney’s presious
books 1 h logy may safely be predicted for this new work
also

HORDER






PREFACE TO FOURTH EDITION

'THE need for a fourtht edition of this ook suggests that the mode
of presentation meets a real need, and we have, therefore, not
altered the style by attempting to produce a complete review of
the subject There are many excellent text-books of hematology,
some of which proceed from the consideration of the pertpheral
blood to a discussion of the marrow, while there are others 1n which
the opposite course 1s adopted , but our arm has been {and still 1s)
to present the essential features of the bone-marrow m health and
disease  For this reason, we have not mcreased the size of the book,
but have extended our consideration of the relevant literature,
calling attentton to such papers as contam an adequate bibliography

For those who require to the | we
would suggest study of the monographs cited at the bottom of this
page

ALDER, A« Atlas des normalen und pathologischen Knochenmarks,”
Berhn, 1939
Boprry Scotr, R Quart ¥ Med , 1939, vin, 127
Bover, ] Forteza “El Dxag{msnco por la Puncron Esternal,” 1946
noch

Lertner, 8 “ Die ** Basel, 1945
Matiaratd T ‘Te- m e

Rastery, b

Rour, K

SEGERDAHL,

ScruLTeN, H  * Ueber Sternalpunktion als diagnostische Methode,”

Lelplég, 1937
WeiL, P EMILe et Sertis, S La ponction sternale,” Pans, 1938
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INTRODUCTION

Broob examination, wWhich has become an tmportant adjurant to
hath. dugnasts and peognosss has always suffered from the weakness
of depending for 1ts vatue on the mfesences drawn from st hnow-
fedge of the concomstant changes in the formatnie tissues has been
scanty  Atienpts have often been made to correlate blaad changes
with those wn the marrow, but the difficulties have been great
First, the blood has been exammed by the film method, whereas
the marrew has been exanuned 1n sections when the cells look very
different  Secondly, marrow sections can usually only be obtamed
from post mortem mater:al and will then res eal only the termimalstate

Marraw punctuss ts 3 conventent method of exarmung the forma-
tise tissue durang hfe, and 1t can, wihout difficulty, be performed
several times on the same patient  There can be no doubt that 1t
has led to a much deeper knowledge of the factors on which the
characters of the bload picture depend

The blood 13, of course, not a tissue m the tsual sense of that
word 1t 15 a product of a number of ergans of which the bone
marrow ts the most ynportant, and yet the blood s not a secretson
of the hemopmetic Lissue 1 the same sense that unne 15 a sectetion
of the kidneys It does not consist of constituents that have been
ahstracted from the body as a whole but of portions of the parent
tissue nsel It 1s for thos veason that 1t 1s convement to contene
of the whole mass of carculating cells topether with thase 1 the
formatnve tissues as formung an organ  Thus Boycott spoke of the
erythron as the organ cormnposed of the whole collection of red cells
and thetr precussors 1 the body A simlar concept, the Jeucon, 18
apphicable to the white cells, and the thrombon to the platelets

These organs are not totally mdependent of one another because
the prsmutive parent ¢ells of both the red and the white elements
are probably identical, m other words, at the earfiest stage, the
erythron, the Jeucon and the thrombon meet  For this rexson we
must make use of the conception of the hamaton, which ss then the
sshole of the blood and the blood forming system  Thus, exanuma-
tton of the marrow 18 SO important because 1t reveals somethn)
more than the chaecters of the parent nssue of the blood , 1t shows
us an sntegral pant of the hematon

i



Xv1 INTRODUCTION

It was the inproper abstractive separation of the circulating
blood from the formatie tissues that Jed in the Ppast to a deep and
fund: 1 ¢l m the h ! I world Thus, there
were two mam schools of thought—the monaphyletic and the
polyphyleuc  The former contended that all the different types of
blood cells were denved from a common ancestra] form, which was
varously known as the lymphordocyte, the hamocytoblast, and
about eighty other synonyms ‘The polyphylettsts, on the other
hand, asserted that there were several stem cells, each one with
1T bly de dp ! The number of such elements
was a matter of discussion among the several groups of this school,
but all were agreed tHat the monophyletists were wrong

This controversy, which, in the past, filled thousands of pages, 1
no longer acute because our knowledge of the marrow has mcreased
In the past, most observations on the blood-forramg organs were
cammed out by p { logists, who [ly made use of
therr customary technique, that 1s to say, fixation, embedding m
paraffin or celloidin, section cuthng and stammg, and most, if not
al] the histel were adh of the phyletic view  The
chnieal hzmatological workers, on the other hand, based therr
conclusions on observations made on stamed films, and very many of
them were polyphyletists

The divergence of views was to a very great extent dependent
upon these differences of technique, because cells which appear
large and full of cytoplasmic and nuclear detaif, when seen m films,
are small and difficult to recogmie m fixed sections Marrow
puncture has enabled us to use the same technique for marrow tissue
as for blood, and, 2s a result, the old controversy has almost dred down,

Vartous methods of obtarmung marrow durimng Iife wwere used n the
past Thus the femur wes trephined and marrow extracted, or the
tibra was ssmilarly treated, and from both these methods a good
deal of information was obtamed There are two main objections
to such procedures They are 1 the nature of major surgical
operattons and cannot be repeated frequently on the same patient
Secondly, 1n adult Iife the red marrow m the limbs 15 confined to
small areas at the npper ends of the humen and femora, the more
distal parts of these bones and the more distal bones of the limbs
contamung only fat In diseases, in which there 18 excessnve producs
tion of cells, formatise marrow may spread into all the bones Thus,
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m ads d 1 and p anamia, valuable mformatian
could be ohtaed from the tibizl bone-marrow, but 1 health and
more acute malades only fatty tussue was present  Obviously
then, 1t would be a great advantage to obtmn the speaaen from a
bone that 13 atways filled wath active matrow, such ag the sternurm
Since 1929, when Annkin traduced the method of stesnal puncture,
this has been the usual techmque

It tay be mentioned that marrow puncture 15 stot only of value
m the maestigatson of most of the disorders of the bleod and
many diseases due o protozaa 1t has been {ound that 1t may assst
1n the bacteniological dragnosms of typhord fever Rogge abtamned
a posstave culture from the matrow 1 6o per cent of cases, and,
n g cases, was successful mn this way when ot other attempts at
culture had been unsuccessful  In the first week of the disease,
4 sultures out of 4 were positne, while only 1g out of 30 blood
cultures were so In the second week, 15 out of 21 sternat cultures
were posibive, agamst g out of 38 blood cultures  Thus, 1t would
seem that typhoid fever cannot be excluded of the stemal marrow
has not been cultured, even although oll other tests bave proved
negative

The material obtaned by marrew puncture has even been used
therapeutically  Mornson and Samwsch clamed good results
from (nira-sternal sngection of marrow juice i 1o cases of aplastic
anemia, but others have fasled to obtam simular results  Schretzen-
mayr njected sternal marrow mtramuscularly as a treatment for
ariovs anzeruzs, and beleved that the method was of value  the
evidence presented 23, howeser, poor

REFERENCES
Arrveey, 1 Fohie Hamat | 1929, xxxvin, 233
Monmisay, M, and Savwick, A T4 M 4, 1940, oxv, 1708
Rocee, K- Arck Kinderheilk, 1947, cxenv, 5
SQURETZEVMAYR, A Alin Wochenichr, 5937, 15, 1050






STERNAL PUNCTURE

CHAPTER
THE MYELOGRAM

Tz recogmition of the vasious types of cells i blood Sims needs
a good deal of practice , and 1t 15 quite smpossible to wterpret the
appearances . martow films without 2 sound knowledge of the
eytology of the peripherat biood  Thus 18, of course nat surpnsmg,
because the marrow cells are exther blood cells or are thew pre-
cursors, and, for this reason we can use a sumlar termunology to
that used 1n ordmary hamatology

Schifling comed the name heemog to & the qual;
blood pucture , and this 18 a much sounder concept than 5 the ord-
nasy term “* differential count®  The term, myelogram, can with
equal teason be applied to the total marrow picture  Just ag
expenence has gren us knowledge of the normal percentages of the
dafferent types of celly i the blood in health and i a great vagiery of
diseases, so observation has fed to 2 knonledge of the marvgw
prcture, the myelogram i health and disease

"The hemogram 18 naturally not an absobately accurste Picture of
the celiufar compositon of the peripheraf biood, because st 13 baged
on random sampling, both of the whole blood and even of the specie
men taken for examination  The myelogram s subject 10 the game
sources of ctror, but 13 also less accurate than the hzmggnm
anothes reason = varymg proportion of the cells 1 the naszow
cannot be clissified esther because of pathologrea changes 1y tharr
structure, or, even 1t health by bamg i 2 more or less dedifere;.
tated state, prior t0_during ot wnmediately after mitoss Eypy o,
the myelogram 1 of greas value, but has 1o be tecorded i 3 gy
detatled manner than the hemogram, because there are mare dm:
of cells i the marrow than m the blood  Then agem, anatt,
difficulty 15 that marrow films cannot be esenly spread, there e
admivture of 2 centam 2mount of {at and the cells are poy Lont od
free, a3 1n blood bur are more or less agpregated mnto thmipg g

Both for purely scientific and for chmeat P“VP"“S:th:mmog
and the haxmogram should be i estigated at approvmately e
ume , and completeness would, of course, require “‘-Mau:mi’
punsture flud from the other hemopaietic organs, spleey and '“m:_

e




4 STERNAL PUNCTURE

more than describe its structure  The cytoplasm, which 15 devord
of granules, 1s distinctly basophilic, and varies considerably n
amount The nucleus 1s 2 good deal denser than that of the
hzmohistioblast, but has the same type of reticular structure,
bemg composed of interlacing fibnls of basichromatm, 1n which one
or more nucleol: can easily be seen (Plate 3)

The followers of Ferrata regard this element as bemg the most
primutive cell that has become irreversibly fixed 1n the direction
of hzmopoiests  unlike 1ts alleged ancestor, the hzmohistioblast,
1t can no longer produce connective tissue  If this be so, the hemo-
cytoblast 1s the real stem-cell of the whole hemoporetic process
Certamly, 1n marrow that 1s hyperplastic from any cause, these cells
are increased 1 number Thus, i the megaloblastic marrow of
pernicious an=mia, m ordinary normoblastic marrow hyperplasia, in
I k and even m leuk marrow they are increased m
number This fact seems to justfy the mference that they are fixed
mn therr general haemopoietic potency, but are sull mult potent,
inasmuch as they can give rise to exther red or white cells

On the other hand, Naegelt ded that the b 18
not a multipotent stem cell, but that 1t 1s 1dentscal with the myelo-
blast the parent of the granular leucocytes only  But his view fails
to supply any explanation of the mcrease of these cells i all types of
hyperplastic marrow , if he were night, it would be surpnsing to
find these 1 1 d 1n erythrobl.

As long as we are clear 1n our minds about the structure of these
elements, so that we can recogruse them, therr exact status can be
left to further research , but the name, hzmocytoblast, 1s now so
widely used that we may well adopt 1t

Myeloblast The supporters of the view that the hzmocyto-
blast 18 multipotent, distmguish 1t from the myeloblast (Plate 2),
which they consider to be an element rrreversibly determined in the
direction of granulocyte formation, that 1s to say, they regard 1t
as a more differentiated cell It 15, unfortunately, difficult to decide
on what morphological critera myeloblasts are to be d hed
from hzmocytoblasts It 1s said that the nucler of the former are
rather less tenuous, and that the cytoplasm 1s less basophilic  But
st 15, of course, mot to be expected that exact distinctions can be
made, because we are dealing with a continuous process of develop-

ment, not with ssolated cell types
Pr yte The premyelocyte (Plate 2} 15 intermedate

between ’!he myeloblast and the myelocyte, that 1s to say, there 13
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no doubt thet s ty fixed msts p and 1ts
characters hie, 3s 1t were, mudway between the two types of ceil
There seem 1o be two grades of premyelocytes  Fust there are
those m which the nucleus 1s only 2 hitle denser than that of 2
myeloblast and sull contaws nucleoh, but the eytoplasm rs less
basophilsc and contams azurophulic granules NMost of these celly
have rmnute granules all of the same swe (prencutrophilic pre-
myelocytes) Some have large rather scanty granules, also all of
the same size (pre-cosmophilic premyelocyte}, and finally, there
ate 2 few elements with large granules of wregular size (prebaso-
phuhe premyelecytes)  From these amsse neutrophilic, eosmephibic
and basophshic premyelotytes m which the nucleus hos become o
good deal denser and the nucleols are obscured, while the granules
have rearhed thetr definrtive stamning reactions

Myelocytes These cells are the stock from which most of the
mature granulocytes anse i health  In the marrow they vary greatly
n size, some bemng httle farger than lymphocytes, while a few are
as much 28 26 microns m diareter  This varation 10 817¢ 1s even
geaater than that seen 1 the blond w chronte myelosd Teukema,
although mn the past 1t was supposed that the vanations i that
disease were due to the morbid process The nuclens of the myelocyte
18 cxrcular but the edge may be shghtly mdented as if by pressure of
the granules that fifl the cytaplasm The chromatm sull has a retscular

bling that of the my but .

and small nodules ean be seen sn the skem  The cytoplasm 13
shghtly basophilic but 1 difficult to see because 1t w5 almost filled
with granules, which, ar this stage, have, of course, reached thesr
definitive staning reactions (Plate 2}  The cosmophil myelocytes
present difficulty, because, although many of them contan mature
eosnopht granules, others present a muxture of granules, same
being basophilic and others eosmophilic

Avansble number of such elements 13 alwags found m the marrow,
but the evact steps in their ongn from premyelocytes are unknown
It 13 possible thot some of the cells m the marrow, which contan
only basophilic granules, are really the very earhiest stage of eosmo-
phids  If fhs 13 s0, 1t would 2ccount for the fact that the marrow
Aazys copsuns mose basopkelt 1han one would cgpent Swar fhe
appearances of the perspheral blood

Metamyelocytes  These are sntermediate betwgen myelocytes
and mature polymorphs and can be divided 1510 jusemle forms,
with very shpht indentations of the nucteus, and staff forms 1 which
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the nucleus 1s decply indented, rather like a band (Plate 2) Itis
at the stage of the staff form 1n the marrow that abnormalities of
structure occur i pernicious anzmia, some of the cells beng as
much as 30 microns 1 diameter

Polymorphonuclears As scen m films of normal marrow,
these cells are 1dentical with those found in the blood {Plate 2), but,
even when the blood polymorphs appear normal, atypreal forms may
be seen 1n the marrow ~ Thus, m chronic myeloid leukzema, very
large ones may be seen, and m pernictous anzmia equally gigantic
forms, mamnly neutrophilic, with most complicated nucler, are
common in untreated cases

Lymphocytes  These are not part of the myeloid trssue proper,
but there seems to be no doubt that the marrow rs the seat of produc-
tion of a small proportion of the lymphocytes in the pertpheral
blood  Certainly, even in adults, 1t contans more large lymphocytes,
which are commonly supposed to be younger forms In rickets
small aggregations of Iymphocytes, somefimes even with 2 germ
centre, may be found It 15 unusual to find immature cells of the
lymphocyte series in normal marrow, but n glandular fever and
lymphatic leukema they may be numerous

The typical immature cell of this series 13 the Iymphoblast
(Plate 2), which 1s, so to speak, equal in 1ts developmental potencies
to the myeloblast, te, 1t 15 1r bly determined 1 the direction
of lymphocyte formation  It1s about the same size as the myeloblast
but with a relatively larger nucleus, which 1s more coarsely reticu-
lated than that of the myeloblast It contamns nuclech around
which the chromatin 15 somewhat condensed as 1t 1s also at the edge
of the nucleus where it forms an almost distinct membrane

Monocytes Monocytes are scanty in normal marrow but appear
to arise from the hemohistioblast through the stages of monoblast
and p te The bl bles the myeloblast and
Iymphoblast i general structure, and may not be easily distmguish-
able from them The promonocyte shows some indenting or
folding of the nucleus with the charactersstic ground glass cy
of the adult monocyte , fine aztrophilic granules are often visible
m the cytoplasm The adult monocytes are 1n no way different
from those seen 1n the blood

Plasma Cells. Plasma oslls are scanty but invanably con-
stituents of the marrow even m health They increase shghtly m
hypoplastic condittons and a great deal 1n myeloma  There 1s still
much controversy as to the origin of these cells, and 1t remains un-
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THE MYELOGRAM 7

cettam whether those of the blood and marrow are tdentical wath
those found in the tissues  In the marrow most of these cells are
quite large {15 tn 20 mucrons), have an excentne nucleus, m which
the basichromatin has 3 *cart-wheel ™ arrangement, amtense
basophilic cytoplasm, und usualfly a pale arez round the nucleus
Simular cells, 1n which the nucleus 13 1 the muddle (Turk cells),
are also found, and, hke the plasma cells, their ongin 18 uncertam

There 4s 4 good deal of evidence that any type of non granular
bloed or masrow cell may, for reasons as yet unknown, assume
p!asmacymxd cbmc(crs §0 that 1t 1s probable that fymphocytec,

and even erythroblastie plisma and
TuxL cells eqst !t has been zsscrted lh:u plasma cd!s have 3
distinct fine of d p from p
work on these cells m rubella scems to support a smmlar view,
although he gives no enteria by which one can distnguish plasmo
blasts from Jymphoblasts

Megakaryocytes  Mepgakaryocytes are smportant components
of the marrow and, m spite of thewr great size and wregular shape,
they, or parts of them, arc usually recogmsable 1 films  As they
are rarely numerous, 1t 15 best to seek for them with low magnifica-
tions, and they are most hikely ta be found mtact only near the edges
andends of films  They are from 30 to go microns 1 dizmeter with
famntly basophilic cytoplasm i which small groups of azurophilic
granules are present, mawnly near the edges (Plate 2)

“I'he nucler present most complicated lobulauon, but thex: does
not seem to be any distinctive distnb of the b
which 1s manly dispased tn the form of farge masses It 13 possible
that many of the structures, which mn marrow films seem 10 be only
parts of megaharyocytes, are really complete but ymmature elements
which he on the line of development from the histiotyte to the fully
formed megakaryocyte  The relatiwe simphowy of the nucler of
these megakary oblasts seems to support this view

There s much contros ¢rsy shout the of the vartous
megakaryocyte ke cells that may be found i marrow filins, but,
of the many supgestions that have been put forward, those of
Damesheh and Muller seem to have most to kommend them

These authors distnginsh, the follavng faems —

{33 Alegakaryoblatts which are about twice the size of myefoblasts,
bave non-granuler eytoplasm, and 2 rather sregular single nucleus
which contams several nucleal:

{2} Promegakaryocytes ate about the same stze as megakaryoblasts,
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although much larger forms also occur The nucleus 15 usually
not fully lobulated. The cytoplasm 1s rather scanty and 1s distinctly
basophulic  In it there are usually a few aggregations of azurophilic
granules, resembling platelets, near the perphery of the cell body
There may also be a few of these cells with non-granular cytoplasmic
projections and such promegakaryocytes seem to be specially
common 1n thrombocytopenic purpura

(3) Lymphord megakaryocytes (rather a poor name) are lirge
cells with relauvely small lobulated nucler and non-granular
cytoplasm

(4) Megakaryocytes

(5) Prepolykaryocytes are mononuclear cells, which are often seen
mn small clusters The basophilic cytapl 15 lated, and
there 1s a reticulated nucleus which contams nucleolt

(6) Polykaryocytes are assumed to be fused syncytia of prepoly-
karyocytes , and are supposed to be osteoclasts under another name
It 1s suggested that these cells may, by nuclear fusion, give nse to
megakaryocytes  an mmprobable occurrence

Red Cells It 1s now almost umversally assumed that all red
cells, both normoblasts and megaloblasts, anse from a common

ancestor—the hzmocytoblast We need not enter into the time-
1 d d of the geneal ! history of the red cells 1n
bl

general, but, as the morphol 1 diffe between
and megaloblasts are constderable, they are best described separately
- ' s Lo aeachagnoan Plate g

N ~o

of the ordmary red corpuscle In marrow hims 1t 13 relatively easy
to trace out every stage in this process

The least mature element that 1s recogmsable as definitely belong-
mg to the red cell senes 15 the pro erythroblast, which s a large cell
shightly blmg the b blast but p ad e
nuclear arrangement

The basichromatin 1s no longer purely reticular, 25 10 the hzmo-
cytoblast, and shows a tendency to be aggregated 1nto aimost
tnangular masses with a roughly radial arrangement ‘ale areas,
which are perhaps nucleols, can be detected, but the cells 1 which
these can be seen are scanty The cytoplasm has become Jess
mtensely basophilic, and when no trace of nucleolt can be seen we
have reached the nest clear-cut stage—the basophshe er3throblast.
Tn this the radral arrangement of the chromatin 13 quite distinct, and
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of the different names used by different zuthors for the same cells
In order to fessen this conf we have d the y

ing table where an attempt has been made to correlate the different
names used to descnbe the various cells, together with the authors
who have used these names {p )

Atypical  Erythropotesis. Limarzi and Levinson “hawe
tecorded an extremely bizarre and prevsously undescribed type
of erythropoesis observed m the bone-marrow of a man aged
seveaty-seven sufenng fOM prostatic obstruction  Very farge
cells (apparemy guant hasophil megaloblasts) were seen” which
undersent repeated mitotic davision of the nucleus producing a

ftmucleated cell which eventually spht to form ordinary basophi
normoblasts , these developed into ordmary basophil normoblasts
which . tumn developed mto ordinary erythrocytes  Other sumlar
cells behaved i the same way except that nuclear divisron occurred
amtotically  Where division of the nucleus was mcomplete large
nucleated red cells were formed whach, after extrusion of the nucleus,
feft corpuscles as farge as 23x 1 drameter—these corpuscles did
not appear m the penpheral blood but underwent a process of
fragmentation sn the marrow

Since thus first report, Schwarg has studied many marrow films
and found ceffular gigantism and plunpolar mitesss of both the
myelod and erythroid cells  This apparently may occur i many
conditions as well as i normal people  Schwarz’s paper does not
gwve the frequency with which this phenomenon occurs, but
must be comparatively rare ss neither of us have ever seen 1t
Fig I, re drawn after Schwarz, shows the types of cell wiich
mzy be encountered The changes apparently are not of patho~
logical sig and the resulung should be regarded
as " sports *

The Normal Myelogram. It s not possible to make accurate
total celf counts on the bonesmarrow  Segerdahl, who tred 10
do so, found that i health the number vazied from 10,000 to 190,000
per cubsc millimetre  There can be htde doubt that vanous factors
wfuence 1he toral count quite apass from the structure of the marrow
weelf  Thus, of only small emounts of marrow are withdrawn by
sternal puncture, the total number of cells per vt yolume 1s greater
than if 2 arge amount 1s withdrown , and, even more strangely, the
proportion of white colls 15 higher  There seems o doubt that it s
only the cifferenual count from which m{ereqces cant be drawn, and‘
1t 13 disappomting to find that the marrow obtamed by sterna
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THE MYELOGRAM 1n

Taste I A correlation of the different names used by aushors for
tariout blood and stem cells  The deseription of eack cell will be
Jound o the page svdicated 1 the left-hand column

This Book Alamatyve Neme Author
Hemohunoblast {p 3} ~—~ Ferrata
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puncture before death gives a very different pre
obtamed by the same procedure \vl;tyhm half mphut::eaff;in;c;}:;t
In other words, the inferences we may draw from the myelogram
are much less certain than those which we may draw from the ord:-
nary blood count

From the figures obtamed by exammnung from 500 to 1,000
consecutive cells 1 marrow films, useful relattonships can be
revealed thus, in health, the proportion of white cells of all
sorts to nucleated red cells vanes from 5~1 to 3-1, but n the
anzemias the proportion 1s much lower and the relationship may
even be mverted Then again, the proportion of granular to non-
granular white cells 15 of some importance Normally 1t 15
about 4-7  Agam the numencal relationship of normoblasts to
megaloblasts 1s sigmificant, particularly i the diagnosis of per-
niclous anema N

In the normal bone-marrow the cells multiply by ordimary karyo-
kinetic division, and, i films of the marrow-flud, mitotic figures
are always seen It 1s 1mportant to arrve at some estrmate of the
percentage of dividing cells, and 1n which particular group of cells,
2 e, myeloblasts, myelocytes, etc, mitosis 1s most active, because
from this information very useful deductions can be drawn  Japa
has given the followmng figures for normal bone marrow, i each
1,000 nucleated cells about 15 show mitotic figures, 4o per cent
of these are 1n the prophase, 45 per cent in the metaphase, 10 per
cent 1n the anaphase, and § per cent i the telophase The pro-
portion of dividing leucoblasts to erythroblasts 1s given as 45 55,
of myeloblasts to myelocytes 3 97, of early normoblasts to late
normoblasts gt

In simple hyperplasia of the leuceblastic or erythroblastic tissues

! g acute pyog f or acute hzemorrhage, the number
of mitotic figures may double 1tself, but there will be no sigmificant
alteration m the ratios of the diding cells 1n the myeloid and
erythroid groups respectrvely The lenkzmas, however, show 2
very different picture  Here the number of dividing cells also shows
2 marked merease, but a Jarger percentage of the mitotc figures are
1n the more immature cells This 1s well scen m the myelogenous
Jeukeemias , 1 the chromic forms there 1s an mcrezse in the number
of dividing premyelocytes, and to a much smaller degree m the
myeloblasts  as the malady becomes more acute the proportion of
mitotic myeloblasts nses until, in the true acute form, they are the

only duiding cells seen
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Norsat MysLocran

Neutrophiles

Myelocytes .« 30 -35 per cent

Metamyelocytes 0 -i5 , »

Polymorphs 2430 4
Eosinophies

My clacytes T=2 4 u

Polymorphs . 1, .
Basoplules

Myelocytes 3-6, .

Polymorphs T-2 .
Premyelocytes 1-2,
H x tod foblasts -z , .
Hzmohistioblasts i o
Lymphocytes

Small -9, ,

Large . 812, ,
Plasma cells By,
Pro erythroblasts o2 o p
Nermoblasts 1§20 5
Megaloblasts 2-3 w u

Megakaryocytes seanty, but invaniable

It 1s posuble that some, if not all, the cells called megaloblasts in
s table are really larpe normoblasts 3 but many witers state that
a few geowme megaloblasts are present, even 1t heatth

Much has now been written on the vanations wm the normal
myelogram  Shapwo and Bassem have studied the sternal marrow
changes during the first week of hfe and shown that there 12 2
marked drop m the number of notmsblastic cells at the end of the
first week of hife which runs parallel wath the decrease 1 eirculating
reticulocytes  Duwany grves the normal picture in children from
one to five years of age, and Vogel and Bassem give the myelograms
of forty-one children of vamous ages  The hamatology of the
sternal marrow in normat women 13 discussed by Pitts and Packham,
and the same suthors and Markoff gove the vanations which are
found duning aormal pregaaney {p §4)
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M CHAPTER &
THE MARROW IN LEUKZEMIA

‘THE marrow changes 1n the vanous forms of leukamia are usually
distinctine, and for this reason it as best 1o start our description with
thia group of diseases  It1s not to be supposed that marrosw puncture
1n the Jeuk 1s only of acad wterest  Adi dly. i many,
pechaps most, cases of Jewkama, diagnosis 15 possible o chinscal
and ordwary hzmatolegrcal grounds  Blood examumavon usually
enables one 1o discover the type of Jeukzmia and alse gues some
ndication of the seventy of the condition, but the blood 15 not in
the ordmary sense of the word a tissue 1t 15 4 mused secretion from
the hzmopoietic organs, and for this reason the marrow naturally
gnves 3 clearer and more accurate pictuse than does the blood  For
instance, changes medicatn & of an approachmg relapse wilt be found
1n the marrow carhier than m the blood, and, further, ss all forms of
teeatment of leukaman are directed towards the regulation of marrow
function, 1t 18 of great value to follow the effects of therapy by
repeated sternal punctures It should be recognised that whatener
the mmprovernent w the chmeal condition the marrow 13 slwavs

ble as | Ew i and Perfes have demon-
strated this quite clearly by regular sternal puncture dunng the
treatment of a case of myelard leubemiia  The points to be looked
for are \anations in the relatne percentages of the leukmmie cells,
€ ¢, the merease in the number of myeloblasts foreshadowing the
change from chronic to acute myelosd leukamaa

Chronde Mycloid Lenkemia (Chronte Leuliemic Myelosis)
Plate 4)  The blood picture i this disease 1s vsually strikng and
characterfstic, but the changes in the marrom are Yess easdy nter-
preted  After all the marrow 1e the mam organ i which granular
lencocytes are formed, and 1t 1 extremely diffieult to recopmse shight
degrees of overgrowth  Fortunately, changes mn the prepartions of
the cells occur eatly, and may enable one to make 2 dagnosss, Thus,
i health, atmost all the polymerphs anse from mstotsc dusions of

focvies , fah are seanty and play hatde o

5o part in the production of fresh myelocytes  In severe anfections,

where the demand for granvlar feucocytes 1s greatly increased, there

may be so great 2 stran that the myzloblacts not only inerease
number but also add w0 the stock of myelocytes

B £
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In chronic myelord leukemua, even 1n the stages when there 15
no merease i the number of cells 1n the blood, the myeloblasts
take part in the formation of myelocytes , 1 other wards, the wiole
process of granulopotests starts from a more primttive level If,

e c:: g’:cess‘oi . ! ; lasts 15 fofl_u’ld m marrow films, andlzf

a of leuk 18 very probable
When the leuksmic process 1s well establtshed, the cellu’grfty of the
marrow 1s much mcreased, and ths 13 so extreme that 1t can be
recognised 1n well spread marrow-films where one thay find as
many as 8o cells 1n each field of the microscope In the ordinary
chromie stage of the disease, this mcrease depends almost entirely
upon the addition to the number of myelocytes, which may form as
much as 8o per cent of the white cells  Most of them are neutrophils,
but bers of phil and basophtl myelocytes are
also present  Almost all the myelocytes of whatever type are larger
than the corresponding cells found n the blood, and many of them
are less mature It 1s particularly 1n the marrow that one can eastly
find myelocytes both philic and basophilic granules

Mitotic figures are not numerous 1n chronic cases, but 1t 1s very
rare to be unable to find a few, usually 1n myelocytes and much more
rarely in non-granular cells, which are presumably myeloblasts or
hazmocytoblasts The number of myeloblasts and of premyel
15 distinctly greater than m health, and some prognostic inferences
can be drawn from the number of these immature elements The
more plentiful they are the worse the outlook In bricf, 1t can be
said that any great mcrease 1n the number of cells, less differentiated
than myelocytes, 1s an mdication erther that a relapse 1s immment
or that the disease 1s passing from the chronic mnto the acute stage
‘This 1s, of course, comparable with what has long been known
about the changes 1 the blood, viz that the greater the percentage
of immature cells the more likely 1s an acute exacerbation; but the
marrow changes precede those m the blood and therefore permut of
earlter treatment On the other hand, undue alarm should not
aroused by some myeloblasts i marrow films  Even «f none ¢
be found 1 the blood some will be seen 1 the marrow m all cases,
and, furthermore, they are always more numerous 1n the TmarTow
than 1n the bloed

There are two other pomts of 1mportance which are not easy to
determine hut which espertence has shown to be of importance,
The first 1s that the background of marrow films 1n chrome myeloid
leukzemsa 1s denser and contamns more fragments of debris than 1
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Health Recogmtion of this change naturally depends upon experie
ence of marow films m general  The second pomt, whach s of
great importance and which cannot be detected i films that are too
thin or which are made from marrow fluid that s too diluge, 15 that
the cells, or some of them, tend to hie m groups, w each of whick
there 15 only a single ell-type  Thus, 3t 58 quite common fasly
thick flms to find 1slets of myelocytes, premyelocytes and myclo-
blasts, 1nd: that 1t Jeuk marrow the cells have
a more focal srmangement than normal It 1s i such iglets that
mtotic figures ace most commonly seen If such figures are present
n the myelocyte wnlets, the outlook 13 much fess grave than w18
when the ayeloblasts show many mitoses
Marrow filras 1 chrosie myelowd leukemia sre the more pleo-
morphic because the leucob growth 15 pamed by
‘both ery throblastic and megakaryocytic reactions  'Lins, of course,
2 difficulty m imterp , because, unless the marrow
15 very carefully studied, the fact that exery type of ¢ell 58 increased
mught lead one to suppose that one was s the presence of 2 gm-i=
reactne hyperplasta such a3 may occur 1 assocmstion wath 2oy
wnfection  The of the foca) ar. of the
white cells 2nd of the morease w the numbes of mycloblisty » e
mam safeguard agamst this false mference
i cansniot be emphasised too strongly or 100 often that st 1s essentua}
to correlate the blood preture with the myelogram , either alone
be raost musleading  For stance, there 19 no peculsanty in the b
martow that would enable one 1o recognuse the fact that the £l
picture was aleukamic  The amount of hyperplasia 18 no greates =
Teukienue cases than it s i aleukemic ones, unless, of covrse, Lo
slevkamic state 13 due to tweatment  The factor that replon
emigration of celfs from the marrow mto the blood 1 wnknows, 2.
thiz pamt o may be nell ta mention that examunation of the rar—oy
13 of pasticutar smportance i those cases sn which the hazemam
has shown that the blaod prcture 13 afeukemic  Such 3 state may o
due to partial aplasia of the marrow, either Wiopathtc of as tie my-%
of excessively energetic sseatment , or it may be due to30me tnks, 4o
cause which prevents emugration of cells from the wteas™ yomm
martom nto the blood 3t 15 obsious that in the former oo 4oy
method of treatment such as X-rays will induce more rapud 4 . rp
intense ¢ ‘but, 1z the hyperpl cases, eadizrn e gba
WMIATOR 18 34 safe @ the ordinary fewkaemic type of e
Moeschltn has compared the effects of urethane on T sy ey

.
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m chrone leukzmia with those of Xerays and arsensc He pomts
?‘ut that the latter agents cause 2 dimmution m the number of

the number of mutoses 1a the immature white-cells, while there 15
an wmerease n the number of dividing red cells Thus, urethane
aets by a selective mhibition of mutosts 1 the essentral * neaplastic ™
cells of the leukenue process  But the marrow does not show as
great a decrease 1n the number of immature cells as it does after
A-rays or arsenic

There are other cryptic forms of myelnd leubemia in which

xmc or even n
m these cases
leubzemsa but ¢
tenable because the blood picture and cliical condibon detenorate
untif death occurs  Indeed, m prolonged cases, the medullary form
of myelosis may develop it the ordinary type of chronie myelmd
leukserua  Rarly dagnosis by marrow puncture s of importance
because radiotherapy causes improvement even at 2 ume when the
spleen 1s still unaffected

‘There 15 also an acute form of this purely medullary overgrowth
—~acute aleukeenic myeloss—~which chmseally resembles the sumilar
Jymphatic conditson

The relattonship of multiple myeloma to plasma-cell letkaemia has
not been clanified, but 1t 1s true to say that the mote nearly plasma-
cell Jeuk bles typical leu the more mal 13
the process and the fewer are the nadular infiltrations

In the marrow 1t 15, as 2 rule, not possible to distmpuish plasma~
cell leukemma from plasma-cell myeloma, but, if films show z
tmonotonous senes of plasma cells unmixed with other elements,
one is probably dealmg with the latter condmon The whole
subject has been dealt with in some detmd by Moss and’ Ackerman

The rate condition known as cosmophile leukaema, Which may run
either an acute or a chronic cousse, presents varying appearances
m the bore marrow

Acute eases usually end as my eloblastic leuk but
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THE MARROW N LLUREMIA 1

the predominant ceff m the blood and 1 the bone marrow s the
cosinophile myelocyte and this may be the case even m association
with a very acute course  ¥n most of the chronic cases the myenty
of the eosinophiles tn the creulation and m the bone marcow are
of the matute type so that it 13 unpossible from either bloed or
marrow examnation ta be certan whether the discase 13 chrotue
o7 cute

A somew hat siralar malady may oecur i an acute of more rerely
a sub acute form—the so <alled alevkeme myelosts  This nuns the
chmesl course of a rapidly progressive, severe anemia without any
change suggestnve of leukema 1 the white cell count but the
marrow has all the characters of the mtensely actnve tssue found in
otdinary cases of leukemia  Strangely encugh one finds that the
predomunant cefls 1n the martow are myelocytes not as one would
et in g scute rase mytloblasts I x case of this sort s en-
countered, 1t 13 extremely casy to draw false imferences concermng
the acuteness of the disease if one 1s basmg prognosis entsrely on the
characters of the myelogram  The disease ss assocnated with @
varable degree of anemia which 15 often macrocybic although 1t
may be npormocytic ar rarely, muerocytic When a macrocytic
anema 13 present the martow films will show a megaloblastic
feaction and the picture lates p anznua pl.
fev he so-called leuk of Leube Most modem
writers repard the occurrence of these two diseases m one patient as
fortuntous

Myelosclerosis moy be very difficult to cistngush from
medultary myelows wathout the aid of sternal puncture, as the
blood counts and physical signs may be aimost 1dentical an both
diseases  Most cases show fibrous tissue replacement of the marrow
{»hich may fead to 2 dry puncture and the necessuty for trephaung
{r 8t}) and no evidence of myeloid hyperplasia  As w medullany
myeloais, the anmra may be macrocytic, normacy tie or mucrocytic,
and the marrow wall show the corresponding changes, m the fast
:\\0 types there are usually large numbers, up to 3o per cent of

philic and polych bl

Chronic Lymphatic Levkmemia (Chronie Lymphadenosis)

he myelogram mn this dusease 1s usually easy to mterpret because
fymphocytes are not humerous 1 normst matrow and rarcly show
ay sigms of mutotic actavsty  Tn advanced cases of chrome lymphatie
Jeukarrnaz, marrow filtas sre as monotonous as blood films  Lymapho-
£¥tes are found so closely packed together that they atmost resemble

s
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Iymphatic tissue which 1s interrupted here and there by a few small
nests of granulocytes and red cells The bachground of the marrow
films 1s moderately dense but structureless and unlke that seen 1n
chromc myeloid leukama where free cell granules are embedded 1 it
In almost every case the majority of the cells ate stall lymphocytes,
but a vanable number of larger forms can be found  not al} of these
are lymphoblasts, which, mdeed, are usually scanty They increase
m number only if the disease 15 actively progressing or 15 about to
become acute

In less advanced cases of chronic lymphatic leukzemnia, the lympho
cytes can be seen to form small focal masses embedded 1n hyper-
plastic marrow tissue  In other words, the arrangement 15 simtlar
to that in chronic myelo:d leukemua where we have already desenbed
foor of myeloblasts, etc  Thus, lymphocyte aggregations i the
INArToW never possess germ centres, and indeed, 1t 13 mawly at their
perzphery that the less immature forms are seen, and mutote figures
are found

Chronic lymphatic leuhzernia 1s notorious for 1ts tendency to run
an atypical course  Most cases of so called crypto leukzmia are of
Iymphatic type

Chronic Aleuhsemic Lymphatic Leukeermua  This disease
may run the whole of 1ts course without any of the classical clinseal
signs of leukerua  Quite frequently the prcture s that of aplastic
anzrma-—great reduction of red corpuscles and of hzmoglobm, no
ssgns of blood regeneration, leucopema, and relative or absolute
Iymphotytosis  In the late stages, an occasional lymphocyte of
immature type or even a lymphoblast may be found 1 the blood,
but, 1 the past, diagnosis was often deferred until autopsy and was

possible until histological sections were exammed

Now, sternal puncture permuts of an accurate dizgnosis of lympha
denosts, but the myelogram stself gives no indication that the

blood picture 15 aleukermic  The marrow changes are the same
¥ os ~ sta Bland a< lape or small

wt
b | »ubt
but

the
there seems to be much confusion 1 the literature as 10 W ohall

be called monocytic leukmmia, and what mxed myelord and mono-
cytic lenkemia  In our opmuon the teqm, monocyhe leskzemia
(Schulling type, Plate 54), should be tmuted to those cases which
fun an acute or sub acute course (never chronic), show a leucocytoss
due to an ncreast 1n monocytes of their precursors, and an aplastic
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or hypoplastic type of anzmi  The so-called mixed (Naegels,
Plate %) types are 1o be regarded as vamants of myclogenaus
feukmmiz  In these, there occur transitory incresses s the number
of monocytie elements 1 the bieod and the marrow which are
probably atypreal myeloblasts , but the general chnical and haemato-
Jogical prcture, throughout the greater part of the illness, 1s sdentieal
with the myeford type of leukmmia  This 18 even more evident m
tissues exannmed histologically, here the reticulo-endothelial system
shows the changes ch of myelord leul
The marrow films 1n true monocytic leukerma are quite charac-
fenstic  As i all leukemmias there are many cells , monocytes and
pro monocytes predomwnate and form from 70 to go per cent of
alfthe nucleated cells  The mature monocytes have lobed or rounded
aucler with fine reticular chromatm, and 2 varywg amount of cyto~
plasm which may or may not contmin azurophilic granules  The
monoblast 15 mmilar to, and may be dufficult to distinguish from,
yeloblasts and 1 hobl: although 1t lv shows more
varation n sze than these cells  The promonoceyte hay 2 roxnded
nucleus without nucleoht and may show some azurophilic granufes
w the cytoplasm  The number of mtotic figures 1s strding {many
may even be found w the peripherat blood) and these are chiefly m
the pro-menacytes  The numbec of hamocytoblasts s merensed
and, mndeed, these cells may be closely simulate from the promono-
cyte if the latter 1s at all ayypreal, and i monocytic leukeema
1t o{lm 13 atypical
£y 15 kedly dep I Thete 13 2 reductson of alf
the types ‘of normoblast, but particularly of the earbier and more
basophalic forms  Megakaryacytes and platelets are scanty  From
fimy 1t 13 difficult to say whether the granulocytic celfs are affected,
but quite oftent the absolute number of neutrophile polymorphs
the penpheral blood 1s little, of at afl, reduced
In the “ monoeytic " phase of myelnd leukamia atypical myelo-
blasts resembling monocy tes appear in varying numbers 1o the bload
and marrow A: thes phase only gcaurs 1n (hc chmmc form of
1 an erythrobl f the bone-
MaTon 15 o be expected, unfess, of m\:nr‘ iht m:nhd) wmans
terminal stages and aplaiax of the erythroblastie tissue has occurred
Acute Leukeemia (Plate 6} This disease may be primary or
st may be the termmnal phase ¢ a chrotic case 1t 55 usual 10 -
tnguish between acute myclord znd acute fymphatie leukzmn,
slthough the differentistion ss of purcly aczdermc value  The
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or hypoplastic type of anemiz  The so called muved (Naegels,
Plate 3$8) types are to be regarded as varmnts of myclogenous
Jeukzemua  In these, there accur transttory wncreases tn the number
of monocytic elements m the blood and the marrow which are
probably atypical myeloblasts , but the general clintcal and harmato

shows the changes ch of myelaid leuk

"The marrow fitms 1 true monocytic leukemia are quite charac-
tenstic  As 1 afl leukmemas there are many cells, monocytes 2ad
pro monacytes predominate and form from 70 to go per cent of
all the nucleated cells The marure monocytes have lobed or rounded
nucles with fine reticular chromatin, and a varying amount of cyto
plasm which may or may not contain azurophilic granules The
monoblast 1s symilar to, and may be difficult to distingmish from,
myeloblasts and tymphoblasts slthough 1t commonly shows more
variation i $1ze than these cells  The promenocyte has a rounded
nucleus without nucleolt and may show some azurophihic granules
i the cytoplasm  The number of mitotic figures 18 striking {many
tay even be found 1n the pertpheral blood) and these are chsefly 1
the pro-monocytes  The number of hemocytoblasts s mereased
and, sndeed, these cells may be closely sumulate from the promonos
cyte of the latter 1s at all atypreal, and in monocytic Jeukema
1t often 18 atyprcal

Eryth 18 markedly d d  There 1s 2 red of alt
the types of narmabtast, but pamcululy of the carlier 2nd more
buophxhc forms  Megabaryocytes and platelets are scanty  From
films 1t 13 difficult to say whether the granulocy tic cells are affected,
but quite oftent the absolute number of neutrophile pofymorphs 1
the peripheral blood 13 Iittle, of at all, reduced

In the *“monocytic ** phase of myeloid feukzemia, atyprcal myelo-
blasts resembling manocy tes appear tn Varying numbers m the blood
and marrow As this phase only occurs i the chronic form of

s k an erythrobl: hyperplasia of the bones

marrow 18 to be expected, unless, of course, the malady 13 tn ats
terminal stages and aplasta of the erythroblastie tasue has occurred

hrote Levkremin (Pine 6)  This disease may be prmary or
12 may be the terminal phase m a chrome case 1t 15 usual o dis.
ungsh between acute myelerd and acute fymphance Jeukzma
although the differentiation 1 of purely acaderuc value The
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affects the erythroporetic tssue, there 1 less difficulty than whea
the Jeucoblistic cells are wvolied  In the latter case, 1t may be
drificult to differentiate atmple reactions from Jevkemia, and, indeed,
blood examsnation 1s often more tmportant for deagnosts than s
martow puncture 1t 13 only if the small foa} masses of cells
typical of leukzmua are found that a defimte conclusion can be
sesched

Other mgnuficant points have to be taken into account  Thus, of

POITIN PERICIY

P AR NI,

e b £
Fuen so, the fustological arrangement of the cells 1s diffcrent  In
wnfections a definste focal destribution 18 never found  Then also,
the characters of the more mature cells may help to distinguish a
leukrmord reactton from genume leukzmu, m the latter they may
be abnormal 1 the sense of being malformed, but they never show
the degenerative changes that are so common in ifective states

There can be o doubt that there 15 stll need for much 1y estiga~
ton of the marrow tm the diseases that show a leukrmond blood
pecture, and at the present time we are not (v 4 position 0 8y more
about them
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CHAPTER I

NEOPLASTIC AND ALLIED CONDITIONS OF THE
BONE-MARROW

In so far as they directly affect the myelogram, bane-marrow
tumours fall nto two groups  In the first are the generalised neoplasms
of the hemoporetic tissue where sternal puncture may show the marrow
to consist almost entirely of tumour cells In the second, the
tumours are localised and unless a nodule of growth 1s punctured,
the myelogram shows only the effects produced by compression,
replacement and uritation, 1 e, feuco erythroblastosss, which may
progress to hypoplasiz  In this group, the tumours may be primary
m the bone marrow or metastatic from growths elsewhere 1n the
body, and 1t must be borne m mind that 1t 1s only when this type
1s fairly widespread in the marrow that heermc erythroblastosis 1s
produced ‘Tumour cells will not be found mn marrow films unless
a nodule 1s present at the site of puncture

In our present state of knowledge any attempt to classify bone-

marrow tumours must be and h As,
1n this book, we are concerned chuefly with marrow puncture as a
method of climcal and cytologteal most of the dy

will be devoted to the most helpful methods of elucidating the
myelogram, but the possible relationships of the several conditions

must first be considered
Bone marrow 1s mesenchymal 1n ongtn and most of the elements

of the reticulo-endothelial system are rep d 1 1t, so that a
varicty of neoplastic conditions may anse as prumary “ tumours,”
luding the r retsculo and the 1

The pathology of the reticuloses has been put on a sound basis
by Robb Smith n this country and Gall and Mallory 1 Amenica
Both classtfications are cytological, the authors afl agreemg that
gross anatomical and clinucal classifications have no practcal value
Gall and Mallory classify their cases according to the degree of
development of the eells mvolved, while Robb Smuth bases Jus
arrangement on anatomical grounds  Thus we have the folheular
retsculoses, the parent cell of which 1s the reticulum cell of the
germmal follicle of the Iymph-nodes, the smus reticuloses,
which anse from the lving cells of the smuses of the reticulo-
w
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endothelial sistem, and the medullary retulsses, which take
ongin from the free fum cells or therr d d tymg 1
the stroma of the reticulo-cndothelial tissue between the smuses
T the jast group there are fymphod, myelod and monoevic
medullary i which ne ty call Iymphatic, myefosd
and monocytic leukaemia sespectinely  This group also comams
the metabolic renculoses of Gaucher's disease, Neemann-Pack
disease and xanthomatosss  Fibre-myelard medullary reticulpss, or
Hodgkm's disease, ts yet another component of this group

"The retscul tuding lymphosass should not be
regarded as a scparate group of diseases but as a mare malignant
phase of the corresponding cell type retienlosss (Table 11}

Tame H

Roanosmr oF Tune’s Tuvoltr Aap MyrLowata 1o
Revscuro-LnvorisLivs of Bove-Magrow

BGNE MARROW CILL rzTICUTOSSS MALIGVANT TYRY

MESENCHTMAL CTLL~, F{ERTNG' TLMOUR)
i—mr:mm L
phieladuiv MUCRATM CLL MYEHOMA
" socyIaet - HEMOCTTOMASTIC SANEhOMY

TRYTUROBLASY ~~POLYCYTHAMU SERA—n~FRYTHROBIATIIC RYRLOVUL
i A ASTIC MYELOWA
PLATHOBLAST —~FLASNA CELL LEUKENI-~FIASI CEL HYR0Am

The myclomats form a group of tumours whuch armse from
blood cells or thewr precursors  The hxmocytoblast, a dire
descendaon of the primitine h 1 cell, 52 ow X
suppased ta be the parent celt of all blood cells and frons 1t anse
the blast oells which differentiate to the adult red corpuscle,
granufocyte, monecyte, fvmphoevte and plasma ol This hne
of development 1 shown m Table 11}

Theoretieally any of theae groups of cells may produce rumours,
and henee mivelomata, but sn practice the term s resersed Sor fhese
tumoursswbich occur pomanly w the bone-marrow  Lymphatc
zad mondeytic fumours occur 10 the tymphadenoid tssue rather
than the marrow and should be considered with the seticulases
It may be sasd that plasma cells also are manly produced n the
Iymphoid organs, but they also oceur m the blood-forming bone-
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marrow and glands of cases of acute and chronic myelord |
The cluct sigmficance of the disease 18 that it pismfs :ﬂl:;!::;!
feukzmic infiltration of the bone marrow and wviscera with 2
leukzmic Blood picture and at the same time produces bulky
medutlary tumours which provide all the essentral features of 2
malignant ncoplasm, that 1s, actve proliferation atypreal cells,
distant metastases, some of which are clearly of embolic origin,
and destructive focal infiltration  In fact, the disease 13 2 mixture
of loukamia and malignant mycloma

In another group of cases with radiologically typical myelomata
a Jeukamue or subleukemic blood prcture s present  In fact,
Pracy and Ruach have described four grades of plasma cell myeloma
depending on the type and extent of bone nvolvement and the
condstion of the blood These are —

(1) Much bone destruction and ne blood changes

(2} Moderate bone destruction and a few plasma cells circulaung
m the blood stream

(3) Bone destruction less with 2 diffuse marrow infiltration and
a farger number of circulating plasma cells

(4) Diffuse bone-marrow 1nfiltration without erosion and a
frankly leukcemic picture in the blood and viscera  This
18 plisma cell levkemia

A third group of cases whuch appear intermediate between the
two conditsons are those whose penpheral blood picture and sternal
marrow are typrcal of leukmia but there 18 no enlargement of the
spleen or lver  In these, Neray of the long bones will often reveal
several small areas of rarefaction with loss of bone pattern, suggesting
4 mild degree of erosion by local depostts  Tig 11 1s an Jeray of
the hand of one such case  The patient was a girl aged about eight
years old wha was ongmally seen complaning of pam 1n the hands
and feet  Complete radsological examination of the skeleton showed
only the lestons m the figure and similar areas of rarefaction in the
sth metatarsal bones  The diag of leukerma was confirmed
Dy blood count and masrow puncture  The gl dicd at home
witlun 1 year and no post mortem examination was possible

These intermedinte types of cuse form a definite Imk between
teu and pl foma and are probably more common
than s generally reshsed  Many  conditions fabelted simply
Jeukemn are stypical when closely studied and the devations from
the classieal prcture are often towards the myclomatous syndrome
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Ewing’s tumour, or endothehoma of bone, must also be considered
m any discussion of myelomata  In this disease, tumours growing
within the marron causties of the bones cause wregular absorption
of the shaft and widening of the marrow cavity  In the later stages
the bone may be completely destroyed  The regional fymph nodes
are often sniolied and pulmonary metastases occur m vearly all
cases  The chnical course of the disease 1s more rapid than with
myeloma and the tumours are mote mvasive

Lwing himself thinks the wumour anses from the endothelium
of the blood vessels of the bone marrow, but other authors, natably
Oberhing, claim to have ebsenned differentiation of the tumour cells
wito plasma cells, myeloeytes and even pnmmutne red cells  If ths
53 30 the tamour may well be an hzemoc) toblastoma or myeloma of
the most primitine bloed cell, especially as these tumours commonly
orcur i the ends of fong bones m children and mfants—that 18
dunng the age peniod when these bones contam haemepowctc
MATTOW

Asthe blast a3 2 direct d dant of the fum cell
and mesenchymal cell, which also may form the endothelaf hamg
of blood yessels, & reticulum cefl myeloma 1 the bone marrow may
well show angioblastic tendencies 1 some cases, thus accounting
for the features stressed by Dwang  As also the primitne mesen
chyme 1 stuated penvascularly, they may be mcluded in the
* perivascular endothelum,” which Dsung otes as the posmible
ongin of these tumours  In faet, the imphications of 2 multspotent
prmutive cell m the neoplastic process 53 the only way to account
for the saryiog ways 1 which these fumours tend to differentiate

Those tumours of bene-marrow which are included i the group
known as Ewing's tumour may therefore be classed as myclomaun
of the more primitne cells of the reticula endothelial system 1n
the bone marrow and any of them may fend to show differentiation
along the hnes of the more adult bone marrow cells  The greater
chmeal matignancy of these tumours 1s secounted for by the more
prirutive nature of the cells invohed  This group may be regarded
s the sarcomatous lenion of ‘hcsc prmstive reticulo-endothelial
cells as opposed to the vth known as !
cell retsculosts, which i the bonesmarmrow ts represented by the
multiple endothchoms of bone fiest described by Marckwald
The cells are the same elear polyhedral cells as seen 10 Ewngs
tumour, and shthough death ocours 1n tho years the tumour does
not ahow the usual features of malignancy fike Ewing’s tumour
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The patients die of anzmia and cachexia with severe Ppyrexta—
a type of iiness which compares closely with the condition seen 1n
ammals when the RES 1s disorganised by blockage with
dye, etc

In the bone-marrow, therefore, we can d a rek: hip
of the different tumours n the same way as can be demon-
strated 1n the rest of the reticulo-endothelral system  This rela-
tonship 15 shown w2 Table V. Table IV shows 2 more complete
classificatron, including the other loses and therr
manifestations

Tase V
HYPERPLASTIC AND SARCOMATOUS RETICULOSES
(=—RETICULUM CELL RETICVLOSIS~—

RETICULG-SARCOMATA
~——{EWING'S TUMOUR IN
BONE MARROW)
-HISTIOCYTIC RETICULOSIS
[~—t¥MPHOID LECKEMI
~——LYMPHOSARCOMA
NON. LEVKEMIC—————!

EDULL

RETICULUM Lo __"WFL“";"C
NON LEUR/EMIC

|—PrASMA CPLL LEUR/AMIA ~——7~—PLASVA CELL MVELOMA

HODGRIN'S SARCOMA

Myeloma. There are four generally recogmsed types of
myeloma —
1) plasma cell
((ug fn) eloblzsuc'. derrved from the prinutive myelord cells,
(m) erythroblastic, denved from the nucleated red celle s
(wv) lymphoblastic, derrved from the Iymphod cel series, and
which 1s probably secondary to lympho sarcomz elsewhere




PLATE 7

- X
7 W
[
1 2
¢
o
- ST -
4‘."..‘5\3
3
4
= £
S 80N o
[ Y £l
,,“.,:[L RGP 4
AV AR o
L
$

Prassia Cras mmov Cace oF Prassa<ris Mrowus

1 Plasmoblaty
3 Moot di

son of Plawn blawy

) Bynuclate plasma el

4
3

T nuddeste plasma celt
N srimal plasms eefte
tawma o'l with 631 pLiemeé vacuola

ermay






NEOPLASTIC AND ALLIED CONDITIONS OF THE RONF MARROW 11

The majority of myelomata are composed of elements resembling
plasma cells 1ndeed, there 13 little reason for doubting that they
are really plasma cells  But, according to one’s opmion, these
tumours would equally properly be designated 2s pseudo plasma-
cytomata

We have already scen that the nature of plasma cells 15 sull
uncertar {p 6), though that need not affect our descriptive know-
ledge of tumours composed of them, but 1t must be emphasised
that 1t 15 often possible to observe what appears to be a continuous
senies of stages between the cells of the reticulo-endothelum and
typical plasma cells But, of course, these elements, as seen n
woa e P e Y .

which 15 vacuolated round the nucleus (heller Iof) 1n films, there
18 mouch more variation 1n size, some of the cells betng no Jarger than
small lymphocytes, whilst others arc 23 large as mionocytes, and
may (in marrow but not 1n blood) contan more than one nucleus
The bast chromatin 18 much more vanable in 1ts distnbution than
1835 1n the plasma cells of the tissues 1t may be ** cart-wheel, " but
it 13 often quite wrregular, smularly, 1t may be symmetncally or
excentrically placed mn the nucleus The cytoplasm 1s basophilic,
but less intensely so than in the tissues 1t may be vacuolated but
not necessanly 1n the vicimty of the nucleus , and occasionally it 1s
sten to contamn azurophulic granules such as rarely occur i tissue
plasma cells  Mitotrc figures are often observable  Azurophilic
protein erystals may be found in a few * myeloma cells ** (Steinmann}
Mam:\\ films, thus present a \ery varied appearance, which 18
f but which does not always
u-nmedmel) su;:gcs: that the predomuunx element 1 the plasma eell
But, even so, a little expenence allows a diagnosis of myeloma to
be made with much greater certunty than 18 possible even with
Arays (Rosenthal and Vogel) Of course, the film does not consist
entirely of plasmacytoid elements  at1s very rare for all the ordinary
marrow cells to be replaced  As a rule about 50 per cent of the cells
are of plasma cell type  But, 1f the needle has penctrated 2 nodule
of ** tumour,” 1t may be fouhd that almost every cell 1s of this kind
But, from the pomnt of siew of diagnosis, these differences are of no
tpecial sypmificance
In the myvrloblastorma, the cells are, on the whole, larger and may
contain few or many neutrophilic granules in the cytoplasm  VMany
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polymorpt and 2! are present,
found 1n the penpheral blood T and Both may be

In the erythrobl the normoblasts are usually well hzmo-
globinised, but there may be a large percentage with basophilic
cytoplasm  The cells are small, and the nucler pyknotic It 15 stil
uncertam whether erythroblastic tumours, 1n which there are no
hemoglobimsed elements, really exst

Snapper and hus co-workers have shown that treatment of multrple
myeloma with sulbamudine often results 1 the development of
peculiar changes m the plasma cells in the marrow These take
the form of basophiltc granules m the cytoplism  Sumilar changes
occur after treatment with antimony as a specific result of the
effect on rbose nuclerc acrd i which the cytoplasm of myeloma
cells 1s rich It would appear, therefore, that the nucleof
of myeloma cells differs from that of other cells which do not react
m this way with anttmony or stilbarmdme

Chloroma  As a rule, symptoms and signs suggestive of acute or
sub-acute leukmmia precede the development of chloromatous
tumours , but, occasionally, there are no changes in the blood, except
perhaps shight hypochromtc anzmra, even at a time when quite large
masses are present 1n the orbits  Then, examination of the marrow 1s
likely to be very helpful, especially as in thrs disease, mitotic activity 1s
remarkably intense The tumour cells are scattered throughout the
marrow, some being 1solated, others in groups of six or nine , and
the adjacent myelord tissue 1s distinctly hyperplastic  Later, when
the tumour has spread, the greater part of the marrow may be
replaced by abnormal cells , and 1t 1s then difficult to discover any
remnants of normal tissue

The charactenstic cells are of the same type m every case of
chloroma They are large, with 2 bulky nucleus, which contans
distinct nucleolt  The basi-chromatin has an almost reusu‘lar

distnbution, and the cytoplasm, which is moderatel it

contams no granules  Cells 1dentical with those 1 the marrow are

only rarely found 1n the circul where the pred cells are
1 It1s this

usually myeloblasts or extremely premyelocy
latter fact that suggests that all cases of chloroma are of myeloid
nature, although some wnters still contend that lymphatc evamples

do occur It 13, howeser, more probable that ch p a
state mntermediate between true acute leukemia and a neoplastic

condition
Retsculo-Endotheliosis. The folhcular reticuloses produce no
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change 1 the peripheral blood picture, and 1t ss only when secondary
nodules deselop 1n the bone marrow that we get a picture of leuco-
blastic and erythroblastic hyperplasia, which may eventually
develop snto aplasia of the marrow if the invasion by tumour becomes
more or less complete

The sinus reticuloses 2lso show no abnormality n the peripheral
blood, spart from moderate anmmia and shight thrombocytopena,
but they do cause marked changes in the bone-marrow  For this
reason, Dameshek, who has reviewed most of the recorded cases,
refers to them as aleuk sy I The b Tow
presents 2 vaned picture  Charactenstically, there are smafl
collections of large cells, 20 to 3o microns i diameter, each with a
ruundcd or indented nuclcus which occuplcs more than half of the

i 14

[

L T
Lo I . ..
of the cells show azurophilic granules i the ** Hof " of the nucleus
Mutotie figures are frequently seen  The myeloid and erythrod
clements are decreased, and megakaryocytes are absent, Thus
pmb:bly fepresents a hypoplastie or destructine condition of the
, and 1t to note that 1 none of the
tecorded cases has there been an imtial hyperplasta It scems a
reasonable inference that the tumour cells are not merely replacing
the normal marrow elements, but that they anse from a primitnve
cell, which 1s afso the precursor of the blood cefls  consequently,
on account of this peniereton of functian, the hrmopoetic tissue 18
unable to react in the ordimary way.

Of the medullary foxes, the leuk are di d else-
where (p 15}

Gaucher's disease usually affects the spleen more intensely than
the bones, although skeletal affection may occasionally predominate
But, even in the chinically splenomegalic cases, some myolvement of
the bone-matrow 1s common  How usual 1t s was not realised until
sternal puncture became a fairly cormon procedure, This frequency
of sicletal imnolvement 13 an important matrer, because 1t has been
suggested that splenectomy, wm such a menbolic duscase as thus,
would aceelerate the depoation of the Gaucher substance m the
tones, 30 that the List state might well be worse than the first,
Logan has shown that the fear s unfounded and that there 15, 1n fact,
improverment 1n almost every case after remaval of the spleen

The Gaucher eclls in the matyow sre large (§9 microns or more).
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The nucler present no ch 1c of the ch
but are always relatively small and dark , several may be found u;
one cell  The cytoplasm 15 bulky, with sharply defined outhines
Some of the cells are polygonal, others elongated, but few transt-
tonal forms are seen  In paraffin sections, the cytoplasm has a
foamy appearance, due to solution of the contamed lipord matersal ,
and a fant, diffuse, 1ron reaction can often be obtamed There
seem to be three faurly distinct stages in the development of these
elements  Thus, the least differentiated cells have granular cyto
plasm, 1n which lies a more or less reticular nucleus  Then, there
are cells with sumilar cytoplasm, but dark and almost structureless
nucler, and fastly, the fully developed Gaucher cell, with vacuolated
cytoplasm and small dense nucleus It 1s only m the last type that
1t 13 possible to detect the presence of fine fibrls, which are best
shown by silver-impregnation methods

The myeloid tissue 1tself ss usually hyperplastic, m contrast to
the peripheral leucopema, and there 1s a slight mcrease of mono-
cytes (tp to 10 per cent ) in the myelogram  Thus 1s not sufficient
by 1tself to arouse a suspicion of Gaucher's disease, but 1t does give
support to the vi1ew that monocytes may anse from the same primi-
tive reticulum celfl

Niemann Pick disease shows a similar invasion of the marrow with
““ tumour * cells, and hyperplasia of the myelotd tissue  In contrast
to Gaucher’s disease, however, there 1s usually a peripheral leuco-
cytosis  The charactenstic cells are large (20 to 8o microns) and
contain a reticular nucleus  The cytoplasm 1s filled with droplets
that give rise to a *foamy " appearance very different from
the fibullary appearance of the typical Gaucher cells  As the®
disease 1s always fatal by the age of two years, marrow biopsy must
be done by tribial trephune, or smears must be made from spleen
puncture

Hodgkn's disease affects lymphatic glands so much more obviously
than 1t does the marrow, that relatively httle attention has been
pad to the Jatter tissue  And, glthough we probably never obtamn

m d by

the bone marrow, there are
pomts of mterest and smportance 1 connection with 1t

The cases fall mto four groups, viz , those with normal marrew ,
- £ewna those with

Iymphadeno-

In the third group 1t 1s not, as 2 Tule, possiuie Lo ve certain that
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dysha\fm)p?xetlc In the following chapters the mamn chanves foor

SR Prevry ul'dudlg

Hemorrhagic Anemia  Anzema following hazmorrhage may
be acute or chronic, depending on the amount, frequency, and
duration of the bleedng  Acute anzemua 1s most commonly seen
following trauma, bleeding from a peptic ulcer, or childbirth  Pro-
viding that treatment 15 adequate, the blgod loss 15 replaced
about thirty days and this replacement 15 brought about by an
increase m the normal actnity of the bone marrow

The chromc type, usually induced by long continued, frequent and
relatrsely small bleedings, such as occur m menorrhagt and some
types of peptic ulcer, produces charactenstic changes n the myelo
gram A study of these two types of marrow change helps us to
mterpret the findings 1 hemorrhagic anzmas due to abnormahities
of the blood or blood vessels, of which thrombocytopenic purpura
and hzmophilia are examples The special findings peculiar to
these anzmias will be discussed Jater  Certanly fhe myelogram
n traumatic anzmas does not help m diagnosss, esther of the
nature of the anzmra (which 1s usually obvious on clinrcal grounds)
or of the site of the loss of blood

Acuteh hagic aneimia The myelogram here shows
normal actvity  Both the erythrob and myelod
are affected, the former more than the latter 'The hyperplasia of
the myeloid tissue 1s reflected tn the penipheral leucocytosts

‘The normoblasts are tncreased n number and show a tendency
to become hzmoglobinmsed at an earher stage, s e, the usual baso-
philic normoblast becomes polych and the polych
one becomes cosnophulic  The number of reticulocytes present 1s
markedly mcreased Megakaryocytes are more frequent and may
be seen m moderately large numbers i the thick end of the film
In the percentage count the polymorphs are decreased, but this
decrease 1s only apparent because the total number of cells 18
\ncreased  Mitoses are more numerous, mndicating general hyper-
glasta  The mitoses, both of red and white cells, takes place at the
normal level of cell development The myelogram 13 a8 follows —

&

Neutrophtles
Myelocytes 30-35 per cent
Metamyelocytes . . 10715 »
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Tosinophiles
Myelocytes . 1- 2 per cent,
Polymorphs « =2 0w o
Basophiles .
Myelocytes . . .o3=6 ., .
Polymorphs . . v 1m2 g w
Premyelocytes -2 4
Hzmocytoblasts 24
(including myeloblasts)
Lymphocytes 612 ,,
Pro-erythroblasts -2 .
Normoblasts 25730 4 0
Megakaryocytes « frequent

Chromte Post hamorrhagic Anamia When the anxmua 1s but
moderate the bone marrow actnity 18 only slghtly increased  In
more severe cases there may be 2 great increase 1n the amount of
red marrow  This hypery may lly be ded by
exhaustion, and the marrow then becomes hypophsuc or :phsuc
ln a fully mmng a«c. o be(om marrow exhaustion supervenes,

. Y -

. P
. L )
numerous mitotsc figures of normal type  The myclocytes are little,
atall, rtduccd mn number, and the total number of cellt1s somew hat

ytes are farly lhoughml'-- b
PSR WU U AT, ot .

that iron as nccd:d for mmplele mzlumxon of the cells and notasa
sumulus to erythroporesis wsel§

Neutrophles
Myelocytes « 20 -30 per cent
Metamyelocvtes 5s-8 . .
Polymorphs 8§-12 .,
Founophiles
Myclocytes 1-2, .
Polymorphs t-2 .,
Basophiles
Myclocvtes 30 W
Polvmorphs =30
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Premyelocytes 1~
Myeloblasts °- 2 p:r Ct,:“
Pro-erythroblasts 3=% n
Normoblasts 40 -50 , .
Megakaryocytes moderate

Heamorrhagic Anemas  The specific martow changes i exsenteal
thrombocytopeme purpura will be descuibed in the chapter on aplasia
of the bone-marrow

In true hemophsha, apurt from the changes described zbove, the
marrow fiims show a marked increase w the number of megakaryo
blasts and megakaryocytes, but the number of phtelets 15 withm
normal Lmuts  Custer and Krumbhaar have described the appear-
ance of the bone.marrow 1n three fatal cases  Lirnarzs, Poucher
and Brrch have shown that sternal puncture can be safely performed
on hezmophilics and they confirm the findings described

Hamolytic Anemia (Plate 8a) In all forms of hemolytic
anzmia the actity of the marrow 15 at sts maxmum  There

18 great and b whieh 15 p bl
mnduced by Joss of corpuscles, due to destruction m the body  but
whether any erythrop Jus 15 {1b d by the destroyed

eells 15 sull uncertamn, slthough probable

‘The chmeal state 15 not clearly, of at all, reflected 1n the marrow,
which 15 m a condstion of extreme activity throughout the course
of the malady  Abeut three quarters of the cells i the marrow are
nucleated red-cells in varous stages of development, some are
mature, but the majonty are basophilic and possess large cart-
wheel nucler  Another stribung feature s the presence of constderable
numbers of cells as ymmature a5 the pro erythroblast  these, as
previously described, differ from megaloblasts but are at Jeast as
farge, 1f not larger  In some cases 2 true megaloblastic reaction may
develop as described by Fanley i cases of Bartonella fever  The
targe number of reticulacytes 15 another charactensuc feature

The myelogram 13 of the type shown below -~

Neutrophiles
Myelocytes 101y per ceat
Metamyelocytes 285 »
Polymorphs 25+ »
Fosmophules
Myelocytes o~; P

Polymorphs
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Lymphocytes 1- 2 per cent
Monocytes -2, »
Premyelocytes 510 4w
Haxmohtstioblasts -3 W w
Hzxmocytoblasts -4 W o w
Pro-erythroblasts 25734 w w
Normoblasts 2030 ., .
Megaloblasts -2,
Megakaryocytes not mcreascd

Reticulocytes numerous  May be as hugh as 8o per cent of
the non-nucleated elements of the films

In many of the hxmolytic antmias the anzmia may be macrocytic
mn type  In all the groups one or more such cases are descnbed
the Iterature  Apart from the true megaloblastic reaction in
Bartonclla fever, however, the characteristic feature of these marrow
films 14 the high percentage of pro-erythroblasts Limarzy has
shown that an intense nnrmabl:s(mu occurs in the marrow 1n the

rate hxmolytic anemia foll g 7 g and 1s
accompanied by 2 macrocytic anzmia The mdcrocytosss 13,
therefore, probably due to raprd of the pro-ery

and basophil normoblasts, the nucleus being extruded rather early
in the normoblastic cycle  That 1t 1s not due to megaloblastoss 1s
borne out by the fact that liver preparations do not cause improve-
ment

In the tnfectree group of hemalytic ancemuas, the myelogram does
not show such 2 high proportion of pro-erythroblasts, and the
regeneration of red cells 13 not 2s 2 rule 50 intense  The hxmolyus
1s probably duc to the infecting organism causing a * toxera
of the red cells which render them more hable to the normal process
of destruction  This touc action 1s aleo exerted on the bone
marrow, which cannot then respond so rapidly  Where the infection
18 protonged and the toxrma extreme, the marrow fails to respond
atall and becomes aplastic (3 thronoclasta)  We have recently seena
cate of this type assocrated with tuberculosis, and sections of the
bone-marrow removed at autopay showed a fen minute tubercles

Gas gangrene infection (C1 W elehri), and sometimes an anaerobic
hxrmolvtic streptococcus, produce a hxmolytic anemaa n a different
way  They produce a hxmolvsin which acts directly on the red
eclls  In these caces, until the toxemia becomes severe, the marrow
may he expected to react more exuberantly
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Malana produces 2 chrome hemolytic anemsa, the hemolysis
beng caused by direct actson of the parasite on the red corpuscles
Even i mal tertan infe , where the k lysis may be so
mtense as to praduce blackwater fever, and early death, the marrow
shows a well marked erythroblastic hyperplasta with large, wntensely
basophilic, normoblastic cells (see Chapter VIII)

Some hamolytic anamias are due to posons  lead, potasstum
chlo.ate, benzedrine, phenylhydrazmne, phosphorus, TNT,
dinstrobenzene, etc The reaction of the bone marrow to aff
these compounds 1s as that desenibed for hzmolytic anzmus i
general  Aplasia develops rarely, of ever, because the patient dies
of some other toxie effect of the poison before the aplastic stage 13
reached, although a small number of workers with trmnitrotaluene
have died of aplastic anzmua  The sulphonanude group of drugs,
however, may produce a hemolytic anzmia, and, if stil more 15
given, the marrow may become aplastic

In lead poisoning, of course, the charactenstic basophiic stppling
of the red cells will be seen 1 marow films, end Hennmng and
Keithack have reported ten cases where the stppling was found
1n the red cells of the marrow when shsent tn the penpheraf blood.

The hezmelysis produced by patibl and
paroxysmal hamoglobinuna causes no pecular abnormalities 1 the
hone-marrow

In acholuric jyaundice, m both the cofigenttal and zcquired type,
no new information about the patholagy of the disease has been
acquired hy studying bone-masrow films  The spherocytosss can
be seen as easly as m the penpheral blood A constantly hugh
renculocyte count may be found in the marrow even when the red
cell count 13 nearly normal  The reticulocyte count may be normal
during a remussion of the disease and the spherocytosss may tem-
porarily dimuush  Spherocytosis 13 not so marked 1 the acquired
form of the disease

Jt has always beer assumed that the crses that occur 11 congenstal
hamolytic jaundice ase due to sudden great morease of destruction
of the red cells This vtew has recently been challenged by Owren,
who alteges that the rapid mcrease of anwmia 13 probably due to 2
temporary hypoplasta of the bone-marrow  And he has showa that
the marrow changes at the onset of such a crises strongly support
this viesy

Just before the cnsis,
crythropoiesis of the disease,

the marran shows the usual mtense
byt withmn two or three days there
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are p 1y no erythrobl: i the marrow, then,
as the cnns dies dawn, there 13 regeneration of pro-erythroblasts
which mature into macroblasts, until, at the end of the cnsis, the
marsow shows an enormous increase of normoblasts, while at the
same tme, the number of reticulocytes 1n the circulating blood
rises sharply  Owren’s views, although not yet confirmed, would
explain the low percentage or sbeence of reticulocytes that has long
been known to occur dunng crises

In sickle cell anama, the latent phase 1 much more common than
the actne one  In the latent form, sickiing of the cclls 13 not
found 1n the penpheral blood but has been found in the bone-marrow
of a case 1n this phase coming to autopsy  The presence of sickle
cells 15 not dragnostic of anamia, as the sickle cell trart has been
found m g 7 per cent of all negroes, whether or not they are n good
health  The phenomenon of tickling cannat ordinanly be seen
i stamed films A fresh preparation scaled under a cover ship
should be examined a few hours after st s made  The myelogram
docs not differ from that of any other form of hxmolytic anxma
except, of course, in the shape of the red corpuscles  Perhaps,
however, the number of monocytes contaming red corpuscles or
mgment s rather greater, and Wintrobe has recorded the presence
of long bands of erythrocyte cytoplasm (sbout 2 mucrons thick)
lying in marrow films

In Lederer's anaomta the marrow pieture may be complicated by
the prewence of a leukemod reaction  Thas 13 usually myelowd in
typc. but 8 ane has been d:smbed with lhe appearances of

1 the peniph ood,

In sererus gratis the marrow changes are the same as any
hrmolytic anrmia  Marrow puncture ts not of much value because
the perpheral blood reflects the condition of the marrow in showing
a vaniety of pormoblasiic eclis which leave no doubt as to the
dugnoas  Besides, sternal punctute and tibial trephme are not
suitshle procedures 1o be employed on born babies

Toxic Anemias. This group contans the hypoplastic and
aplistic anzmias It 13 3 rather hetetogencous group of maladies,
which may be pnmary or secondary  If of the latter type, the cause
) be posorung of vanous kinds, infection or tovermz  Bue,
whatever the cause, the malady 1 3 grave and dangerous one , and,
wn al, the marrow prcture ss sumular , no indication of the cause can
be inferred from the mvelogram  The condimons are more <
desenbed later with other aplastic conditions of the bone marrow
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Dy emopoletic A The heemor bone-marrow
1s a comp and highly specialised which has to supply
the formed elements of the blood continuously and rapdly In
order that it may do this efficiently, an adequate and properly
balanced supply of nutnment 1s necessary This has long been
recogmsed, but our knowledge of the food requirements of the bload-
forming tissue has, until the end of the first quarter of this century,
been confined to one constituent, wron  Now we know that the
hzmopotettc principle, copper and other metals, thyroxin, and
vitamn C all play thete part  Lack of, or fatlure to utilise, any of
these factors may result 1n anzma  As a result of malnutrition of
the bone marrow, two mam groups of anzmia are produced
(1) hypoch and ytic, (2) hyperch and locyt
The first group artses with defictency of iron, mternal secreton of
thyroid, and vitamin C  The second anses with defictency of the
hzmopaetic principle

Deficiency of heemoporetic principle —

Perntcious anama (Plates ¢, 1o and 11) 15, of course, the best
known an®mua of this group An exactly similar condstion of the
blood and marrow may obtain mn other anzmuas of the same type,
whether the cause be carcinoma of the stomach, complete gastrec-
tomy or other cond: gwing rise to defi of the b
prinaple

The myelogram in pernicious anemia 1s striking and charactenistic
The constant feature 1s the presence of megaloblasts , but 1t 1s rather
on the large number of these cells than on their simple presence that
diagnosss 1s to be based As mentroned earlier, some writers aver
that a few of these cells can be found, exen 1 health , 1t 13, therefore,
an ncrease that 1s sigmficant  But there 1s another pomt  even if
the megaloblast be not regarded as peculiar to permicious anzmia,
there 1s no doubt that the marrow contains a larger number and far
more young forms mn this disease than are found in any other Tt
must not, however, be supposed that the whole of the erythropaetic
process 1n this disease 13 megaloblastic m type , there 13 great
normoblastic activity also 1 other words, there 1s 2 mixed erythro-
blastic reaction of an wntensity never seen m other maladses

Lattle 1s known of the changes i very early cases, but Segerdahl
states that the charactenstic blood prcture can be found before there
are any recogmisable changes n the marrow But m definite, and
untreated cases, the myelogram 1s very striking, masmuch as there
are twq changes intense megaloblastosis which of course, 13




PLATE ¢

A Pemsiciors Aesia (LNTREATED)
{a) Early megaloblast (d) Intermed ate megaloblast
() Late megaloblast (e) t ppled megalocyte
() Pslnot c megaloblast (£)1 ymphocyte
Note —Vegalocytos s po k focytos s and an socytos s

B PER\CIOUS ANEMTL {EARLY STAGE oF TREATMENT)
() Intermed ate normoblast () Intermed ate megaloblast
{8) Early normoblasts &) Ret culocyte

Nofe —\legalocutos 1 less marked than 1 A

(Tofucep 4
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xsf “mOpo A - The hamop bone-marrow
P and hughly sp which has to supply
the formed elements of the blood contnuously and rapudly  In
order that N may do s efficiently, an adequate ang properly
halanced ‘sup})ly of nutriment 1s necessary This has long been
but our knowledge of the food reg of the blood«
forrming tissue has, until the end of the first quarter of this century,
been confined to ane constuuent, won  Now we know that the
hzmopoietic punciple, copper and other metals, thyrown, and
witasmun C all play thetr part  Lack of, or failure to utdise, any of
these factors may result in aneeria As a result of malnutriton of
the bone marrow, two man groups of znmmua are produced
{1} hypoct and ytic, (2) hyperch and mega
The first group anses with deficiency of sron, mternal secretion of
thyrod, and vitamun € The second anses with deficiency of the
hemopaetic. prinaiple

Defictency of hemoporetic principle —

Pernscions anenua (Plates g, 10 and 11) 13, of course, the best
known anzemsa of this group  An exactly simifar condition of the
blood and marrow may obtam in other anmmias of the same type,
whether the cause be carcinoma of the stomach, complete gastrec-
tory, or other cond giving rise to defi of the | P
prmnciple

The myelogram i permeious anzmia 1s strking and charactenistic
The constant feature 1s the presence of megaloblasts , but 1t 1s rather
on the large number of these cells than on their stmple presence that
dhagnosts 1s to be based  As mentioned earher, some writers aver
that a few of these cells can be found, even in health , it 1s, therefore,
an mcrease that s sigmficant  But there 1s another pont  even sf
the megaloblast be not regerded as peculiar to pernicrous anzmua,
there 15 1o doubt that the marrow contans a Jarger number and far
more young forms in this disease than are found 1 any other It
must not, however, be supposed that the whole of the erythropoietic
process 1n this disease 18 megaloblasic 1 type , there 13 great
normoblastic actnity also 10 other words, there 1s 3 mued erythros
blastic reaction of an ntensity never seen 1 other maladies

“Latrie 1 known of the changes 1n very early taes, but Segerdabl
states that the charactenistic blood prcture can be found before there
are any recognwsable changes m the marrow But m definne, and
untreated cases the myelogram 1s very striking, masmuch as there
are twg changes intense megaloblastoss, which, of course, 13
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path and a

nd

It 1s surprising that the latter change should occur, because at this
stage there 13 leucopenia with relative lymphocytosis 1n the blood
This may be due to some inhibition of emigration and also of proper
maturation of the granular leucocytes  Certataly 1t 15 common to be
able to detect abnormalities of both nucler and cytoplasm i the

philes, especially in the yelocyte stage (p 6)

Fallon regards the changes 1n the metamyelocytes as diagnostic
of permicious anzmia, and Dameshek and Valentine say that the
percéntage of these cells increases with the severity of the disease
The nature of the changes 13 uncertatn, but on the available evidence
we would agree with Jones that the abnormal cells are the result of
abnormal develop of the myelocy d with the defi-
ciency of hemopotetin  Tempka and Braun, who ongmally drew
attention to the altered metamyelocytes, regarded the changes n
them a3 degeneratve, and Nordensen concurs with this opsmon
The metamyelocytes are increased 1n size up to 3op and show large

shaped nucler with a coarse chromatin network Cytoplasmic
granules are present but only stain well when a pH 6 8 buffer 1s used
for diduting the neat stain (Foy and Kondi),

Further, there 1s 2 derable excess of &y ytobl: which,
of course, adds to the appearance of leucoblagtic actvity  In sotne
long-standing, untreated, cases, there may be syme depression of
granulopoless

There 1s much difference of oprnion as regards the megakaryocytes
1n this malady, and at the present time 1t 15 best to assume that they
Mzy or may not show changes The presence of many naked
megakaryocytic nucler has been commented on (Tempka and Braun),
d Jones {1936) found some mntensely basophil megakaryocytes
with no granules 1n the cytoplasm and marked pleomorphism of the
fucleus  Other workers have merely noted a dimnution 1n the
number of megakaryocytes, while Nordensen holds that they are
Rormal 1n appearance and number

Japa claims that the essential abnormality in permicious anzmia
1s 2 slowing down of the rate of mutosts with increase 1n the length
of the testing phase and conscquent increase i size of the affected
cells, all three cell types, erythroblastic, leukoblastic and mega-

oblastic are affected ‘This change 1s said to be due to an
alteration 1 nuclear metabolism

The megaloblastosis 13, naturally, the most sgmificant change ,

'

1 1.

reaction of a non-spectfic
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and 1t 1s by progressive mcrease that we can recogrse detertoration
ljy dimmution, that we see that improvement 15 occuring  and by
disappearance that plete relief 1s established  The cells are easily
dist from nermobl: but too much attention should not
be paid 1o their size, which 15 very varable The nuclear characters
(p 9) are the differential feature 'These cells are found lying 1n
groups, often surrounded by a clear area, devoid of cells, and they
seem to develop more or less independently of all other marrow
elements  Promegaloblasts are also present, and therr number 13
some guide to prognosis It 1s interesting to find that the number of
these cells 15 closely related to that of the hemocytoblasts , as the
one decreases, so do the others  And 1t 15 reasonable to assume that
they are closely related, and mdeed, probably of the same series
In an untreated case of moderate or great severtty, the strikng
feature of the marrow film 1s that there 15 a general immatunity, and
the marrow appears to be both hyperplastic and metaplastic, the
latter appearance beng due to the presence of so many hzemocyto-
blasts Indeed, so many of the marrow cells are 1mmature, that,
with the ordmary hzmatological stawns, the films have a strilungly
blue colour, which, by itself, 1s very suggestive of permcious anzmia
In myeloblastic leukzemia, the films are far less blue, because the

loblast has a ot hat less basophilic than the
Y P

y P
hzmocytoblast and the promegaloblast

Of course, the other signs of pernicious anzmia to which we
attach so much importance 1n the blood, can also be detected 1n the
marrow  megalocytosts, amsocytosts, Jolly bodies, hyperchromia
and polychromasia are always seen  If the marrow fluid 15 stamed
with cresyl blue ($ec Appendix) before the films are made, there 15 2
distinet though moderate increase 10 the number of reticulocytes

Mitotic figures are often numerous, and so far as 1t 1s possible to
be sure, they occur manly, or perhaps entirely, i the megaloblasts
But the number of atypical mutoses 1s always great  some are pyk-
notic, some multipolar, and others even more grossly irregular
This 18 pathognomonic of permcious anzmta , 2nd 1s Rever seen N
the normoblastic mitoses that may be numerous m post hzmorrhagtc
anzrma during the phase of regeneration

In the phases of remission, nduced by liver treatment, a series of
sigmificant changes can be detected These start about twenty four
hours after mtramuscular mjection of a potent hver extract, and
the first change to be detected 1s merease m the number of reticulo-
cytes  After 4 c em of Neo-Hepatex, we have seen the retrculocytes
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PLATE 1o

A PsrMICIOLs ANEMIA (LATE STAGE 1N TREATMENT)
(a) T ate megaloblast ¢) Normoblast
() Myelocyte {d) Polychromat ¢ normeoblast
(&) Ret culocyte

B Iooratiitc FHIYPOCUROMIC ANEMIA
Note —\umecous basoph | ¢ normablasts and hypochrom ¢ mucrocytos s
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ise from 8 per cent of the total non-nucleated elements to 39 per
cent twenty seven hours after the imjection  Within two days there
are signs of a change in type of the erythropowesis  the intense
megaloblastosis 1s begmning to die down and to be replaced by
normoblastosts  The percentage of the latter cefls may nse from
tnenty-two to thirty-seven in fifty hours Even four to five days
after treatment has commenced, the marrow picture 1s still charac-
tenstic of permicious anemia  About half of the normoblasts are
large and have an mtensely basophilic cytoplasm  these are of the
early and basophil type of normoblast The remamng half are
composed of equal numbers of polychromatic and eosinophal
normoblasts of normal size  Mutosis 15 still mtense, but 1s now
confined almost entirely to the large basophil early normoblasts
Promegaloblasts and basophil megaloblasts are stul present m
modesate numbers and are easly recogmsed by therr nuclear
charactcrs Very few of them show mutosis  Polychromatic and
are only by their absence A

few megzkaryecytcs can now be found 1n the thick end of the film
The activity of the myeloid tissue does not show much change, but
I some cases ‘here may be 2 marked mncrease m the numbers of
it ‘This may be reflected in

the penpheral btwd plcmrt

After seven to ten days the marrow picture becomes normal
The changes 1n the myelogtam, with both anahemn and folic
acd, are shown in Table VI

It 15 not at all clear by what means the change 1n erythropotesis
comes about, but 1t 15 probable that 1t 1s due to a stimulus to normal
maturation of young normoblasts, rather than to fresh formation of
cells  The intense karyokinesis seen in these cells supports this
suppostuon, and the fallure of hamoglobimsation of the megalo-
blastic cells shows that they are no longer required as oxygen cargers

In the late stages of treatment and 1n the stage of remisston during
contirued treatment, the mamow film 15 rather uninte.esting
(Plate 104) 'The megaloblastosis has disappeared, although a very
occasional megaloblast may be found before the anzmua has com-
pletely disappeared  The myeloid elements form a normal propor-
tion of the film Normoblasts are present mn normal proportions,
but there 15 a tendency for them to become hamoglobiused earlier,
and for the nucleus to be discarded whife the eell 13 stuff farge This
phenomenon probably accounts for the macrocytosis, which sull
Ppersists in some treated cases of this discase  We have already seen
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TasLe VI

Bone Marrow CHANGES DURING TREATMENT OF Pernicious
ANEMIA

Folio Acid 20 mgm. daly

Therapy for 2 da¥s 30 mem. da
75 o g, caiy Anahamin 2 dase 0cc

Time o | zday| odays|es days|

Ghmﬂ nowes :dzy‘nhvs

Haemoistioblast 06t 10| o | o o | of o
Heemocytoblast 223 18] o4 a: e | a5 o : g
Myeloblast 24{ 12)| 04| 06| 05 05| o5 o? os
Jr\‘;;x?gsﬂkzme 34| 26] o8] o8] os| es] o5 o5
elocyte °
Metamyelocyte s ol ze 25 7sfme
Polymorphs
Eosinophil myelocytes
Eosinop]
gasophds .
1ant metamyelocytes 120| 34| o | 02| nolt recorded [separlatel,
Fro erythroblasts 16| 36] o | 10| 18] o8] o8| 1ol oF
Hasopful megaloblast 30} 82] 12| o | 8of 65| 75| 80| o5
Polychrome 36f 60 o | o [120(155( 90(105] 10
snophil 34( 44] o | o4 70l255{ 35/ 25 o5
Basophil nosmoblast o' | 38] 16§ 18| 10 10| 95{a2s0| 35
Polychrome o | o6frsol s8| 30| 10| 45| 100] b0
mopl oz 22 58/ 16(210{ oo 65( go|175
Lymphocytes 286224204 [256) 80100] 65| a5(10%
Plasma cell og o ° o o os
Monox o | o |22]02[ 0| e |a]ofoe
White red ratio 142/ 053 07| 098l 069 o8¢ 115 042 12
Rutosts red cell oz 24( ab( o {or| o3| o4 15| 02
white cell | 7| 2| 2] o|oez|ocz|ot]for

The figures for folic acid treatment have been reported by Harrison and White
n figures are our own

that this mechanism may account for some of the macrocytic hamo
Iytic anzmias, and st may be that there 1s stsll some further factor con-
cerned with normoblastic development with which we are not jet
acquarted Reticulocytes in fully treated cases number about 3 per
cent n bone marrow films

The practical purpose of sternal puncture 1n permicious anzmia
15 not usually that of early diagnosss, however, mn cases which have
become hypoplastic, and have an atypical blood picture, marrow
puncture 1s diagnostic  As has been said, 1n ordmary cases, blood
changes precede detectable alterations 1n the marrow, but signs of
relapse occur 1 the marrow before they can be appreciated m the
blood , they naturally take the form of megaloblastic increase at the



PLATE 11

MecaLoarasts v Pernictors Asamia

1 Proerythroblast and myelocyte 4 Abnormal megaloblasts
2 Baswophul megaloblass s ., .
3 Hzmoglobinisation of megaloblasts 13 - "
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expense of the b Nevertheless, the most imp
purpose of marrow exammation tn this malady 1s the understanding
of the hologreal changes that ch the disease , no other

method has cast so much light into the dark places that surround the
erythropotetic process 23 a whole

"There are three other diseases n which an anzmia indistinguish-
able from permcious anzmia may occur These are mtestinal
nfestation with dephy Hobothrsum latwm , tropical nutritional anema,
due to deficiencies 10 the diet, and the macrocytic anema of preg-
naney (sec p 34)

The megalocytic anzmuas assocuated with disease of the hver are of
the same type as pernicious anmmua, but are rarely severe and will
react to liver therapy If curhosts of the liver gives mise to much
gastric hzmorrhage the marrow picture will be complicated by a

b and leucobl: as m the h h anzmias
Anzmia associated with lesions of the altmentary canal 1s rarely due
solely to lack of hemoporetic principle

The conditions have been classified by Wilson as follows -

(1} Defictent ntake of extrinsic factor—tropreal and nutrtional

ytie anzma including the ytie anema of pellagra

(2) Decreased f of mtnnsic fo gastnic and 1
resections 2nd possibly carcinoma of the stomach

{3) Impawed absorption of haemoporetic principle—sprue, cohac
disease, worm 1nfestattons, Crohn s disease and intestinal anastomoses
and ulceration

(4) Impawed storage and metabolusm of the prncrple wn the lver—
cirrhosis of the liver and possibly pernicious anzmua of pregnancy

{5) Impatred utshsation of the principle tn the lwer—achrestic
an®Emia

In all the conditions, anzmia may be due to lack of hamopaietic
principle or 1ron, of commonly a combmation of both  The most
common anzmia with ahmentary disease 13 certainly 3 hypochromic
microcytic one associated with failure to absorb iron  The myelo-
gram will be fully di d later  In the combined defi , the
marrow megaloblastosss 1s present with the changes due to lack of

wron  In these cases marrow puncture may gwve mdications of great
therapeutic value 1n showing that both tron and lver are necessary
fér adequate treatment  Quite often the penipheral blood shows only
the macrocytosts which 1s treated with liver, only when the
hamoglabin becomes constant at a relatively low figure with a low

colour 1ndex does the need for 1ron become apparent  Both thera-
.
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peutic agents could have been given at once if the need for them had
been recognised at first (see Dimorphic Anemra, P 53)

Anama m Gastric Carcmoms  Curnie states that the marrow
condition may be  megaloblastic, as i pernicious anzmia , mormo-
blastzc, as m any ordmary hypochromuc anzmia, and erythro
blastic

The last named has not been clearly described before It appears
that the marrow 1s very cellular and active, with many mitoses The
I cells are blasts, ¢, large, basophil bl
Thev may be as large as lobl but have a definttely  cart-
wheel’ arrangement of the nuclear chromatm  The anzmm m
patients with this type of marrow 1s more severe than m those with a
megaloblastic reaction

Currie 15 of the opinton that the type of marrow reaction s not
related to the sevenity of the gastric leston, and he also says that
there 1s no obvious correlation between the apparent degree of
defi of specific | P b and the type of reaction
of the erythron ¢ Defi y of specific b p 1 per
se does not appear to result m a megaloblastic marrow reaction and a
megalocytic anemiz  In 59 cases examuned by Monasterto the
anzma was of the normochromic normocytic type with many
basophil normoblasts 1 the marrow

Ackrestic Anemia In this malady the marrow changes are
sumilar to these seen wn pernicious znermia and the muxed megalo
blastic and normoblastic picture seen i partly treated perntcious
anzmia 1s often encountesed  Israels and Wilkinson find these
observations to be 1n keepmg with the view that in achrestic anzmia
there 1s some mhibition of the action of hzmoporetin on erythro-

o1e818
F Macrocytsc Anema 1 other Conditions A vanety of single cases
have appeared mn the hterature 1 which the primary disease has
been unexpectedly associated with a macrocytic anzmm and a
megaloblastic bone marrow  No reason 1s apparent for such asso-
ciations, but it should be remembered that they may occur  Those
most recently ded are g hsed tub and macrocytic
anzmia (Merwe), d erythrocyte fragility d with a
macrocytic hzmolytic anzsua (Duke and Young), and an acute
erythroblastic anzmia of childhood (McLean) Foy and Kondt have
reported an extremely unusual case where a megaloblastic marrow
was associated with a severe microcytic anzmua of the penipheral
blood The patient was a pregnant Bechuanaland negress sufferng
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from amerbic dysentery and made a complete recovery after a course
of emetne injections

Davis has reported three cases of megaloblastic anemia in children
aged respectively twelve, thirteen and fifteen years The blood
and marrow pictures were charactenstic of permicious anzmia
Two of the cases proved refractory to parcmeral liver mjections,
but responded to lysed Inver ad d by mouth, and
Davis suggests that these cases were due to failure of mtestmal
assimilation and not true examples of pemnicious anzma

Deficiency of Iron  This results chiefly in the malady known ss
1diopathic hypochromic anema (Plate 108) so clearly depicted by
Witts, the nutntional anzemias assoctated with nfancy, the anzma
associated with ahmentary disease, and some an=zmas of pregnancy
‘Where the anzmra 15 solely due ta defictency of 1ron, the blood shows
no spettacular changes and there are never very many normoblasts
‘The marrow, however, 1s ¢t d by a great prepond of
normoblasts, many of which are large, immature, and strikngly
basophihc  The whole picture 1s one of very active erythropoesss,
and mitotic figures are numerous  these are unhike those seen in the

loblasts of p anzmia, h as they are all typical

abnormal karyokmenc figures are never seen

Neutrophiles

Myelocytes 17-22 per cent

Metamyelocytes -8 4

Polymorphs 81z,
Eosmoplules

Mjyelocytes - 4w

Falymorphs =4 5 »
Premyelocytes -3, .
Myeloblasts 0= 2 4 u
Pro erythroblasts 810 ,, ,,
Normoblasts (basophilic) 2030 ,,
Normoblasts {eosinophilic) 20-30 ,,
Megakaryocytes scanty
Reticulocytes  up to about 6 per cent of the non nucleated

elements *

The actvity of the myelod tissue 1s somewhat reduced, with 2
consequent reduction i the number of myelocytes  this in marked
to the ytic hyp anxmia duced by

'
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hzmorrhage The eostnophiles, however, remain normal 1n numbers
or may show 2 shight mcrease

The myelogram has the characters shown above, which, of course,
vary considerably as the result of treatment and s so many
patients have been grven some 1ron before they are properly investi-
gated, ch 1C pictures are

Durtng, and even after, successful treatment with iron, the
cosmophules 1n the marrow increase considerably, although there
may be no noteworthy excess i the blood  In pernicious anzmua,
as we have seen, cosinophilta may develop 1n the marrow and mn the
blood, but this 1s usually 2 sign of overdosage with liver (which 15,
of course, quite innocuous) but 1t 1s imteresting to note that

philia 1s 2 cond that develops during recovery from several

kinds of anemia

As mn pernicious anzmra, one of the most straking features of the
marrow durmg the phase of recovery 1s the increase m the number
of reticulocytes  These may merease to form 20-30 per cent of the
total non-nucleated elements There 15, however, one difference
between the two diseases In permicious anmmua the reticulocyte
response 15 high 1f the red cell count 15 low, and low if the red cell
count 1s high , 1n hypochromic microcytic anzenua the retrculocyte
response depends more on the hemoglobm level If this s moder-
ately high, the response 1s poor, and vice versa  In both maladies,
the reticulocyte response to therapy 15 extremely raptd

Qther changes 1n the marrow during the period of recovery are 2
gradual restoration of the normal number of neutrophles and a steady
drop m the number of normoblasts the percentage of basophil
normoblasts drops more rapudly, till, when the anemua 1s abohshed,
they and the eosinophtl normoblast have reached a normal numerscal

relationship

The 1ron defi of preg: are stmilar to
hypachromic an@mu in blood and marrow  The nutritional

zmuzs of infancy show the same changes i the pertpheral blood,
but here, of course, sternal puncture is not possible

Deficiency of Vitamun € Anzmia 18 not a constant finding
scurvy, but 1s commoner 1 adults than n children The anzma s
normochromic or hypochromic and 1s cured by the admuptstration
of vitarmn C, whereas 17on has no effect on 1t Ascorbic aad 18 2
reducing agent and 1t 15 probably because of this that 1ts absence,
as 1 scurvy, leads to anemia  Normally 2t plays 1ts partin the gut
by reducing fernic compounds to the ferraus state, thus makmng

g h
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them suitable for absorption  In the cases examtned by Israels the
sternal marrow showed evidence of dimmished erythropoesss,
1.2, the total number of normoblasts was decreased, but their
development was normal  During treatment with witamw C,
reticulocytosis develops

If there has been much hemorrhage mto the tissues with the
disease, the peripheral blood may show a microcylic anemia  The
marrow, however, 1s unable to respond in the usual way, and the
myelogram of hzmorrhagic anzmia does not develop until vitamin C
has been given A few cases of macrocytic anzmia with scurvy have
been reported, but the stenal marrow findings are not recorded

Deficiency of Thyromm  The exact relationship of thyroxm to
the hemopotetic tissues 15 not yet worked out, but 1t 13 probable
that 1t acts as a general stmulant rather than on any particular
hzmopotetic tissue

In myxed if 1 d by defi y of won and of
hamoporetic principle, the bone-marrow shows simple hypoplasia
In thyrotoucoss there 1s a general hyperplasia of the bone marrow
which may affect the myeloid elements to a greater degree than the
erythroblastic tissue

Banti"s Syndrome  In the early stages of the malady, while the
anzmia and leucopema are not severe, the marrow films show a
definte mycloid hyperplasia with 2 relatnely normal ratio of
myelocytes, metamyelocytes and neutrophils while no abnormality
can be detected in the erythroblastic actiity  Later the marrow
shows 2 ¥ maturation arrest” of the hyperplastic myelowd tissue
withan mcerease in the p of myelocytes while the p
of the penpheral blood 15 becoming more severe At this stage
thrombocytopenua may be well marked but the marrow appears to
be well stocked with megakaryocytes In the later stages of the
condition with severe macrocyttc anzermua and eirrhosis of the hver
the myeloid hyperplasia persists, but there 13 a marked increase 1
the number of bl In Felty's synd; (enlarge-
ment of spleen and glands, an®ma and chronsc arthnitis) the marrow
changes are stmular, but some authors (Limarz: e al , Flewschacker
and Lachmt) have reported an increase 1n the number of hemo- v
histioblasts and plasma cells

Dimorphic Anemia  In this malady there 1s a deficiency of *
hemopotetin and 1ron, and 1t may occur as a complication of al
tary disease  In those idiopathic cases which we have
penipheral blood pictute has been that of pernicious
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the admunstration of liver extracts has been followed by an 1mprove-
ment m the an@mia with a more or less rapid lowerng of the
colour index to well below normal  Further treatment with Iner
has no effect and the blood picture 1s only restored to normal after
large quantities of 1ron have been given  The appearances of the
sternal marrow vary considerably  Trowell has exammned 174 cases
of combned deficiency and says that the predomunating type of
erythropoesis 1s nermoblastse although megaloblasts and the large
basophtl normoblasts of 1ron defi can also be found In our
experience the picture resembles closely that of a partly treated
pernicious anzmia with an active normoblastosts and some megalo
blastosis, the number of reticulocytes present, however, in the
untreated disease 1s very small ‘The condition can be distin-
gushed from achrestic anema (the marrow changes of which are
very simular) by the absence of free acid 1n the gastric jutce  Megalo-
cyte d with dretary d are often dimorphic
n type

Ancemia i Pregnancy  This may be normocytic, microcytic or
macrocytic  In normal pregnancy, hydremia occurs and this 1s
accompanted by 2 degree of normochromic normocytic anzmia of
the penpheral blood and myelord and megakaryocyte hyperplasta
of the bone-marrow That these changes do accompany normal
pregnancy 1s perhaps not generally recogmised, and there 15 a need
for the establishment of a set of normal standards duting pregnancy

The true anzmias of pregnancy are mostly due to partial fatlure
of prod of h » I le owing to porary
derangement of gastric function and the necessity of supplying the
prmciple to the fatus

‘Two types of macrocytic anemia have been described by Markoff
the first 15 a true pernicious anzmua of pregnancy and the second
a2 macrocytic anzmia m which the marrow show both normoblastosis
and megaloblastosts

Wolff and Limarzt clarm that the type of anzm 1p pregnancy
should only be diagnosed from marrow examunation because the
changes 1n the penpheral blood may be musleading  Apart from 2
typical on deficiency anzemia, they have described a macrocytic
anzerma with 2 rormal or pro normoblastic marrow and a megalo-
blastic marrow with macroeytie, normocytic of microeytic and
hypochromic an®mia , n the former type recovery follows delivery,
and 1 the Jatter a good response can be obtamed with liver therapy

and the cond pp 23 ly m the puerf
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In our expericnce, all these forms have occurred, but a small
proportion of them, wcluding some of those which present a picture
of 1ron deficrency do not clear up after delivery and despite numerous
types of therapy have contmued to show a moderate degree of
anemia with persistence of the changes 1 the bone-marrow
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macroblasts or even pro-erythroblasts There 1s also some leuco-
potests 1 the hver, but this 1s not mtimately mixed with the
immature red cells

The sternal bone-marrow may appear normal during the greater
part of the disease, only becoming tvolved n the termunal stage
It 1s important to remember ths, for st shows very clearly that it 1s
never safe to assume that, because the marrow 1s pormal, we are
not dealing with a disease of the hzmopoietic tissues It has long
been known that the blood may still appear healthy at a time when
the formative organs are already abnormal, but 1t 1s less widely
recognised that the bone-marrow may appear healthy at a trme when
the blood already shows signs of disorder

What Lttle evidence 1s available seems to suggest that erythro-
leukmia 13 a spectal mode of reaction to some unknown noxious

LR

Neutrophules
Myelocytes 10-18 per cent
Metamyelocytes 57 n »
Polymorphs 35742 » =
Eosinophtles 2-4 » n
Lymphocytes . =2 5 5
Monocytes 81z 4 w
Premyelocytes =X y» n
Hzxmocytoblasts I3 » »
Normoblasts 12-18 4w
Megaloblasts I-3 v »
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CHAPTER Vi
INFECTIVE DISEASES

Leucocyte counts have heen of considerable value i medicine
and surgery as well a5 i more putely acaderuc studies of tmmunty
The blood changes in infective diseases are relatwvely well known,
but the marrow findings have not yet been wmsestigated m much
detail

The types of ehanges that may occur can be clasnfied a5 follows ~—

{1} Normal marrow with no alteration m the percentage com
position

42} Hyperplastic marrow with predorunance of mature and almost
matute peutrophiles

{3) Hyperphste marrow with mary wnemature neutrophiles,
wamly rayelocytes

{4} Extremely ¢amature marsow m which premyelocytes are
TUMETOLS OF EVEN Prominent

{5) Myeloblastic marrow

An alternansse classification suggested by Barta was ~—

{1} Moderate reaction with plenuful cells

{2} Intense reaction with smmature cells ncluding many mye-
locytes

{3} Extreme reaction with many premyelocytes or even mye
loblasts, and

{4} Fatlure of reaction with decrease of granuler leticocytes

Mo ngd chssification 15 podaible because there 1 2 contsnuous
senses of gradations bewween the dfferens types of marmw Al
that can profitably be done 15 1o call attention to the outstanding
characters of the myelogram

As m the blood 30 i the marrew, the picture 13 ot pathogno-
mome of a particvlar infection  The myelogram, hike the hemogram,
gives an indication of the wiensity of reaction but not of the vnder
Iying cause  In a few mfections it 13 alleged that there are pathogno-
monic changes , for example in both lobar and bronchopneumonsa
there 13 2 greater degree of vasiation m the size of the granulocytes
than m health, but this anisocytosis 8 not wisible i the blood end

3
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Normoblasts 25-25 per cent
Megaloblasts -3 5
Megakaryocytes scanty, but always present

Recently several authors have doubted whether there 1s, 1n fact,
any true monocytic reaction m the bone-marrow There 1s no
doubt that marrow smears 1n this disease often shows a marked
ncrease in monocytord cells, but 1t 15 possible that this may be the
result of admuxture with crrculating blood and not a specific response
of the marrow cells  Perusal of the Iiterature of bone-marrow biopsy
m glandular fever mdicates that about half of the reports show an
increase 1 monocytic cells and half do mot  Limarzi, Paul and
Poucher give a good review of this subject and analyse tnenty five
cases of thewr own Therr conclusion 1s that the marrow does
show a myelosd hyperplasta and immatunty but 1s not mvolved 1n
the production of the monocytord cells The average of the findings
1n the twenty-five cases 15 given as follows —

Myeloblasts 033 percent Range o - 225
Premyelocytes 082, ., »w ©0-30
Myelocytes 200 4, 4 » 45480
Metamyelocytes 480 . o » 240 683
Polymorphs 555 » o » 15-195
Eosinophiles o8 ., » 0 =225
Basophils 006 5 » w o —I3
Proerythroblasts I70 5 w » 075~ 75
Basophil Normoblasts 208 5, » » 05 42§
Polychrome 218, »1g0 —240
Eosmophi! 5, 05 » » » 0 —175
Monocytord .+ 25 » 0w » 10-60
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CHAPTER VII
HYPOPLASIA AND APLASIA OF THE BONE-MARROW

ApLasiA of the bone-marrow may anse from a vartety of causes,
ranging from exhaustion, to possonmg or to lack of specific nutritronal
factors A heterogenous group of diseases 1s mvolved mncludmg
anzmia, agranulocytosts, and purpura, or a combination of all three,
accordmg to which part of the hemopoetic tissue 1s mnvolved
Sternal puncture has been of great use 1n elucidating the pathology
of these conditions and has shown that the peripheral blood may
give a very of the d i the hemo-
posetic bone marrow  This tissue may be truly aplastic wath failure
of division of the primitive cells (pnmary aplasia), or there may be
normal dwiston of the precursor cells resulting m a very cellular
marrow, which, owing to lack of some maturation factor, 1s unable
to furmush finished elements to the blood streamn {maturation type)

Whitby and Bntton have made a useful classification of these
dtscases based on the marrow ﬁndmgs 1n the sepamc or combmed

of the erythrobl. and ¢

tissues —

1 Aplasia of the erythroblastic tissue

(a) Pmary—putre red cell anmuz  The authors have found only
ﬁvc cases m the htcrature

O ct: anzmias may become
aplastic 1f the maturation factor 1s never supphed

2 Aplasia of the leucoblastic tissue

{0) Prmary—agranulocytic angma

(3) Maturation defect—agranulocytic angma with marked myelord
reaction in the marrow  These cases respond more readily
to péntnucleotide therapy, which possibly supplies some
maturation factor

3 Aplasia of the thromboblastic tissue

(a) Primary—essential thrombocytopenic purpura  An acute
form in which there 1s o r1se of platelets after splenectomy

(5 M defe tromt o Sol.
1 probably beneficial in this type by removing a factor which
nhibits platelet maturation

LY
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the predommnant cells 1n most cases of this type of aplastic anzemia,
and there 15 also a considerable excess of monocytoid elements, many
of which are obviously phagocytic  But 1t 15 always difficult, and
sometimes impossible, to classify ly lympt 3 y
and pathol lly altered locyt Davidson calls these un

yelocy
classifiable elements “ Q" cells If myeloblasts are present they
are always abnormal, commonly they have indented nucles, which
may even be lobulated (Reder type)

In one case of rdwpathic aplastic anzmua recently
marrow showed some hypopl of all the leated
{which were otherwise normal) and gross degenerative changes
1 the erythrocytes which assumed bizarre forms 1n the films and
even appeared fragmented In the peripheral blood, however,
the erythrocytes appeared normal except for a shight macrocytosts
(Fig IID)

In aplastic anema with a hypercellular marrow the clmcal
prcture 15 mdistmguishable from that vath a hypoplastic marrow
We have during the last tho years had under observatton 2 gul
of sixteen years whose penipheral blood shows a progressive normo-
cytic anemia with no change m the white cells The whole vanety
of hzmatmic drugs has no effect on her condrtion and every three or
four months she 1s transfused with 2 or 3 pints of blood This
raises her hzmoglobin to between 6o and 8o per cent Haldane,
which level she will mamtam and sometimes umprove shghtly for
about 2 mbnth It then gradually falls to between 30 and 40 per
cent , at which level the transfusion 1s repeated Sternal puncture
has always shown a hypercellular marrow with a normal differential
count except of a slight persistent mncrease 1n the megaloblastic
red cell series A charactenstic count from this case 1s as

seen, the
0

follows *—
Haemocytobla’sts o § per cent.
Myeloblasts 10 4 o
Premyelocytes 10 5
Myelocytes 1O, »
Metamyelocytes 220 ,
Neutrophils 120 5 »
Eosmnophils 20 5
Basophils 05 » »
Pro-erythroblasts o5 »
C5 » »

Basopht] megaloblasts



FIG 1

ArLastic AvEMn
A Fraxmentation of red rells in marrow
B “otmal cells a perphetal blood
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Polychromatic megaloblasts 1§ per cent
Eosmophils megaloblasts 15 4w »
Basophi! normoblasts 55w »
Polychromatic slormoblasts 6o ,
Eosinophul normoblasts 135 4w
Lymphocytes 150 »
Plasma cells 10 5 »
Unidentified cells 3% 4 o

Any of the agents that can cause aplastic anemia, e g , benzol
arsenobenzene, thonum, the more modern sulpha compounds,
X-rays, etc , may 1n smaller concentrations (or after less pralonged
exposure) cause 2 less severe hypoplastic an®mua It 1s unfortunate
that, although such stages are, at first at Teast, fess grave, they tend
to deteriorate, and recovery 1s very uncommon  All these substances
tend to attack the leucoblastic tissues fiest and the erythroblastic
tissues latet  Xarays behave 1n the same way  With sulphapyndme
the effect on the Jeucoblastic tissue may be so severe that death
ensues before any anemia makes itself appatent, and these cases are
often classed as 1! Benzol ly attacks the
leucoblastic tissue ﬁrst, but cases have been recorded n which the
platelets were first affected  Lven when there 1s a marked leucopena,
due to benzol, there may be some excess of eosimophiles both in the
blood and n the marrow  These changes also occur with drugs
containng the benzol ning, e g , arsphenamine  Six cases of blood
dyserasta with charactenistic matrow changes after the exhibition of
arsphenatne have been reported by Ferguson

It1s important to realise that thc myelogram can give us very early

n cases of g of the bone marrow with
these compaunds  The number of peoplc working with benzol has
increased enormbusly during the years of the war, and we have had
the opportunity of examimng large numbers of these In some
workers, showing the typical chmeal syndrome of benzel possomung,
the hzmatological findings have proved negative  Sternal puncture,
however, may show definite alteration m the hemopoietic tissuc
‘The myelogram quoted below was found i a female benzol worher,
aged thirty-three, who had complained of dizzmess, lassitude and
menorthagiz for some four weehs  Her blood count showed a
moderate microcytic hypochromic anema (Hb 68 per cent ,RBC
400,000, C1l o85) The \\}me blmd count was §,500 per cubic

and the dff s phs 61 per cent , lympho-
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Cytes 32 per cent, monocytes 4 per cent , eosmophiles
The myelogram was as follows — P 3 percent

Neutrophiles

Myelocytes 1.

Metamyelocytes x: pereent

Polymorphs 23 :: :,,
Eosinophiles

Myelocytes 15, ,

Polymorphs 10,
Lymphocytes 265 ,
Monocytes 45 »
Myeloblasts 25, .
Normoblasts 17 .
Megakaryocytes very scanty

Retrculocytes 1 5 per cent of the non nucleated elements

Here we see at once some depression m the myeloid tissue
Normoblasts are present mn normal numbers, but not 1n such large
quantities as one would expect if the anemia were due to tron
deficiency  The low reticulocyte count 1s striking  The number of
Iymphocytes 1s rassed, and this pomt brings one tp an mteresting
speculation  We know that it 15 not possible at the moment to
determme the activity of the bone marrow by doing cell counts on
the sternal marrow fluid, but we may assume that if there 1s no

Iymph or lymphop m the perspheral blood,
an increase 1 the percentage of lymphocytes m the bone marrow
15 only a relative increase, and that there 15 no alteration 1n their
absolute number Then, an mcrease 1 the percentage of lympho-
cytes can be used as an mdex of the decrease in the amount of the
other elerpents of the marrow In the case quoted above, the
absolute number of lymphocytes i the peripheral blood 1s withm
normal limuts (r,820), m the marrow, however, the lymphocytes
are increased one and a half to two times It would therefore scem
reasonable to assume that the myeloid and erythroblastic elements
are reduced to the same extent, as there ts no valid reason to account
for an absolute increase of lymphocytes in the bone marrow Whether
thrs mference 15 admirssible or not, the other observation that thus
marrow showed a general depression compatible with benzol
* poisonmg, before any typical changes n the peripheral blood were
nated, 1s of diagnostic value

When anzmia due to benzol posoning 1s fully established well-
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marked changes are always present in the bone marrow  Mallory,
Gall and Brickley have investigated a sertes of cases and found that
between 30 and 40 per cent showed severe hypoplasta of the sternal
marrow (no cases of complete aplasia were seen), about 4o per cent
showed normal cellularity and about 20 per cent showed a hyper-
lastic d In the hypop! type the myel was
substantually the same as that already quoted (p 68), and one case
showed a high proportion of plasma cells, some with multiple nucler
In the normocellular group there was an mncrease n the proportion
of granulocytes and megaharyorytes with what the authors call
numerous * clumps of blasts ¥ In the hyperpl type
proliferative activity was sometimes extreme with not nfrequent
multipolar mutoses , the hzmocytoblasts and megakaryocytes were
also increased m number, the latter showing abnormal forms Erf
and Rhoads have reported similar findings and refer to the increased
number of * pumutive ” cells from 4 to 34 per cent It must be
remembered that leukzemia may develop after benzol poisoning and
the marrow then shows the changes ordinarily seen in leukeermia
Mallory et al and Erf and Rhoads quote typical cases i thewr
apers
F One further case may be quoted where changes m the sternal
marrow were detected before they appeared in the blood A male,
Af o te mooLf T oo

polymorphonuclears were seen in the film  Sternal puncture was
A d L L oot e 4

blasts numbered only 12 per cent ‘The Iymphocytes were 25 per
cent  The polymorphs were very degenerate, and there were only
10 per cent of myelocytes Here we had a primary aplasta of both
the leucoblastic and erythroblastic tissue, the latter not yet bemg
apparent in the blood Two days later the hemoglobin and the red
cell counts began to fall and the patient died 1n spite of repeated
teansfusions with fresh blood

One more pomt remamns to be mentioned n connection with this
group of marrow poisons It would seem that only susceptible
persons are affected  Most cases of fatal poisoning with benzot have
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large numbers (perhaps normal numbers) of the fess mature forms
of locytes, but p Ily no polymorph 1 and the
penpheral blood shows the typreal preture of extreme leucopensa,
with relatne Iymphocytosis  Of the granulocyte Pprecursors,
Jaffe has found that the myelobl show no morphologtcal
abnormality, but the myelocytes show degenerative changes 1n the
nucleus which eventually lead to the death of the cell (Plate 124)
"The nuclear changes are preceded by some sphitting and degeneration
of the cytopl: les Jaffe emph these changes as the
specific pathological features of the malady, and 1t would seem that
they depend upon the absence of some speaific factor that 1s normally
required for the proper differentiation of the myelocytes 1if this
ri —e ME ~al 3 ¢hapreepoe o yopid ha onad  Tha aya Tahle

¢ 1 [ LI L g 1

1 ! L \ ! PR
substances as sodrum pentose nucleotide 15 often followed by cure
But m the aplastic form, there 1s httle evidence that treatment on
these lmes 1s of any value at all The myelogram m the “ matura-

tion ’ type of locy 15 of the foll g type —

Neutrophiles

Myelocytes 30-35 per cent

Polymorphs =5 5 .
Eosinophiles

Myelocytes - -z "
Premyelocytes -2, e
Hzmocytoblasts (ncluding myeloblasts) 1-2 ,
Lymphocytes 2035 5w
Normoblasts 1520 ,
Megakaryocytes seanty

The myelocytes show degenerattve changes 1 the nucleus

and specific cytoplasmic granules
Whether the aplastic type of agranulocytosts 1s an advanced stage
of the " maturation * type 15 still unknown , but 1t 35 obvious that,
1n sprte of thus large gap 1n our kx_lowledge, sternal puncture 1s of the
utmost prognostic value By it we can determune whether there 1s
any hope that treatment will do good, or whether, with the means
available, death 1s mevitable
Essential Thrombocytopena  In this malsdy, as with
agranulocytosis, there would seem to be a primary aplastc form as
. well as a © maturation * type resulting from farlure of the mega-
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aryocytes to develop properly Clinreally the aplastic form 1s
zcute tllness and splenectomy 1s attended by a 70-80 per o
mortality In the chronic recurring type or phase of the malady
marrow often shows a maturation defect, and 1n these cases spler
tomy lly always all the cond: This has led to
supposition that the spleen n these cases produces an nhibif
factor which acts on the bone-marrow

In the primary aplastic form of the disease, the sigmficant cha
18 the complete absence of megakaryocytes and the paucity of pl
lets  Careful search of even the ends of the films fails to reveal
fragments of megakaryocytes and such platelets as there are may
deformed  If any anmmia has resulted from extensive purp
bleeding the myelogram will show a normoblastic hyperplasia,
this 1s to be regarded as 2 reaction to the loss of blood and not
part of the malady itself

In the “ maturation ” type, megakaryocytes are present 1n nor
numbers and show some alteration in structure  Platelets
deficient, however 11 number and quality , giant forms are m
more common than i normal marrow (Plate 128) The mi
karyocytes, although as large as fully differentiated forms pre:
much less nuclear lobulation and contortion ‘The cytoplasn
often vacuolated and may be completely free from granules ,
whether this 1s a sign of degeneration, as some wnters have ¢
tended, 13 quite unknown  The one pomt that suggests the m
karyocytes are, indeed, the seat of degenerative changes, 1s that
number of platelets, both in the marrow and 1n the blood, 1s gre
reduced , and 1t is reasonable to suppose that this may be due to
of functional actvity of the parent forms

Dameshek and Miller have counted the number of megaharyoc
m bone-marrow biopsies n idiopathic thrombocytopenic purp
normals, and in cases of thromb purpura
various types of splenomegaly Thcxr ﬁgures are as follows -

1 Normals—not more than 3oo megakaryocytes per mil
nucleated red cells 69 per cent showmng platelet pmdum
2 Chronic rdiopath pentc purpu
ber of megakaryocytes with decreased platelet pmducuo
3 Splenomegaly of non leubemic origm (cirrhosts, Gauct
disease, etc ) shghtly increased megaharyocytes with nos
platelet production
4 Aplastic anmmua, lymphosarcoma, acpte leuhmmia-—g
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reduction of megakaryocytes 2 normal percentage of which
show platelet production

Although a hypoplastic or aplastic condstion of the bone marrow
1s nat involved, other forms of purpura may swell be mentionied bere
Sternal puncture 15 vatuable becanse there are so many conditions
that can give mse to purpura, and their accurate differentiation
13 of great therapeutic moportance 'Thus we may find 2 myelo
blastic overgrowth of the marrow which demonstrates that we
are dealing with a leukemia, or, we may discover a marrow
that 15 entirely devord of erythrobl: and granulocy ments,
and we reafise that the malady 15 some form of aplastic anzmia

In the purpuras assoctated with mnfection or with the action of
porsons, there may be a transient increase 1n the number of mega
karyocytes, but quite soon these elements become scanty
Moeschim, however, could find no changes 1n the bone matrow of
people who developed thrombacytopensa after the admimstration of
sedormud  The myelogram 1s of the followmng type —

Neutrophiles

Myelocytes 10-15 per cent

Metamyelocytes 46, ,

Polymorphs 18-235
Eosmophile polymorphs 244 »
Premyelocytes =4,
Lymphocytes =2 4 »
Monocytes =3,
Plasma cells -3, »
Pro erythroblasts 35 »
Normoblasts 3045 »
Megaloblasts 2=4 4
Megakaryocytes =4

There seem to be several conditions m which the condition of the
vod suggests that there 15 hypoplasta of one or att the
components of the myeloid tissue, but 1n \vluchl marLro:v punctu;x-:
reveals mtense hyperpl Thus, n the
spleen can produce the picture of thrombocytopenic purpura,
although there 1s increased formation of platelets 1 the roatrow

And Doan and Wrght have described a condition of :plmtg
panhematopema i which every type of marrow cell 1s mmhfs

1n number, although the blood picture suggests the oppostte of 1

peripheral bl

s
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"They adduce evidence that, 1n thus condition, there 15 indiscriminate
destruction of every kind of formed hamic element as 1t passes
through the spleen.

Cases which are chnicelly indistimgwishable from essential
thrombocytopenta may occur as * allergic ’ mansfestations, par-
ticularly after streptococcal infections  Schwartz has suggested
that examnation of marrow smears may differentiate this condition
from the 1diopathuc type because in the former there 1s an increased
number of eosinophils This eosnoplulia of the marrow i the
infective type 1s not necessanly reflected m the peripheral blood
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CHAPTER VIII
SOME PROTOZOAL DISEASES

It would seem that with these diseases there 1s an extensive and
promusing field of work 1 connection with sternal puncture, as
many of the parasites make thetr home mn the reticulo-endothelial
system, and so one would expect to find them frequently 1 the
bone marrow  Also the literature on the subject 1s scanty  The
enlargement and softentng of the spleen, which so often accompany
these diseases, may make spleen puncture an operation of some
consequence because of the possbility of persistent bleedmg
Laver puncture, though safe, does not usually give very satisfactory
matertal for examimation  Sternal puncture, however, 1s tapid,
safe, and provides matenal which not only may contain the parasites
1 large numbers, but at the same time provides an opportumity of
explammg the more or less charactenstic blood changes

Kala Azar (Plate 13a)  Let 1t not be supposed that this discase
15 confined to the tropics, many cases from the margns of the
Mediterranean basin and from the Sudan have been recorded,
and one 1s tempted to presume that even more have been overloohed

The myelogram has remarkable characters, inasmuch as there 15
lymph , mncrease of ytes, mtense ret dothelial
hyperplasia, patchy deposition of platelets and, of course, the patho-
genic agent, the Leisshmanua itself  The last 1s found lymng inside
monocytes, but some lie free and rather closely resemble platelets,

with which they may easily be confused ~Close examunation shows
- M £ o mnca anenl fated etretiire than have

18 p‘robably an artefact due to rupture of the cells during spreading
of the film In the films we have seen, where a group of Leishmania
1s encountered, they are always entangled m a famtly basophthc
web, probably representmg the remams of the monocyte cytoplasm

quite often a degenerate nucleus 1s found m close proximity
Extracellular forms must occur m the passage from cell to cell,
but these are rare and probably occur singly  In hustologteal pre-
parations, where the cells remam intact, the parasites are almost
mvariably mtracellular In films also they may sometimes be seen
superimposed on a red cell, and they have been thought to lre within
them, as with the malanal parasite  This 1s an artefact ‘The
orgamsms may be found n peripheral blood films but always within
or the polymorph !

7%

esther the monocy
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In man the parasste 15 m a non-flagellate stage It 15 creular,
aval, or apa-shaped m outhne and 1 2 to 4 mucrons long
and 1 to 3 microns wide The cytoplasm, famly basophubic, 1=
contasned 1 a fenuous membrane and contans two charactenstie
structures, which are essential to s secognson  The one, the
nuclens, 13 larger than the other, and 1s usvally spherical  Its
duameter 15 about one-third to one-half of the shortest drameter of
the orgamsm It usually lies agawmst the membrane and s flattened
on this stde  The flattenung may be extreme so that the nueleus
appears as a thick line, and this appearance may be accenuated by
the presence of vacuoles withmm the cytoplasm  With Jenner-
Gremsa stam the nucleys appears as a brght red granwlar mass,
The second, the blepharoblast, 13 a short rod-shaped structure
with vne end pomung to the nuclens It say appear as & dot f its
long aws 13 perpendicular to the shde  The blepharoblast stans
purple with Jenner Gremsa {Plate 134)

Qute apart from the presence of Leishmana, the myelogram 1s
chamctenstie, and may remain so for many months after switable
treatment has cansed the disappearance of these organisms

Neutrophiles

Myelacytes 18-24 per cent

Metamyelocy tes [ S,

Polymorphs 81,
Eosmophules o1y
Lymphocytes

Small 22,

Large R N
Monocytes s, ,
Plasma celts 3 %
Hxmohistiobhsts ol S
Hemocytoblasts oy,
Nomoblasts 385w o
Megatoblasts -3 . .

In Leshmana topica infections {orsental sore) the lesions are
usuafly confised to the skm, sometunes appearng tn the mouth
also  Enlargement of the glands may occur of lymphadenis 1s
present and the ergamsm hag been found n them  Very rarely
it hias been demanstrated in the pesspheral blood, but further investi-
gation may show at 1o ecour more frequently sn the bone-marrow

Mataria (Plate 538)  In bentgn teraan and quactan infections the
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asexual ife-cycle of the parasite takes place m the perspheral blood
In malignant tertian fever, the cycle takes place 1n the tissues It
would appear, from sternal puncture films of a case of cerebral
malignant tertian malarra, that this schizogony occurs, m part at Jeast,
m the bone-marrow Al the changes from the signet-ring stage to
the rosette stage could be traced, while peripheral blood films showed
only a few signet-nng and gemetocyte forms The number of
imnfected corpuscles 1 the mamrow exceeded by far those m the
bloodstream  Plate 138 was prepared from this film

Recently several papers have come from the Middle East showmg
that sternal puncture may be of great value mn the dragnosss of
malania  Aitken exammed g5 cases m which seraal thick drop
preparations made from the peripheral blood at six-hourly intervals
had proved negative In 39 of these cases the parasites were found
i the sternal marrow In a further sertes of 1o cases which did
show the parasites mn the perrpheral blood, parasite-contamnmng
red cells were from 2 to § times more numerous i the marrow
flud  Rumball and fis co workers pomt out that most cases of
pyrexial malarid can be diagnosed from the penipheral blood, but
that sternal puncture forms a valuable supplementary dagnostic
method 1 those cdses where sporulation 1s scanty and parasites
cannot be found i the peripheral blood

In response to the haemolysis of red corpusclef‘by t

parasite, the marrow resp 18 and mono-
cyt! hanges that do not disappear for many months after recovery
Monocytosss, which s considerable m chronic cases, ts less marked 1n
acuteones The folk 1s of a farrly ch type

he malarial

Neutrophiles

Myelocytes §— 7 ber cent

Metamyelocytes =2 5w

Polymorphs - 912 5w
Eosinophiles =2 5
Monocytes 10-14 5
Premyelocytes =2 4
Hzmocytoblasts oIy
Normoblasts 4030 »
Macronormoblasts 12-8 4, »
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CHAPTER IX
THE TECHNIQUE OF STERNAL PUNCTURE

Anatomy, The cartilage of the second rib jomns the side of the
sternum at the gunction of the manubnum and the body This
Junction can be felt, and often seen, as a transverse ridge on the front
of the chest, as the two bones are shightly thickened at their pomt
of unton The ridge can wsually be felt, ;n the adult male, about
2 inches below the jugular notch  In the female, the manubrium 13
longer and the ndge consequently lawer  Until late adult Iife the
© o han _a ' P -

surface of the manubrum which adjoms the body of the
sternum

‘The centre of ossification 1n the manubrium appears dunng the
fifth month of feetal life, and at three years of age the bone contains
a moderate amount of red marrow  Despite thrs, sternal puncture
18 an unsatisfactory procedure if performed much before the age of
seven to eight years The needle enters the manubnum very eastly
but 1t 15 difficult to obtan any marrow at all Kato, however,
prefers to puncture the body of the stemum, which, he states, con-
tans cellular marrow even 1n infants of one or two years of age
Tren so, 1t 15 better, mn the rare cases in which marrow examumaton
1n an nfant 15 necessary, to obtamn the spectmen by trephinng the
tibra

Technique of Sternal Puncture This 1s a comparatively
sumple procedure, but in order to cause as little pam as possible, 2
few details must be adhered to

The type of needle to be used 1s of some ymportance, because 1t
needs to be thick and strong, so as nerther to bend nor break m
prercing the bone  Something in the nature of a very short French
lumbar puncture needle, with an obturator stlette, 1s best, and a
mosable guard on the necdle steelf 15 useful to avord the danger,

ae a1 .

stiction 1t 18 well to use a large syringe, e g , about 20 or 25 c ¢
It 15 probably not of much importance where the bone 1s punc-
n
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tured, BuC as Aas been said, the thinpest spot lies on the under

(caudal) surface of the manubnum—that 1s
of the jomt that forms the angle of Lus

i the upper surface
And this 1s the eagrest and

least pamful site for the purpose

3

AN
STERNAL Puncrure NEeore
(Wirrs Tyez)
The needle resembles a short
thick lumbar puncture needje
with obturating sulette and
movable guard  The guard 1s
50 adsusted that there 15 no
posubility of piercing the
sterior wall of the sternum
{? however 1t 15 found that
the guard has been placed 50
nesr to the pomt that the
antersor wall 13 not pierced av
can he moved after the needle

15 1n the tissues

manubrum  Then, when

Now the pracedure 15 as follays
the patient 1s placed on his back, with
a pillow under the shoulders, so as to
throw the head backwards Then
novocaine s injected mnto the stte of
election, taking care that the deoper
tissues, including the sternal peno
steum, are mfiltrated

The needle 1s plunged 1n just below
the angle of Luts, and when the pomt
15 felt to reach s 1t 1s pushed a lde
further until 1t penetrates the small
prece of cartilage 1n the jont  When
1t seems to be n about the middle of
thes the butt of the needle 1s Jowered
until 1t 15 almost touching the chest,
and then 1t 15 pushed straight upwards
uatil the bone 15 prerced  The

1 phished
more eastly if a rotatory motion 1s
mmparted to the needle as m usig a
bradawl  The sensation obtained
when the outer layer of compact bone
15 penetrated 18 rather Iike that of a
lumbar puncture when the pemt of
the needle enters the theca Now the
sulette 13 withdrawn and the needle
pushed onwards, thus collecting marrow
tissue m the Jumen

Another method 1 common vst 13
as follows The guard of the needle
1 set yust above the pomt of the
needle, which 15 pushed vertcally
aganst the anteror plate of the
the resistance of the bone 13 felt, the

guard on the needle is set about § mm above the sk surface, the

needle 15 then pushed onwards

1€ no marrow 1s obtamed the
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guard may be raised another 2 mm and the needle agam pushed
onwards, but the needle must never be pushed so far as to touch
the posterior lamella of the sternum  As the thickness of the
cancellous bone 13 between o 5 and 15 em (Aefl), there 12 no
danger of penetrating the sternum by this method

A good deal of information can be obtained, after some expenence,
by the different sensations obtained as the needle moves onwards
Thus the hard push needed in osteosclerosis 1s very different from
that required by the soft marrow of a leukzmia

The syringe, either thoroughly dry or rnsed out with normal
saline, 13 now attached to the needle and the plunger pulled out
However well the tissues have been anmsthetised, there 1s now
always an unpleasant sensation, which some patients allege amounts
to pam, but 1t 1s quite transient  Thick blood like materral should
enter the barrel of the syringe, but some marrows are too dense
for this to occur  even then a sausage of myeloid tissue will usually
be found, aften mixed with spicules ar cancellous bone, lywng
in the lumen of the needle Suction 1s now stopped, and
after removing the needle the puncture wound 13 sealed with
collodion

Te 1a hoct en apnal tha hala of sha aconms £alasoemns s

1t 1s impossible to find any fragments, and then films must be made
from the thick fluld  This 1s often difficult, as all but the most
hyperplastic marrons contan globules of fat, which render the
preparation of really good films difficult, and, of course, the sprcules
of cancellous bone make 1t even more so  For this reason a large
number of films should be prepared, and among them good ones
will be found The films should be made as quickly as possible
because marrow clots as rapidly 2s blood, but no attempt should
be made to male the films as thin as those of blood , if this 1s tried,
far too many cells will be ruptured in the attempt  It1s often possible
to make thinner films by muung some of the marrow Juice with a
little scrum  As the cells in thin films are further apart, this proce-
dure smplifies the perfc of the diff ! count

Turlel and Bethell have introduced a small trephine with which
marrow can be obtaned from the sternum with no more trouble
than by the usual aspiration method, As maternal for hustologrcal

evamination can be obtaned by this means, 1t 13 specially uscful
a
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m cases of myelosclerosts I In most oth
18 probably the method of g’xmcg) e Cases, aspiration

A warning must be gnen here about the use of post mortem
specimens of marrow fluid  Normally, gross degenerative changes
have taken place i the cells three hours after death and the nucler
of all the cells stam a homogenous purplish blue colour with no
visible chromatm pattern , the cytopl. has after d d
completely so that bare nucler, some surrounded by pranules can
be seen

The sternum 1s not the only bone from which marrow can be
obtamed by puncture Loge has called attention to the ease with
which marrow can be obtatned from the spmous Processes of the
third and fourth lumbar vertebre The technique 15 much the
same as that of sternal puncture, but the guard 15 set at 1 sem
then, 1f no marrow 15 obtained by suction at this depth, 1t 1s safe
to push on to a2 maumum of 2 5 cm

Loge found that the myelograms from sternal and spious marrow
are practically identical, and the same 1s true of marrow obtamed
by puncture of the ithac crest Clearly, this knéwledge 1s of great
value when serial punctures have to be, performed on the sime
patient

Ordinary films can be staned by whatever method 15 desired, but
as a rule 1t 1s, of course, senstble to use the same method as 1s used
for bloed , 1 this way 18 Jerably facthtated  On
the whole, Jenner s solution 15 not satisfactory, because the nuclear
detail 15 poorly displayed, and because amy azurophihc granules
reman unstaned Leishman’s solution or the excellent Jenner-
Giemsa method 1s very sutable In combined stamung May-
Grunwald may be used mnstead of Jenner, and Panchrom stamn or
Kardos muxture 1n place of Giemsa Different effects can be
obtamed by using different combmations, for mstance, May
Grunwald and Kardos mixture gives extremely brilant granule
stamnng

Vital Staining  (a) Reticulocytes A clean slide 15 flooded with
an alcoholic solution of cresyl blue  This film 1s allowed to dry,
and any tendency to roughness on the surface of the dye film s
smoothed by gently polishing with a prece of soft paper  One small
drop of marrow flud s put on the slde and gently stirred with a
glass rod, taking care not to spread the marrow over too large an
area so that drymg tabes place  As the marrow flud muxed with
cresyl blue does not clot for some time, it 15 allowed to stand for
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two or three minutes so that stanng of the seticufum 18
obtained  Films are then made from thus drop and allowed to dry
mar ‘They ton be evaruned durectly for reticulovytes or counter
staned for making p P C how
ever, tends te hide the reticulation 1 cells which have only 2 hitle
of the vitally stamable basophihic substance

{3} Fresh prey The most fy used dyes for this
purpase are ncutrat red chlonde and Janus green  The preparztions
ave made i the usual way  Equally good results, however, can be
obtamed by dark ground of fresh prep as
described below

Darh Ground Hlumination (Fig 1V} A good account of this
technique mas gnen by Whitby and Hynes Thorougbly clean
and degreased shides and covershps must be used A smal! drop of
marrow fluid 13 placed on a shide and covered with 2 cover shp, the
prepasation 18 smmediately sealed with wax and kept warm 1n the
wncubator  The slides should be corered so that hght 13 excluded
If goad results 2re to be obtaned, the marrow filma must be as thin
s pasuible , the smaller the drop of marraw, the thoner the final
preparation and, 33 3 rule the drop should be of such a swe that
when the cover slip has settled, the film does not quute reach sts edges
1n thos way one attans the maximum capillary attracion between
the slide and the cover whereas of there 13 enough martow flud to
reach the zdpes of the coversltp, this tends to float up and make a
thick preparation

Afeer half an hour i the t the prep 15 3
with dark ground diummation and, if possible some form of waem
stage  Under propes conditions the movements of the motile cells
ate castly seen, a8 are also the mutochondria and other elements seen
tn any vitally stuned prepatations  Dark ground dlummation has
further advantages 1n that the cell and nuclesr membranes are easily
vissble and that nuclear structure 15 also quite clear  The motility
of cells ts rapidly slowed down by hght, so the preparstian should
only be ltuminated for & few minutes at a tine, and then allowed 10
recoser in the dark  For observang cell structure the films fast quite
well for four 10 six haurs without any protecrion or warmmg

The characters of the cells are 23 follons {see Frg IV)

{1) GrANULOCYTE Series  {(A) Alyeloblast A rounded celt § 10
so microns in dameter  Thin defined cytoplasmic sim , nuclear
membrane equally well defined and somewhat thicker  Nucleus
rounded and appears filled with a fine dust, nucleohi appear as

ar
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circular outlines where the dust Iike particles are thicker Cytoplasm
contamns mitochondria which appear as famt dots  Cell non motule
(B) Premyelocyte Ten to 20 microns in diameter and rounded ,

ytop. rim, nuclear b and nucleus as i the myeloblast
The mutochrondria are now grouped round the nucleus and appear
as thin, wavy rods, showmng B Cell

non motile

(C and D) Myelocyte Ten to 20 mucrons 1n dumeter The
specific granules appear mn the cytoplasm of the premyelacyte m
increasing numbers first among the mitochondria Eventually they
fill the whole of the cytoplasmic space and may partly obliterate
the nucleus which has now no nucleolar structures The speaific
granules of each of the phul phile, and basophtl
m}'lelocytes are descibed under the mature polymorphonuclear
ce '
(E) Neutrophile Polymorphonuclear  An actve motile cell, 12 to
20 mucrons 1n diameter when at rest The nucleus, now lobed has
- . The cytoplasm 1s filled with
+, the leadmg end of each
R of granules

(F) Eosmophie Polymorphonuclear  Less actrvely motile than the
neutrophile cell and of about the same size The granules are
readily distinguished as they are larger, appear as rings of light, and
may be oval

(G) Basophile Polymorphonuclear A smaller cell 7 to 10 microns
in diameter The granules are of the same type as the eosmophile
granules, but are much fewer m number and may appear even

larger

(gz) Lympuorp Seres  (J) Lymphoblast A rounded cell, 8 to

1o mucrons in diameter  The nucleus 1s mdstingushable from that

of the myeloblast ‘The two cells however, are easily separated by
hondt These n the lymphoblast

the app of the
are larger, less numerous, and definstely rad shaped  Cell non-~

motile 11
(k) Lymph Rounded, may y be motile and vary

m slz)e from 10 10 1 5 mmcrons  The nucleus 1s round or indented
and filled with fine dust like granules ‘The mutochondria are
grouped to one side of the nucleus and appear 2s fine round oval
dots Two three four or five large brght granules are present
“ Gall s mahogany granule ” shows as 2 refractide rmg of light

+ (3) THROMBOBLASTIC SERIES (H) Megakaryocyte A lasge cellup
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(@} Areloblast () Basophale (m) Promegaloblust
() Premyelicate, () Megakaryoeyte () AMegaloblast
() 0 Platelers (0) Mesalocyse
)y Myeocye (1) 1ymphoblast (p) Earls normabl
@) Neutrophile () 1smphonte (7} Late normot
(/) Loswophile i Monocyte (1) Normocvte
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to 46 mucrons 1 dameter, The nucleus usually appears 2s 2 group
of separate lobes, each of which has a defintte nuclear membrane,
and 19 filled with fine dustdske particles The cytoplasm has no
defintte rim and 18 filled wath smail moderately bright granyles

(1) Plateless ‘These appear most as small curcles of lght, 2 ta
5 microns m diameter The larger number appear to be empty,
but some contam five or six small bright granules, shich show

actve B: from aide to side
of the cell

{4} ImyrurosLastic Beries (M) Promegaloblast A non-motile
ceft about 10 microns m diameter  The cytoplasmuic nim s thick
and well defined  Ths cell shows marked pleomosphism  The
cytoplasm appears completely free of granules and other structures
although there may be a group of small rounded mitochondna
adherent to one side of the pucleus , when this accurs, the nuclear
membrane 1s absent ar the pomt of contact This membrane 13
atherwise well defined and thn  The nucleus 13 filled wath fine
dust-like particles which are more closely packed and appear much
brghter than those of the leucoblasue cells  Also the nuclear
particles show some small areas of condensation which appear as
brighter granules ‘The nucleoh, two or three 1n number, are outs
hoed by a ring of such condensation

(N) Megaloblast  Very vaciable 1 size and shape  There 1s 2
thick cytoplasmic ning and clear cytoplasm without mitochondria
The nucleus may appear lobed and shows areas of Jocahised con-
densation

(P} Eorly Normoblast 'The nuclear structure 13 the same as m
the megaloblast, and the nucleus 18 of much the same size  The
cytoplasmic ring 1s not wel} marked, and the cytaplasm 1¢ scanty
and may contain & few dust-hke mutochondria  The ce)l 18 easily

143

. 2

k) Normocyze “Flus appears as 2 baght nag of light with a

thick cytoplismic nm The megalocyte (O), though larger, has the
30Mme appearance

Cell Propagation. Mitosls. While mitotie figures are eastly

1 1t must be bered that the whole process 1 a

costinuous one, and that the early changes tn the nucleus, between

the mterphase and the prophase, are very casily oserloohed  These

changes may completely altes the apparent structure of the nucleus
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to 40 mucrons m diametes The nucleus usually appears s a group
of separate lobes each of which has a definite nuclear membrane
and 13 filled with fine dust Itke particles The cytoplasm has no
definte rim and 15 filled with small moderately bnght granples

(1} Platelets 'These appear most as small curcles of Iight 2 to
5 microng i diameter The larger number appear to be empty
but some contan five or srx small bright granules whuch show
actwe B ppacently k g from sude to side
of the cell

(4) Ervrrrosrasmic SiRiEs (M) Promegaloblast A non motile
cell about 10 mucrons m diameter The cytoplasmic rin 15 thick
and well defined This cell shows marked pleomorphism  The
cytoplasm appears completely free of granules and other structures
although there may be a group of small tounded mitochondra
adherent to one side of the nucleus when this occurs the nuclear
membrane 15 absent at the pomt of contact This membrane 15
otherwise well defined and thin  The nucleus 1s filled with fine
dust Iike particles which are more closely packed and appear much
brighter than those of fhe leucoblastic cells  Also the nuclear
particles show some small areas of condensation which appear as
brighter granules The nucleolt two or three 1n number are out
Jmed by a riny, of such condensation

(N} Megaloblast Very vanable 1 size and shape There 1s a
thick cytoplasmic ring and clear cytoplasm without mttochondria

The nucleus may appear lobed and shows areas of localised con
densation

(P) Early Normoblast 'The nuclear structure 13 the same as 1n
the megaloblast and the nucleus 1s of much the same size The
cytoplasmic fing 1s not well marked and the cytoplasm 1s scanty
and may contamn a few dust like mrtochondeia  The cell 15 easily
fecogrused by sts nuclear structure .

(Q) Late Normoblast Sesen to 8 microns 1 dameter with a
thick refractle im The ~ '

(R} Normacyte
thick cytoplastue 1
same appearance

Cell Propagation Mitosls  Wiile mutotic figures are easily

ble 1t must be bered that the whole process 1s a
continuous one and that the early changes 1n the nucleus between
the interphase and the prophase are very eastly overlooked These
changes may completely alter the apparent structure of the nucleus
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to 40 mucrons 1 diameter  The nucleus usually appears as a group
of separate lobes, each of which has a definite nuclear membrane,
and 18 filled with fine dust bike particles The cytoplasm has no
definite rum and 1s filled with small moderately bright granules

() Platelets  "These appear most as small circles of hght, 2 to
5 mucrons 1n dameter  The larger number appear to be empty,
but some contan five or six small bnght granules, which show
active By N from side to side
of the cell

(4) EryrimoBuastic Series (M) Promegaloblast A non-motile
cell about 10 microns 1n diameter  The cytoplasmic nim 1s thick
and well defined This cell shows marked pleomorphtsm  The
cytoplasm appears completely free of granules and other structures
although there may be 2 group of small rounded mitochondma
adherent to one side of the nucleus, when this occurs, the nuclear
membrane 18 sbsent at the pomt of contact This membrane 1s
otherwise well defined and thin  The nucleus 13 filled with fine
dust like particles which are more closely packed and appear much
brighter than those of she leucoblastic cells  Also the nuclear
particles show some small areas of condensation which appear as
bnghter granules The nucleols, two or three 1n number, are out-
lined by a ring of such condensation

(N) Megaloblast Very varable in size and shape There 15 2
thick cytoplasmic nng and clear cytoplasm without mutochondria
The nucleus may appear lobed and shows areas of localised con-
densation

(P) Early Normoblast The nuclear structure 13 the same as
the megaloblast, and the nucleus 1¢ of much the same size  The
cytoplasmic ring 13 not well marked, and the cytoplasm 15 scanty
and may contain a few dust hke mitochondria  The cell 1s eastly
recogmised by its nuclear structure

(Q) Late Normoblast Seven to 8 Tcrons diameter, vmh a

‘

Y3

thick refractile nm T a— M 1o - -
(R) Normocyte . -
thick qmphsm\c n ' - -
same ap,
Cell Pmpngnllon. Mitosls  While mtotic figures are easily
ble, 1t must be bered that the whole process 18 a2

continvous one, and that the carly changes 1 the nucleus, between
the interphase and the prophase, are very easily overlooked  These
changes may completely alter the apparent structure of the nucleus
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and cause some confusion as to the actual nature of the cell The
same remarks apply to the final transition from the telophase to the
mterphase, except that the presence of two daughter cells, lying n
apposition, should give a clue to the real condiion Falure to
appreciate these changes, especilly hustological material where
there 1s much cell shrinkage, has led to much of the confuston which
has existed over the morphological characters of blood cells and their
apparent relationships
The advent of sternal puncture has made 1t possible to study these
changes much more closely, and they are illustrated on Plate 134
The cells depucted here are promonocytes from a ease of monacytic
leukzemia  Care has been taken to choose typcal figures such as
will be seen m normal hamopotesis  One of the charactenstics of 2
leukzemia s, of course, the presence of atypical mitoses, tn- and
even tetrapofar figures can be seen
In the resting cell (A, Plate 14) the nucleus ss rounded and the
chromatin shows a fine, rather tregular reticulation  The cytoplasm
has a ground glass appearance In the earliest stage of the prophase
the pattern of the nucleus becomes more distmct owmg to the
disapp of small g links, leaving the permanent
h 1 of the ch the ch (B,
Plate 14) It 15 at ths stage that the greatest care 18 required
labefling a cell, 2 lymphoblast 1n this stage of development might
eastly be mustaken for 2 myeloblast Some authors have descnbed
such changes 1n monocytes, and used them to suggest that the cell
was denved from a lymphocyte  In the later stage of the prophase
{C, Plate 14) the chramosomes are beginning to appear as separate
entities  Each consssts of two chromonemata lymg parallel and fixed
1 an achromatic matnx  Duning the metaphase this matrix stains
mtensely and the mternal structure of the chromosoine 15 no longer
wisble *The of the ck m the b
appears to be constant for all the cells of the hzmopoetic tissue
The long chromosomes are arranged radully at the periphery, and
the short ones lte irregulatly i the centre (E, Plate 14) 1In the
phase, the ct from cach ch move to 0pposite
poles so that each daughter nucleus will have a representative part
of the parent chromosome The anaphase 1s shown @ Fig F,
Plate 14 In the telophase the matnx of each daughter nucleus
becomes achromatic agan and the chromosome structure Is agaid
wisible (G, Plate 14)  Further changes in the new nuclei are the same
23 1n the prophase, only mn the (H, Plate 14}
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The cytoplasm divides by furrowing It undergoes quite definite
changes during the nuclear division, changing from a fine homo-
geneous structure to a mass of fine internoven threads (Plate 14).

e cytoplasm of dividing erythroblasts and blasts appears
to be granular rather than thread-like.
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