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PREFACE

‘The lectures published 1n this volume were debiv eved during a Sympossum
on Haematology held from 7 to g December 1959 at Cambridge under the
auspices of the Unversity Post Graduate Medical School The lectures
were designed to provide a sunvey of current knowledge and optmon en
2 sertes of haematological tapics of general interest and were directed to
2n aud of medical 1 Sensor reg! and research workers
having haernatology as one of thewr major laboratory or chancal interests
The intentron was not to present new and unpubhshed observations
although a few such do appear m these pages but to provide informative
teviews of expanding or controsersial subjects compiled by lecturers who
had themselves contributed to the advance of knowledge in therr respecuve
fields

The Post Graduate Medical School 18 most grateful for the helpfut
0 op of the butors who accepted 1y tations to lecture and of
the Cambridge Unsversity Press who have done thesr best to reduce the
wevitable delay between delivery of the Jectures and their publication







ACQUIRED HAEMOLYTIC ANAEMIA
§ v DACIE

‘The subject of acquired haemolytic anaemsass alarge one and in thespace
available st clearly walf not be possible for me to yeviews the whole field
adequately I thunk the best thing ¥ can do 18 to concentraze on 2 few of the
more challenping aspects of the problem Thus after attempting to define
the scape af the term acquired haemolytic anzeroa T shall discuss
relation to the auto tmmune type first the auto antibodies secondly how
the etcessive haemolyss 1 brought about thirdly the effects of steroids
and splenectomy on the course of the discase and whether the results of
such trestment may be predicted and finally theones as to acuclogy

First of all let me explan what I propose to imclude under the term
acquired haemolytic anaeroua  There ace of course many different hinds
of haemolytic anaema which are not congenutal and which do not have an
ohvious hereditary bawis but T think everybody will agree that the most
ymportant kind as well as the most thoroughly studied 1s that associated
with the formation of antsbodies active aganst the patient s own red celfs—
the so called auto rmmune type I shall in fact concentrate on thus
group :md exclude from the discussion the secondary and symptomatic
which may )¢ 50 ™any types of systeemc

dxsorde: from dissenunated carcthoma to severe renal or hepatic disease
1 shall also exclude from discussion cases of scquired haemolytie anaemua

of unk ongm not d with an underd disease m which

evidence of auto anubody cannot be o i These fatter

uses form a fascinating and not ummpamm group they are prabably not
and ther h of h ' remans 2 baffung

problem to which I can contribute hetle X shalt hmve\ er tnclude 1m thc

d the rather kabl 1y

with chrone ly mphatic Jeuk and X and afhed disord

because these are often clearly of the auto mmune fype

Now asto the auto antthodies 1t1s generally agreed that they conform to
%o types warm antibodies actve at body temperature and cold anty
bodies seldom active at body temperature but strongly active usually at
temperatares below 3o-3. € The former are not often found mn fugh
concentrations in the patients sera the latter usually are present n very
tugh concentrations and the antbody protemn charactenstieally forms a
distnct peak i the y, postuon if the serum is subjected to paper electro
phoresis  Both types of antibody ate adsotbed by the patient s oun red

x

uw






ACQUIRED HAEMOLYTIC ANAEMIA 3

results The prablem 1s nevertheless stmplified 1f there 1s other evidence of
auto antibody formation

T have studied several cases hike this  In one recent patient although the
antiglobulin test was only weakly posiive there appeared to be good
evidence for the presence of a warm auto aggluttmun which agglutinated
normal red cells at body temp € moreover tryp: d cells were
agglutinated to a high titre This patient clearly had an auto immune
acquired haemolytic anaemia and as expected she responded to sterord
therapy

Table 3 Inadence of free antibody in patients sera demonstrable by the

sndirect lobulin test and by tr d red cells
NMean Hb
No of level
Test Result patents  (g/to0 ml)
%(' - } 1 (3) 918
46 n 9 (3 871
AG 1 () 637

The figures 1n brackets denote patients who had undergone splenectomy
The mean haemoglobin of the AG+ T+ series 18 sign ficantly lower than that of the
AG— T-— genes (002 < P < 005)

It has to be admtted that there 18 no obvious correlation between the
strength of the lin reaction as d by the titre or the speed
or ntensity of agglutination and the severity of haemolysis 2z vieo How
ever 1n ndividual patients the tests usually become less strongly positive
if the patient recovers Agan auto antibody free i the patient s serum
18 less easy to d n patients in than 1n those m whom
there 1s active haemolysis This last point 18 allustrated an Table 3 This
table summarizes observations on forty patients in whose sera anttbodies
active against cells of the patients own Rh genotype and ABO blood group
were specially looked for Haemolysis was more intense as judged by low
haemoglobin levels in patients 1n whom antibody could most readily be
demonstrated m the serum

It 13 possible to do more with the antiglobulin test than to record merely
whether 1t 1s positive or not and the speed of reaction and the serum titre
The addition of human y globulin 1n varying amounts to antiglobulin
serum before 1t 1s used to aggl the patients puscles can be used
to divide positive reactions into three groups (1) those m which very
small amounts of y globulin cause complete 1nhibiion—the 7 globuln
type (2) those 1n which relatively large amounts of y globulin cause no
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cells—hence the use of the term ‘auto antibody —and they give nise to
positive antsglobulin or Coombs s tests In my experience, most auto-

haemolytic are d with the formation of anti
bodies of the warm sort The relative distnbution of the two types 1s shown
1n Tables 1 and 2

Table 1 Incidence of warm and cold t) pes of acquired
haemoly t1ic anaema

Pauents
Type of

Clinzeal type antibody Males Females ‘Total
Idiopathic Warm 36 47 83
Idiopathic Cold 4 13 17
Secondary (transient post Cold 4 6 10

virus pneumonta)
Secondary (chronic) Warm 10 13 23
Secondary (chronic) Cold 2 5 7
‘Totals 56 84 140

Table 2 Underlying disease 1n secondary auto tmmune
haemolytic anaema
Type of
antibody Disease No
Warm Reticulosarcarna
Lvmphosarcoma
Chronsc lymphatie
leukaemia 23
Other leukaerias
Lymphadenoma

o

Naan

Cicrhosts
Cold Reticulosarcoma 4
Lymphosarcoma
Chronic lymphatic 1
leukaemia
Myeloma
Lymphadenoma

These figures are based on patients or blood samples from patients
whom I have personally 1nvestigated in the last ten years or so They are
of course a selected series 1n the sense that some of the patients were
referred because they were thought to be of special interest to me or to
present particular problems In particular I beliese that the relatne

d of the 1diopathic cold antibody cases 18 probably too high

As already mentioned a positne direct antiglobulin test 18 a charac
tenstic feature of auto immune acquired haemolytic anacmia Indeed of
the test 18 negatine the patient cannot be included 1n the auto immune
group This 18 perhaps an arbitrary method of exclusion but 1t 1s 2 useful
one A difficulty anses when the test gives doubtful or weakly posiune
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prove or disprove ss that the nop ¥ pmmn 15 protem adsorbed non
b

ity 1o cells d d by
On: of the most mteresung x:ccm discovertes in relaion to the warm
type of auto antibody m h lytic anzermua 1s the realization

that in some of the patsents (hc auto anttbodies appear to be directed agamst
an Rh antigen  According to Hollander & Batschelet (1957) the zeported
madence of the different Rh spenific auto anttbodies corresponds closely
with the incidence sn the popufation of the Rh antigens for example the
fact that antt ¢ has been most frequently repotted can be explamed

to Hollander 8. Batschelet on the bass that the ¢ antigen 1s the
commeonest of the Rh antigens heing present 1 all but 2-3% of red cell
samples

Table 5 4ntiglobubn renctsons sn acquired haemoly tic anaema
of the warm antibody type

Ditution of zauglobulin seram

Type of reaction rinq 1m16 106y zwash 3w o2y Control
(saline)
¥ globulin type
Ant y serum. B s s T + o
h oD ¥ serum o o ° ° ° °
Intermediate type
Antt ¥ serum +HE+ EhE +d B} o °
Ants pon ¥ serum b+ + * ° ° o
™on 7y globulin type
serum o ° 3 ° ° °
Ants non ¥ serum + * a ° © o

The symbols + ++ + +++ +-+ +and % Tepresent mtensintes of sgghutination

Table & Inadence of specific auto annbodies tn turty theee patients wath
acquered haemolytse anaewua of the swarm antibody type

Non specific antibodies = 23
Non specific_+apeabo smbadies = o
an specthic +ant e (6)
Non specific +ant e+ant ¢ {2)
Non specific +ant1 e+ uner I (]
Spee fic antibodses only
Antt e+ann C = 3

e dence of spec fic antibodies = 30 o

Auto anubodies of definite speaficny outside the Rb systemt have been
reported {eg antt Jh van Loghem and van der Hart 195y antt h
Fluchiger Ricar & Usten 1955) but clearly they are of the grea{est

ranity  In my f Rh speaificity can be obt d only
n a mnonty of cases {Table 6)
In most cases therefore the auto bodies of é h i

it Y
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hub the cold antibody or non y globulin type and (3) those
reactions of mtermediate character 1n which the addition of small amounts
of y globulin causes app ble but not compl hit It has now

been established wath fair certainty that the y globulin tvpe of reaction 15
gwen by red cells coated with y-globulin antibodies—such as the Rh ant1
body antt D while the non-y type or cold antbody type 1s due usually,
1f not always, to an between compl adsorbed with the
cold antibodies and the antiglobulin serum (Dacie Crookston &
Christenson 1957)

Table 4 Summary of results i tuenty panents with auto tmmune haemo
Iytic anaemsa of the warm antrbody type unng antt y and ants non y ants
globulin sera

No of
Test Result patients
Antiy +
Anti pon ¥ - } +
Ants y +
Anti non y + } i+
Ant1 y -
Antt non ¥ + ; 3+

These two patients had formed complete auto agglutinins

The cause of the intermediate reactions 1s obscure The reactions suggest
that the red cells are coated by other protein(s) 1n addition to ¥ globulin
If to two samples of potent antiglobulin sera are added respectively
7 globulin and globulins other than y 1t 1s possible to obtain one reagent
which reacts with cells which have adsorbed cold antibodies and not with
cells which have adsorbed warm antibodies such as ant: D and another
reagent which reacts 1n exactly the opposite way

The results of using the two reagents with a senes of red cell samples
from cases of acquired haemolytic anaema of the warm antibody type are
shown n Table 4 Representatne reactions of each type are shown in
Table 5

The cause of the frequent reaction between the patients red cells and
the anti non ¥ antiglobulin serum 1s obscure  In several instances I have
prepared an eluate from such cells and been able to show that eluted
protein capable of coating fresh normal cells 15 2 ¥ globulin T have no
evidence therefore that the non y protein is antibody proten Nor have
I posstive evidence that it 1s complement as has been shown to be the case
suth cold antibodses  Cells reacting with both types of antiglobulin serum
need testing with speaific anti complement sera but T have not been able
to do this  An alternatie and attractive hypothesis which 13 difficult to
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With warm dies the
to some extent a mystery However recent work particularly that in
which $1Cr tagged red cells have been used has produced useful informa
tion It 13 now thought when red cells are coated’ with warm antibodies
of the incomplete vanety (as they typically are 1n acquired haemolytic

So much for the antibodies How do they produce haemolysis i vizo?
t of h has been and sull 1s

512000

1 8000

32000

8000

2000

512

Titee

128

32

Fig 1 Titte and effect of temperature on agglutinat on by cold antibodies Black
squares = sera from post virus pneumonta patients cross hatched squares = sera from
pat ents with 1d opathic acquired haemolytic anaemua of the cold anttbody type

anaemta) that the coating of the cells with antibody leads when the cells
are ded 1n protetn media totheir adh to each other
and the formation of small agglutinates (Jandl & Castle 1956 Jand!
Richardson Jones & Castle 1957) These small agglutimates are thought to
be trapped 1n backwaters of the airculation particularly in the spleen The
cells comprising the agglutinates probably become spherocytic and ulti
mately undergo lysis or are phagocytosed by reticulo endothelial cells
Work with Rh antibodies carried out by ijecting a small volume of
labelled D posiive cells into subjects having anti D 1n thexr crrculation
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anaemia appear to have no definite specificity and to react at least to some
extent with all human blood samples tested It 1s possible that such
apparently ‘non specific bodies are really spectfically d d against
a public’ antigen common to the vast majonty of human red cells but
this has not yet been proved, and in my view there 1s nothing strange 1n the
1dea that they react with a surface configuration common 1o afl human red
cells independent of the known blood group antigens

On the other hand 1t 1s possible that the antibodtes, although basically
antt Rh, have lost thewr speerfierty more or less completely Wiener,
Gordon & Gallop (1953) 1 fact postulated that the ‘non specific’ antt
bodies were directed agamst the ‘nucleus of the Rh Hr substance’ The
situatron 1s clearly complex for 1t seems that more than ene component of
antibody may be present at the same time Dacie & Cutbush (1954)
demonstrated 1n three cases, for instance, that the ‘non specrfic’ component
mught be split up into two fractrons while 1 one patient two ‘non specific’
unidentified fractions were present alongside antt D and anti e both of
which were auto antibodies The matter 1s of practical as well as of
theoretical importance for i the rare pattents who develop a single ant: ¢
auto antibody R.R. blood may be expected to survive normally mn t1zo
with possible great benefit to the patient

Now I shall have to say something about cold auto antibodies These
are quite distinct from the warm type  Cold antibodies are macroglobulins
(S2 w 16-19), whilst the warm types are probably Sy, o 7 globulins  Cold
antibodies are powerful agglutinins but at the same time mn contra
distinction to warm auto antibodies they fix complement and are potentially
haemolytic and as I have already d the positis e antiglobulin tests
they produce are apparently due to therr property of fixing complement
(Dacie Crookston & Christenson, 1957) Cold antibodies react with at
least the vast majority of human red cells (and also strongly with rabbit
cells) It1s however true that human red cells vary considerably n therr
sensitivity to the antibodies (Crookston Dacie & Rosst 1956) It has been

suggested that this vanation 1in y justifies the that the
bodies and the corresponding form a specific blood group
system (Wiener Unger Cohen & Feldman 1956) but ths has yet to be
proved and untl this 1s done I think st 1s reasonable to refer to them as
non speafic  Tinally the cold type of antibodv may be present 1o rela
tively enormous concentrations
Thisssillustrated in Tig 1 whichalso demonstrates the effectof tempera
ture on the antibody s actiaty and in Fig 2z which shows an unusual
sharply defined peak n the ¥; region on electrophoresis the peah repre
sents the cold antibody protein (Christenson & Dacie 1957)
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scored as good 1 fourpatients far meght poor mswand doubtful
mnthree Itss posuible that this seres 1s wesghted with sersously 1t patients
and that the results 10 an unselected sexes (tf 1t were possible to obtatn one)
would be fess gloomy It 1s nesertheless quite clear that splenectomy
does not necessarily produseagood clinteat result tosay nothuag of haemato
logieal cure Why s this®

There are probably several reasons for the failuee of splenectomy  Frst
of all when overwhel of plete suto antibody are bemng
formed 1t seems hkely that haemolysis will ke place to 2o wmportant
degree in organs other than the spleen particufacly 1o the hiver This s

dy true of Rh patible cells mnyected nto reapients who have
been erther hyperimmumized agamst the iyected cells or previously sub-
mutted to splencctomy {Jandi Richardsan Jones & Castle x957}

Secondly 1n some patrents wath acquired haemolytic anzemia the auto
antthody seems capable of agglutinating the subjects red cells directly—
the antibody acts as anin sehneaggloumn Judged from expeniments with
1 saline sgglutinating ssoantibodies such celts would be remosed from the
airculation mote by the biver than by the spleen (Jand! Yschardson Jones &
Castle 1957 Cutbush & Molison 1938}

Thudly the spleen 18 fkely 1 any case to be onfy 2 part source of the
auto antsbodses and it seems clear even when the operation s successful
clineally that the success 3 dae more to the removal of ar argan inpertant
1 haemolysis than the removal of 2n tmportant source of the antthody

Is 1t possible to antospate the success or fadure of spienectomy?
Chertkow & Dacte {1956} concluded before surface counting data on
patients whose celfs had been labeiled with ¥Cr were avaslable that it was
not possible to predict the result on chincal or ordinary haematologicat
grounds They found however that the operation seemmed bikely 1o be of
feast benefit m the most serously 8 patients just when i fact @ good
result was most urgently needed

To seturn to the question of prediction of the results of splenestomy
The labeling of pantents red cells with SCr and the subsequent assess
ment of the radioactonty 1n the spleen and liver by surface counting using
asanulianon counter seems ikely 1o be of real help slthough the technrque
80 far has been carned out only 1y a relatsvely smalt number of patients
The results are what mught have been expected  In most pattents an
umportant amaunt of excess chromum accumulates in the spleen  In some
however accumulation 1n the liver 1s not neghipible and 1n those panents
sn whom there 15 an obvious autchacmagglunnanon i the blood stream
chromsu accumulates m the her to a marhed extent (Jandt Greeaberg

Yonemoto & Castle 1936) Cleatly the sesults of splenectomy will be of
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has shown that under these crrcumstances the mjected cells are remored
from the airculanon almost exclusnely by the spleen (Jandl Rchardson
Jones & Castle, 19,7 Hughes Jones Mollison & Veall 19,7 Molhson &
Hughes Jones 19,8) This work fits in well with the earhier worh on the
function of the spleen in acquired haemolytic anaerata which I have already
mentioned and 15 obviously relevant to the present problem be:mng m
mind the simtlarities between the auto anubodies of acquired h tic
anaema and Rh antibodies

.
et T
Atbumun a  a, s f v

Fig Paper electrophoress stnp of the serum of a pauent with the cold
harmagglutinn syndrome The grrow poiats to the ¥, globulin peak

The role of the spleen 1s of more than theoretcal interest  Michel: 1n
1911 1s usually quoted as being the first to have carred out splenectomy
tn acquired haemolytic anaemia  Be that as 1t may the problem as to
whether the spleen should be removed 1n any partcular case 1s certunly
not a new one and we sull have to think about it The expenimental nork
on Rh antibodies that I have already mentioned which indicated the
tmportant role the spleen plays 1n filtering off cells coated with the ant:
bodies suggests that splenectomy should be of major benefit. In practice
however although thisis the case the op: not infrequently
proves to be a f:ulurc

Cherthow & Dacie (1956) reviened the results of splencctoms an twenty
one patients wath the sdiopathic type of the discase The results were
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scoredas good i four patients  farr meght poer nsixand doubtful

mthree Itis possible that thus sertes 1s weighted with senously it patients
and that the results ;n an unselected senes (1f 1t were posstble to obtan one)
would be tess gloomy Tt 1s nevertheless quite clear that splenectomy
does not necessarily produce a good chinscal sesult to say nothing of haemate

Jogicat cure Why 15 ths?

"There are probably several reasons for the fatlure of splenectomny  Furst
of all when overwhel of plete auto antibody are bemng
formed st seems Iikely that haemolysis will take place to an smportant
degree i organs other than the spleen particularly mn the liver This s
certanly true of Rh mcompatible cells mjected mto reciprents who have
been exther hypenmmumzed aganst the injected cells er previously sub-
mutted to splenectomy (Jandl Richardson Jenes & Castle 1957)

Secondly m some patients with zcquired haemolytic anaermia the auto
ansibody seems capable of agglutinating the subjects red cefls dwectly—
the antibody acts asanin saline agglutinn  Judged from expeniments with
1n sahine agglutinating 1soantibodies such cells would be removed from the
airculation more by the hver than by the spleen (Jand! Richardson Jores &
Castle 1957 Cutbush & Mollison 1958)

Thirdly the spleen 18 likely sn any case to be only 2 part source of the
auto antthodies and 1t seems clear even when the aperation 15 successful
chneally that the success 1s due more to the removal of 2n organ important
1 haemolysss than the remoyal of an umportant source of the anubody

Is 1t posshle to antieipate the success or fadure of splenectomy?
Chertkow & Dacie (1956) concluded before surface counting data on
pattents whose cells had been labefled with 2Cr were available that it was
niot possible to preduct the result on chrcal or ordinary haematological
grounds They found however that the operation seemed likely ta be of
least benefit 1 the mast sertously sll patients just when in fact 2 gond
result was most urgently needed

To return to the question of prediction of the results of splenectomy
The tabelling of pauents red cells with %Cr and the subsequent assess
ment of the radioacttvity in the spleen and hver by surface counting using
ascntllznon counter seems hikely tobe of realhelp although the techmque
$0 far has been carnied out only m a refatrvely small number of patients
‘The results are what mught have been expected In most patients an
important amaount of excess chromsum accumulates in the spleen  In some
however accumulation in the hver 15 not neghigible and in those pauents
w whom there 15 an obvious autohaemagglutination 1 the blood etream
chromrum accumulates in the fiver to 2 marked extent (Jandl Greenberg
Yonemoto & Castle 1956) Clearly the results of splenectomy will be of
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most value 1n patients 1n whom there 15 2 major accumulation m the spleen
and of least value when there 18 much tn the liver also These Iatter are
likely to belong to the most sertously 1ll group which Chertkow and Dacie
found to fail to respond to splenectomy

The surface counting patterns 1n some of our own recent cases are
iliustrated 1n Fig 3

The pattern and mechanism of haemolysis 1n patients forming high
thermal amplitude cold auto antibodies are different ‘These patients suffer
as a rule from only a slight to moderate degree of anaemia In winter

Case 25 Casc 26 Case 27 Case 28 Case 29
., 2000 }
,‘glsoo
Hg '
& 500 . - P -
Oy o s TR . S SN RNy
2
2 & ro00f F L
£8 soor ] L L
A o -
R [ NIRRT | ETEVEVENY L WA Ay B SRy T ARy
{
e 39 b 1S
£ 2q F
2 -
7 10 - - d
oty - N Lt
0 J0 200 10 200 10 20 10 200 [0 20
Days
Fy Susface counting patterns 1n five cases of auto immune scquired haemolytic

g 3
anaemia of the warm antibody type after labelling the pattents red cells with *Cr

however they become more anaemuc 2nd n extra cold weather they
commonly suffer from major degrees of mtravascular haemolysis leading
to haemoglobinursa as well as from Raynaud s phenomena due to arrest of
the circulation sn skin vessels as a result of sutohaemagglutination

The mechamsm of haemolysts 1s probably twofold first 1t seems likely
that agglutinated corpuscles when in high concentration 2s in the blood
stream undergo haemolysis as the result of physical contact—this 1s the
mechancal trauma hypothests secondly haemoalysis occurs 1 the blood
stream as the result of complement lysis or following the removal of
complement coated red cells by the Iiver and to a lesser extent by the
spleen

From the patient s point of view it 1s the highest temperature at which
the antibody will affect his own red cells that 1s important In anaemsc
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patients auto agglutination will usually be found to occur up to a tempera
ture of 30~32 C If the anubody 13 inactive at 30 C the patient1s hikely
to be hardly incomventenced at all

Splenectomy has occastonally been carned out 1n patients with acqu"ed
haemolytic anaemia of the cold antibody type but d
has not been recorded Ths 1s to be expected bearing mmd that the
haemolysis appears to take place in the blood stream and 1n the hver rather

Case 30 Case 31 Case 32
- | :

g . ooe ).

23 500 . UL
£ gt
& o :". Se o .

. 1000 F

)

‘2§ 500 F

g o~ ok PR

w of * IR

0 j L 20 © 10
Days
Fig 3 Surface-counting patterns tn three cases of auto wmmune acquired hacmolytic
anaemia of the cold antibody type after Tabelling the patients red cells with Cr T
case 30 there was no demonstrable accumulation of evcess chrom um 1n either Lver or
spleen in cases 3t and 3z excess chromuum sccumulated in both o gans

than 1n the spleen predommantly The results of 1Cr auto survival studies
carried out on three patients with high titre cold antibodies 1 their blood
are shownn Fig 4

T shall next refer buefly 1o the use of sterosd hormones 1n the treatment
of acquired haemolytic anaemiz of the warm antbody type The first
reports date from 1950 Now thcy are Ithink unisersally regarded as the
first choce m the d p quired haemolytic
anzemta ‘They appear to affect the patient s anaemra 1n several ways

First they probably dimimsh antibody formation secondly they appear
to stimulate erythropoiesss as shown by a nise in the patient s reticulocyte
count thirdly they possibly :nhibit in analt defined way antigen-antibody
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and erythrophagocytosis 1 the spleen and elsewhere “The net
result of these effects s usunlly chinieal improvement 1n the patient and
he often becames able to achieve equilibrium between haemolys:s and
red cell formation at 2 tolerably high h lobin level O y he
1s chinteally cured, even so evsdence of auto 1mmum7anon usually persxs!s

2100 ml
Yy
2k
Hasmoglobin
Y
s 10
o
s} 8 R
-~
4" " Packed celf volume
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20F 4
10F 2
ACTH 120 Reticulocytes
(omts) 30 . oty
H 12 AT 2 I3 51015 5
Januiry Febouary 2
60!
Pregnssonc 40
(mg) 20

Fig 5 Effect of 1reaung with prednisonc and ACTH & patient wath suto unmune haemo
lyuic anacmis of the warm sntbody type ‘The patient 3 woman aged 26 probably had

lupus eryth asan lying disease

and the antiglobulin test remains positive There 1s in fact no evidence that
steroid hormones of any sort can cure acquired haemolytic anaemia of the
auto antibody tvpe

Despite 1ts great benefits steroid has some and
dangers For one thing large doses of the hormones for example 300 mg
daly of cortisone may be necessary to control haemolysts let alane to
bring about chmeal cuse  Secondly the drugs mav have to be used for
mzny months or even vears For this reason 1t 15 wise to use only the
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munimum doses which are capable of allowing the patient to mantan his
haemoglobin at 10-12 g per 100 ml and not to try to raise the haemoglobin
to the normal level The results of successful steroid therapy are illustrated
m Figs 5and 6

Fig, 7 sllustrates the imtial good result of sterord therapy 1n 2 patient
whose acquired haemolytic anaema was secondary to chronic lymphatic

sqb- Survival of
40| 31 Cr labeltea
30} red celis

20
e
E/100 m) 12| Transisions ru

Haemoglobin

40r |
-
30,1, Packed cell volume - -
= Fe”
20 TN e ¥
2
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Reticulocytes
ola
150
™ OF o y:i
wnits Lo o Corusone |pognone

061015202530 5 1015 20 25
Tanuary

Fig 6 Effec of treating anth ACTH cortsone and p eds sone 1 woruan ag d 70 who
had en 3d opathic acquired haemolyt ¢ anzemia of the warm antibody type

leukaeria It illustrates how after initial great benefit the pattent died

quite from an exp which underlines the well
known risk of serious infections 1 patients being treated with high doses
of sterords

Steroids have also been used in the treatment of patients suffering from
the cold antibody type of haemolytic anaemia Some appear to benefit
shghtly 2s indeed they should if the hormones can suppress antibody
formation However chnically 1t 1s difficult to assess their benefit for the
patients tend to improve on bed rest alone no doubt owing to their being
kept warm
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In view of the nisks of long continued therapy with hugh doses of sterotds
T feel that this should not be persisted 1n 1n patsents with the cold antibody
type of h lytic The synd 15 usually a verv chromic one
and even if the patients do not get better spontaneously at least they often
live for years without getting apprectably worse

I shall now deal briefly with the practical management of patients having
acquired haemolytic anaemia of the warm antibody type, with particular

Predmsolone

50 mg/day 0 mgiday g

28
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Total leucooytes

g

Thousands{mm?
<

50 SR " I} L L L )
u
10 [
E
g sl
=] ‘Haemoglobin
&
10 4 L-
Reuculocytes
s} 2}
ok o n T L0 3
1020 2 12 2 2l
February Mach o0 hp
Fig 7 Effect of treating with pred; man aged 65 suffening from chronic

leukaemia and auto unmmune acquired haemolytic anaemia of the warm antibody type
After a good response he died quickly of fulmmnating pneumonia T =transfu 1on

reference to when if at all splenectomy should be carred out  If the
patient 1s sersously anaemic particularly 1f his haemoglobin 1s falhing large
doses of steroids should be given without delay—1n an adult o0 mg of
cortisone or 60 mg of prednisone daily Tmprovement should be obvious
within five days  If nothing seems to be happering ACTH 8o units daily
mav be given 1n addition  Most patients respond to some extent some
dramatically and depending on the degree of response the doses of
steroids should be decreased with 2 view to maintaining the patient on a
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low dose say 50 mg of cortisone daily and of stopping the dose altogether
eventually If after 6-8 weeks of high dosage steroid therapy the patient1s
still mod. ly or ly anaemic spl should be considered

The survival of hus own red cells tn his own circulation should then be
esttimated together with surface counting If the spleen 1s demonstrably
an important site of haemolysis and the liver an unimportant site splen

ectomy should be carried out with the expectation of major improvement
and with the hope that the dosage of steroid could be reduced or the patient
taken off the drug altogether

With regard to blood transfusions I thmk 1t 1s fair to say that they are

of relatively little use mn the of acqured h Iytic anaemia
except 1n the rare instances when the patient s auto antibody 1s a specific
one and 1t 1s possible to transfuse the patient with red cells lacking the
relevant antigen

In most instances transfusion 1n a patient who 13 fatling to compensate
for the haemolysts merely provides him with more red cells to destroy and
any benefit 1s short lived A very serous situation anses 1f equilibrium
cannot be achieved with massive steroid therapy and transfusions appear
to be imperative 1n order to prevent the patient dying from anaemma Itis
m these patients that splenectomy will probably be undertaken as a last
resort but as these are patients who are probably producing very large
amounts of auto antibody or 1n whom the antibody 1s an auto agglutimun
the chances of a successful outcome are poor

Finally I should sa2y something on aetiology Throughout this paper
Thavebeenusing theterm auto antibody to describe the protemns adsorbed
to the patient s red cells 1n cases of acquired haemolytic anaemia and I think
nowadays few people would dispute dxe fact that this disease 15 one m
which the normal p of ! have brohen down
with the result that bodie are produced capable of aff g ad 1y
normally occurring antigens—n particular antigens on the surface of the
red cells How does this take place?

Animal experiments have as yet faled to provide the answer One
possible mechanism has been recently enunciated by Campbell (1g957) He
located the primary fault in the red cell surface which he suggested might
become abnormal as the result of faulty protemn synthess or of adsorption
of antigenic fragments from some infective agent or denatured autologous
protein  He further postulated that the alteration to the red cell surface
might lead to the formation of antibodies capable of cross reacting with
normal red cefls An al e expl 13 that the body forming
tissues may as the result of a pathological process for example neoplasxa
lose their foetally acquired tolerance of red cell antuigens Ths latter hypo
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thests 1s an attractive one and mught well be the explanation for the develop
ment of acquired haemolytic anaemia 1n the course of chronic lymphatic
leuhaemia or reticulosarcoma which are neoplasia insvolving potential
antibody forming cells

An extension of this hypothesis 1s one i which <omatic mutatron occur
ring 1 anttbody forming cells might 1n the absence of neoplasia lead to
the presence of ‘forbidden clones’ of antibody forming cells to use
Burnets (1959) phraseology, capable of forming continuously or for
relatiely long pertods of ime, ant1 red cell antibodies Personally I think
1t can hardly fall to be sigmificant in this respect that 1n auto immune
haemolytic anaemia the anttbodies appear often to be non specific , which
may be only another way of saying that they are imperfect in some way—
many of them may in fact be imperfect Rh antibodies Such imperfection
would Ishould have thought, be anticipated, if the antibodtes were formed
by aberrant or neoplastic antibody forming tissue 1t would be less hikely
1f the antibodies were developed as an 1mmune response to heterologous
stimull

The cause of the formation of the cold type of antibody 18 also abscure
but here there are hints that the antibodies may not be auto antibodies but
nstead cross reacting antthodies of heterologous origin The antibodies
for instance react strongly with rabbt red cells and charactenstically they
may be formed as a transient apparent immune response following virus
pneumoma Nevertheless they also occur for no apparent reason as in
the cold haemagglutinin syndrome and also 1n association with reticulo
sarcoma In the cold haemagglutinin syndrome large quantities of antt
bodies are usually continuously formed over a pertod of years and somatic
mutation of antibody forming cells provides a plausible but unproved
explanation for this But here, too 1t seems impossible to exclude the
possibalaty that the original exciting agent for antibody formation was of
heterologous origin
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IRON METABOLISM AND THE TREATMENT
OF TRON-DEFICIENCY ANAEMIA

WILLIAM M DAVIDSON

INTRODUCTION

Although 1ron 15 the second most common mineral and 1s found almost
umversally paradoxically lack of 1ron 15 one of the commonest defictencies
suffered by man At first sight 1t 1s almost inconcervable that when even
the poorest diets 1n this country contain roughly ten times the daly
requirement the tissues can be starved of this essential material so
frequently but this 1s one of the many riddles connected with iron
metabolism
The late Sir Lionel Whitby mn s superb Thomas Huxley lecture

delivered at Charing Cross Hospital 1n 1954 quoted Huxley as having said
My bustness 1s to teach my asp to conform th Ives to fact not
to make facts harmonise with aspirations  Sit down before fact as a hittle
child be prepared to give up every preconcesved notion follow humbly
to wherever and whatever abysses nature leads or you will learn nothing
Huxley s precept has much to commend 1t to mnvestigators of ron meta
bolism  Although the subject has been studied more intenstvely than any
other mn this field of medicine and many of the problems have been reduced
to mathematical exactitudes there still remains much to be learned, and
perhaps to be unlearned before we can understand completely the
mechanism of 1ron absorption, transport storage tncorporation and
function

IRON COMPOUNDS AND OXYGEN METABOLISM

We have only to der theiron b scattered through
out the ammal and vegetable kingdoms to renllze the mmportance of this
metal to hfe In the 10me state 1ron would cause severe toxic effects and
within the hving tissues 1t must be conjugated with protein to control and
direct 1ts activity Such comjugates form two groups the simple 1ron
transferning and storage group ncluding in man transfernn fernun and
haemostderin where the 1ron 1s 1solated by being enveloped within the
protem molecule and the more complex oxygen transfernng or storing
group with the ron chelated into a haem or haem hike porphynn ring
structure lying readily accessible on the surface of the proten The latter
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group can be fusther divided snte those conyugates bike haemoglobin and

yoglobis which & tbly with oxygen without any salency
change and those meluding eyrock and the resp y enzymes such
25 cytachrome owudase perpudase and catalase where the sron becomes
alterpately reduced 2nd oudized an the transfernng process

‘This dnfference apparently depends upon themethod of attachment of the
won to the praten  If one of the hinks betaeen the won and wmdazole
nings of husudime restdues n the globim 1s wesk this will bresk when the
urraunding ovygen 18 tugh allowiag axyges to displace the
smdazale nag o form oxyhaemoglobin or oxymyoglobin The new hok
however 1s also weak and the process 1 eastly resersed when the partial
pressure of oxygen falls In h and the resp >3 all
the linkages are strong so that no displacement of ymudazole nings 18
possible but at the same time the son 15 also more accessible and under
goes alternating valency changes during the transfer of otygen (Martell &
Calvin 3952}

Inaddwon vananons m the sururture of the side chains projecting from
the porphynn rings affect the oy gen combining propesties The prosthetic
group of chiorocruons the red green sron contaning pgment found i
the body fiwd of certan marve worms only differs from that of haemo-
globw by the oudation of one of the vinyl side chans and yet st han 2
lower affisty for ovygen ¥ between the prosthetic groups and
changes 1n the globan £an abso affect the rebousaship  Haemoglobm wath
four haem groups has a diffecent ocygen dissocianon curve from myoglobm.
where the molecule resembles one quarter of the haemoglofun molecule
v.nth onl) one prosthenc grovp (Rnssx Fanels x948 Schemdt 1959}

the physica <k uetar

:md paruculaly the affimty of the substance for oxygen  No doubt each
of these haem and hoem ke compounds has its own chasacrenstics and
1 suited to the function it cornes out The affinsty of myoglabun 1s stx
tunes that of haemoglobin and that of the cell enzymes s even greater a
mechamism well surted to provide the gradient necessary for the transfer of
esygen from the ah eolar arr to the nlumate ute of celliler resprration 1o the
sarcosonmes {Schemdt 1959} Chlorocruarn is probably adapted to man

tain resaration desptte the low oxygen content of the sea bed slume where
the stuggish worms vsmg it hos and may wel? have a funcuonal refattonshp
with cytachrome 2 which has sumlar prosthenie groups (Vannctts 29,9}

In human bengs there are a number of these componnds but they are
not spectfic and are found 10 other speaies and even other organisms
Haemoglobin 13 the pigment n the blood cells of all vertebrates but st1s
also found s the bedy flwd of lowly warms 1 insects and even i the toots

1z
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of legumsnous plants (hedm & Wang 1945} This s perhaps understand
able on functional grounds but many anomahes such as the muxture of
} globm and chi vortn found n the body fluid of the marme
worm Serpula {Fox 1949) remam unexplamed

It 1s pot clear why 1ron has been used so widely as the metal for oxygen
transfer  Qther heavy metals can function m the same way (Martell &
Cahian 1952} and copper 1s present in the blood of some crustaceans and
the ink fishes as } 'y a blue coloured protem porphynn hke
complex endowed with the property of absorbing oxygen reversibly No
doubt under the eonditions of kife in the vertebrates haemoglobin 1 more
efficeent It s of interest that 1 man the concentrations of tron zme, and
copper 16 the plasma aze approximately the same (Spector, 1956) that all
three are transported bound to protemn that the levels of 1ron and copper
are inversely velated and that these metals form the essential hinks 1n many
for ple copper in and zinc m carbome anby drase

24

IRON IN MAN

{ron 1s found 1 man ; four forms 2s a ferre protemn conyugate n the
storage won particularly 1n the cells of the intestinal mucesa and the
retreuloendothehal system and as 1on 1 transit bound to the f; globulin
of the plasma i the complex haem prosthetsc group 1 the molecules of
the haemoglobin of the red cells and their immediate marrow precursors
and m the myoglobm of the muscles m the huem like groups n the

{ecules of cytoch and enzy of the bicod and tissue cefls and
as ferrous 1on 1n the process of being transferred across cell membranes
from one fernc complex to another

By means of the electron mucroscope the storage won ¢an be seen to
consist of tetrads formed by the polymerization of sron protein coppugates
In the soluble fertsun these tetrads are spread freely through the cell and
give 2 diffuse blue staning wath the Prussian blue reaction  In the reserve
stores of the fess soluble haemosidenin the tetrads are aggregated smte
wisible granules To transfer tron from one protein conugate to another
pattcutarly acvoss cell membranes 1t 13 necessary to convert st to the
ferrous form by enzymatis action Thus xanthine oudase 13 thought to be
the enzyme which shifts wron from the apofernstin 1t the cells of the in
testinal mucosa to the tron hinding proten of the plasma {Green & Mazur
1936} and ferrachelatase the enzyme s iuch transfers won to the porphynn
ring as the finaf stage of haemoglob (Rumungtan 1959}
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IRON METABOLISM

Tron 1s a toxic substance and the 1ntravenous myection of 10 mg or more of
ferrous 1ron 1n an 10nizable form 15 hable to cause symptoms That 1s the
quantity which will just exceed the power of the plasma to bind 1t into 2
protein complex For this reason the body has to be protected agamst
abnormal quantities of 1ron and the whole economy 1s based upon con

serving a defimte quantity of iron and using and re using this quota  Only

Approuimately 40-45 g

AN

Haemoglobm 1ron Storage iton  Myohaemoglobin  Enzymes Serum sron
(Ferriun)
(Haemoniderin)
.5¢g ng lozg 0007 g 0003 g
Daily turnover 70 mg

Male 1-2mg
Female 2~4mg
Closed circutt -18 mg

Fig 1 A d agram to show the d str but on of 1ron 1n the body The
‘quantit es are tllustrated by na Is of the correct weight x §

Absorption and excretion <<,

Just enough 1ron 1s absorbed to meet losses whether accidental or physio
logical The total amount of wron normally held 1n the body lies between
4and 5 g This s partitioned 1nto 2 5-3 o g i the haemoglobin 11 5 g m
the reserve stores as haemostdermn and ferntin o 2g as myoglobm o co7g
1 the 1ron contaming enzymes and 0 003 g 1 the serum 1ron (Fig 1)
'The average daily turnover of some 25 mg means a change 1n serum 1ron
every 8 hr The 1ron for thts 1s mainly provided by the breakdown of the
©8% of the red cells which reach the end of therr Life span each day
During the breakdown the haem rings are split open and the 1ron hberated
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of legummnous plants (hein & Wang 1945) Thss 15 perhaps undesstand
able on functional grounds but many anomalies such as the mixture of
haemoglobin and chlorocruonn found 1n the body fluid of the manne
waorm Serpulz (Fox, 1949) rematn unexplained

It 15 not clear why 1ron has been used so widely as the metal for oxygen
transfer  Other heavy metals can function n the same way {(Martell &
Calvin 1952} and copper 15 present i the blood of some crustaceans and
the wk fishes as haemocyamin a blue coloured protemn porphynn like
complex endowed with the property of absorbing oxygen reversibly No
doubt under the condiions of Iife 1n the vertebrates haemoglobm 15 more
efficient It 1s of interest that 1n man the concentrations of 1ron zinc and
copper 1 the plasma are approximately the same {Spector 1g36) that all
three are transported bound to protem that the levels of won and copper
are mversely related and that these metals form the essential inks 1n many
enzymes for example, copper in tyrosinase and zinc 1n carbontc anhydrase

IRON IN MAN

Tron ss found 1 man 1n four forms as a fernic protemn conyugate m the
storage 1on particularly sn the cells of the intestmal mucosa and the
reticnloendothehal system and as aron i transit bound to the 8, globulin
of the plasma tn the complex haem prosthetie group n the molecules of
the haemoglobin of the red celfs and therr immediate marrow precursors
and n the m)oglohm of the muscles 1 the haem hke groups m the
of ¢y and of the blood and tissue cells and
as ferrous ron 1n the process of bemng d across cell b
from one fernc complex to another
By means of the electron mucroscope the storage sron can be seen to
consist of tetrads formed by the polymenization of tren protets conjugates
In the soluble ferntin these tetrads are spread freely through the celt and
mve a diffuse biue stamning with the Prussian blue reaction  In the reserve
stores of the less soluble haemosidern the tetrads are aggregated into
visible granules To transfer aron from one protein conjugate to another
particularly scross cell membranes st 13 necessary to convert it to the
ferrous form by enzymatic action ‘Thus xanthine oxdase 18 thought ta be
the enzyme which shifts won from the apoferriin i the cells of the in
testinal mucosa to the 1ron binding protem of the plasma {Green & Mazur
19356) and ferrochelatase the enzyme which transfers iron to the porphynn
ring as the final stage of haemoglobin synthesis (R 1959)
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From the plasma most of the 1ron 1s transferred to the reticulo endo
thelal cells especially 1n the bone marrow where 1t enters the labile ron
pool ready to be used in haemoglobin synthesis A small amount 15
exchanged with the permanent reserves the hzemoslderm and a trifle with
the tissue tron matnly for the synthesis of and

According to Bessis & Breton Gorus (1959) the next stage m 1ron
metabolism 1nvolves direct contact between the reticulo endothehal cells
and the des eloping erythroblasts for the transfer of iron Thetr theoryisthat
the 1ron 1s transferred by the donation of particles to the erythroblasts
that 1s by pmocytosis or as they callat ropheocytosis The phenomenon of
grouping of the erythroblasts round the reticulo endothelial cells has been
Lnown for long (Plate 1) but its sigmficance has been interpreted dif
ferently In a marrow with active erythropoiesis every group of erythro
blasts has one or more macrophages i its mudst and certamnly the
erythroblasts are not himited to late normoblasts as might be expected 1f
thts were a p parable to a cloak and the
cells were merely handing 1n their unwanted nucler This new theorv
however requires to be reviewed 1n accordance with Huxley s precept for
there are many difficulties for example 1t does not explam the transfer
of 1ron to haemoglobin 2 zztro 1n blood contaming many reticulocytes
but presumably without 1ren laden macrophages (Goldberg 1939)

‘Whether the 1ron diffuses into the erythroblasts or 1s delivered there 1n
bulk 1t still requires to be reduced to the ferrous form before 1t can be
incorporated into the haem Suitable reducing agents have been shown to
be dehyd bic acd  glutath and ergotk and these are
present 1n the corpuscles in quantities comparable to the optimal concentra
tions found w vitro (Goldberg 1959}

There 15 some argument as to whether globin and haem are formed

ly or 1n series (R 1959) but for our present purpose
the main nterest 1s 1n the prosthetic groups In the erythroblasts haem 1s
synthesized from succinate and glycine through the stages of @ amino
£ keto adipic acd § amuno levulic acrd porphobilinogen and proto
porphynin  Ferrous tron 1s required at two stages in this process for the
formation of & amtno £ keto adipic acid when 1ron contamning enzymes
are involved and agam 1n the final stage where the 1ron 1tself 1s chelated
1nto the protoporphyrin rather as a yeweller sets a diamond 1nto the claws
of aring A special enzyme descriptively named ferrochelatase transfers
the 1ron to the porphynin (Rimington 1959)
For rapid oxygen exck thewronnt must be d
m the ferrous state and any appreclable oudation to the mactive form
lobin must be p: i by a reducing system It has been
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Almost the whole of this 1ron goes directly to the Iabile pool 1n the reticulo
endothelial cells of the bone marrow and 15 later transferred to the erythro-
blasts to form new haemoglobin  Only a small portion returns from the
labile pool to the crrculating plasma The amount of 1ron used in the tissue
enzymes 15> small, and the replacement of the myoglobin 1s so slow that
nesther of these contributes more than a neghgible amount to the 1ron
turnover

In man the loss of won from the body 15 almost solely as tron i cells
and cellular debris desquamated from the sk, urinary and alimentary
tracts ‘The total loss by this means 1s under 1 mg daly, but 1n women
during the reproductive years this 1s doubled by the loss of some 30~70 ml
of blood containing on the average some 25 mgof iron with each menstrual
pertod

In normal adults the 1ron lost 1s exactly balanced by absorption from the
alumentary tract but i children there has to be a positive increment to
allow for the requirements of growth and in pregnancy a similar gam 1s
necessary to provide for the needs of the foctus Part of the 1ron 1n the food
1s liberated by digestion and as simple ferrous salts or possbly as ferrous
amno zcid compl this 1s absorbed 1nto the epitheltum of the duod
and upper Jejunum and to a decreasing extent lower down towards the
tleurn  Another part of the wwon links with phosphates or phytic acid to
form 1nsoluble compounds which cannot be absorbed The exact relation~
ship betsveen the gastric jusce and 1ron aborption s difficult to understand
It was thought that achlorthydna led to 1ron defictency anaemua and
certanly extensive gastric resections are frequently 1f not always, followed
by hypochrome anzemra  Using newer techmques 1ncluding biopsy of
the gastric mucasza and 1won absorption studies 1t seems that the achlor-
hydria may be fortuitous or actually the result of the mon defictency
(Davidson & Markson 1955 Moore & Dubach 1956)

Once withun the mucosal cells the bivalent ferrous 1ron 15 oudized to the
tenvalent ferric form and enclosed 1n a mass of protem the apofertitin to
form the ferrtin  In thus mactive form the 1ron remains 1 the mucosal
cells for a ume and 1s then tramferred to the plasma This transfer
necessitates reduction of the ;ron possibly by the enzyme xanthine ovidase
(Green & Mazur 1956) and re oxidation to link it to the f, globulin to
form transfernn (Siderophiln) Normally the plasma contans between
8o and 1604g of iron per 100 ml bound m this way the serumiron but
the globultn 1s less than half saturated and can carry up to between 300 and
3504 of rron This latter figure 1s the total 1ron combmng power of the
plasma and the difference betneen the two 15 the unsaturated 1ron com

binng power




PLATE 1

Lo

Group ng of the normoblasts round a macroph e n a bone
m rrow smeat Jenner-Giemsa  x "
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suggested that within the red cells this 1s obtamned by the mteraction of 2

riboflavin protemn complex, diaph 1 and coenzyme 1 (Gibson, 1948)
or alternatively an enzyme system involving glutathione has been postu
lated (Eggleton & Fegler, 1952)

Incorporation of 1ron ceases with the maturation of the reticulocytes to
erythrocytes and 1t 1s believed that the haemoglobin 1ron then remamns
incarcerated within the red cells throughout their life span a fixed con
cept which, 1n view of 1ron studies 1n ammals, may require revision m
terms of Huxley s dictum (Gower 1959) Another difficultys thatalthaugh
the average life span of the red cells 1s 110~120 days, a proportion of the
h globin 1ron reappears mn the circul pr ly Probably some
of the normoblasts are destroyed prematurely These may be the cells seen
grouped round the macrophages by Bessis (1959} for the macrophages
which appear in droves whenever there 15 1ncreased marrow actvity can
then be seen to be phagocytosing and destroying a proportion of the
normoblasts (Plate 1)

Towards the end of thesr Iife span when therr enzyme systems have
detersorated and ¢can no longer provide the energy necessary to mamtam
thetr integrity the red cells are engulfed by the macrophages of the reticulo-
endothelial system particularly i the spleen  Enzymatic digestion prob
ably lasting only a few frees the h globin and splits open the
porphyrin ring to verdoh globin With the subseq removal of the
wron the cham of pyrrol rings becomes biltrubtn and 1s excreted through the
Liver The 1ron oxidized. to the ferric form 1s bound to protemn as trans
fertin and rejoms the metabolic circle to be carried to the marrow and
ncorporated into the haemoglobin of freshcells areincarnation reminiscent
of the method of choosing a successor to the Dalar Lama In its sojourn
only traces of the ron, contaminating the bile or locked n desquamated
cells have been lost

A similar haemoglobin breakdown occurs m the cells destroyed pre
maturely and this accounts for some of the bilrubin discarded at the
beginming of studies 1n which the haem has been labelled with BC or
15N glycine (London, West, Shemin & Ruttenberg 1950)

METHODS OF INVESTIGATION

Iron metabolism 13 often imvestigated by an indirect method where the
amount of 1ron available 1 taken to run parallel with changes in the quantity
of haemoglobin 11 the blood This 1s not really applicable to normal
ndn duals unless bined with delib phleb but has been
used ext ly in g different hod: of therapy The most drrect
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method against which all other methods must be calibrated 1s the 1ron
balance This 15 a tedious mnvestigation requinng the esttmation of the
whole of the 1ron 1ntake and excretion over a period of time It can be

ppl d by such as of the serum iron the
unsaturated 1ron combining power of the serum  the total body haemo
globin mass denived from the blood volume and haematocrit estimations
and the available stores of 1ron estimated from marrow sections (Davidson
& Jennison 1952)

Although providing the basic facts there are obvious limitations to these
methods and much information especially regarding the dynamic aspects
of the problem has been derrved from 1sotope labellng methods Red
cells labelled 172 eatro with 5Cr can be remnjected and used to determme
the red cell mass and indrrectly n with the I it
estimation the blood volume or to follow the life span of the cells More
mformation can be obtamned with the tron 1sotopes *Fe which has a half
bife of 46 days and 1s commonly employed or Fe with a half hife of
2 gyears The Fe 1n tracer doses can be used to label 1ron salts to be given
by mouth or 1t can be introduced 1nto foodstuffs such as eggs meat or
vegetables by administering 1t to the amimals or incorporating 1t into the
medum upon which vegetables are grown (Moore & Dubach 1956) It
may also be given intravenously The labelled iron admumstered 1n one of
these ways 1s built into the haem of new cells and can be demonstrated
the peripheral blood after a few days The degree of mcorporation of the
tsotope into the red cell haemoglobin can be calculated and by estimating
the portion of an orally administered dose lost m the stools the percentage
absorption 1s obtamned The labelled red cells can also be followed to
determine such features as their life span  %Fe 15 used only as a second
tracer  In the technique of double labelling advantage 1s taken of the fact
that these two 1sotopes are easily separated When the 5Fe 1s gnen
mtravenously and the °Fe orally the 5Fe indicates the percentage
incorporation of ron mto the red cells  Assummng that *Fe 1s incorporated
to the same degree the percentage absorption can be calculated This
method has provided particularly important information regarding absorp
tion for 1t has ehmmated the difficulty encountered in the previous
method through at of wron (Both Pirzio Biroh &
Finch 1958) The g, globulm of the plasma may be made to take up the
1sotope i wrtro and this labelled material used to estimate the plasma
volume or 1n 1ron metabolism studies

For comparative purposes the porphyrnn ning of the haem 1nstead of 1ts
ron may be marhed by using glycine marked with 8N (Muir Neuberger
& Perrone 1952) or ¥C These methods require chemical separation of
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the porphyrin, or 1ts dernvatives before the 1sotope concentration can be
determined the former, which 1s not radioactive, by the mass spectroscope
and the latter, as with the ®Fe, by a scintillation counter The globm s
also labelled and 1n certain mvestigations 1t 1s an advantage to separate st
off and estimate sts actrvity

Radioactive 1sotopes particularly 5°Fe can also be used i conjunctton
with surface counting By means of counters placed over the heart lver,
spleen and sacrum the distribution of the labelled 1ron can be followed
Soon after absorption, when the 1ron 1s circulating freely 1 the plasma,
the counts are the same over all the areas but withn an hour or two the
activity of #Fe becomes concentrated 1n the bone marrow 1n accordance
with what would be expected This phase 1s followed by the entry of
labelled cells nto the circulation and 1n a few days the distributton of the
tron becomes more general agan as the labelled blood crrculates  Later
and particularly when there 1s haemolysis phagocytosis of the red cells
mcreases the activity over the spleen

THE CONTROL OF IRON ABSORPTION
AND IRON METABOLISM

The controlling factors havenot yet been completely elucidated, but certain
facts are well established In man the daily absorptton of 1ron from a diet
contamming about 15 mg 1s 1~-2mg which just balances the daily loss
including menstruation In anaemia particularly 1ron deficiency anaemia
the absorption 15 much more efficient and may nse to 30% of the ron
intake

Foratimestwasfirmly behieved thattheabsorption of rronwasregulated by
the processof mucosal block (Grantck, 1951) Theideawasthattheaccumula
tion of ferritin 1n the mucosal cells prevented any further uptake Hetlmeyer
and his co workers (Hetlmeyer Eeiderling & Wohler 1957) have obtamed
direct experimental proof that a high ferntin content in the duodenal
mucosa does not m tself completely block further 1ron absorption although
st 1s true that with ncreased 1ron dosage the proportion of iron absorbed 1s
dmunished The mucosal block theory also fatls to explain why 1ron con
tinues to be absorbed 1n dper haemoly
and even n conditions of 1ron overloading including haemochromatosts
and experimental pynidoxine defictency 1n pigs (Moore & Dubach 1959)
Some such mechanism may delay absorption but 1t does not prevent it

completely
The degree of anaemua the oxygen tensxon and theplasmaironlevelshave
all been el das factors regul. ption (Moore & Dubach 1959)




IRON METABOLISM AND fRON DEFICIENCY ANAEMIA 27

The amoust of wwon available in a soluble ferraus state i the duodenum
13 mpartant and absorption 1s huked directly with the absorption of traces
of copper andinnersely to themtake of pynidoune It seems ymportant too
that sbsorption i d when erythrop 15 lated butno direet
hinkage with the marrow factor  erythrop has been
established Absorption 15 usually snfubsted when adequate iron stores are
present 1n the tissues but this 15 not invanable and the mechanism 1s
certandy not clear

Drablun {rg31) has emphasized the mmportance of 2 hukage between the
hormones particularly thyroxne and the eytochrome © 1n the tissue cells
and regards this as the meck whereby the hypothat region of the
brawn ultunately controls oxygen consumption by the nssues Such a
mechamsm couid have a profound mnft upon ron bolism and
sught regulate the serum sron level through the ferntin storage mechamsm
of the teticulo endotheltal cells (Schaefer 19359}

Protens play an unportant past 1n the control of the next phase of wron
metabalism (Laurell 19,9} The won binding 8, globulin of the plasma s

particularly important  In haemolytic states a new mechamsm appears
and the haptoglobwns of the plasma bind free haemoglobin and prevem its
loss through the kidneys or when the potenualities of thss method are

ded theh gH 13 owdized to meth Jobin and kinked with
atbumin to form methacmatbumin In the tissues too the protemn apo
ferritn always appears where 1t 1s required to bind sron These controfiing
proteins may be pathologically altered and one effect scen in tovic states
15 o bind too little rron in the plasima and too muchn the tussues Although
the hver plays the major part i the formation of the alburun fractions and
the lymphoid uissues 1 the globulins their f does seem to be
hinked and it 13 of interest that Schedl & Bartter {1g359) discorered
accrdentally that the infusion of humnan serum albumin depressed the won
binding capacity of the serum

The regulating mecharusm appears to break dovwn at an even later stage
m refractory sideroblastic anaenma where Bessts & Breton Gorus {1959}
have demonstrated the accumulation of ron within the matochondria of the
erythroblasts

DISORDERS OF IRON METABOLISM
The tommonest diserder of reon metabohism 1s that caused by loss of ron
from the body through haemarrhage The effect of a single haemorthage
even if severe n a normal mdmdual with ample 1ron stores 15 trannitory
(Fig 2) Assoon s compmsamry blood dilution has been achieved the
MArTOW 1 tated to throp and the fernitin stores and




28 W M DAVIDSON

haemostdenin reserves are mobilized to meet the demand The plasma iron
exchange 13 accelerated, 1n a few days the stimulation of erythroposetic
actiity and increased haemoglobin formation reach a peak and many
young cells are poured nto the circulation In a few weeks the haemo-
globin level reaches the normal range and the erythropowetic actnaty
declines  Eventually recovery 1s complete except for the stores of wwon
which ate only replaced very slowly over months or years

RBC s x 10%

0 ot
Days - 30 0 50 100 150
anaegma For

Fig 2 Dhagramslit devel of ifon
the normal Iife span of 2 Cohort of labelled cells IV s shown in each dugram  dbote
The effect of a single severe haemorthage mdicated by the arrow on a population of
labelled cells 4 The dotted line B shawg the recovery due to the formation of increased
numbers of new cells which modities the changes in the total red cell population  Middle
Repeated small haemorshages indicated by the arrows reduce the labelled population
As scon as the sran stares have been exhausted the total red cel) population dotted ine B
also begins ta dimnish as iron dehcrency anaemia develops Foot Once aron deficiency
15 established although the marrow activity 1s increased delay i the maturation of the
red cells interferes with production The cells in the labelled population 4 show the effecta
of continued blaod losses and a shightly shortened hfe span At the same ume the toral
red cell populatton dotted line B 13 now reduced

Repeated blood losses such as those due to chronic bleeding from the
gastro wntestwal and urogemtal tracts soon lead to exhaustion of the 1ron
stares (Fig 3) Thereafter n the absence of treatment a precarious balance
may be estabhshed (Fig 2} The avarlable wron 1s more fully abserbed than
normally the transport of 1ron 1s accelerated and the total haemoglobm
formation may be normal or even mereased  Despite this the amount of
h globn formed 1s to meet the 1ncreased demand and 1n
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the hyperplastic marrow the indriidual erythroblasts develop to poor
ragged half h lobin starved bl which give rise to
hypochromic microcytic red cells mere shadows of the normal Many of
the defective red cells are never born 1nto the circulation but are destroyed
in the marrow and even those which achieve their objective have a
shortened Iife span (75-9o days (Pollycove 195g)) Eventually as the
condition progresses the marrow becomes hypoplastic

Haemochromatosis Normal Tron defictency Toxic
con store Mid Moderate Sevese |
depletion | anaema | anaemia (anaemia

1 ! '
i !
| .
] i
i ! !
o
Somue 155 | 0 4 T 1T [T [T7Ee
|
N 1 1 5
N 1 |
Ham 25g 25g | 258 | 1075g
1 1
mm o o | { mo mm
Engymes03g | 03g | 03¢ | o1g | O2g

3 The 1ron distribution in the body 1n the normal sate n haemochromamsls dunng
e development of sron defciency aaem a and in the anacm & OF  foxic MICCIve

cond tions  In 110 1 deficiency the iron stores re exhausted first then usuatly the haemo

globun 19 reduced progressivelyand fin Ily tbe iron cont ining enzymes suffer The massive
accumulation of 1ron 1n haemo hromatosis 18 asso 1 ted with normal h emoglobin forma

tion but nthe tove nf ctive states haemoglobin formation and possibly the enzymes

are di turbed Each squ re represents 1 g of 1ron

Without treatment such patients can exist for a long time with a very
severe degree of anaemia  Gradually the other 1ron
are affected the 1ron enzymes (Goldberg 1939) and the myoglobin and
possibly secondanly also other enzyme systems (Beutler 1959) This adds
to the sh h k and bb mentality which these
patients often extubit  All cells but especially those which have a short
Lfe span and have to be replaced frequently suffer The har greys
becomes dry and brittle and may fall out even in young women the nails
break easily and tend to be spoon shaped possibly through secondary
interference with cystine metabobsm (Jallh & Al hassab 1950) the
mucous membranes become thin and the tongue glazed and sore the edges
of the mouth crack (Plate 2) and atrophy of the oesophageal surface causes
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In reserves are d to meet the demand The plasma iron
exchange 15 accelerated, mn a few days the stmulation of erythroporetic
actvity and mcreased haemoglobin formation reach a peak and many
young cells are poured into the crrculation In a few weeks the haemo-
globin level reaches the normal range and the erythropotetic actrvity
declines  Eventually recovery 1s complete, except for the stores of 1ron
which are only replaced very slowly over months or years

] 50, 100

RBC s x 10"

Days - 30 ) 50 T00 150

Fig 2 Diagrams ! the & of anaemia_For
the normal life span of 2 Cohort of labelied cells N 15 shown in each diagram  Abore

The effect of a sngle severe haemorthage indiczted by the amow on a population of
labelled cells A The datted kine B shows the recovery due to the formation of increased
numbers of new cells which modufies the changes 1 the total red cell population  Viddle

Repeated small haemorrhages indicated by the arrows reduce the labelled populatton

As s00n 23 the 1ron stores have been exhausted the total red cell population dotted hine B
also begins to dimunush as iron deficiency anaemia develops Foof Once ron deficiency
15 established although the marrow activity 1s increased delay in the maturation of the
red celly mterferes with production The cells in the labelled populanion A show the effects
of continued blood losses and a slightly shortened life span At the same time the total
red cell papulation dotted e B 18 now redured

Repeated blood losses such as those due to chronic bleeding from the
gastro ntestinal and urogenital tracts soon lead to exhaustion of the sron
stores (Fig 3) Thereafter n the absence of treatment 2 precanous balance
may be established (Fig 2) The available 1ron 13 more fuffy absorbed than
normally the transport of 1ron 1s accelerated and the total haemoglobin
formation may be normal or even increased Despite this the amount of
| globin formed 1s it to meet the increased demand and
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including rheumatoid arthritis  Charactenistically there 1s a low serum
wonlevel butin contrast to simple iron defictency thereisalso alow serum
iron combining power (Fig 5) Despite this or as a result of this there 1s
a rapid turnover of serum 1ron and stocks accumulate 1n the retrculo
endothelal cells (Fig 3)

—
300 —
E
g oo
Kl
100 7
Normal =4 Ijection Togect w
dfiaeng  chomato s F SO collosdal
on

Fig 4 'The iron carrying power of the plasma i the normal state and in disorde s of
1ron metaboli m together with the effect of 1onic1ron (FeSO ) and bound iron admumistered
intravenously The bound tron 1s carned by its own binding m_ teral and does not at first
materally alter the plasma White = unsaturat d 1ron-combining power hatched =
s rum 1ron

The next stage 1n 1ron metabolism  the transference of the ron from the
reticulo endothehal cells to the erythroblasts and its incorporation 1nto the
haemoglobin may also be affected As a result 1ron accumulates in the
reticulo endothelial cells and even 1n the erythroblasts Such a condition
may be d in the ! luding Hodgkin s disease but 1t
15 most ck 1c of the 1 hypoch of the
thalassaemia type Thalassaemia stself would appear to be due to an
enzyme defect causing an error at 2 very late stage of haem formation
perhaps even the final incorporation mto the molecule by the chelatase
(Bannerman Grnstem & Moore 1959)

In the case described by Garby (Garby Sjohin & Vahlquist 1957) the
defect 1n haem synthes:s seemed to have been at an earlier stage for the
lack of 1ron util was P d by an !
precursor coproporphynn 1 the red cells

of the earhier
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the difficulty sn swallowing of the Patterson-Brown-Kelly syndrome
Secondary mflammatory nvasion of the oesophageal wall Jeads to scarnng
and web formation, while 1n a proportion of cases a post cricord carcinoma
may eventually develop The gastro itestinal mucosa 1s severely affected,
achlorhydria ts established, and ulumately atrophy of the gastric mucosa,
from which no recovery 1s possible supervenes It 1s possible that the
tssue changes precede the develop of the more frequently
than 1s suspected

Leucopoiests 1s also affected, and after an imtial stage of overactivity, 1t
shares in the marrow farlure and a leucocytosis 15 followed by a neutrophil
shift to the nght Giant metamyelocyte formation 1n the marrow may

d a dary defi , but 1t 15 more probably a direct effect of
won depletion (Plate 3)

Once fully established the changes 1n the gastro intestinal tract mhibit
spontaneous recovery The part played by achlorhydria 1n 1ron deficiency
15 difficult to evaluate It has been fully investigated by Davidson &
Markson (1g55) Badenoch, Evans & Richards (1957) and Moore & Dubach
(1956) and while achlorhydra may play a part 1n preventing the optimum
conversion of the 1ron available in the diet to the ferrous form and so
dimunish absorption 1t does not prevent the absorption of 1ron, erther from
foodstuffs or from therapeutically admmistered salts The effect may be to
reduce the amount of tron absorbed from a deficient diet to below the
required fevel or more probably to prevent increased absorption when the
demand for iron 1s raised  Operative removal of a large part of the stomach
has a more definite effect and may produce an 1ron deficiency anaemia
occasionally completely refractory to the ordinary oraltherapeuticmeasures,
but responding to parenteral iron (Hobbs & Discombe, 1959) [he dumin
1shed absorption may well be due to the loss of the fundus of the stomach
whichactsasa bopper for holding the iron containing food until 1t 1s ready
tobe absorbed (Witts 1958) or alternatively the alteration 1n the alimentary
canal may result 1n penstaltic hurry and insufficient time for absorption

Loss of absorption also occurs in disorders of the small intestine such as
have been grouped as non tropical sprue and coelac disease The latter 15
of course particularly interesting in its relationship to sensitivity to gluten
or more strictly to 1ts gladin fraction (Sheldon 1958) Here fallure to
absorb 1ron 1s probably just part of a general faslure to absorb but the
posstbility of a specific factor cannot be excluded

Frrors of protein formation particularly 1f they affect the plasma proteins
mterfere with 1ron metabolism and 1n conjunction with changes in the
teticulo endothelial system provide the basis for a type of anaema often
found m the infective and toxic states and the collagen’ diseases
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expertmental antmals doubt has been cast upon the part played by 1ron 1n
the pathogenesis of the cirrhosts of the lver and pancreas  Although vast
quantittes of iron accumulate tn the tissues of patients with refractory
anaemias who have been given over thirty pnts of blood or a great excess
of parenteral iron fibrosts 1s uncommon and the condition seldom pro

gresses to bronzed diabetes When there 1s fibrosis a careful check on the

I .L L A

Iron in 1 pint] Tron Chrq
onic | Muluple [Haemochso

of b1ood_ || geficiency | Nl | oxaemia | transfusions| matosss
“Total body

aron (&) 1-2 5 10 20 30+
Serum

oo mp|  0-50 80-160 10-50 100-700 200 +
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power
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Fig 5 The tot ! body sron in the norm 1 and diso dered states
ilustrated by 1 1s of the appropriate weight  x }

quantities has usually shown more 1ron in the tissues than could have reached
them from the transfused blood Sumilarly despite many attempts no hver
cirrhosis has been produced by the ad: of 1on to exp

anmimals (Oliver 1959) As a result Cappell (Cappell Hutchuson & ]owett
1957) felt that there must be some fibrosing factor associated with the jron
absorbed from the bowel possibly traces of copper which causes the
cirrhosss of the liver and interferes with the islets of Langerhans and the
other end organs The diff between 1 siderosis and

3

un
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Iron metabolism 1n hypoplastic and especially aplastic anaemia reflects
the almost complete lackof haemoglobinsynthesis withserumitonexchange
nearly at a standstill With the absence of the stimulus of active erythro
potests iron absorption 1s himited and any accumulation of 1on stores 1s
very slow

In contrast, in haemolytic anaenua the mon turnover 13 very rapid
particularly 1n the acquired vaneties (Pollveove, 1959) where there 1s a
great n “meffective I globin formation , that 1s haemoglobin
which never reaches the circulating red cells "This 1s brohen down almost
at once and increases the rapadity of the 1ron turnover very greatly

In permicious the greatly d nf u-on 15 agam
complicated by the degree of ¢ 1
and as a result the plasma won level 1s usually high dcspxtc the rapid
removal of sron from the airculation  Inasevere casetheeffectiveincotpora
tion of sron 1nto the cells 1s relatively small but on treatment there s a rapid

d] and even a tendency to swing towards the iron deficiency
pattern

In the earlier stages of polycythaemia vera there 1s an increased sron
turnover but of anormal pattern Later however this tends to be replaced
by a haemolyuc tvpe of 1ron exchange

In contrast to 1ron deficiency there are the states sn which enormous
quantities of 1ron accumulate 1n the tissues hnemnchmmatosxs trans
fusional siderosis nutnitional sid and pul y Haema
chromatosts seems to be an inherited defect of wron metabolism Although
a number of cases have been deseribed 1n sibs the evidence that there has
been passage from one generation to anuther 15 not convincing  Neverthe

less 1t seems possible that there 1s a d hereditary predisp
factor and an acquired precipitating factor (Shapra & Dmyfus 1959)
Increased absorption of 1ron over many years results m the accumulation
of vast quantittes of iron usually well over jog 1n the tissues {F1gs 3 and 5)
Increased absorption has not always been demonstrated i the fully
developed disorder but 1t must have been present at one tume to account
for the enormous quantities of 1ron 1n store It seems probable however
that the mncreased absorption 1s secondary to a change mn the tissues
especially the iver pancreas and endocnine organs which greaily enhances
their avidity for 1ron {Gillman & Hathorn 19,8) As would be expected
with the vast stores of 1ron available the plasma iron carrying protemn 13
usually saturated  Despate these changes in iron metabolism haemoglobin
formation tends to be unaffected so that 1 contrast to the general rule
1ron absorption 1s increased despite a normal marrow and large 1ron stores
As a result of the findings 1 transfusional siderosss and in 1ron foaded

£, %
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cells typical of haemolytic anaermas are also found 1n the secondary
haemolyss of chronic leukaemia and other disorders such as polycythaemia
and myelosclerosis
TOXIC EFFECTS
Excessive quantities of wron 1n the tissue cause damage both by mechanical
disturbance and by interfering with tissue respiration  Ingestion of 2 large
quantity of tron particularly by children not only damages the gastro
ntestinal mucosa but produces fantastic serum tron levels 3000g or more
per 100 ml and results i profound shock leading to death in a few hours
from extensive liver necrosis
The d of ble tron mnt; ly n which
exceed theron binding capacity of the plasma causesacutetoxicsymptoms
mcluding an encephalopathy The modern intravenous or intramuscular
1ron preparations carry their own 1ron binding substance (Fig 4) and in
such form vast quantities of 1ron up to 5000xg per 100 ml can circulate
without causing damage Nevertheless grossly excessive stores can be
accumulated 1n this way and may cause tissue damage Large doses of
t d 1ron lead to derable d of ferritin 1n the tissues of
expertmental mice (Nisstm 19,5) and cause testicular atrophy Even more
disturbing 1s the demonstration by Richmond (1959) that large doses of
lar 1ron 1mtiate change 1n rats and mice Rats
however are prone to such changes which have not so far been shown to
occur inman  Nevertheless the finding should be borne in mind 1n temper
1ing enthusiasm for this type of therapy

TREATMENT

The treatment of iron deficiency anaemua has to be based upon our
knowledge of the metabolism and the total dose of 1ron to be given more
nearly approaches mathematical accuracy than 1s possible with any other
form of therapy

The first principle 1n trcatment 1s accurate diagnosis and this must
nclude asearch for hage or signs of malabsorption from
bowel disease These factors modify the approach to rational therapy and
at an early stage they should be corrected as far as 1s possible

After a careful phystcal exammation and possibly a quick capillary
haemoglobin estimation to establish that there 1s an abnormality venous
blood should be taken for the haemoglobin and mean cell haemoglobin
congentration estimations and a blood film examined If there 1s anaemia
that 1s a haemoglobin level below 13 5 g per 100 ml of blood (90%) 1n
males or 12g (80%) 1n females and there 15 no evidence of obvious
bleeding occult blood should be looked for i the stools Thereafter 1f the
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haemochromatosis may be due entirely to the length of time over which
the rron has accumulated, 1n the latter probably forty ta fifty years (Olver
1959)

Dusturbances of the hondra, with the of iron have
been demonstrated by Richter (1957) using the electron microscope, and
he suggested that the resulting enzyme disorders could lead to cell destruc
tion  Such a pathogenesis would bring haemochromatosis nto close
relationship with nutritional siderosis found especially 1 Africans  In the
former condttion the error would be congenital possibly an enzyme defect
while 1n the latter a simlar acquired defect would result from their
unbalanced, iron enniched maize diet (Giliman & Hathorn, 1958) This
closely resembles the iron enhanced diet used by Goldberg & Smith (1958)
to produce a heavy 1ron deposit 1n the tissues and what was nterpreted
as a tocopherol deficiency, m rats Tocophero! defictency, 1n conjunction
with a diet deficient 1 thioamino acids has been shown to lead to hepatic
necrosts {Lindan & Himsworth 1950) and fibrosss could follow Thus these
conditions might depend upon one single defect, but so far the expent
mental proof 1s lacking

Paradoxically aceumulation of 1ron in the lungs 1 the curious conditton

1

of p y sid 15 d with an iron deficrency type of
anaemsa and the plasma changes typical of such an anaemra, a low serum
1on and an d d iron b power Stemner (1959)

has suggested that here the deposition of 1ron follows an antibody~antigen
reactton in the lungs wath liberatton and accumulation of tron as a result
of the haemolysis In addition to the 1ron lost by haemoptysis and the
expectoration of 1ron laden ph the 1ron dep d m the lungs
15 not readily available for re uttlization and an won deficiency develops
Radiologrcal studies show that eventually much of the pulmonarv 1ron 1s
reabsorbed and presumably the sron deficiency would correct itself if there
was no further haemolytic episode Wheneser a case 1s avatlable 2 careful
assessment of tron metabohsm sheuld be carned out if Stemer 1s correct
splenectomy should help but so far the results have not been too
encouraging

Inhaled 1ron oxide dust although 1t causes dense shadows n the lung
fields does not appear to be dangeraus and as n puimonary siderosts the
shadows eventually clear (Perry 1955)

Except 1 the arrhosts of haemochromatosts chronie liver disorders
are usually associated with low serum tron levels (Mapolitano & Scuro
1g47) 1n contrast to acute hepatitts where the level1s very high (Vahlquist
5959} and ferritin mav be demonstrated i the plasma (Wohler 1959)

The accelerated exchange of iron and the splenic sequestratron of red
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Although 20-309, of the 1ron given 1s absorbed 1n the early stages of
treatment of a severe 1ron deficiency this soon tails off to about 29, after
the haemoglobin has reached normal levels This fact has to be borne 1n
mind sn calculating the relative cost of a course of treatment with parenteral
ion A patient with an imitial haemoglobin level of 7 5 g per 100 ml of
blood lacks appromately 1 23 g of 1ron 1n the haemoglobin and possibly
another 1 o g for storage If the average rate of absorption over the first
8 weeks was 209, of the 100 mg given daily 1 12 g of 1ron would be avail
able to replace the mussing h lobin This 15 app ly the tume
needed for recovery (Swan & Jowett 1959) The subsequent accumulation
of a store of 1 g at an average absorption rate of 2-3%, would take over
50 weeks a figure which compares with the experience that 1t takes about
a full year on oral 1ron treatment to reform the stores (Davidson 1957)
‘The total cost of such a 50 week course of oral iron would vary from 2s 84
for ferrous sulphate to 305 for ferrous succinate The more expenstve 1ron
chelate tablets would be twice this price and an elixir might cost 1z

With 2 haemoglobin level below 4 5 g (30%) the patient should have
bed rest between 4 5 and 6 g (30 and 40%) much curtailed exercise but
above this the restriction should be proportionately less as the haemoglobin
level nses

With effective treatment iron deficrent mdwviduals should reach a
maximum reticulocyte level which 1s too indefinite to be called a crisis
about the 8th day After a short initial lag the nise 1n haemoglobin should
be rapid the speed being related to the imtial haemoglobin level Swan &
Jowett (1959) have constructed curves giving the anticipated rise as a per
centage of the original level These show that there should be a 509, reduc-
tion 1n the haemoglobin defiaat tn 18 days and that normal of not quite
maximum levels should be reached 1n 8 weeks Itis known however that
the blood picture does not return completely to normal until many weeks
have elapsed presumably until the end of the hfe span of the abnormal
cells produced 1n the 1nitial phase of recovery

If after 3 weeks treatment there has been no adequate response the
situation must be 1 under the following head Has the patient
been talung the 1ron regularly? Is there continued bleeding? If these can be
ehmenated Is there a defect i absorption® A defect 1n utilization?® Some
complicating factor such as uraemia or hypothyroidism? Is the diagnosis
wrong?

The dectsion as to how long to continue treatmentniron deficiency could
be established 1n theory by elab bsorp and util; studies but
1n practice 1t 13 better to have a rule of thumb method with the safeguard
of repeated haemoglobin checks From the pomnt of view of treatment
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haemoglobin 15 over g g (60%) the M C H C 309% or under, and a film
18 1n keeping with the d of a hypoch microcytic
treatment should be started at once with oral ;ron With a haemoglobin
level of between 7 5 and g g (50-609%) a httle more thought should be
given to the diagnosis and below 7 5 g (50%) 1f there 15 real doubt about
the cause the bone marrow should be examined and the serum 1on estt
mated Not infrequently 1n such cases these examunations demonstrate
that the anaemia 1s of a different or mixed ongin  Even 1f they merely

blish that erythrop 15 bl and that the ron stores
are exhausted this serves a purpose for it makes patient and doctor more
determined upon adequate treatment The marrow prcture does also gue
a certain amount of information regarding the factor causing the anaemia
Wlth recent blood loss the marrow tends to be hyperplastic with active
erythrop and many ph v cells withvery chronic haemorrhage or

labsorption 1t 1s usually hypop!: and when there1s a large nutntional
element glant metamyelocyte formation may be prominent Demonstration
that the serum 1ron 1s low and the unsaturated 1ron combimng power of
the serum 1s 1ncreased also helps to confirm the diagnosis

Oral treatment

Oral treatment should be given wh possible and other methods only
resorted to1f this fails or1scontra indicated Various ferrous iron prepara
tions are available and m the uncomplicated case they are almost equally
effective tn equal dosage but in both human cases and ammal experiment
ferrous sulphate 1s shghtly more 1rritant than the organic preparations
ferrous gluconate fumarate or succinate 'This 15 borne out by the fact that
deaths from ferrous sulph g were when this was the
drug of choice but e\en chlldren who are known to have ingested con
siderable numbers of ferraus gluconate tablets have recosered Chelated

1ron preparations do not appear to have any advantage over the other

prep n the i case
The most convenient way to give 1ron 1s probably as a tablet and 100 mg
af el | 1ron a day 15 adeqp Terrous fi has the ad g

aver ferrous gluconate and succinate of not requining to be coated also
anly two tablets are needed to provide the daily 100 mg of elementaf wron
Fluid preparations are more difficult to dispense and the sweetened forms
tend to be expensive At this dosage the cost per week at present day
prices for tablets would be  Ferr Iphate4d ot gl 5d

succinate 7d  an amino acid 1ron chelate 7d to 13 4d and for hiqud
preparations fern et ammon citrate 24 to as high as 45 8d for some of
the eluars
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Postgastrectomy, anaema

Most cases of 1ron defi foll g partial g respond to
ordmary oral 1ron therapy butina small proportion this fails completely
P 1 1ron prod butth d tends

to relapse 1n 18 momhs to 2 years Recently compounds 1n which the iron
15 bound to choline eitrate sodium edetate and amino acids have become
available These offer a new approach and the latter has proved to be
effective 1n a small group of refractory cases (Hobbs & Discombe 1959)

Anaema of pregnancy

The of the iron d anaerma of p 1s
by the fact that during the third tnmester there 15 often a more rapld rise
1n the plasma volume than mn the red cell mass This exaggerates the degree
of anaemia and at any one moment 1t 1s difficult to evaluate how much 1s
due to dilution and how much to 1ron defictency Bone marrow biopstes
show that the reserve store of tron 1s usually Iost Normally this iron when
mobilized 1s ample to provide for the mcrease in the red cell mass and
after labour 1t 1s returned to the stores At the same time the excess of iron
absorbed 1n the absence of menstruation should cover the 500 mg or so
given to the foetus with enough to spare to make good the ordinary blood
losses at the time of labour These normal arrangements fail if the woman
starts her pregnancy without an adequate store of 1ron or if the amount of
1ron available s dimimshed as a result of a poor diet or malabsorption

At 12 weeks the haemoglobin should be normal as the demands of the
foetus have not started In the absence of haemorrhage anaemia at this
stage means that the woman had been 1ron deficient before the pregnancy
began and the response to therapy should be prompt and adequate At
32 weeks 1f the haemoglobin 1s above 12 g (80%) any drop that there has
been can be judged to be mainly due to a discrepancy 1n the rates of plasma
to red cell production If 1t 1s below 9g (60%) and other causes are
excluded there 15 a definite ron deficiency Between g and 12 g (60-80%)
lies the difficult group Both factors are involved but the degree of par
ticipation must vary from case to case In most instances ron deficiency
plays an important part (Davis & Jenmson 1954) As 2 working rule no
woman should be allowed to go nto labour with a haemoglobmn level of
under 10 5g (70%) and if possible 1t should be over 12 g (80%) This
ensures that ample 1ron 1s available to provide a full store for the chuld
and to prevent the occurrence of severe anaemia through repeated child
bearing  Conflicting views have been expressed on thus subject  Sisson &

1 q
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the cases can be dvided 1nto two groups, those in which the cause of the
deficiency has been or can be chminated, and those where the cause
13 not amenable to treatment In the first group three months of full
treatment 15 probably sufficient, rebuilding of the tron stores being left to
wron from dietetsc sources  If there 1s any q of the cause p

the treatment should be continued for longer, and often a mamtenance
dosage of one week on treatment esery month will maintain such a patient
m 2 state of wron sufficiency With severe losses, continued full treatment
may be required and may have to be supplemented by other forms of
therapy It 1s particularly important to continue treatment for a consider

able period 1n those indviduals showing marked epithelial changes to
ensure that the mavimum degree of recovery has been achieved, and so
prevent the development of post cricord carcinoma

Parenteral treatment

In won defi Y plicated by other disorders the t must be
suttably modificd For example with severe gastro intestinal disease oral
1ron may be contra indicated In such cases and where there 15 a definite
defect 1n absorption 1t 1s justifiable to gne parenteral won Either the
saccharated 1ron complex Ierrvenin 1s given intravenously or the iron
dextran complex Imferon , intra muscularly It1s necessary to start such
treatment with a small dose and to be extremely careful in treating patients
showing allergic disorders particularly asthma ot skin diseases The total
dose of 1ron required should be calculated A simple method 1s to give
250 mg for every 10% (1 5 g} of hacmoglobin deficiency plus a further
500-1000 mg to provide a store Chis dose should not be exceeded to any
substantial extent except possiblyn cases where therescontinued bleeding

The travenous 1ron 1s probably utilized rather more quickly than the
intramuscular for even if the lymph dramage 1s good 20%, of the injected
mass remains 1n the tissues for more than 3 weeks and some of 1t for very
much longer The advantage of the intramu.cular over the ntravenous
preparation 1s that each full dose 5ml contains 250 mg aganst 100 mg
of iron  All the parenteral iron given s avaifable for haemoglobin formation
and an average course of 225g costs 205 as Fernvenmn or qos as
‘Imferon This 1s comparable to the cost of a 50 week course of one of the

d priced oral prep

{Recent confirmation of the marked carcinogemic hazard of 1ran dextran
in rats and muce (Haddon A and Hormng E S J Nt Cancer Inst
1960 24 109) suggests that the compound should na longer be used 1n
medical practice until the nisks to man have been elycidated Id )
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I und (1957) found 1ron deficiency 1n the snfants of 1ron deficient mothers

Sturgeon (1959) failed to show such a relationship, but had no really
anaemic women in his control series, and Hytten & Duncan (1956) con-
sidered, on theoretical grounds, that anaemra 1n the mother was an advan

tage For the present the middle course should be adopted, that 15 that true
tron deficiency m the mother must be corrected mild degrees should be
treated, and any value above 12 g (809,) may be taken to be normal at
32 weehs

Iwishtothank MrS H Pegg FIMLT Sentor Technician in the Department
of Clinical Pathology and Mr W Srmth Medical Photographer to the Hospital
and Medical School for their help 1n preparing the illustrations
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THE PATHOGENLSIS AND DII'FERENTIAL
DIAGNOSIS OF THE
MEGALOBLASTIC ANAEMIAS

RONALD H GIRDWOOD

#The occurrence of megaloblastic change 1n the bone marrow indicates that
a pauent 15 suffering from deficiency of vitamun B, or folic acid or bath
although occastonally, particularly 1n infants ascorbic acd depletion may
play an additional role Conditions mn which folic acid defictency occurs
are as follows

Nutritional megaloblastic anaemia

Megaloblasttc anaemra of infancy

Tdiopathic steatorrhea

Coeliac disease

Tropical sprue

Organic disease of a large part of small
intestine

Resection of a large section of upper

Hepatre eirrhosis

Extensive malignant disease chrontc
nfections

Admmmustration of certain ants
malarsals

Ad, of folic acd antag

Admimstration of certan antt con
vulsants to a susceptible subject

small intestine
Megalobl anaemua of preg!
Pregnancy without anaemia

Vitamn By, depletion may be found 1n the following condrtions

Pernictous anaemia

‘Total gastrectomy

Partial gastrectomy

Gastro enterostomy

Blind and stagnant loops of small
mtestine

Jejunal diverticulosss

By passing of absorbing surface of
ileum

Diphylloboth latum

A combination of several causes

Vatamun By, depletion
A t of several causes

Nutritronal megaloblastc anaemia
Megaloblastic anaemia of nfancy
Idiopathie steatorrhoea
Adult cocliac drsease
‘Tropical sprue
Organic disease of lower small
1ntestine
Resection of lower small intestine
Megalobl: anaemta of p Y
?Pregnancy without anaemia
Hepatte cuzrhosis
Stnce two chemically unrelated articles of the diet are required to prevent
megalablastu. anaemta and since there are so many possible causes for the
occurrence of the latter 1t 1s obvious that there are occasions when it 1
not easy to establish which of the two possible deficrencres predominates
or why 1t has come about However cliical diagnosis must not be allowed
to become too complex Addisonsan pernicious &naemia Js the type of
most ly seen 1n this country To mahe an

1nh]
g
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absolutely certain diagnosis of thus for research purposes may be difficult,
but normally 1t 1s enough to do blood counts find megaloblasts 1n the bone
marrow or 1n the buffy coat of the blood carry out a test meal using the
augmented histamine secretion test (hay 19,3) and look for a response
to therapy with cyanocobalamin 1njections  Relatriely complex investiga
tions are needed 1n certamn forms of lobl: where

has already been grven orin the pre znaemic state

METHODS OF INVESTIGATION
In the d of methods of g particular refe will be
made to personal expertence m the application of thesemethods i aresearch
laboratory not undertahing routine work Many of the conclusions have
already been published and a detaded study of problems of folic acd
bolism and therr s will appear later (Girdwood 1960b)

The serum witamn B, level

The level of vitamin By, 1n the serum 15 estimated microbrologically the
test organisms commonly employed betng L letchmanm or Euglena gracihs
Vath L lechmanmn which was first used successfully by Rosenthal &
Sarett (19,2) 1t 1s necessary to precipitate the serum protemns Various
modifications of the method are used by different mnvestigators (e g Spray
1955) but the simplest method 1s to use Difco B, Assay Medwm USP
supplied by Vlessrs Baird and Tatlock London and L lechmanny 7830
Details of the method employed by the present author and of reproduct
bility of results are given elsewhere (Girdwood 1g60a) but the findings n
833 such zssays are shown 1n Table 1

Table 1 Numbers of patients with 1arous serum vitamun B,
levels (L leichmannu 5o ¢y anide added)

so-129 Range
<50 {upg/ml) 1304+  (spg'ml) Mean

Controls = 13 327 110850 2861
Fernicius anacrmia (untreated) 228 56 3 p ot
Idop thie steatorrhoea adul 5 3 5z <50-600 2095
Coeliac disease and tropical tprue
‘Total gastrectomy 4 3 9 <s0-280 —
Parnal gastrectomy 6 3 18 <0630 1963
Gastro-ente ostomy 2 3 2 <so-gr0 —
Blnd or tageant loops 5 3 X <gojoo  —
Other disease of small mtestine 4 & 8 <go280  —
Megaloblastic anzema from anty x z s <so-190 143
Megalobiast f

egaloblastic anaermua of pregnancy 1 3 15 <50-450 1842
Polycythaemsa -~ = B i4otoee 37ea
Chrome my o d leukaemia — — 3 t100-zs00 1boo
Hepane curhons - - 4 55098 7r25
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With thus organism st 33 10t possible to measure with any degree of
securacy lesels below 50zg/ml and w order to estimate the means of the
resultsin Table v readings below this Jevel have been taken to be sopppfml
In some wostances the true means will thesefore be lower than indicated

"These results wese obtamed without adding potasstuee cyamde to the
sera  Some workers add cyanide others do not There 53 no doubt that the
adihtion of ths substance gives ngher readings exther by hberation of the
vitaeun from protein compounds or by p tion of its d This
15 demenstrated 1n Table 2

Table 2 Serum crtanan By, lecels (L lewchmannu) m fifty patunts

Na eyansde added to secum
5300 {mean 187) gpglml
CTyaarde added ¢o cerum
120~1860 {tnean 360) suglml

The other orgarusm Euglena grackis was first used for serum vitamn By,
sssays by Ross (3952) and 2 method 1volving the use of strain z was de
sertbed by Hutner Bach & Ross (1936} The method 15 more sensine than
that with L ewchmannt and 1t 13 not necessary to precspstate the protems
The tubes are placed in 2 bath wath fluorescent stnp lights below for about
6 days and the addition of cyamde does not influence the results (hullander,
1937) The medwm 15 not avaddable commeresally The problem that T haye
found m using this method 1s that the more you dilute the serum the
fugher are the results (after multiplication by the difution factor) suggesting
that serum also contams nhibitars of the growth of the test orgamsm  In
Table 4 there are grven results already published (Girdwood 1960a) of
quadruplicate assays in forty pavents

Table 3 Serum vrtamn By, levels i forty patents
1 lechmanns (na cyamde) f0~1100 (mean 253 g)
Euglena grachs {diluted 1 i 50} 60-320 (mcan 191 9,

(diluted 1 i y00) Bo-g20 (mean 250 B)
{diluted 1 sn za0) 120~1120 {mezn 3140}

Because of this probler of possble mhbntors the non asalabihity of
Euglena medsum commercually and the 6 dav delay in obtaming readings
T have 1n passing the assaying of verum vstamun B, levels from ray research
Iaboratory aver to a routine laboratory recommended that they should be
done by the L letchmannu method I have also suggested that zug of
potassiurn cyamde should be added per midhlitre of serumn before the assay
15 performed stace although the tughest result obtamed 15 not necessarly
the most physiological one the results by this method are morereproducible
than those obtaned without cyamde
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The absorption of labelled ¢y anocobalamin
In this country malabsorption of vitamin B; may occur because of lack of
mtnnsic factor from disease or resection of the absorbing surface i the
fower tleum as a result of by passing of this area through a fistula or
because bacterta 1n blind or stagnant loops are depriving the host of the
vitamin This can be mvestigated in several ways

(@) Faecal exeretion method

Here there 18 measured the percentage output of radioactity m the
faeces after an oral dose of 0 5 or 10pg of ¥Cobalt labelled cyanoco-

balamn (ob ble from the Radioch | Centre A ham) This
method was first described by Heinle Vwelch Scharf Meacham & Prusoff
(1952) and the findings ob d by vanous g have been

discussed by Mollin (1g59) It was shown by Mollin Booth & Baker (1957)
that to avoid an overlap 1n the results between pernicious anaemia patients
and controls a subcutaneous injection of @ 25 mg of carbachol (carbamyl
choline chlonde) should be given This appears to stimulate the secretion
of intrnsic factor 1n a few controls who would otherwise absorb less than
50% of a test dose of 0 5~1 oprg My own experience confirms this

‘The results of 286 tests without carbachol 1n a vaniety of diseases are
shown i Figs 1—3

{b) Uninary excretion method

This was troduced by Schilling (19,3) There 1s gien a dose of 0 5 or
1 og of #Cobalt labelled cyanocobatamin by mouth and within 1-3 hran
mjection of 1 mg of non labelled cyanocobalamin  Callender & Evans
(1955) found a range of 158-396% of the admmistered radioactivity
(mean 25 9%) 1n the urie in controls after an o 5ug dose while 1n per
nicious anaemia the figures were ml to 7 5%, (mean 2 3%) YWath a dose
of 1ug the range in controls was found by Schuling Clatanoff & Korst
(1955) to be 70-22 0%, {mean 142%) whereas 1n pernicious anaemia
the findings were 0 0-2 3% (mean 0 60%) These two groups of workers
did not use carbachol My own results 1n the few patients investigated 1n
this way are given in Table 4

For the purpose of these investigations carbachol was not used but 1t 1s
advisable to give 1t as a routne 1n doing the test It has been shown by
Ellenbogen Wlliams Rabiner & Lichtman (1955) that significantly more
radiactivty 13 recovered if a second injection of non radioactrve cyanoco

balamin 15 given 24 hr after the firstone and I have confirmed this
claim
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It 15 a chstinct advantage to have 3 test imoh g one, of at most tho
24 hir urine collections i place of the ten stool collections of the faecal
method

Table 4 Percentage of radwactiesty exeveted m the wrine after 0 §ug
oral dose of Tabelled cyanocobalamn with flushng dose
Nomoals 140 52 26y 220 230 234 262
FPA Nl o nd nd 031 0356
ot omp N'Laﬁ” 56 2021 30 40 49 56 36 6o

65 t5x 166 2o
ejurial diverticula @ 4 s
¢ b mnaems from

! 190
Jen tratisverse eolostomy 4%

(¢} Blood or plasema radisactivity

Malabsarption of vitamtn By, can be shown by estimating the rade
actvity s the bload after an oral dose (Booth & Mol 1956) but the
Iabelfed cyanocobalamn has to be of very high specsfic actity

{d)y Hepate uptake methad

This was introduced by Glass Boyd Gellin & Stephanson (x954) I
{abelled cyanocobalzmin 15 gwven by snouth to controf patients, it 1 absorbed
and stoted m the Iner where 1t can be estimated by means of a directional
stintiliauon counter placed over surface projections of the organ  If there
13 mahibsorphian of vitarin B, very httde rachoactinvaty will befoundonerthe
fwer

Correctson of malabsarption of labelled ¢yanocobalavnm

1f malabsotption of vitamin By, 19 due to lack of intrinsic factor this wall be
correctable by an mitnmsie factor concentrate prepared from hog stamach

If malabsarption 1 due to bactersa 1 blind ar stagaant loops depriving
the patient of sitanun By, 1t will frequently be possible to correct this
malabsorption temporanly by guving anubioues by mouth For instance
tetracyeline 1s effective if given i a dosage of 0 23 mg g3 8 for goradays
Much of the work that I have done in relation te malabsorption i orgame
disease of the small mtesting has been it collaboration sath Pr Andrew
Doig and the detals of thes work are pubhshed elsewbere (Dosg & Gud
wobd 1g60) The sesults of pts to correct bsorption of habelled
cyanoeobalapun are summanzed 1 Table 5

When intrinsic factor preparanons nre used 1t 18 of practical ymportance
that some batches have been found to whibat absorption if given i lasger
amaunts than necessary (Glass Hoyd Stephanson & Jones 1955} More
over continued admunistration of hog winnue factor preparations may
Tead to the development of a state in wiiich they fal to merease absorptson
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Table 5 Effects of warwons agents on malabsorption of
labelled cyanoeobalamn (numbers of patients)

A Correetion of malabsorption B Falure to correct malabsosption
By anubsotics By antibioucs
Blnd or stagnant loops 5 Resection of lower tleum 3
Jesunal dnetuculs 2 Idsapattuc steatorrhoea 2
Qesophago jepenal andstomosie T Begronal slestiy. a
Partial gastrectomy I3 Heo tsensverse eolostomy for 1
Castro enterostomy T tlea caecal T
Jejuno transverse colostomy T 'etnieions anzenna £
By winnsi factor By mtansic factor
efmcions Anacoa 8 tagnant Joop ¥
Parual gastrectorny 8 Pastsa) gastrectomy 3
Total gastrectomy 4 Regonal sinss 1
Gastro enterostomy 1 Tesection of ywer steum ¥
Qesophago jejunat anastomass 1
By operation
Closure of ile transverse 3
colastorny
Resecrion of zrea of jequnal ¥
duertseulz

(Schwartz Lous & Meulengracht 1957) 1f anttbiotics are given for more
than 4 days they may cesse o control the bactera s the gut that are
depriving the patient of vitxrmn By, (Dotg & Gudwood 1960)

To be certamn that a patient s gastric ymce contains intrinsic factor 1t1s
necessary to test 115 abihty o promote the abserption of labelled cyanoco
batanun 1 a patient with permicous anaemia

The serum fole acid level

Unfortunately this cannot be measured relatnely easdy lihe the sesum
sitamun B, level Vartous unsuccessful attempts have been made to develop
asuntable method and I have spent quite a fot of time myself 1n attempting

unsuccessfally to do this with § facceks as the test orgamsm Results
were ansatisfactory whether the sexrum was added to culture medwm after
protemn precipitation or aseptically without such manipulation Toenmses

Usdin & Phullips (1956) and Usdin Phdlps & Toennzes {1956) found that
blood haemolysates would support the growth of L case but attributed
thas to a number of components that did aet snclude folic sad or folime
acrd  More recently Baker e al {1g93g) have declared that an L raser assay
gives & satisfactory indication of the serum fohe acd level Warking with
me i an attempt to develop this method has been Dr Pilar Gomes 2 World
Health Organizanon Fellow from the Instime of Tropical Medicme

Lasbon We have found the organism very difficult to work with and cannat
28 yet pass any comment on the practical value of this test
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Measurement of the urinary output of folie acd after an injected test dose

This does not give much information  If a § mg test dose of folic acid 15
given subcutancously to a patient depleted of the vitammn there may be a
duninution 1 the output 1n the unne compared with what 1s found n
control patients but sometimes the amount excreted 15 quite normal

Measurement of the clearance from the blood of fohe acid that
has been myected wnira enously

This test was introduced by Chanarin Mollin & Anderson (1958) and
they showed that 1f 15zg of folic and per kilogram of body weight was
injected intravenously 1t was cleared more rapidly than normally i
preg bl anaemia of p steatorrhoea

lobk: anaermua of | severe untreated permicious anaerma
and 1n a few cases of 1ron deficiency due to chronic haemorrhage I have
tried this test in thrty patients and found clearance to berapid in pregnancy
and 1n disseminated malignant disease Whether mcreased clearance
necessanly means depletion or whether 1t sometimes indicates increased
catabolism of excess folic acid remains to be seen

Measurement of the rise in the serum level of folic actd
after an oral lest dose

The first report of a fohic acid absorption test of this nature was by Denko
(1951) Spray & Witts (1952) found flat plasma curves when they gave
1 mg of folic acid to nine panents with untreated permcious anaerma and
five with 1diopath as pared with twelve normal persons
and e with treated permcious anaemta My first experiments with such
a test were 1n 1955 {Girdwood 1955) when I gave § mg of folic acid and
50 g of glucose to thirteen controls and three with rdiopathic steatorrhoea
treated with folic acid These three had flat bloed sugar curves and flat
plasma folic acid curves

Chanarin Anderson & Mollin (1958) gave 3 mg oral test doses to patients
first saturated with folic acd and found mmpaired absorption 1n 1dio
pathic steatorrhoea p and lobl. anaemia of p
In a subsequent paper (Chamnn MacGibbon O Sullivan & Mollm 1959)
they gave 4oug of folic acid per kilogram of body weight by mouth 1n
pregnancy and measured the nise 1n the level of folic acid 1n the serum
From this and from studies of the clearance of folic acid grven ntra
venously they concluded that folic acid deficiency ts a usual feature 1
pregnancy and that impaired absorption may be partly responsible but

4

um
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that unknown factors may be required to precipitate the development of
megaloblastic erythropotesis 1 feel that further mformation 15 required
about the metabolism of folic actd 1n the body a matter of great complexity
(Girdwood 19,9) before we can be sure of the mterpretation of these data

Comparison of the output in the urine of fohe acid after
myected and oral test doses

Tt has been suggested (Girdwood, 1953 1956) that a suntable test of folie
actd absorption would be to gne the subject 5mg of folic actd sub

cutaneously collect the urine for 24 hr, then gnve § mg orally collect the
unine for 24 hr, and measure the amount of folic acid 1n each of the 24 hr
urmne collections The output 1n the urnme 1s not very different normally
whether the folic actd 1s mjected or grven by mouth  Such a test has been
supported by Butterworth Nadel, Perez Santtago Saptim & Gardner
(1957) and by Cox, Meynell Cooke & Gaddte (1958), but not by Chanann,
Anderson & Mollin (1958 The details are considered elsewhere (Gird

wood 1960b) and 1t 15 suffictent to state here that the test organism 1s
S faecals R and that Difco fohc acid assay medium 1s used

Urnary foltc aaid output after 5 mg oral dose

Urinary folic acid output after 5 mg subcutaneous dose b

The ratto

1s the excretion index Trom the results of the many tests that have been
done I would say that, under the conditions of our laboratory an output
of less than 1 5 mg after an cral test dose together with an excretion index
of less than 759, indrcates malabsorption The results of 524 tests are
summarized in Table 6

In Table 7 there are grven the numbers of patients in the mawn groups
myvestigated who showed abnormal results when the test was done

There was evidence of malabsorption of folic 2cid according to the
entersa gwven above 1n minety cases of wdtopathic steatorrhoea sixteen of
adult cocliac disease and exght of troprcal sprue  Malabsorption was also
found 1n six children with coeltac disease and in six patients with extensive
organic disease of the small mntestine such as rettculosis or regional
requnstis It occurred temporarily 1n one patient after resection of a portion
of jejunum for dnverticulosis (Doig & Gurdwood 1960) When the test was
fiest described I suggested that the patients should be saturated with
folic actd before 1t 15 done by four daily intramuscular mjections of 15 mg
of fohe zexd This 1s sometimes required if the urnary outputs of folie acid
after both the mjected and the oral doses are low but frequently satura
tion 15 not required  Of the 114 adult patients m the sprue group with
malabsorption of folic acid twenty two had been treated with folic acid
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Table 6 Results of fohe and absorption tests

Afean
output of
o} ¢ auid ant
unine sfter Afean
Number 5 mg eXcretion
of oraf dose Range mdex Range
cases (me) {me) ©) )
Hospstal controly 220 5% 1344 o3 8 Bb-430
5 12 21y c2-3b 1545 55830
Idiopathuc steatorrhoes adule 129 abo§ 000229 31p  ear-I3s
coelize disease sad tropieal
sprve
Cael e dusease wn chaldren. 8 ogbe 02923 s 749
actine,
C‘mhac)dnaeue 10 ehuldsen 4 205 1626 8z 48-12x
(areated)
Controt cluldren 9 292 19e40 223 48y
"Lotal gastrectomy 1] 238 z1-28 1144 7321y
Parnal gastrectomy 25 %87 T 343 1303 bb-q36
Gastroventerostomy 9 12 1627 1358 59301
Bhnd or stagnant loops 6 z30 17329 ey G8-pc
J susnal divertieuls 4 238 5538 5rd G425
nher dxseue of sall ntestne 10 133 ooz 7 75 16121
2 3 240 — B0 B
Yleal rese 3 337 25-4% bo Bi~a4x
‘\‘lcgalobhsxxe smseama from 7 249 1149 5163 B3abg
it
Mzgzlnb!asm ln)e'mu of u 251 1614 2351 67-948
pregrancy

Table 7 Patients wath abrormal results of fobic acd
excretion tests {numbers of patients)

Cutput Jess
thas ¥ ymg
after Excreuon ndex
- oraldase  Iesschan 75,  Borh low
Canrals {230} & 32 Ny
Sprue_group (1293 115 1wy i
Pt tous ana ma (73} s ¢ it
before the test was done O Hy findings sugg: lat

have been obtamed 10 control patients but when the fests have bcen
repeated normal results have been obtamed

The estsmation of formmmnoglutamc scrd 1 the urine
In folic and deficteney formumumnoglutamic aad (FIGLUY dermved from
histidine cannot be comverted to glutamic acd berause of lack of tetra
ks dropteroylglutatue scd {THFA} Ths led Broquist {z956) to mnvestigate
the excretion of FIGLU 1n the unne of children withacute feukzemia dunng
therapy with folic aad antagomists  In such patients and 1n some others
with megaloblastic ansemua {Broquist & Luhby 1959} there was more
FIGLLU in the unne than in normal persons However several workers

a2
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myself included did not find this test very helpful or consistently positive
i fohic acid defictency  Silverman, Gardiner & Condit 1958) and Luhby,
Cooperman & Teller (1959} gase a loading dose of histdine before testing
the urine for formmmnoglutanue actd and this gives promise of being a
more satisfactory test of folic acid depletion In Fig 4 there are shown the

Hisadine ~—— Formumunoglutarnic aad Glugapue zaid
(FIGLU)

aad  5-Fe THFA

sad T
(PGA) (THFA)
5- 10-Methenyl THFA

10-Formyt 'ﬂl{

Fig 4 Histidine breakdown

Hispdine ———m Formumnoglytamuc 2aid Glutamec sad
(FIGL
(@)Blocked
Chicke
[£) In:rcxgcr
Preroylglut; aad \ T aad 5 ‘THFA
(PGA) (THFA)

5 10-Metheay! THFA

10-Formy! THFA
Converted non-¢nzymancally

$-Formyl THFA
@ Measured mictobiologically

Fig 5 Formummoglutamic acid estimation

steps molved 1n the formation of THFA from folic aad (PGA) and the
removal of a formimuino group from FIGLU by THFA There are various
raethods to show the presence of FIGLU and the one I am employing at
present 1s that recommended by Siherman Gardiner & Condit (1958)
‘The steps are 1llustrated in Fig §

In the absence of THFA glutamic acid formation 1s bloched (1) In the
test a chicken hiver extract 15 prepared 1n a high speed refrigerated centn
fuge and ths extract contawns enzymes that convert PGA to THFA (2)
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‘The THFA 1s formylated enzymatically by FIGLU 1n the urine and there
1s formed 1o formyl THFA 'This 1s converted non enzymatically to
5 formyl THFA (folme acd) (3) The latter 1s then measured micro

biologically (4) To carry out thc t:st mthis way s ncccssary to use small
of the exp

q phosphopyridine

Gastric and sntestinal bopsy

Occastonally st 1s helpful to do a gastric biopsy as described by Wood, Dotg
Motteram & Hughes (1g49) If the diagnosis of pernicious anaemia 1s
correct one expects to find gastritis or gastricatrophy asshowninPlate 1
It 15 also sometimes helpful to do a gejunal biopsy and for this the bropsy
capsule deseribed by Crosby & hugler (1957) has proved very useful in
our hands  Jejunal biopsy 1s 1n 1ts nfancy but n sdiopathic steatorrhoea
one may find thickeming and shortening of the vill: which become oedema
tous and broad ended There 1s an ncrease 1n goblet cells and infiltration
of the mucosa by inflammatory cells These features are shown in Plate 28

THE VALUF OF LABORATORY TESTS IN CONSIDERATION OF THE
PATHOGENESIS OF MEGALOBLASTIC ANALMIA
Addisonsan permcrous anaema
Ashas already been smid thisis usually dragnosed easily but there are some
patients 1n whom glossiis or neurological features precede the snaemia and
here estimation of the serum witamin By level or of the absorption of
labelled cyanocobalamin will be helpful Sometimes 1t will be found that
the patient has heen recewving, folic aod  If 2 patient with Addisoptan
pernicious anaemua 13 treated for a period of years with folic 2ad alone
there may develop a state of megaloblastic anaemia that 1s refractory to folic
acid I have scen one such panent (Girdwood 1954) and have witnessed
the development of a similar state 1n a male patient with 1diopathic steator
rhoea treated with folic acid  Presumably he had almost complete mal

absorption of folic acid and vitamin B,

In contrast I have scen two patients with Addisonman permicious
anaemia investigated fully by modern methods who did not respond to
qanocobalamm until folic actd was given Presumably their body stores
of folic a0id were utiized 1n reactions normally mediated by vitamin B,

“odern tnvestigative methods should be used to replace blood counts in
assessing the value of alternative mclhods of therapy 1n pcrmcmus anaemia
Thus although three patients app $ to be resp g bly well
to a vitamun By, peptide prep for oral adi over a period

of 18 months their serum vitamin By, levels remained 1n the untreated
pemlclolB anacmia rangc
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Much remamns to be done as regards mvestigation of the content of
witamin By, folic actd and related substances i cooked and uncooked
foodstuffs but 1t has been well established that excessive cooking destrogs
these vitanmns  In some regions of the world nutritional megaloblastic
anaemua appears to be due largely to folic actd depletion However since
unlthe vitanun B, , folic aud occuts 1n green vegetables, one would expect
vitamn B, defi to be the pred cause Lowserum vitamin B,
levels have been reported 1n some patients by Foy ondt & Manson Bahr
(1955) 1n Africa and by Chatterea (1958) 1n India but there 15 a great need
for further nvestigative work by modern methods  In addition to dretetic
defictency of folic acid and vitamin By, and their destruction by cooking
other possible factors are malabsorption pregnancy malana sickle cell
disease, small intestinal bacteria deviating vitamun By, from the host and
perhaps in some mstances the effects of 'daraprim , which although an
antt malanal 1s a folte acid antagomist  One would think, too that blood
loss from ankylostormasis must make any deficiency state worse The
influence of small mtestinal bacteria 1s uncertan since, although pemaithn
has haemoporettc activity 1n some pattents with nutrinonal megaloblastic
anaemmta (Foy Kondi & Manson Bahr, 1955) 1t 1s generally believed that
the small intestine normally contains only a few bacteria This might indi
cate that they are able to colonize areas higher up the small intestine 1 the
tropics, but Nadel & Gardner (1956) found no native flora in the jepunum
1n sprue patients or controls in Puerto Rico

Megaloblastic anaemra of nfancy 13 a form of nutntional megaloblastic
anaeruz and 1t may be d with kwashiorkor The defi I
frequently of folic acid but sometimes of vitamun By,

Idiopathic steatorrhoea coehac disease pernisting ta
adult kfe, tropecal sprue
1t 18 not always easy to be certamn with which of these diseases one1s dealing
but 1t 15 too soon to say that all cases of rdiopathic steatorrhoea are suffenng
fram coehac disease that was perhaps undragnosed 1 chiidhood or to
rename the condiuon gluten nduced enteropathy The results of vanious
tests gaven in Tables 1 4 and 7 and m Fig 2 show that there was a low
serum witamin By, level m eleven of sixty three patients malabsorption of
Iabelled cyanocobalamin 1 twenty mine of fifty three patents and malab
sorption of folic acd in 114 of 129 Two had normal absorption of folic actd
but malabsorption of vitamm B,, whtle tw o had normal absorption of both
There was an mncrease in faecal fat (following a collection of at least seven
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stools) 1n 117 of these 129 patients  Glucose absorption was 2bnormal in
fortv two of fortv eight patents and xvlose absorption abnormal
sixteen out of twenty

Total gastrectomy, partial gastrectomy and gastroenterostomy

The hiver contains about y50-22504g of vitamun By, while the stores of
folic acid are about 35007500 1f a tatal gastrectomy 13 performed there
will be malabsorption of vitamin By, from lack of ntrinsic factor but the
body stores of the vitamin will maintain the patient s metabohe processes
for perhaps three years Then 2 lowening of the serum witamin By, level
will be followed by megaloblastic anaemia This 15 mevitable and complex
tests ate not necessary ‘There 1s no reason for folic acid depletion to occur
other than as a fate consequence of vitamin B, defictency and the results
of folic acid absorption tests after totat gastrectomy shown in Table 6 are
normal

‘The patients d after partial or gastro
were selected because of chncal features suggesting malabsorption  After
parual gastrectomy particularly 1f there has been a gastric uleer or pyloric
stenosis megaloblastic anaemia occurs rarely  Although steatorrhoea may
be a feature there 13 malabsorption not of folic acd {Table 6) but of
vitamin By, (Fig 2) and this can be corrected by intrnsic factor (Table 5)
Tt would appear reasonable to suppose that gastntis destroys the rematning
ntrinsic factor bearng area

It 15 even rarer for megaloblastic anaemia to develop after gastro
enterostomy and it may come many years after the operation  Since as1s
shown m Table 5 there 15 malabsorption of vitamuin By, that can be cor
rected by intrinsic factor 1t 1 bikely that here too gastritss is responstble
for the intrinsic factor defect However m one patient with malabsorption
of vitarin By, after gastro enterostomy and one after partial gastrectomy,
the defect could be corrected by tetracyehine given orally so a blind or
stagnant loop may sometimes be responsible

Blind and sta,nant loops of small sfestine

The results of the vanons ded in the preceding tables
support the view that bactera in such loops deprive the patient of
vitamin By, but not of folic aad (Dorg & Girdwood 1960) Any bactenia
that I have obtained at operation from such loops or from yejunal diverts

cula have been able to remove vitamin By, but not folic acd from cultare
media The orgamsms are not pecubiar 1n this respect since most strains
of F coh can do so  Resection of an appreciable segment of lower ileum
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sesults 10 malabsorption of vitamun By, that cannot be corrected by ants
biotics or mtrnsic factor, supporting the view that vitamsn B, 1s principally
absorbed 1n the lower leum

QOrgame disease of the small imtestine
Since folie acd 15 normally absorbed m the jeunum and vitamin By, 1
the lover sleum, a combmation of fohe acid and vitamun B,, absorption
tests may pive some 1dea of the extent of tnvobement of the small sntestine
1 condittons such as regional enteritig

Defictency states in pregnancy

Some reference has already been made 10 this problem mn the discusston of
tests of foli acsd depletion and absorption There can be little doubt that
m the tropics nutntional fobt occurs 1 preg and
that there may be deficiency bath of folic acd and vitarun By, It has been
clauned by several workers (Hewmrich & Lahann 1953 Boger, Wnght
Beck & Bayne 1956, Okuda Helbger & Chow 1946) that the serum
vitamtn B, level falls during the course of pregnancy sometimes into the
pernicious anaemia range, while Baker Ziffer Pasher & Sobokta (1958}
found that the mother had serum witamun By and folic actd levels that
were significantly lower than those of the infant at parturitton  Sometimes
the levels 1n the mother’s blood were only 259 of those ta the infant

These hndings and those of Chananin MacGibbon, O Sulirnan & Mollin
{1959) may tndicate that a state of depletion of fobc 2cid and vitanun By,
8 common in pregnancy The hver at birth weighs about 120g and
contams about youg of vitamin By, and gooug of folic aced substances
No doubt there are great demands for these vitamuns by the growing
embryo but one would have thought that the mother s stores + ould have
been more than adequate save 10 excep 1 car It 55 strange
that megalob of pregnaney which 1n this country responds
to fohc acid but not usually to cyanocobalamn sometimes occurs
swomen who have had normal pregnancies without yvomuting or diarrhoes,
and whose dict 13 satisfactory  More rarely permcrous anaemus, idiopathic
steatorrhoea or b } may be comphicated by lobl
anaemia of pregnancy

Hepotic arrhosis
Thus 13 rare and httle can be sad about st hrasnow Walsh Zimmerman &
Heller (s957) deseribed seven cases but the patients were alcohol addicts
and may have been sufferng from nutritional megaloblastic anaemia
1 have never seess & patient with megaloblastc anaemia due to cirrhiosis

alone



DIAGNOSIS OF MEGALOBLASTIC ANAEMIAS 57

Megaloblastic anaemua resulting from the admimstration
of folic aard antagonssts

Since patients with leukaemta may develop megaloblastic anaemra pre-
sumably because of demands by the malignant cells for folic acid 1t1s not
surpnsing that this 1s more Jihelv 10 occur 1 the course of treatment with
folic acid such as 4 yigh aad The wdely
used anti malanal pynmethamine (Darapnm) 15 a folic actd antagomist
and 1f 1t 13 given 1n a dosage of 25 mg daily for about 50 days mstead of in
the usval prophylactic dosage of 25 mg once weekly megaloblastic anaemma
will frequently occur (Mvyatt Hemnandez 8. Coatney, 1953)

Megaloblastic anaema from the taking of ants convulsants

‘This was first described by Badenoch m 1954 and the first tharty six
published cases have been analysed by Stokes . Fortune (1958} The drugs
usually 1nvolved are phenytoin and primidone The latter has a pynimudine
nng i sts structure 3s has pteroylglutamic acd whereas phenyton has
a five membered hydanton ning We do not know why these drugs some
umes lead to megaloblastic anaemua and modern methods of 1y estigation
have not given the answer

Extensize mahgnant disease

We have seen that measurement of the urtnary output of folic acd after
a test dose 1s not a satisfactory way to show folic acd defictency because
there may be a normal output in a folic acid deficient patient However
the test 13 helpful when 1t does demonstrate depletion In thirty cases of
mahgnant disease given a test dose of § mg subcutaneously the mean out
put of folic acid 1n the unne was 1 08 mg (range 6 002~3 46 mg) and this
was sigraficantly lower than in control patents In twenty two of the
patients with mahignant disease the output was less than 1 5 mg  However
this test has not been employ\ed cﬂenswcly since the results were normat
m some patients with ad disease and the
information obtaned was not helpful 1 consideration of prognosis In
some patients with chromc infection too there appeared to be mncreased
requirements for folic aad

CONCLUSIONS
As a result of newer methods of investigation much has been learned 1n
recent years about the ways 1n which megaloblastic anaemia may develop
Further hnowledge 1 required parucularly about changes at the cellular
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fevel occurning for instance when anti convulsant drugs are gtven, or 1
pregnancy It 1s hoped that some of the methods that are being developed
to d rate folic acid defi will prove to be successful
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TRANSTUSION HAZARDS
GEORGE T DISCOMBE

INTRODUCTION

Although blood transfusion: saves hives we all know that st has dangers of
uts own and that from time to time a pattent 13 kslled by a transfuston
Fortunately these fatal acaidents are rare but for every fatal acerdent
there are probably ten so severe as to make one fear for the patient s hfe
andathousand whichmake the patientvery uncomfortable buttomysurprse
1 can find but two treatises on transfusion hazards one in French (Andre
Dreyfus & Salmon 1956) and one in Hunganan (Hadnagy & Szabo 1957)
Today I want to discuss these accidents and misadventures and to
analyse the contnbutions to them of the chncran the pathologist the
nurse the patient the apparatus and the blood
Rather to my own surprise I have decided not to spend much time on the
bedside problems of the chimcian  As a yunior he 15 usually forced to draw
1 from quite inadeq evidence to take responsibility for
a comphcated 1liness i the small hours of the mormng with lutle or no
help from hus sentor colleagues and ta account for his actions 1 the cold
hight of day to a chief who now has hindsight to guide hum
There are however one or two pomnts which are 1 believe msufficently
stressed  Furst except for the elderly 2 patient who has bled but needs
less than three bottles of blood will usually recover perfectly well nathout
any bloed though he may need a plasma expander A patient with acute
blood loss who recerves but one ar two bottles has therefore either been
undertreated or overtreated Second blood 15 still betng used avoidably
to raise the haemoglobin level of patients to that level which the modern
school of ' ders the for h avordably
because m most of these cases the anacrma 15 due to sron defiaency and
the haemoglobin fevel can be brought up to a tolerable range by oral wron
admemstered 10 ordinary doses during the wasting penod or in appropriate
cases by mection of tran preparations such as Ferrnvenn
It 15 easy to understand the reluctance of the young anaesthetist to
anaesthetize any patient » hose condion would be noticeably improved
were she to acquire a higher haemoglobin level—for the young anaesthetist
1s more bikely to be attached i the coroner s court than 18 the young
surgeon and further may get littie support from the surgeon who muy be
secking 2 scapegoat  Nor wall a young anaesthetsst care 1o refuse 10 anaes
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thetize a patient already ad d for bya ltant but found

P
to be too anzemic for the anaesthetst s peace of mind 1 find 1t quite
impossible to understand or excuse the failure of same surgeons—par-~
ticularly gynaecologists—1o take some action when putting patients on their
wating bists Many 1f not most, gynaecological patients are or hae
recently been bleeding and even if 1t 13 too much trouble to have haemo

globin estimations done on every such patient 1t 1s much less trouble to
prescnbe one or two tablets of an 1ron compound daily until admussion
And thurd some young men recently qualified will insist on trying to
transfuse any pavent with severe anaema whatever the aettologyv—esen
patients with permcious anaemia 1 whom transfusion 1s so often fatal

In those rare cases where transfusion 1s essential we have found that the
transfusion of a pint of packed celfs with the simultaneous removal of 2
pnt of blood from the other arm permuts us to transfuse even patients
with pernicious anaemia whose haemoglobim levels are below 209, without
detriment

PERSONALITY AND EMOTION

Most important to my mund are the personahties of the protagonusts in
fi 1 pathologists patients and nurses

Chmaan and pathologist
When 1 first had to do with bloed transfusion 1 soon discovered that 1t
was magic—and that the layman attnbuted all the craft and cunning of
Merlin and of Mesmer to the transfusiomst In addition there was a
que of fi ble even among my colleagues and +f any
thing went wrong—and 1t often did go wrong—there was an emanation
from your colleagues which enforced a feeling of guilt in the performer
Just 25 some wives achieve their ends by phrasing thewr complants and
demands so as to induce n thewr husband a feehng of guilty madequacy
s0 did some physicians use similar methods to establish their supenionty
over the transfustomust invohved  In general transfusiomsts seemed to be
esther almost incapable of feehng guilty or felt and behaved hike guilyy
men It would be interesting if an Enghsh medical Maunac or Bernanos
were to cansider the ways 1 which an examunation of conscience 18 utihized
by such men to increase their feelings of guilt-—or perhaps we might nvite
William Sansom to meditate on this subject
Unfortunately if one feels gmlty 1t 1s impossible to perform a proper
self enticism—and by using that term of neo Communist sargon I wish to
differenuiate between self-criieism and the traditional examnation of
conscience  In a self criticism the emphasts must be on actions What was
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done? In what way did this contribute to the accident? Was there a
deviation from the usual procedure? Was the action taken tnadequate
because of 1gnorance® It 1s quite wrong to ntroduce terms of moral and
ethical judgement to say that an action was wrong’, and that a person
ought’ to have done something  Ethical or moral condemnation produces
a feeling of guilt, and a man with a load of gwilt 1s unable to amend hss
ways because he 15 more than half way to a true depression  If we want
to prevent future accidents we should take our facts without ethieal or
moral impheations, find eut which of them contrbuted to a particular
catastrophe, and then seek to discover how such a catastrophe can be
prevented 1n the future without increasing other dangers
In order to discover what has gone wrong 1t 1s essential to establish good
commumcations and this again mnvolves the problem of gmlt No house-
officer or registrar benefits from being made to feel guilty but everyone
benefits from finding out which parts of Ius treatment or advice were sub
opttmal and could be bettered—though advice on betterment should
usually be implicit rather than explicit Good communications between
1 and lab y cannot be established unless the desire to impute
guilt—which for years has been part of the gamesmanship of sentors—i1s
controlled and overcome Perhaps I may here quote from the current
number of the Lancet First a reasonable degree of mutual trust must
prevail between the surgical and laboratory staff (a state which can be
achieved by both sides concentrating on the patient s welfare rather than
on each others sensibilities) (Leading article, Lancet, 1959 2 1014 )
The object of communscation ts to comvey to the appropriate person
enough information to make hum understand what action 18 necessary and
what actron 15 proposed Two resp are possible—agreement more
or less complete followed by appropruate action or disagreement which
should be followed by 1 and subseq g No
pathologist can safely disagree with a cl unless he has first made
himself famtliar with the clinucal problem involved and this will need
anything from a few words over the telephone with one of the chnical
team to a full blown consultation between chiefs registrars and housemen
There was once 2 gynaecologist who for some reason decided to perform
a hysterectomy on 2 woman of 35 years When this patient was seen some
three months after operation she seemed tired and dull so the gynae
cologist decrded that this was due to post operatne anaemia  and
arranged for a blood transfusion of one pint The pathologist found that
the patient s haemoglobin was 101%, or 15 g per 100 ml and very properly
protested against the administration of a blood transfusion His pleas went
without effect and the pint of blood compatible by all known tests was




TRANSFUSION HAZARDS 63

dulv administered ‘The patient then had one of the most severe types of
anaphylactord reaction her blood pressure feil to unmeasurable levels and
she developed anuna—which the same gynaecologist tried to treat by
giving large volumes of fluid int: sly The poor ced patient
then developed a local infection at the site of insertion of the cannula at the
ankle then a septic arthnitis of the knee and finally after a year in hospital

left with an ankylosed knee It will be no surprise to you to learn that the

climeran tried to blame the pathol for providing ble blood—
which was when I learnt of the mcdent
C 15 NOt hished merely by speaking or writing to

someone  Modern techniques are complex and so are the 1deas to which
they give nise, nobody should be surprised 1f a colleague fads to
respond to certain 1deas and develops an almost paranoid and quite
Mlogical resistance to them  Pathologists perhaps more than chinicians are
subject to this occupational sk which 15 geting steadily more and more
serious ‘Twenty years ago one had some chance of digesting the two at
three advances made each year nowadays there are many made each
month and we are afforded even less time to digest them

The pathologist 1s the man to whom most of these mnovations are
presented (we are already doing about twenty five or thirty transaminases
weekly) and 1t 1s hus duty to distnbute tus d s effort
to s esumate of value and need Itis ob\mus that bactenologist bio
chemist } 1 and histopathologist will have very different est1
mates of value and need that pathologists of different ages may make
different value yudgements and that such differences will please some
chnicians and anger others but whatever his age or traming he must
recognize that transfusion needs the mast careful organization and super
wision for a death from incompatible transfusion 1s one of the best ways of
producing adverse comment 1 the public press

The pathologist, who 13 subject 10 the same moral dangers as the
chimcan, 15 10 a position ta obstruct and make difficult everything which
the clintcian needs for hus own most urgent patient  Here above all there
15 a real hazard m delay and this hazard can be avoided only by the
pathologist taking a real interest 1 chimical medn:me and the chmeian

an with the technical wornes of the pathologist

Ing practice this results 1n the chmcian distinguishing very cleatly between
those patients who need blood rapidly and thase who can wait three hours
or more and in hus using an increasing quantity of plasma substitutes such
a3 dextran to tide over an acute ohgaemuc episode  while the pathologst
for bus part 15 ready to go to the wards and discuss the management of the
patient 1n relation to probable demand and probable supply
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Patients

Patients contribute very greatly to the development of therr own trans
fusion reactions  Gongalses 1n 1954 pointed out that his apprehensive and
excitable patients all developed ngors and fever durmg transfuston until
he gave them full doses of an opiate—and thereafter reactions became rare
I myself advocate promezathine hydrochloride (Phenergan) 50 mg being
given by mouth an hour or two before the transfusion as well as being a
powerful sedative 1t 13 a very satisfatory antt fustamintc, so that it
abolishes the 2%, of allergic r (Goldsmuth 1957, Stephen, Martin
& Bourgeois Gavardin  1955) and 1t seems to halve the mcidence of
ordinary febrile reactions I do not think 1t esther safe or logical to add the
ant1 histamine to the blood, for this leaves the patient unprotected at the
beginning of the transfusion

There are some diseases which make the patient much more susceptible
ta severe reactions, and of these the most noteworthy are Crohn s disease
and ulcerative colitts  In addition to these two conditions many patients
with low-grade infections seem to develop fever immediately after a trans
fusion so that the transfusion 15 mcriminated The reason for these
reactions 1s stll obscure but Milgrom & Swierczynska (1956) and
Swrerczynska (1957) have shown that 1n prepared ammals the ijection of
erythrocytes coated with certain bacterial extracts causes a severe ana
phylactord reaction whereas the myection of the bacterral extract alone
produces few or no symptoms The condition for this reaction 1s that the
ammals shall have been sensitized to the strain of bacteria whose extract 18
used to coat the cells

The pattent with ulcerative coliis or Crohns disease 1s certamnly
sensitized to all sorts of bacterra—but where 1s the bactenial extract to
coat the red cells? Must 1t come from bacteria or can possibly a similar
antigenic configuration on a normal human protewn cause the response?

However even when patients are given sedative anti histaminics there
remain 2-3% of patients who react to almost every transfusion, and not all
these have Crohn s disease or ulcerative cohitis Sometimes one can avold
transfusion but occastonally 1t may be Iife saving  In such cases it 15
worth while protecting the patient with a corticosterord hormone such as
25-50 mg cortisone tnjected an hour before transfusion 1s started or
equnalent amounts of the newer steroids or of ACTH (Matnzer 1955)
In extreme cases 4-6 mg hydrocortisone per hour grven as the free alcohol
or the sodium salt of the hemisuccinate will prevent reactions €ven to gram

quantities of protein from a foreign spectes
However sterords should be avorded wherever possible for even small
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doses reduce the endogenous production and may speed collapse while
1 have encountered a case tn which steroids were being used to prevent the
yrmp of bsequently shown to be due to an trregular
haemolytic antibody

One must remember that the patient depends on successfully maintaming
homeostasts and that 1f very large volumes of banked blood of which the
plasma contains a gross excess of potassium and of atrate are transfused
he may be unable to metabolize them as fast as he needs Since atrate
complexes calcum the citrate tends to potentiate the action of the
potassium and 2 large transfusion may weaken the contractions of the
heart and cause 3 fall in blood pressure instead of the expected nse (Bunker
Stetson Coe Grillo & Murphv 19,5 Strawitz Howard & Artz 1955 Ivy
Greengard Stem Grodmns & Dutton 1943 Bruneau & Graham 1943
Cookson Costas Durreux & Bailey 19,4 Makasone Wathins Janeway &
Gross 1954 Firt and Hepnal 1957 VWexler ef f 1949 Ludbrook &
Winn 19,8) Injection of calcium gluconate 1nto a different limb 1n 2 dose
of 1-1 5 g for each 500 ml transfused will often restore the blood pressure
more quickly than stmple transfusion espectally after trauma or in the
presence of liver disease

But however carefully one tries to avord citrate mtoxication or febrile
reactions the most careful precautions are of no avail with the confused
uncooperative patient who pulls his dip out, 1n whom sedatives either
tnerease confusion or send him 1nto a semi coma from which he may not
wake Each year the acute patients who get bundled through the wards
become more numerous and need more spectal nursing the permanent
shortage of nurses makes 1t imperative that every means be adopted to
allow nurses to attend to their pnmary duty

Nurses

The nurse 13 2 human being with 2 mind of her own one no less open to
error than any other Here again we need a synonym for error which
does not tmply moral d dy or fluff —
Just as a similar word has been d ded for the 1 pected
behaviour of anair line pilot Quute apart from the effect of excessrve pride
which now seems to be less common nurses can do the most absurd things
one reputedly responsible staff nurse was instructed to give 60 0oo umts
of hepanin divided between two bottles of blood and in error put the whole
60 000 1nto the first Instead of seeking more expert advice she obtained
a large bow! and funnel first boiled them then flamed them by 1gmuting
alcohol m them poured the contents of both bottles into the bowl and
then returned them to the bottles using the funnel She then left both
s

EL
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battles on the window sl of & warm room The medical officer did not
come to set up the transfusion that mght, and the nest morrung the ward
sister recogmzed the obvious agns of gross bactersal contamination

T have elsenhere commented on other pecubar actions of nurses such
as warming blood by tmmersion for a nusute or so mn the ward boter
(T had better say at once that none of these examples comes from my ovn
hospital }

THE USE OF FORMS

Between the patient the nurse the climan and the pathologist there 15
an obvious web of interest  Unfortunately £ v ation
usually requsres that requests and reports be made n waating for everybody
has learnt long aga that nobody elses memory 18 really trustworths—
(Medico legal Report, Y949} and tn blood transfusion we smust have a
reasonable summary of the pertinent hustory, m 2 woman 2 history of
previous transfsston the history of her pregnancies and of any mfants
which may have beer affhicted by haemolytic disease of the new born or
m 2 man any history of previous transfusion enough of the present
chinieal condstion must be mdicated to enable the faboratory to assess the
bable d d—for of course h from & pephic ulcer hasa
sma!)cr demand for blood and hence a better progrosts than has one from
arrhoms of the hver
The filling of forms 15 an exertise which brings out the worst instinets 1n
us all and 1t 1s therefose imperative that the forms we design be sumple
easy to fifl up and demand the mimimum of information The wosst form
I knoss ss the standard label and report N BT 8 11 for this leaves quate
nadequate room for the identification of the psuient demands far more
information than is usually collected a0d provides too hittle space to record
1t Falure to mform the Jaboratory of pr i or h ytic
disease &8y Hy when fo 13 needed urgently may lead to disaster
sndeed 1t may seem a parzdox that the more usgent the transfusion the
more meticulous 1 completing the form should be the chnician
A final factor as smportant sn the wards as 1 the out panent departments
and the lab ry 15 the ident:fi of sp Inexpenenced people
donot realize how many specinens may be collectedatone ume and having
collected a Blood specumen twto a tube will brng 1t back to the nursing
staten to be labelied there 1t may he confused with others
An Amencan study supgested that w an out pauent clinme as many as
110 400 Sp rght be muslabetled and I am mchned 1o regard this
25 2 consenatne estmate 1 prefer to label the tube take it to the bedside
check 1dentification and then collect the blood but exen this has led to
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errors m 1dentification and some prefer to label the tube at the bedside
One must of course remember that some deaf elderly patients wll
cheerfully assent to everything a doctor says or does so that one must
phrase one s questions 1n such a way that they call for a more comphcated
answer than yes

1 can now abandon the embarrassing subject of vanactons fluffs or
errors made by the medical or nursing staff It has occupied a thied of my
ume pot because I myself do not find 1t embarrassing but because I firmly
believe that falure of communication and blunders {or fluffs) 1n conduct
are responsible for nearly all the serous errors of blood transfusion

STERILITY

The most important factor 1n keeping blood banks safe 13 stenhity and it
13 noteworthy that in many countries deaths from infected blood appear to
be more numerous than those from other errors associated with blood
transfusion  In “vorth London the deaths from infected blood seem to be
no more than about 1 for every 1000 000 bottles 1ssued—a remarkable
achievement which few other countnes can equal—and the ranty of
wnfected blood helps us to forget the meticulous attention to detall which
1s needed to avord 3t

The contamination of blood by bactenia 15 rarely confined to a single
bottle and so one gets occasional outbreaks in which between one and
twenty people die quite quickly after transfusion The clinical mamifesta
tions are usually a ngor w»th high fever sometimes falling to subnormal
levels an ptafe attack with and alnays
a generalized erythema wh\ch may become blotchy and a catastrophic fall
1n systolic and duastolic blood pressure recovery after the onset may appear
10 be rapid and satisfactory but the blood pressure does not nise and death
usually occurs within a fcw hours Recowr} has sometimes followed

with di and b (Braude

Willams Siermensks & Murphy 1953) 1 myself have just had a case i
which recovery occurred with no treatment other than the mjection of
50 mg promezathune hydrochlonde

Bactenal contarmnation 1s not unportant 1€ 1t accurs withia an hous of so
of the blood being admumustered  hence the casual manner 1n which un
banked blood can be treated but 3f contaminauon occurs seyeral hours
before use with the blood at room temperature or 2 few days at 1ce box
teraperature then multiphication of bactena will have rendered transfusion
dangerous The usual mfecting orgamism 18 2 gram negame rod of the

52
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Pseudomonas or Achromobacter genus which grows well though slowly at
+4° C, has an optimum at +25° C, but grows slowly or not at all at + 37°C
(James & Stokes 1957)

Similar organtsms are distributed unsversally—1in dust on cotton wool
0 the drips of 2 tap 1 randomly sampled bottles—and the more recent
outbreaks seem to have been due to the most absurd sources of contamina
tion One outbreak (Mel ntegart, 1956) seems to have been due to con
tamination of the fluid n which were stored the viscose caps which are used
to cover the tops of blood bottles these organisms grow ¢asily m chlor
xylenols and  aqueous phenol but are inhibited by chlorhexidine
(hibitane) so that nowadays the caps as recenved from the manufacturer
are autoclaved 1n §% ethylene glycol and stored in o 1% chlorhexidine for
24 hr before use to remove the glycol (James personal communication)

Another outbreak was caused by using swabs which had not been
properly sterilized to apply alcohol to the cap of bottles the swabs were
ongmally properly stenilized 1 paper bags but one bag had been opened
closed and reopened the next day (personal communication—not from
the Umted hingdom)

A third rather less logical was caused indirectly because a serologist
complained that there was never enough blood 1n the pilot bottles The
house physictans who collected the blood decrded to fill the pilot bottle
first and then transfer the needle to the main bottle for collecting the main
butk for transfusion They did not know that the plot bottles used were not
sterile and were attached after the main bottle had been autoclaved
(personal communrcation—not from the United kingdom)

Elsewhere another technictan tapped a bottle seven times before 1ssuing
1t when 1ts use led to the death of 2 patient ( Haematologist 1958)

Safety s thus attained at the price of eternal vigilance Most of those
who use transfusion equipment have no clue how 1t 1s prepared and I have
great sympathy with any transfusion centre which refuses to accept blood
evcept when collected by 1ts own staff at regular sesstons

APPARATUS AND EQUIPMENT

The apparatus used for transfu 1on can affect the comfort and esven the
safety of the patient With red rubber tubing which 1s used repeatedly 1t
1s probably mpossible to remove every trace of proten from the mside of
the tube so that denatured protein 1s left thereon and can be removed 1n
small quantities to mnduce a febrile reaction m the reciprent With such
tubing also small holes made near the needle 1n order to inject drugs may
not appear until pressure 13 applied they arc of little real but of con
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siderable aesthetic mmportance  And finally red rubber always allows
somethung to dissolve out which affects the walls of vens and produces
a sterle thrombophlebitis 1f the infusion or transfusion be allowed to run
for much more than 12-18 hr The app of this thrombophlet
depends on many factors but principal among these 1s the namre of the
red rubber employed but, even with the same rubber the production of
thrombophlebitis depends on the speed with which the transfused blood
1s diluted by the recipient s blood and this of course 1s greater in large
proumal vemns than i small peripheral ones It follows that transfusions

Ports covered by
adhesive protection

Fig 1 _Fenw 1 plastic blood-collecting pack which contams anti-coagulant but no arr
and 1 filled passtvely A herm tc  al of the tube can be obtamed by a d electric sealer
or by tying a knot tn the tube

especizlly long continued ones are best given 1nto large proximal veins
n which the current of blood 15 considerable and if possible into an 2rm
vein where the hydrostatic pressure 1s but a few centimetres of water
rather than into a leg vein where there may be 25 or 30 cm water pressure
or 1n pregnancy abdominal tumour or ascites muchmore Until recently
teaching was all the other way cannulae were tied into the smallest most
distal veins 1n the vain hope that the vein would thrombose only to the
next tributary but now people are slow Iy realizing the logical consequences
of the discovery that thrombophlebitis 1s the result of prolonged exposure
of the vemn wall to 1rritants and are tending to run transfusions through
needles rather than cannulae 2nd to Limut the duration of transfusion 1nto
any one vemn to 8-1ohr changing regularly from one vein to another
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Ma collecnng
bag 1

Beak 10 connegt
bag 3 o bag 1
orbag2

Fig z Fenwal ack  after plasma and platelets can be
iransferred Trom bug 1 to bag 3 platelets deposited and plasma retused to bag 2

Rigid metal back

Spring loaded
plastic plate

Fig 3 Apparatus for expelling plasma from collecting pack 1nto transfer
pach when prepaning fresh plasma or concentrated red cell suspension



TRANSFUSION HAZARDS 71
(Anon 1955, Jones 1957) Polak (19 56) thmks that hydrocomsone added
to an infuston flurd reduces the likelib

The latest apparatus seems likely to rcduce the mcndence of thmmbo
phlebitis even further 1t 1s made of a special PV C plastic and 1s dis
posable No 1rrtant extractives are obtamned from it so that longer trans
fusions may be run but the lumen of the tubing 1s small the filter area
small so that the maximum rate of infusion 1s appreciably less than with
the old apparatus—and of course 1t 15 2 good bit more expensive than the

Sleeve front
of nylon mesh

ck of el
contang nflatable
tubber bag

‘Blood contaner
Manometer ndicating

pressure ins de-
Tubber slecve

Fig 4 Pressure infuser a blood p ck 15 held b tween nylon mesh
and inflatable sleeve

old but on the whole 1t seems an improvement and when a plastic con
tawner can be duced as well our fi P dure will be notbly
simplified

The disposable plastic packs made by Fenwal were ongnally designed
for the Boston team working on the Cohn blood fractionator and have been
develaped extensively T beleve they are the best equipment yet made
(Gibson 1956 Dudley Richmond McNaw Paton & Cumming 1958)
The figures show a standard 500 ml pach (Fig 1) a pack for separating
cells plasma and platelets 1n a closed system (Fig 2) aspring loaded press
for esther separating plasma from cells or speeding up a transfusion (Fig 3)
and a pressure device consisting of a mesh pouch contairung an inflatable
rubber bladder {Fig 4) which will speed up the infusion of blood without
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Beak to connect
bag3tobagl
orbag2

2z Fenwal pack after sed: plasma and platelets can be
transferred from bag 1 to bag 3 platelets deposited and plasma returned to bag 2

Rigid metal back

Spring loaded
plastic plate

Fig 3 Apparatus for expelling plasma from collect ng pack snto transfer
pack when preparing fresh plasma or concentrated red cell suspension
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enough to slow enzvme reactions but not cold enough to damage the cell
physically—but 1f bload be chilled to below o 56 C the cell wall1s damaged
by the cold or warmed to over 38° C 1t 1s damaged by the heat and then
survival 13 much less Indeed it has been shown that the simple physical
process of warming from +4 C to room temperature and cooling agan
to 4+4 C 15 an msult so severe as to reduce the survival ume of blood
very considerably
Durnng the early part of thelast war blood was sometimes transported in
uninsulated transport arrcraft fiying at heights up to 20 oco ft and tempera
tures down to twenty degrees below zero centigrade  T'have heard experts
m war medicine discussing whether before they learnt their lesson a
particular Air Force lost more men by enemy action than by transfusion
with frozen and thawed blood
Similar events rarely occur nowadays but Thave meta refngerator whose
temperature regulating control broke down and froze everything in 1t
mcluding the blood and my present blood storage refnigerator 15 1n an
heated outh whose m winter may fail well below
freezing pomnt To counterict this danger I have had an electnic socher
fitted 1nside the refrigerator and 1n winter we put in some kind of heater
ordinary winter weather can be combated quite easily by a 75 W lamp
but 1n severe weather this may have to be increased to 100 W for a go 13
cabinet
The danger of ovs 18 rare because the 1dea
of warming blood has gone out of fashion At one time 1t was the rule that
blood should be warmed before being given and there 15 no doubt that
some blood was warmed 1n most pecular ways Baker 1n 1937 described
2 fatal transfusion of blood which had been mauntamed at +55 C for
several hours and 1 have met nurses quite capable of dong even more
peculiar things
But cells can be destroyed by agents other than physical ones and of
these the most 1mportant are antibodses to the anng:ns on the blood cells
This 15 the usual h of an £y and 1n fact
people nowadays tend to equate the term 1ncompatsble transfusion with
shortened red cell survival resulting from undetected antibodies  Unless
the term incompatible transfusion 15 properly defined 1t leads to mis
understanding—most people have a vague 1dea compo ed pastly of trans
fusion reactions  and partly of presence of antibodues to donor cells  For
choice the term should be avoided and I would prefer to use the term
transfusion reaction for any type of reaction detectable cinically and to
qualify this by speafying erther the type or the mechamsm by which the
reaction 1s mediated

h £ 1
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the risks usually associated with the Higginson syringe method which
when the vemn relaxes, usually projects all the blood mto the vemn 1n a few
seconds followed by 4 litre of compressed air to kall the patient  Of course,
bynow the compressed arr method should be replaced by one of therotating
hand pumps such as that of Martin

Of these plastic pachs the platelet pack 15 already available from Regional
Transfuston Centres 1 this country, and the others can be purchased
though at considerable expense  Several experimental trials with different
plastics have been made, but no other has been generally adopted

Other types of plastic disposable equipment are avalable—Baxter,
Cutter, Abbott, from America and others from Denmarh—but I think
these are less flexible and less generally useful

However 1t 1s obvious that plastic equipment requires complicated
machinery and organization to mahe 1t properly and 1t 1s common know
ledge that Fenwal were placed mn difficulties by a supplter of plastic sheet
who unknown to them changed his plasticizer It 1s obvious that m
Brtamn we cannot depend on some foreign manufacturer and that we
need supplies from at least two different factories before we can abandon
our old fashioned equipment 5o faronly one facturerisn prod

BLOOD AND ITS SURVIVAL ALLERGIC AND
HAEMOLYTIC REACTIONS

‘We now come to the blood itself and must consider the physical conditions
for preservation therr nfluence on cell survival and the other factors
affecting cell survival when the banked blood 1s transfused

It 1s 2 conditron for the safe use of blood that the survival of the donor
cells 1n the recsp shall be of r ble duration Ideally survival in
the reciprent should be the same as n the donor and m many cases with
very fresh blood this 1s what actually happens In the absence of antibodies
reacting with donor cells even banked blood preserved for a week will
show no more than a 109, loss compared with fresh blood

However when blood 1s stored for longer 1ts Ife in the reciprent
diminishes quite raprdly With blood stored m the rather alkaline trisodium
atrate 7 days are enough to reduce survnval to a few days and even with
A C D which helps to maintain cell integnty survival after 28 days storage
15 short though 1t can be improved by adding guanasine so that the red cells
can survive for a week or more after 42 days storage—though I doubt
whether thts 1s useful for I should be very afraid of bactettal contarmination

(Prankerd 1956)
These figures assume storage under optimal conditions that 15 cold
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elaborated enough antibody to provide a fully haemolytic dose for each
cell—usually 1n 2— days For example 1n a personal case three bottles of
group B blood were transfused into a group A recipient  After the mitial
haemolysis and black urine the group B cells persisted in slowly decreasing
numbers until the morning of the fourth day when there was a single spihe
of fever followed by shight clinical jaundice and accompanted by a bnsk
fall in haemoglobin  Dunng the whole of this period anti B could not be
detected 1n the serum, but the direct antiglobulin test was positive tn slowly

decreasing intensity ‘There was never any reduction in urine volume and
1n fact the pattent was httle inconsenienced

It1s 1ndeed surprising that s1n most cases where cellsarelysed immediately
after transfusion there 1s httle or no mterference with unnary secretion
When haemoglobmuna does occur 1t 1s evanescent and 1n at least nme
cases out of ten the incompatibility 1s without sernious consequences

Other antibodies bring about extras ascular destruction n Iiver or spleen
though some haemoglobin perhaps as much as 10%, of that transfused
may be Liberated nto the plasma  Such cells have half Ines of between
two and twenty munutes

Thereas thus clear cutevidence that h lobin per se has no dell
cffect on the kidneys thus confirming 1n man what has previously been
shown 1n the experimental animal  In some amumals the stromata of Iysed
cells are known to induce a renal shutdown but in many human patients
atany rate this seems not to be the case

Ttseems therefore that some other factor 1s concerned with the develop
ment of the anuna which 1s the most feared consequence of an mcom
patible transfusion but which fortunately occurs mn no more than fise or
ten 1n a hundred of those so unfortunate as to recenve one

One mmportant factor m the genesis of anuna 1s certanly attempts at
treatment (Discombe  1954)

My expenence 1s that 1f a logicall b £ has
occurred any attempt however well meant to mcxens: unnary output or
to speed up the recovery of renal function 1s far more likely to harm the
patient than to help tum  If the patient 13 suffening from 2n acute 1llness
for which the transfusion was ordered then by all means continue to treat
that illness by £ of compatible blood 1f necessary but if possible
avold any loading of the pauent with electrolytes unless 1t 1s quite clear
that a lack of electrolytes is p or g the sllness and above
all avoid overloading the pzucm withwater Most patlcnts do best without
treatment and the best treatment of mpending anurna 1s probably the
withdrawal of all treatment  In the few cases where oliguna does occur
a normal unnary flow may develop after a few days but i such cases
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The common reactions are either allergic or pyrogemec and are rarely of
mmportance they were reviewed earlier There 15 one type of very serious
allergic reaction of which the mech: 18 letely ob: the flord

anaphylactoid reaction charactenized by fever tachycardia epileptiform
serzures incontinence and a catastrophc fall in blood pressure This some
times p a logical p lity—but quite often no
serological cause can be found for asevere, or even fatal reactson (Marggraf
1954, Discombe 1952 1954, Hadnagy & Szabo 1959) Sometimes these
severe reactions without serological cause may even be accompanied by
haemoglobinuria and followed by cortical necrosis of the ludney but this
has been recorded mamly in pregnant women near term and 1t 1s well
Lnown that h globinuna can occur sp ly under such condi
tions (Genisch & Rosner 1956 Awdin 1957) Thesetragediesare fortunately
very rare but may be related to a very acute form of eclampsta

These anaphylactoid reactions are uncommeon even when 4 seralogreally
incompatible transfusion is grven—for example the last seen 1n my hospital
was 1n October 1946 about 40 ooo bottles of blood ago since when I have
seen some fifteen or twenty serological incompatibilities In retrospect
I suspect that some of these anaphylactoid reactions were due to bacterial
contamination but there 1s no doubt that some are not This was the type
of reaction which lalled a leading Russtan experimentalist about thirty
years ago 1n an experiment 1n which he recerved only about 50 ml blood
I do not know any way of treating them but I suppose noradrenalin and
a steroid would give the best chance of survival though the cases 1n
pregnant women which went on to cortical necrosts would presumably be
beyond help

However the haemolytic transfusion reactions are mostly due to inter
action between an antibody 1n the recipient which reacts with an antigen 1
the donor red cells Dr P L Mollison has recently (1959) in his Ofiver—
Sharpey lectures summarized our knowledge on this subject, to which he
has so largely contributed He has shown that haemolytic transfusion
reactions can be divided mto two groups the first in which transfused red
cells are destroyed intravascularly producing high plasma haemoglobin
levels and the second 1n which the cells are sequestered 1n Iiver and spleen
The first type of reaction 1s encountered typically mn ABO incompatibility
and often produces severe symptoms very quickly the plasma being loaded
sith haemoglobin within a few seconds of transfuston  However evenin
this type of reaction Jarge transfusions often absorb all circulating antibody
and then cells may even recetve on the average a sub haemolytic dose of
anttbody so that foreign mcompatible cells survive n the recipients
cireulation for several days to be eltminated only when the recipient has
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elaborated enough anubody to provide a fully haemolytic dose for each
cell—nsually 1n 2-5 days For example 1n a personal case three bottles of
group B blood were transfused into a group A reciptent  After the mmtial
haemolysis and black urne the group B cells persisted in slowly decreasing
numbers until the mormng of the fourth day when there swas a single spile
of fever followed by shight clinical jaundice and accompamed by a busk
fall 1n haemoglobin  During the whole of this penod ant1 B could not be
detected 1n the serum but the direct antiglobulin test was positive in slowly
decreasing intenuty There was never any reduction i unne volume and
sn fact the patient was hittle inconvenienced

It1sindeed surpnsing that 1n most cases where cells arelysed immedtately
after transfusion there 18 litle or no interference with unnary secretion
When haemoglobinuna does occur 1t 1s evanescent and n at least nine
cases out of ten the mcompatibility 1s without serious consequences

Other antibodies bring about extras ascular destruction 1n hver or spleen
though some haemoglobin perhaps as much as 1094 of that transfused
may be hberated into the plasma. Such cells have half lives of between
two and twenty minutes

There s thus ¢lear cutevidence thath lobn per seh: del
effect on the kidneys thus confirming 1n man what has previously been
shown 1n the experimental aimal  In some animals the stromata of Ivsed
cells are known to induce a renal shutdown but 1n many human patients
atany rate this seems 1ot to be the case

Itseems therefore thatsome other factor 1s concerned with the deselop-
ment of the anuna which 13 the most feared consequence of an 1ncom
patible transfusion but which fortunately occurs 1n no more than five or
ten 1n 2 hundred of those so unfortunate as to recene one

One umportant factor in the genesis of anuna 1s certamly attempts at
treatment (Discombe 19,4)

My expenence 15 that 1f a logeall ) £y has
occurred any attempt however well meant to increase urmnary output or
to speed up the recovery of renal function 1s far tmore likely to harm the
patient than to help hum  If the patient 1s suffening from an acute 1llness
for which the transfusion was ordered then by all means continue to treat
that tliness by transfusion of compatible blood 1f necessary but if possible
avord any loading of the patient with electrolytes unless 1t 18 quite clear
that a lack of electrolytes 13 prolonging or increasing the llness and above
all asoid overloading the patient with water Most patients do best wmathout
treatment and the best treatment of impending anura 13 probably the
withdrawal of all treatment  In the few cases where oliguna does occur
a normal unnary flow may develop after a few days but 1n such cases
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The common reacttons are etther allergic or pyrogenic, and are rarely of
importance, they were reviened earhier There 15 one type of very serious
allergic reaction of which the mechanism 1s completely obscure—the flond
anaphylactord reaction characterized by fever tachycardia epileptiform
seizures incontnence and a catastrophic fall 1n blood pressure This some
tunes accompantes a serological incompatibility—but quite often no
serologteal cause can be found for a severe, or even fatal reaction (Marggraf
1954, Discombe, 1952 1954 Hadnagy & Szabo 1959) Sometimes these
severe reactions without serological cause may even be accompansed by
haemoglobinuria and followed by cortical necrosis of the kidney but this
has been recorded manly 1n pregnant women near term, and 1t 1s well
known that h lot 1a can occur sp ly under such condt
tions (Genisch & Rosner, 1956 Aiwdin 1957) These tragediesare fortunately
very rare but may be related to a very acute form of eclampsia

These anaphylactord reactions are uncommen even when a serologically
incompattble transfuston 1s grven—fc ple the last seen 1 my hospital
was 1n October 1946 about 40 000 bottles of blood ago since when I have
seen some fifteen or twenty serological incompatibilities In retrospect
T suspect that some of these anaphylactord reactions were due to bacterial
contamnation but there 1s no doubt that some are not This was the type
of reaction which killed a leading Russian experimentalist about thirty
years ago 1n an expertment i which he recerved only about 50 ml blood
I do not hnow any way of treating them but I suppose noradrenalin and
a steroid would give the best chance of survival though the cases m
pregnant women which went on to cortical necrosis would presumably be
beyond help

However the haemolytic transfusion reactions are mostly due to mnter
actton betw een an antihody 1n the reciprient which reacts with an antigen 1
the donor red cells Dr P L Mollison has recently (1959) 1 his Oliver—
Sharpey lectures summarized our knowledge on this subject to which he
has so largely contnibuted He has shown that haemolytic transfusion
reactions can be divided mto two groups the firstin which transfused red
cells are destroyed intravascularly producing high plasma haemoglobin
levels and the second 1n which the cells are sequestered 1n Iiver and spleen
The first type of reaction 1s encountered typically in ABO incompatibihity
and often produces severe symptoms very quickly the plasma being lozded
with haemoglobin within a few seconds of transfusion However even
this type of reaction large transfusions often absorb all errculating antibody
and then cells may even recetve on the average a sub haemolytic dose of

antibody so that foreign imcompatible cells survive n the recipients
arrculation for several days to be eliminated only when the rectpient has
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seems surprising that the frequency of transfusion hepatitis 1s no more than
© 16%,—for this 1s the figure obtamed by one of the largest and most
thorough recent surveys Although no donors with a history of hepatitis
are now recruited or used this 1s not the main factor 1n maintmining so low
a figure for a fall 1 the inaidence of hepautis due to small pool plasma
from 1% to 0 12% occurred spontaneously over a peniod of a few years
before the ban on danots with a history of jaundice was enforced (Mimstry
of Health 19,4 and personal commuunications) It s true that transfusion
Jaundice seems to be 2 severe form of hepatitis and when 1t does occur
leads to prolonged sickness and invahdism—a further argument against the
employment of transfusion when 1t can be avorded

In retrospect then I can sum up my view by saying that the hazards of
blood fi are derable A estimate scems to be that
of every 2000 transfused patients one dies from some reason connected
with the transfusion I think that i:n m) own practice thts may be an
overestimate but this will depend on those factors which you will admut
to be d with the fi for example 1 should not regard
under fi d with fi unless the supph of
blood had been avoidably delaved. In my own view some accidents are
unavordeble—the conseyance of infectious disease particularly hepatins
and brucellosis and probably several virus infections the occurrence of
anaphylactord reactions m the absence of demonstrable antigenic incom
patibihity senous illness due to the presence of cryophilic bactena n
stored blood which has been properly presersed Others are usually pre
vented and 1t 1s among this g roup that are found the technical errors which
used to play a larger part i the mortality from transfuston than they do
now On the part of the cimaian in charge of the case he may over
transfuse and kill the patient with congestive carduac falure or fail to
recognize the magnitude of the blood lack and fall to administer enough
blood to restore the arculauon  But the most important failures depend
on the failure of the therapeutic team 2s a team on a failure of sympathy
between the man who carmes clinteal responsibility and the man who selects
blood for transfusion so that 1t carrtes the mmumum of nisk and giyes the
maamum of benefit
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1t 15 wise to start the reciptent on the Bull regimen or its more modern
modifications as soon as reduction t renal secretion 1s suspected or
apparent

CONVEYANCE OF DISEASE

The last and in some areas the most important hazard 1s the direct con
veyance of disease from donor to reciptent and this presumes a bacteriaermia
or viraemta in the donor We hnow lhittle of the conveyance of the common
virus diseases but by analogy with the experimental virus infections m
anmmals we may assume that viraema occurs early in the disease and may
be marked before the patient develops severe symptoms It therefore
seems improbable that we shall be able to prevent such infections but so
far there 1s no evidence that they are frequent

In the past the commonest and most feared of transfusion mnfections
was syphilis but since the recent spectacular reductron 1n sy philization
this nisk has become very slight 1n Britain though still common elsewhere
In Britan the rule by which voluntary blood donors recerve no monetary
reward 1s a useful precaution agamnst such infections for the voluntary
donor s usually conscientrous and less hkely than most to mdulge
sexual promiscuity In West Africa the positive Wassermann reactions
are very often brological false positrve reactions and 1t seems possible that
this 1s due to the West African having an inborn tendency to maintam a
higher level of gamma globulins than does the European

In some parts of the world malaria 1s 2 considerable nisk  In England
today there are enough donors to enable us to reject ali donors with a past
history of malania but this 15 not the case everywhere and mn some parts
of the world 1t 1s imposstble In some areas the immune native or old
restdent may tolerate without a tremor blood which would induce an overt
attack of malaria 1n a foreigner and mn such areas non immunes (and
perhaps immunes also) need a preventive course after transfuston

Many other diseases can be commumcated during the bactenaemic
phase but such accidents appear to be rare Dr Wood drew attention 1n
1955 to the dangers of conveying undulant fever in areas where 1t 1s
endemic

However tn Bntan today the most serious of these infections 1s
hepatiis It scems clear that patsents who have suffered from infecune
hepatitis may carry and communicate the causative virus for years after
apparent recovery and that volumes as small a> 0 02 ml serum or blood
of these carriers (and perhaps a hundredth of this volume) can convey the
disease When to this informavon 18 added our knowledge that many cases
of hepatitis are not recognized because they never become jaundsced 1t
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HAEMOGLOBIN VARIANTS
J C WHITE

Haemoglobm 1s an outstanding member of the important class of con
Jugated protemns the haem proteins The members of this class enter into
a wide diversity of reactions 1n the lving organism concerned with oxida
tion reduction and oxygen transporting mechamsms All possess the
common structural feature of iron porphyrm prosthetic groups united
with protein variation 1n the nature of the haem occurs (e g cytochrome)
but protohaem (ferro or ferriprotoporphyrin 1x) 1s common (haemoglobin
catalase horseradish perouidase) The nature of the protein and of the
linkages to the prosthetic group are of great importance m determining the
type of activity of these proteins In all higher amimals and man haemo
globin 1s concerned principally with oxygen transport this property bemg
determined largely by the co ordination of ferrous iron m the proto
porphynn molecule and the nature of the Iinkage of the four haem groups
to the surface of the globm

Haemoglobins are of extremely widespread occurrence 1n nature and
are not confined to the red cells of higher animals  Examples of 1ts occur
rence may be cited 1n the root nodules of leguminous plants dssolved 1n
the blood flud of Daphmia 1n yeasts moulds and protozoa

It 1s not surpnising that the globin motety vanies in different haemo
globins the woelectric point and amino acd composition varymg from
species to spectes and the molecular weight being very high 1n haemo
globin from some tnvertebrates The haem does not vary in structure
Within single species varants of haemoglobin may occur which differ 1n
structure and properties Formerly the best characterized intra species
variants were the adult and foetal forms of haemoglobin found 1n man and
many ammals

The discovery that sickle cell haemoglobmn differs from normal adult
human haemoglobin that 1t 1s formed under genetic control and that its
presence 1s related to the climcal mamfestations of sickle cell disease has
stimulated an enormous volume of work in this field Paulmng Itano Singer
& Wells (1949) advanced the concept of a molecular disease 1n such
conditions as sickle cell anaerma vanation in the structure of a normal
Pprotein at the molecular level leading to functional disturbance

In recent years many variants of human haemoglobin have been dis
covered by the application of surtable physico chemical techniques and
a good deal 15 known about the genetic controt of their production Very
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HAEMOGLOBIN VARIANTS
J C WHITE

Haemoglobin 1s an outstanding member of the important class of con
jugated proteins the haem proteins The members of this class enter 1nto
a wide diversity of reactions 1n the living organism concerned with oxida
tion reduction and oxygen transporting mechanisms  All possess the
common structural feature of 1ron porphyrin presthetic groups united
with protemn variation 1n the nature of the haem occurs (e g cylochmme)
but protot (ferro or fernprotoporphynn 1x) 1
catalase horseradich perodase) The nature of the protem and of the
Iinkages to the prosthetic group are of great importance 1n determiming the
type of activity of these proteins In all higher ammals and man haemo
globin 1s concerned principally with oxygen transport this property being
determined largely by the co ordimation of ferrous ron m the proto
porphyrin molecule and the nature of the hnkage of the four haem groups
to the surface of the globin

Haemoglobins are of extremely widespread occutrence mn nature and
are not confined to the red cells of ligher anumals  Examples of 1ts occur
rence may be cited 1n the root nodules of leguminous plants dissolved in
the blood fluid of Daphmia 1n yeasts moulds and protozoa

It 1s not surprising that the globin mosety vanes in different haemo
globins the 1soelectric pormt and amino acid composition varying from
species to species and the molecular werght being very high in haemo
globm from some mvertebrates The hzem does not vary 1n structure
‘Within single spectes vanants of haemoglobin may occur which differ 1n
structure and properties Formerly the best charactenized intra species
variants were the adult and foetal forms of haemoglobin found m man and
many antmals

The discovery that sickle cell haemoglobin differs from normal adult
human haemoglobin that 1t 1s formed under genetic control and that its
presence 1s related to the clinical manifestations of sichle cell disease has
stimulated an enormous volume of work in this field  Pauling Itano Singer
& Wells (1949) advanced the concept of a molecular disease 1n such
conditions as sickle cell anaemia  vanation 1n the structure of a normal
protein at the molecular level leading to fi 1 disturbance

In recent years many vanants of human haemoglobin have been dis
covered by the application of suitable physico chermcal techmiques and
2 good deal 1s known about the genetic control of their production Very
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recently, outstanding advances have been made 1n the understanding of
the chemical and molecular structure of a number of these variants and
an mportant branch of human brochemical genetics has been ilfuminated
Perhaps one may quote Tennyson 1n saying

Yet all expentence 1s 2n arch wherethro

Gleams that untravell d world whose margin fades

For ever and for eser when I move
Ulvsses was despondent at mactivity when he smd these lines but there
can be no despondency 1n surveying the amazing advances made 1n the
study of h globin  Many i problems remain but 1t 1s clear
that their solution will be steadily achieved

HAEMOGLOBRIN BIOSYINTHESIS

The questions of haemoglobin biosynthesis and of genetic vanations in the
molecular structure of haemoglobin are of great mterest and importance

It 1s now realized how widespread 1s the occurrence of sickle cell disease
thalassaemia and conditions due to the genetic interaction of these
together or with genes for other abnormal haemoglobins (e g Hb Sand C
in West Africa, thalassaema and Hb E in the East) Further very rare
metabolic disorders often familial such as the porphyrias can now be
mterpreted at least 1n part 1n terms of disturbed production of the pre

cursors required for haem formation Fundamental work 1n 2 number of
angmnally disconnected fields 15 now beginning to illuminate a vanety of
human disorders The general problem of protein biosynthesis has
advanced rapidly in recent years and the relationship of the nucleic acids
to this process has attracted considerable attention The study of haemo

globin formation 1n the red cell has proved a very profitable subject for
such studies and at the same time the formation of the haem portion of
this conjugated protein from very sumple precursors has been explained
1o a great extent

Nucleic acds cell growth and protem synthesis
The exstence of the nucleic acids has been known since the work of
Miescher 1n the seventies of the last century followed by that of Altmann
hossel Neumann Levine Jones Hammarsten and many others  Similar
phosphorus contaming organic acids had been obtaned from plant and
anumal tissues exemplified by the products from yeast and from the nucles
of calf thymus lymphocytes but whereas the former contuned d nbose
nucleotides of adenine guanine cystosine and uracil the Iatter contained
deoxynbose nucleotides of the same bases except that thymine was found
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nstead of uraci!  Subsequently the use of the Feulgen reaction as a cyto
chemtcal test for deoxymbonucleic zcid (DNA) and the 1solation of
pentose nuclerc acids from ammal tissues indicated that both acds were
charactenistsic constituents of both plant and anmal cells and specific
enzymes degrading both forms were ssolated from both sources

The pioneer work of Caspersson 1n Sweden and Brachet i Belgium
mdscated not only the cytoch 1 distrib of these sub within
cells but also thetr important connevion with protein synthesis and cellular
multipication  Whereas DNA was confined to the chromatin of the
nucleus mbosenucleic acid (RN A) was found 1n both the cytoplasm and 1n
nuclear structures such as the nucleclus and was particularly abundant in
young and growing cells Caspcrsson particulatly stressed the controlhing
role of DNA over the hered of genetc ch from
cell to cell and also the control of protein synthess 1 nucleus and cyto
plasm Brachet also stressed the role of nucletc acids 1n protein synthesis
but considered that RNA located 1n the small cytoplasmic particles was
molved p farly The e it two ded helical molecul.
structure of DN A has been elucidated by Watson & Crich, and by Walkins
and co worhers since 19,3 and provides a basts for understanding the
necessary specificity of D\A as the hereditary determinant 1n the gene
studies in the field of bacterial and mould biochemical genetics are par-
ticularly rewarding at present The electron microscopy of ultra thin
tissue sections has ndicated that the cytoplasmie RNA 1s largely localized
1n small particles attached to double lamellar membranes the endoplasmic
reticulum and biochemical studies 1n tsolated preparations of particles
provide models i which protemn synthesis can be studied and 1t has been
found that newly formed pm(cm built up rapxdl) from free amuino acids
with the p p of P 15 ly d
wnith the b ! of the

P

Haemoglobin synthesis in nucleated red cells and retsculocy tes
Sheminand Ruttenberg (19.46) first threw light on the nature of haemoglobin
biosynthesis i 1946 showing that 5]\ labelled glycine was incorporated
into the haem of newly formed red cells after 2dminstration to a normal
man and that the labelled h lobin thereafs lated 1n the cells
for the duration of their mean normal life span of 120 days  Altman and
others found that glycine labelled by 3:C at thea position was incorporated
into both the globin and the porphyrin of the haemoglobin The micro
spectrophotometric studies on bore marrow cells by Thorell indicated the
close connewon bct\\ een a h:gh RINA content of the early erythroblasts

and subseq though he considered that the
s
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haemoglobmn did not form until after the completion of synthesis of a pool
of globm  this latter point 1s still uncertan, some workers finding that haem
and globin are formed 1n parallel

Although most cells form protein 1n the presence of both nucletc acids
studies on expertmentally enucleated cells such as amoebae and algae show
that the RNA 1s more mamediately connected with the pracess The
reticulocyte provides a most strihing example of this, since a mited but
definite degree of haemoglobin synthests can occur in this non nucleated
cell which 1s still equipped with part of the actively respiring ribonucleo
protem rich cytoplasm of the preceding nucleated erythroblast stages
London, Shemun, Rittenberg and co workers have shown that not only
are nucleated duck erythrocytes capable of haemoglobn synthests i vitro
but also the blood 1n rabbits after haemorthage and 1n some human
anaemias, such as sickle cell angemta and some cases of pernicious anzema
In these cases the proportton of reticulocytes 15 hugh although in other
anaemias with reticulocytosts synthesis may be less active  Boorsook and
colleagues Hollaway and Ripley and horitz and Chantrenne have shown
that amino acids are actively ncorporated into the haemoglobin and that
the activity of the process 1s proportsonal to the RNA content of the
reticulocytes

Haemoglobn biosynthests

Many of the details of the pathway of haem biosynthesss have been
elucidated through the work of Shemmn and co workers 1n the Umted
States and of Rimmngton and Neuberger and therr co workers m this
country The imtial stage involves a condensation of sucainy! coenzyme A
with a glycine pyridoval phosphate dervative to yreld & amino laevulinic
acid and since the chief energy requirements for porphyrin biosynthesis
are mvohed the cellular control of the pace of formation may operate here
Subsequently & amuno laevulinte acid 18 condensed to the monopyrrole
porphobilinogen, and four molecules of the latter condense to form the
porphyrin skeleton Tius probably exists as the porphyrmogen decarboxy
lation from uro to coproporphyrmogen and finally to protoporphyrin
occurrtng ferrous sron umitin, with the latter to yield haem The whole
process appears to be under the control of a sertes of enzymes and an
inhibttor may regulate the rate of the il stage The latter certainy
operates 1n some experimental systems and Shemin and ¢co workers suggest
that decreased activty of the inhibitor may be responsible 1n human acute
porphvnia sather than a bolic block due to defi of an enzyme
London and co workers (1958) have shown that the rates of incorporation
of MC-labelled gly cine into haem and globin respectively are roughly parallel
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1m 11 watro preparations of nucleated duck red cells rabbit bone marrow and
rabbit reticulocytes Inthe latter two preparations the rate of incorporation
dechnes markedly from the younger to the older erythroblast stages and
finally to the reticulocyte although the ratio of haem to globin actrvity
remains about umty A number of factors have been found to operate 1n
the cultures however which will markedly d the two p
It may be expected that much light will be thrown on obscure human
lving defectise b globin formation from this type of
intimate study of the biochemustry of the process

ABNORMAL DERIVATIVES OF HAEMOGLOBIN
IN THE RED CELL

Quite apart from the genetically determined structural vanants m haemo
globin that depend upon shght differences 1n the protein mosety and which
all appear to be effictent oxygen carrymng pigments several modifications
of haemoglobin may oceur 1n which the haem group (and sometimes also
the globim) and the oxygen capacity of the blood 1s reduced with resultant
qanosns Thesc may result entirely from the effects of toxic chemicals

and most of Heinz body anaemia) or
from exther tovic or genetic factors (the methaemoglobimnaemias)

The outstanding function of intracorpuscular haemoglobin 1s the trans
port of oxygen from the lungs to the tissues In addttion st plays a partin
the transport of carbon dioxide from the tissues to the lungs and 1n mam
taining a stable hydrogen 1on concentration of the blood

"The ability of haemoglobin to transport oxygen depends upon the ability
of the weak 2cid haemoglobin to form a loose molecular compound with
oxygen the resulting oxyhaemoglobin 15 a shghtly stronger acid at physio
logical pH but readily dissociates on reducing the partial pressure of
oxygen Hb+0,=HbO Under favourable conditions as within the
mtact red cells the reversible oxygenation s effected without any significant

d to th lot {fe h lob 1f sol of haemo
globin are exposed to varying partial pressures of oxygen which are then
plotted agunst the resulting degrees of saturation of the haemoglobin with
oxygen oxygen dissoctation curves are obtuned These are based upon the
form of a rectangular hyperbola but a vanety of conditions result 1n the
cune assuming 2 more sigmoid form This 1s notably so with intact red
cells andisad 2 under physiol 1 cond 1n that the oxygen
1s more readily given up to tissues at low oxygen tension

Haldane & Smuth (1897) obsenved that miners could work with a stmple
anaemia of less than 50°; Hb but reduction of the oxygen capacity to the

62
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equuvalent level by carbon monouide porsoning often produced collapse
The dissociation curves for both oxygen and carbon monowide have the
same sigmotd form though the affimity for CO 1s far greater, but the curve
for oxyhaemoglobin becomes less sigmord 1n the presence of carboxy
haemoglobin  Roughton & Darling (1944) showed that the curve moves
progressively to the left when the percentage ovygen saturation 1s plotted
against partial pressure of ox) gen 1n the presence of mcreasing percentages
of carboyy haemoglobin

Smular observations have been made by Darling & Roughton (1942) 1n
the case of mrxtures of methaemoglobin and ordmary haemoglobmn (ferro
haemoglobin) the shuft to the left mereasing with increasing percentage of
methaemoglobin This effect on the oxygen dissouation curve has been
confirmed by Gibson & Harnson (1947) and Batkte & Valtis (1954) m

1diopathic meth: glob The tend, to tissue anoxa in the
case of meth glob 18 1mp hmeally and may also obtamn
mn sulph lot where cy may be very marked in the

presence of only 10-1§% of the abnormal pigment

Methaemoglobinaema
Meth lob. due to taxic ch Is (: nitre comp

many ovidizing agents etc) and drugs (eg sulphonamtdes) 1s fanly
common in evposed mdividuals The amount of abnermal pigment may
vary from about 5%, (the limit of effective spectroscopic detection) to more

than 309%, of the total intracorpuscular pigment Once the mndividual 15

4

zemaved from exposure to the offend ) the )
globinaemia and cyanosss raprdly disappear This 1s because the red cells
normally equipped witha h for the red of meth glob

which continuously forms by the auto oxidation of haemoglobin

The reduction of methaemoglobin 1s linked with the glycolytic mechan
1sms present 1n the red cell and an particular it appears to be connected
with the conversion of lactate to pyruvate 1 the presence of o enzyme
factor 1 (dip pyndine dinucleotide) (Gibson 1948) A flavoprotern
methaemoglobm reductase (Altman 1g54) 15 also acmne and ascorbic acrd
and reduced glutathione may further imit the accumulation of excess of
methaemoglobin 1n the circulaung red cell even when the individual 1s
exposed to active ouidizing agents  Under normal conditions the efficiency
of these reducing systems 1s such that only traces of methaemoglobin can
occur 1n the cell

A rare form of cong
with up 10 35% of the total haemoglobsn the form of methaemoglobin
and consequent hfclong cyanosis of the mdivdual This abnormality

b osnl

1 h lob 15 present from birth
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appears to be a genetically determuined defect m the methaemoglobin

reducing systems of the red cell and may involve an absence ot defectve
formation of co enzvme factor 1 (Gibson 1948) Ascorbic acid given by
mouth to these subjects 1s effective 1n reducing the amount of methaemo

globin present and the results of such treatment are shown 1n Fig 1 (the
reduction 1n reticulocyte levels and secondary polycythaemta during the
period of treatment 13 noteworthy) Methylene blue orally or intravenously
18 also effective 1n temp 1y red the meth Jobin (hang White
& Gilchrist 1947) and Gibson (1948) has produced evidence that 1t acts

>
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Fig 1 Effects of 0 al dminsstration of nscorb ¢ cid on a case of methaemoglob
(kg White & Cnlchrist 1947) Fehnacma

as an mtermediate hydrogen carner reacting rapidly wath both reduced
triphosphopynidine nucleotide (co enzyme factor 11) and methaemoglobin

Although the oxygen capacity of the blood 1s much reduced n congenital
meth lob physical devel and capacity for evercise are
not necessanly reduced A young woman with this condition presented
herself for ascorbic actd therapy only prior to going dancing and then for
the cosmenc effects rather than for any inereased exercise tolerance!
However some cases are associated with mental defect frominfancy though
1t 1s not yet clear whether this 1s entirely due to oxygen lack 1z utero and
m early infancy ‘The mheritance of the condition appears to be mendelsan
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equrvalent level by carbon monoxide poisoning often produced collapse
The dissociation curves for both oxygen and carbon monoude have the
same sigmord form though the affimty for CO 1s far greater, but the curve
for oxyh fobin b less d mn the presence of carboxy
haemoglobin  Roughton & Darling (1944) showed that the curse moves
progresstvely to the left when the percentage oxygen saturation 1s plotted
against partial pressure of 0y gen 10 the presence of mnereasing percentages
of carboxyhaemoglobm

Simular observations have been made by Darling & Roughton (1942) m
the case of mixtures of meth globin and ordinary h lobin {ferro
haemoglobin) the shuft to the left increasing with increasing percentage of
methaemoglobin This effect on the oxygen dissociation curve has been
confirmed by Gibson & Harrison (1947) and Batkie & Valus (1954) m
1diopathic meth lob The tend to tissue anoxia in the
case of methaemoglobinaemnas 1s simportant chascally and may also obtan
m sulph glob where may be very marked in the
presence of only 10-15%, of the abnormal pigment

Methaemoglobimaema

Meth lot due to toxic ch Is (aromatic mitro compounds
many oxtdizing agents etc) and drugs (eg sulphonamudes) s farly
common 1 exposed ndivrduals The amount of 2bnormal pigment may
vary from about 59, (the lumt of effective spectroscopic detection) to more
than 30% of the total intracorpuscular pigment Once the indnvidual 15
removed from exposure to the offend, L the h
glot and rapidly disappear This 1s because the red cell1s
normally equipped with 2 mechanism for the reduction of methaemoglobta
which continuously forms by the auto oxidation of haemoglobin

The reduction of methaemoglobin 1s linked w1th the glycolytic mechan
1sms present 1n the red cell and 1n particular it appears to be connected
with the converston of lactate to pyruvate in the presence of co enzyme
factor 1 (diphosphopy nidine dinucleotide) (Gibson 1948) A flavoprote:n
methaemoglobin reductase (Altman 1954) 18 also active and ascorbic acid
and reduced glutathione may further imit the accumulation of excess of
methaemoglobin 1n the circulating red cell even when the individual 1s
exposed to active oxidizing agents  Under normal conditions  the effictency
of these reducing systems 1s such that only traces of methaemoglobin can

aceur 1 the cell

A rare form of 1 h lob 1s present from birth
with up to 35% of the total haemoglobin in the form of methaemoglobin
and consequent lifelong cyanosis of the mndinidual This abnormality
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1

Although Heinz bodies are after exp to vartous ch
substances they may lly occur as a 1 ph
without obvious cause but perhaps related to the presence of an abnormal

bolite orin with 1 absence of the spleen (Putscher
& Manion 19,5) The spleen 1s actnne 1n removing cells contamning the
1nclustons, and splenectomized indnviduals readily form Heinz bodies on
exposure to drugs such as phenacetin (Selwyn 19,5)

A great deal of work has been done on the nature of Heinz bodies and
most workers agree that they contain vanous structural components of the
red cell but manly consist of d d and degraded k Tot
Beaven & White (19,4) produced evidence that ac:tylphenylh) drazide 13
oudized to benzene and nitrogen by air 1n the presence of haemoglobin
which acts as the last nk m the utihzation of molecular oxygen and 1s
itself reduced and then underg dary degrad: to lubl
denatured globin and various green pigments by altcranons 1 the haem
groups 'The reaction 1s entirely aerobic In the mtact red cell defectne
oxygenation and actrye glycolysis reduce the Heinz body producing activity
of acetylphenylhydrazide

Important information has recently been obtamed on the nature of drug

1nduced acute haemolytic anaemias associated with Heinz body production
Although drugs such as the ant: malaral primaquin are harmless to most
people certan ndrvaduals are sensitive and suffer acute haemolytic anaemia
after exposure Sensttivity 15 particularly high among certamn negro racial
groups particularly American negroes The work of Beutler and associates
has revealed that the red cells of sensitive individuals show a frequently low
glutathsone content that Henz bodtes form tn much greater numbers than
with normal cells on mcubation with acetylphenylhydrazide and that such
ncubated cells have a far low er content of reduced glutathione than normal
control cells { glutathione stability test ) This behaviour 1s related to a low
content of glucose 6 phosphate dehydrogenase m the sensitive cells and
may be the primary genetic defect 1n the sensitive individuals and 1s found
1n some 10%, of Amencan negroes 1n cases of favism and mn some cases
of drug induced haemolytic anaemias The subject has recently been fully
reviewed by Beutler (1959)

THE HAEMOGLOBIN MOLECULE

Haemoglobin belongs to the class of globular proteins Tt has a molecular
weight of 67 000 and data from the phystcal properties and the crystallo

graphic studies of Perutz (19,8) have mdicated that the molecule s
roughly spherordal of the dimensions 55 x 55x 704 with four polypeptide
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recessive, and 1t may be common in some 1n bred populattons (Coudoums
1957, Scott & Hosluns, 1958) A famly studied in this country presented
normal partents and first born child whlst the three younger children all
had methaemoglobinaerma from birth and mental defect (Worster
Drought White & Sargent, 1953)

A further rare form of I meth lob and cyanoss
has been described by Horlem & Weber (1948) and Gerald Cook &
Diamond (1957) Here, the abnormality appears to reside 1 the globn
motety, and to be inherited ke other true haemoglobinopathies as a
mendehan domunant charactenstic The reductive mechaniems of the red
cell are not involved (Rossie-Fanelli Antomnm & Mondovi 1957) The
nature of the haem protein attachments n the abnormal Hb M seem to be
such that some react normally, others abnormally

Sulphaemoglobinaema

Sulphaemoglobin 18 another abnormal pxgmem which may occur in the red
cells after exposure to various ch particularly
compounds and dervatives of ph i Hydrogen sulphide 13 also
required for 1ts formation and m Iife 1s prabably absorbed from the 1n
testinal tract Analg may be taken in large
amounts and for long periods 1n such long standing patnful conditrons as
rheumatic disorders with frequent occurrence of cyanosis due to sulphae
moglobtn The amount present usually vanes fmm 5 to 20% of the total
blood Unlike meth g globin cannot be
reconverted o fi lobin and 1t 15 el d only by the
cells contatning 1t rezchmg the end of their life span  Jope (1946) showed
that when healthy tndividuals developing cyanosis on contact with trinitro
toluene were removed from exposure those with methaemoglobinaemia
lost all the abrormal pigment in a few days whereas the disappearance of
sulphaemoglobin proceeded 1n linear fashion corresponding to the hife span
of the red cells of 100-120 days

The Heimnz body abnormahty of red cells
The occurrence of Heinz Ehrlich bodies as a degenerative phenomenon has
{ong been Anown partrcularly afterexp wphcnvlh 3, dernatives,
or a host of toxic ch ! and therap (Webster 1949
Fertman & Fertman 1955) Many of these substances are also effective
myp but the p of this does

nut seem to be closely related to formatton of the Heinz bodtcs (Beaven &
White 1954) or to the increased susceptibility to haemolysis of cells con
¢aming the mclusions (Beutler 1959)
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HbO or the product Over a certain pH range and with controlled alkali
protesn ratio the reactton 13 lunetically first order so that a plot of log
(unchanged HbO ) versus time 15 lmear with slope proportional to the
first order reaction constant (Ky) The time for half reaction 1e 50% con
verston 1s also sunply related to Ky Eather K or £} can thus be used to
characterize the reaction At 20 C and pH 12 8 (IV/z, alkalt) the values
of 1% for Hb A and Hb F are about 11 and 1030 sec respectively cor
responding te K, values of 0063 and o0 0067 sec™? respectively It can
easily be shown from these figures that the 1 pun reaction time used 1n the
Singer residue method ponds to about 99% of Hb A and
to less than 4% conversion of Hb F 1nto alkaline haematin
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Fg 2 Allaline denaturanion rate plots of mixtures of adult and fo tal oxyhaemoglobin
Hb F content per cent (4) Ml (B)5 (C) 10 (D) 30 (E) 50 (F) 80 (cord blaod) (G) 100
{dnalysed es due from partial alkalt denaturation of cord blood) (Beaven Ellig & W hite
1960)

Whenboth Hb A and Hb F are present the plot of log (unchanged Hb0,)
versus tiume 1s not entirely linear the initial section of high slope cor
responding to the conversion of the Hb A component changes smoothly
1to 2 final essentially hinear section corresponding to the slower reaction
of the Hb F This linear portion can be extrapolated to zero time to give
the proportion of Hb F in the sample (Fig z) with reasonable precision
In practice the method 1» relable down to about 109, Hb F below this
level the observations required to establish the linear part of the plot
mvolve measurements of small changes 1n absorbance over long periods of
time and may be subject to instrumental errors etc

Singer Chernoff & Singer (1951) allowed an alkaline solutton of HbO,
of specified concentration and pH to react for exactly 1 mn at room
temperature the reaction mixture was then neutralized the denaturation
product (alkaline haematin) precipitated and the proportion of unchanged
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chains internally and four haem groups at thesurface Crystallographically,
the molecule possesses a dyad axis and 1t conststs of two sdentical halves
Each of these halves 13 itself made up of the two different & and £ poly

peptide chains *

The solubility, spectroscopic properties and other physico chemical
features have been discussed m detml recently by Beaven & Gratzer (1959)
and further reference will be made to some of these subsequently

The phystco chemcal properties of the haemoglobins of different ammal
spectes often differ in slight but sigmficant degrees due to varation in the
globin structure In man the foetal and adult forms of normal haemo
globm differ 1n fundamental respects and this pair of pigments was the
most extensnvely studied of the human haemoglobins until recently

FOETAL HAEMOGLOBIN

For many years foetal haemoglobin (Hb F) has been distinguished from the
adult type (Hb A) by 1ts greater resistance towards alkal denaturation
(horber 1866) These two closely related proterns differ 1n many physical
properties (for discusston and hiterature see White & Beaven 1954 1959

Ytano, 1937) and some of these form the basis for the estimation of Hb T

Differences 1n the fine structure of the ultra violet absorption spectrum of
the globin morety (Jope 1949) have been utilized Recent techniques of
chr graphy on resin col (Prins & Huisman, 1955 Hursman &
Prins 1955) and electrophoresis on agar gel (Robinson, Robson Harnson
& Zuelzer 1957) 1lso distingwish Hb F from Hb A and from other haemo

globin variants However the reaction with alkali remains the most widely
apphied 1n practice

QUANTITATIVE ESTIMATION OF HUMAN Hb [
(a) Alkal denaturation methods

Since its introduction by Brinhman & Jonws the alkali denaturation rate
method has been widely used though not to the same extent as the more
recent Singer t mun residue method (for references see White & Beaven
1954 Itano Bergren & Sturgeon 1956) A most recent comparison of the
two methods has been made by Jonxis and Huisman who concluded that
at hugh levels of Hb-F 1 mun values are about 109 low while the denatura
tion rate method ts 1naccurate below 10°, Hb F

The converston of HbO 1nto alkaline haematin 1s accompanmied by a
colour change from red to brown which can readily be followed spectro
ph rically or color lly at lengths appropriate to either

* See below p 105




HAEMOGLOBIN VARIANTS 89

HbO or the product Over a certain pH range and with controlled alkaly

protemn ratio the reaction 15 kinetically first order so that a plot of log
(unchanged HbO ) versus time 15 linear with slope proportional to the
first order reaction constant (K;) The tune for half reaction 1€ 50% con

version 18 also sunply related to X;  Etther K, or t4 can thus be used to
charactertze the reaction At 20 C and pH 12 8 (V/25 alkali) the values
of ¢t for Hb A and Hb F are about 11 and 1030 see respectrely cor

responding to K values of 0063 and © 0067 sec* respectively It can
easily be shown from these figures that the 1 mm reaction time used in the
Smger restdue method corresponds to about g9 %, of Hb A and
to less than 49, conversion of Hb F mnto alkalme haematin

100

Residual HbO; (*)

Time 1 minutes

Fig 2 Alkaline denaturation rate plots of muctur s of adult and foetal axyha moglob n
Hb Feontentpe ¢ nt (A)N1 (B)5 (C) 10 (D) 30 (E) 50 (F) 8o (cord blood) (G) 100
(xdyxgly)sed residue from part 1 Ihalt & n turation of cord blood) (Beaven Ellis & White

‘When both Hb A and Hb F are present the plot of log (unchanged HbO,)
versus time 15 not entirely linear the tutral section of high slope cor
responding to the consersion of the Hb A component changes smoothly
mto a final essentially hinear section corresponding to the slower reaction
of the Hb F This linear portion can be extrapolated to zero time to give
the proportion of Hb F in the sample (Fig 2) with reasonable precision
In practice the methad 1s rehable down to about 10% Hb F below this
level the observations required to establish the linear part of the plot
mvolve measurements of small changes i absorbance over long periods of
tune and may be subject to instrumental errors et

Singer Chernoff & Singer (1951) allowed an alkaline solution of HbO,
of specified concentration and pH to react for exactly 1 min at room
temperature the reaction mixture was then neutrahzed the denaturation
product (alkaline haematin) precipitated and the proportion of unchanged
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HbO remaming 1n solution estimated and reported as Hb I They found
normal adult bloods invariably gave 1 min residues i the range ofo 5-17%
and therefore recommended that values below 2 0%, should not be regarded
as certain evidence for the presence of Hb F This proviso has not always
been applied by users of the Singer 1 min restdue method and 1n con
sequence many 1nteresting reports of the occurrence of Hb F below the
5% level are not entirely reluble At hugher levels above 109 Hb F
Singer 1 min residue figures are much more rehable *

1
@ a
Absorbance

Absorbance

L ' L
240 260 280 300 290
Wavelength (mg)

Fig 3 Spectroscopic difference between human adult and foetal haemoglobins 4
absorption spectrum of adul lobn (globin ab band) over wave
length range z40-joomu B part of globin absorption band i 2go my region at high
absorbance showing tryptophan inflexion 1n adult carboxyhaemoglobin C as for B but
foetal carbo at high showing resolved tryptophan fine structure
band (roo o Hb F prepared by concrolled alkal treatment of cord bleod) (White &

Beaven 1959)

(b) Spectrographic methods

These are based on the observation by Jope (1949) that the tryptophan
fine structure band 1n the globin absorption band of haemoglobn (Nig 3)
occurs at a shorter wavelength (289 8 my) i cord blood (about 809, Hb T)
than 1n adult blood (291 o mg) For the location of the fine structure band
which 1n Hb A 1s only an unresolved inflexion (Fig 3) Jope used a rather

pecialized but very t method devised by Holiday 1 which the
photographic plate of a quartz spectrograph 18 moved by a logarithmic cam
to give a relativ e overall exposure ratio of 1/100 The resulting spectrogram

® Secabove p 88




HAEMOGLOBIN VARIANTS o1

1s particularly well suited for the detection and location of fine structure
features which do not show up well on conventional plots of absorption
spectra Jopes observation was evtended by Beaven Hoch & Holiday
(1951) to the analysis of Hb F/A mixtures and shown to be accurate to
4+ 5—10% over the range 10-909; Hb F but msensitive below the 109,
level In this form the method has been apphied to the estimation of Hb F
1 a wade variety of blood samples (White & Beaven 1954) It was used by
Taquon (1951) to demonstrate the presence of Hb F i Cooley s anaemia
bloods

A vanant of the method applicable to commercial photo electric spectro
photometers was devised by Rich (r952) who used the absorbance incre
ment over the wavelength range 288 0-289 0 my to characterize the slope
of absorption curve in the region of the tryptophan band after normaliza
tton to a standard absorbance value at 2go 0 mgz The method was used by
Rich to estimate Hb F 1n Cooley s anaemta bloods Although 1t can be
carned out on readily available equipment high expenimental precision 1s
required to obtain rehiable results and the errors appear to be most serious
with low proportions of Hb F (Beaven Elhs & White 1960)

(c) Combrned restdue and spectrographic methods

In order to extend the sensitivaty of the spectrographic method below the
10% Hb F level Beaven Ellis & White (1956 1960) have applied 1t to
alkali denaturatron restdues as obtained in the Singer method but with
a reaction time of § min and 2 5% HbO concentration By combining
these two procedures Hb F may be estmated down to the 19, level and
traces detected to about 059, In addition a correction for chemical
damage to the haemoglobin 1n the residue may be applied in the form of 2
protemn/haem ratio obtained by absorbance measurements at selected
wavelengths This correction was introduced after 1t was found that
Singer 1 min residues from normal adult blood had abnormal proteinfhaem
ratios (2 or higher) due to loss of haem Restdues from bloods containing
more than 10%, Hb F have protein/haem ratios much nearer unity and the
correction rapidly becomes smaller as the level of Hb F rises above this
limt The combined residue spectrographic method has been found to be
of great value 1n studies of the survival of Hb F 1n early infancy and of its
[ with other h lobin vanants in the Ily determined
haemoglobinopathies  Apart from the high levels of Hb F encountered 1n
Cooley s anaema (thalassaemia major) such studies require 2 method
surtable for Hb F levels 1n the range 1—20%,
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PHYSIOLOGICAL OCCURRENCE OF Hb F
(a) Infancy and childhood
Beaven Hoch & Holiday (1951) found no more than 10% of Hb F
persisting 4 months after birth and 1t 15 difficult to detect any by the
ordinary methods 1n older infants However Singer Chernoff & Singer
(1951) and Jonxis & Visser (1956) thought that small percentages might be
found for as long as 112 years 1n the blood of healthy infants Usimng the
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Fig 4 Foetal haemoglobin levels from birth to fi e years 4 cune corresponding to
assumption of linear disappearance of Hb F (80 o at birth) with the mean red cell life of
days extended to below 1° survi al B average Hb F levels in a senies of child hospital
patients with dllnesses not involving abnormal haemoglobins € approwumate upper level
of Hb F in cases of thalassaemia munor and sickle cell trait D approximate upper level
of Hb F n cases of sickle cell anaemia heterozy gotes for two abnormal haemoglabins or
thalassaernia and an abnormal haemoglobm (te sickle-cell/Hb C disease sickle cell/
thalassaemia) E approximate upper le el at about 100% Hb F for cases of thalassaemta
majer

The Hb F values 1 the range below 1% are at the useful lumit of the combuned residue
and spectrographic method and should be regarded only as indicaung Hb F trace less
than 19 Hb F values below 0 4 % would be regardedas ml (White & Beaven 1959}

bined alkal d and spect phic method (Beaven Ellis &
White 1956) we have not found more than traces (~1%) of Hb F after
the first few years of life and the persstence of higher levels of Hb F 1n
older children appears to be assoctated with hereditary haemoglobino
pathies or occastonally with other severe blood disorders (I'ig 4) While 1t
1s clear that cells contammng Hb F continue to be formed after burth, this
process 1s very bimited n degree and finally ceases altogether in health



HAEMOGLOBIN VARIANTS 93

(4) Normal adult Lfe

Despite much work 1t 1s still not clear whether a minute trace of Hb F mav
persist 1 normal adults Chernoff (1953) has claimed to demonstrate
traces immunologically and Jonxis & Husman (1956) believe the Singer
restidue 18 a muxture conitamneng some Fb F and that ths 1s supported by
the amino acid composition (Humsman Jonws & Dozy 1955) Beaven

Ells & Whte (1956) have found na spectrographic evidence for Hb F in
sessdues from normal adult blood with a himit of sensitivaty of 0 4~1% 1n
the original sample

PATHOLOGICAL SIGNIFICANCE OF Hb F

1t has frequently been considered that Hb F may persist after birth 1n
abnormal amounts or reappear 1 satious pathological conditions The
evidence 1s somewhat confl and although there 13 clear evid for
the post natal existence of Hb F 1n a number of conditions the mecharism
of f and teleol 1 sigmifi 1s by no means clear

Rut (1933} suggested that with resid at hugh altitudes the low
ovygen rmght sttmulate formation of Hb F In our own work we have
found no abnormal persistence in children with congenital eyanotic heart
disease 1 long contimied cyanosis due to drugs or 1n the myeloid hyper
activity of myeloid metaplasia  Despite pronounced marrow actiity 1n
hypochtomic anaemia due to tron lack or blood loss Hb F appears to be
absent

The resemblance of megaloblasts to primitive embryome erythroblasts
and the presence of abnormal ytes has suggested the p of
Hb F 1n pernicious anaemia (see Larsen 1951) though tests other than
alkal denaturation did not confirm ths (Iversen & Larsen 1956) By the
sensitine combined method we have found traces (< 5%) of Hb T 1n some
untreated cases disappeanng slowly with therapy In some cases of
refractory anaemia with hyperplastic marrows small amounts have been
detected although usually absent

The acquired hdemolyne anaemms do not possess Hb F and 1t 15 ysually
absent 1n cong; ytic and atypical form  though
traces occastonally occur (Singer Chernuﬂ‘ & Singer 1951 Vhite &
Beaven 1954) Condittons with pronounced extra medullary haemoposesis
mught be expected to form Hb F but 1t 15 usually absent or present onlv
m small amounts 1 myeloscl and most leuk
however children with leukaemia form large amounts of Hb F (Beaven &
White 19,3)
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The hereditary haemoglobmopathies

The hereditary haemoglobinopathies include quite a wide range of haemato
logrcal disorders m which there 15 expresston of the genes for thalassaemia
sichling or for the formation of other ‘abnormal haemoglobins It 15 1n
thus group that abnormal persistence of Hb F1in post natal lifess particularly
found

(@) Thalassaenua In the severely anaemic homozygous major form of
thalassaemua large amounts of Hb F are of frequent and well established
occurrence (Vecchio, 1946 Liquori 1951 Ruch 1952) We have found
a range of less than 209, to more than go% 1n this condition The amount
of Hb T 1s not particulatly related to seventy (Sturgeon Itano & Bergren,
1955} and the markedly defective production of Hb A appears to be part
of an 1nability of the hyperplastic bone marrow to form and deliver mature
erythrocytes into the airculation (Sturgeon & Finch 1957)

A trace of Hb F may be found tn adults with heterozygous thalassaemia
munor (Singer Chernoft & Simger 1931) and we have found that about
half these mdividuals have 1-4% of Hb F and that this 15 2 useful
dragnostic feature The relationship of Hb F to Hb A and the A, minor
fracuon 1n the various forms of thalassaemia has been discussed by
Marmone & Bernascom (1958)

Thal 1s very widespread hically occurning widely in the
Middle East and India as well as the Mcdxtermnean area In the British
Isles rare examples occur (Harvard Lehmann & Scott 1958) We have
studied five familtes 1n which an hereditary hypochromic anaemia of this
type has occurred and the finding of small quanutuies of Hb T 1n various
members has been 1 valuable aid to diagnosts

(b) Stickle cell disease The sichling phenomenon 13 not easily elicited n
the blaod of young infants and as the Hb F declines durng the first
months of hfe Hb S appears m the cells and these can then be sichled (sce
Schnerder & Haggard 1955) Itis well known that 1 homozy gous sickle
cell anaemia although Hb § forms the bulk of the haemoglobmn up to
20°, of Hb I may accompany it The Hb F may exert some protective
function since 1t does not enhance the gelation of reduced Hb S (Singer &
Singer 1953) In the heterozygous sickle trait condition the Hb S 1s
accompanted by an excess of Hb A and we have found only traces of
Hb F present i about half the individuals examined

{c) Other abn 1 h globins and mixed synd Homozygous
states for abnormal haemoglobins such as C and I may exhibit small
amounts of Hb F but particularly notable amounts of up to 20-30% of
the total may occur 1n the mixed syndromes due to the inherntance of the
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thalassaerma gene and a second gene for Hb § Cor E  In these states the
formation of Hb A appears suppressed to varying degrees the abnormal
haemoglobin predominates but a varying proportion of Hb F co eusts
(sec Ttano Bergren & Sturgeon 19,6 Maclser Went & Cruickshanl
19,8)

Though the question has been raised whether the Hb F found 1n patho
logical blood 1s 1dentical with the normal foetal pigment (Perosa & Bt
19,4) most workers agree that this 1s so (Itano 19,7) OQur own use of the

and alkal d cniternia support this

conclusion

(d) Genetic aspects of Hb F The genetic pattern for the production of
Hb F and 1ts normal replacement by HB A 1s obscure The persistence of
Hb F 1s of great interest m the many mstances of operation of genes for
the delian d 1 k lob most marked where
homozygous much less so where hetcmzy gous with the gene for Hb A
production The marked influence of the gene for thalassaerma 1n con
tmued Hb F production 1 also very evident when heterozygous with 2
further gene for an ab fobin  The possibility of double
heterozygosity may be related to the great vanability of Hb Fand Hb Amn
such conditions and calls for careful famihal as well as biochemical studies
(Zuelzer 1957) The possibility that Hb F xtselfmzy pemst 1mnto adult bfe
a3 3 genetic entity without hity has been
raised by Jacob & Raper (19,8)

Recently important new mformation has been obtamned on the structure
of the globin of Hb F and 1ts genetic significance *

THALASSAENIA

‘The cond: known as thal occurs ly 1n bers of the
VMediterranean races The anaemua 1s charactenzed by considerable pleo
morphism of the erythrocytes with thin hypochromuc target cells with an
d osmotic to saline haemol An mbented defect of
haemoglobin synthesis has been d in [0} hel.
1943 Yvolman & Dicksten 1936) with mabxlxty to form normal adult
hzemoglobm but continued formation of 2 vanable amount of foetal
glob (Rxch xgbz) Ithough the disease 15 probably not simply a

h 1ob; derahl

amounts of ble 1ron occur 1n the
rmculum cells of wanous organs apparently due to defectiye utithzation for
glob The erythrobl may contain polysacchande

1 (Astald: Rondanclle B dellt & § I 1954)

* Scebelow p 107
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Crosby & Akeroyd (1951) have caleulated that the rate of erythrocyte
production by the marrow 1s not as great n thalassaemia as in some other
haemolytic anaemias, and Sturgeon & F'inch (1957) conclude thatalthough
the ncreased marrow turnover compares with other haemolytic anaermas
there 15 a markedly decreased fabrication and delivery into the circulation of
erythrocytes, which seems to be the cause of the anaemia rather than adefect
1n total haemoglobin synthesis

It has been known for some time that minor haematological abnormalities
occur 1n the blood of both parents of children with severe thal and
1t 18 now well established that the severely affected cases are homozygous
for the dominant vanably expressed thalassaemua gene, whereas the
carriers of the trait are heterozygous (Valentine & Neel 1944) Homo
zygous thalassaemia major or Cooley s disease 15 usually mamfest n early
mfancy and always 1n the first few years of life, death usually occurs 1
childhood, but survival to adult life may occur ‘The heterozygous state of
thalassaemia minor 1s very vanable in its haematological constitutional
and sheletal effects, and the Itahan authors in particular distingussh
moderately anaemic Mediterranean haematological syndrome or Ruetti-
Greppi-Michel disease (Riett 1925 Michely, 1929 Greppr 1928) from
thalassaemia minimg or microcythaemia (Silverstrom & Buanco, 1943-4)
1n which the erythrocne count 15 normal or raised, but the cellsare small
hypochromic and more resistant than normal to saline haemolysts

Although orig tnally thought to be largely confined to Ttahans Greeks and
other peoples of Mediterranean ongin thalassaemia 15 now known to be
constderably more widespread (Chernoff 1959) and to occur widely in the
Middle and Far East including parts of India though not commen in
Troplcal Africa There 15 considerable vanability in the expression of

1y due to a combination of envir land genetic

modifiers An mportant group of mixed syndromes muolve genes for
thalassaemm and an abnormal haemoglobin  An example of this 1s micro
tic or thal fsickle cell disease (Silvestront & Branco

I952)

Reports appear m the hterature of rather rare haemoalytic anzemas
occurring 1n individuals of pure Anglo Saxon or North and Central
Luropean stock and which are often of proven famulial incidence and
possessing some of the charactenistic features of thalassaemia  Clectro
phoresis of haemoglobin on starch slabs has shown that a small sub fraction
of adult haemoglobin (Hb A) which 13 now designated A  normally
migrates more slowly than the main fraction at pH 8 5 and similarly to
Hb E (kunkel & Wallenius 1955) This fraction can also be separated
well on starch gel electrophoresis (Gerald & Diamond 1956) or less clearly
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on}k 1 paper and 15 5 rased above nozmal

m most cases of thalassaerma mnor and alo n thalassaerma mwjor as
compared with the proportion of Hb A rather than the total haemoglobin
(hunhet Ceppelhm Muller Eberhard & Wolf 1557 Mannone & Berna
seomt 1gy8Y

Many of the features of thalassaerma mdicate 2 suppressed formation of
b A wsth p y degree of d Hb F produced (Rich
1952) The nature of the defect1n Hb A production s not known anditis
also not certain whether the defect restdes 1 the synthesis of ferroproto
porphynn or of the globin  Banneeman Grmsten & Moore {1935) have
folfowed haemoglobm biosynthess wath labelled glyemne or 3Fe 1 wnma
ture thafassaemie blood cells 1 witro and conclude that there ss an overall
. ofh tobint b hesis not specrfically con
nected with the globsn but sppareatly due to 3 relatively slow rate of pro
toporphynn syathests or perhaps a block in the union of Fer+ with the
Iatter JYngram & Stretton {1959) have recently suggested that 2 great
slowing down 1n Hb A producton would result from mutation 10 esther
of the genes required for the production of the @ and £ chams of the
proteus motety of the normal pigment

1 .

THE HAEMOGLOBINOPATHIES

A Jarge number of genencally deterrned vanants of normal adult haema
glolun (Hb A) are now known showang s anous modifications of the globun
stracture and often myalving very small departures from normat i that
2 ungle anuno acd residue at a parnieular point tn one of the polypeptide
chams 1 altered * The first of these vanants to be rerognized and one of
the most fully studted 13 sickle cell haemoglobn (Hb §)

Stckle cell dusease and Hb 8
Suckle cell trast and diserse were formerly reported most commonty i the
negro population of the United States of America This was due to fack
of adequate medscal study of the question 18 Tropical Afnca sinee the
Amertean Negeo 15 essentrally of Central African ongin and more recent
stuches reveal that sickhing 18 of widespread though varable distribunion
m African as well as 10 vanous non Aftican races (Lehmann 1934)
Lehmann % Raper (1949) found 45 % of sickhng among some African com
mumtes i Uganda and Edington (1953} recorded 189, for the Accra
Region of Ghana  Allson {1g5¢) considers that the traw may partsally
pratect the bearer from the malaral parasttes The inerdence of stchiing in
See helow p ro3

? HE
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Jamaica 15 up to 57% (Jeliffe, Stuart & Wills, 1954) In Great Bntan
the recent 1nflux of Jamaicans has resulted 1n both sickle trait and varous
forms of sickle cell disease being encountered 1n hospital practice

The essential pathological condition which causes sickling of the erythro
cytes 1 now known to be due to the presence within them of the abnormal
haemoglobin § Ths type of haemoglobrn 1s far less soluble than normal
haemoglobin 1n the reduced state

Sickle cell disease 15 an inhented condrtion, and the presence or absence
of the sickling phenomenon appears to be determined by a single gene The
child who recerves this gene from one parent and a normal gene from the
other develops the sickle-cell trait (heterozy gous state), but does not usually
exhubit symptoms and does not become anaemsc  On the other hand the
child who tnherits the genes for sickling from both parents develops sickle
cell th ygous state} O Ily sickle cell may be
found 1n a child although the erythrocytes of only one of its parents sickle
m wtro Neel (1952) suggested that the most likely explanation was that
the apparently normal parent had contributed another gene which i com
bination with a sickle cell gene produced an overt sickle cell anaemia

A brief lustorrcal survey of the recognition and nature of the disease 1s
of interest In 1910 Herrick described many of the characteristic haemato
logical and clinical findings now referred to as sickle cell anaemua  Emmel
(1917) suggested that the sickle cell phenomenon might be inhented It
was later realized that sickling occurred 1n two distinct condrtions (a) 12
a pecultar type of severe anaemma—sickle cell amaemua and () as 2
symptomless trat—the sickle cell trait (Cooley & Lee 1926 Neel 1949)

Tahafero & Huck (1923) agamn observed that the sichhing phenomenon was
inherited and suggested that the mode of inhertance was that of a men
dehan dominant  Neel (1951) has postulated that the sickling phenomenon
1s due to 2 gene which 1n single doses produces the heterozygous trait 18
double doses the h ygous state with develop of sickle cellanaemia

In 1949 Pauling ITtano Singer and Wells demonstrated by electro
phoresis that sickling was associated with an abnormal haemoglobin now
called § In the trat S occurs together with excess of normal adult
A haemoglobin whereas n the anaema all the haemoglobin 1s S or some
foetal haemoglobin accompantes 1t {Singer Chernoff & Singer 19,1) The
peculiar physical property of S haemoglobin which leads to distortion and
sickling of the erythrocyte at low oxygen tension depends on the very low
solubtlity of the reduced form (Perutz & Mitchison 1950) A small
difference 1n a pepude group between normal and 5 haemoglobins has
recently been found (Ingram 1956 1959) ¢

* See below p 105




HAEMOGLOBIN VARIANTS 9

In secent years 1t has been realized that genetically muxed forms of
atypical schle cell disease oecur one of the patients parems possessing
sickle tratt and the other some ab 1 tract aff lobsa or
erythrocytes  Such cases are less severe than homozygous sickle cell
andemua but present 1n 2 wide variety of chneal forms {(Seuth & Conley
1933 1054}

Other abnormal haemoglobins
A large number of types of haemoglobin have now been distingusshed
apart from normal haemaglobin (A) and foetal haemoglobin (F) Electro
phoretic studies have distinguished 8 the sickling type andalso C D E
G H 1 etc These are genetieally determined and m some cases may
teract with thesidkle cell gene to produce distinct ataemaa. The frequency

of distrsbution of these labins vart tly asdoes therr fi
1 grang mise to overt b Yogreal disorder Q ty haemo
globins € and E are the most important after Hb §

H: fobin € occurs p Tary 1 West African negroes with an

nerdence of up to 129 10 pans of Ghana (Edington & Lehmans 1954)
1t 18 also found sn American negroes and m Iamzxc:x The heterozygous

trart cond 15 of hutle d ! ] importance the red
cells are frequently of target form and contanr & rmxture of Hb A and
HbC The b state may bt d with 2 muld b k

anaermia {Terry Motubsky & Rath 1954) and the tells contan Hb € wath
2 minor proportion of Hb F

Haemoglobsn 1 18 much rarer bt has an incdence of 3% i North
West Indtans and 1%, m Gujel’aﬂs {Lehmann 1957) Haemng!obm Eus
of much more ext and 15 of very widespread occurrence
n South East Awz In Thaland the radence 15 1369, (Na Nakorn
Minasch & Chernoff 1956)

Hacmoglobms C D and E have ¢t fectrop bl
th bifitses on paper el h 1s 2t pH 8 6 bemng progressively
smaller than Bb A s the order A D E C (Plate 1) The mobility of
Hb D resembles that of § but the solubihity in the reduced state 58 normal
The motnlity of Hb E 15 very stmifar to that of the nermal munor com
ponent Ay (hunkel & Viallenws r9s55 hushel Ceppellns Muller
Ebefhatd & Wolf 2957}

A of these h lot with sxckle cell haemoglobin
appears to explan many atypical sickle cell anaemtas  Seseral posssble
combunations are now recognized (Smuth & Conley 1954 Ytano Bergren &
Sturgeon 1956}

{£} A b of h: tobms 8 and C i b globin C sickde-

22
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Jamaica 1s up to 5 7% (Jelliffe, Stuart & Wills, 1954) In Great Britan,
the recent 1nflux of Jamaicans has resulted 1 both sickle trait and various
forms of sickle cell disease being encountered 1n hospital practice

The I pathol I cond which causes sickling of the erythro
cytes 13 now known to be due to the presence within them of the abnormal
haemoglobin § Ths type of haemoglobn 1s far less soluble than normal
haemoglobin 1n the reduced state

Sickle cell disease 1s an inhenited condition, and the presence or absence
of the sickling phenomenon appears to be determined by a single gene The
child who recetves this gene from one parent and a normal gene from the
other develops the sichle-cell trait (heterozy gous state) but does not usuatly
exhibit symptoms and does not become anaemic  On the other hand the
child who inherits the genes for sickling from both parents develops sickle
cell anaemia (homozygous state) Occastonally sickle cell anaermia may be
found 1n a child although the erythrocytes of only one of its parents sickle
i uitro Neel (1952) suggested that the most likely explanation was that
the apparently normal parent had contributed another gene which m com
bination with a sickle cell gene produced an overt sickle cell anaemta

A brief historical survey of the recognition and nature of the disease 15
of interest In 1910 Hernch described many of the charactenstic haemato
fogical and clinical findings now referred to as sickle cell anacmua  Emmel
(x917) suggested that the sickle cell ph on might be int d It
was later realized that sickling occurred in two distinct conditions (a) m
a pecultar type of severe amaemia—srchle cell anaermiz and (8} as 2
symptomless trait—the sichle cell trait (Cooley & Lee, 1926 Neel, 1949)

Tahafero & Huck (1923) again observed that thesickling phenomenon was
wherited and suggested that the mode of inheritance was that of 2 men
deltan dominant  Neel (1951) has postulated that the sickling phenomenon
18 due to a gene which 1n single doses produces the heterozygous trait in

double doses the h ygous state with develop ofsickle cellanaemia
In 1949 Paulng Itano Singer and Wells demonstrated by electro
phoresis that sickling was d with 2n ab ! h globin now

called § In the trat S occurs together with excess of normal adult
A haemoglobin whereas 1n the anaerma all the haemoglobin1s S or some
foetal haemoglobin accompantes 1t (Singer Chernoff & Singer 1951) The
peculiar physical property of S haemoglobin which leads to distortion and
sichhng of the erythrocyte at low oxygen tension depends on the very low
solubility of the reduced form (Perutz & Mitchison, 1950) A small
difference 1n a peptide group between normal and S haemoglobins has
recently been found (Ingram 1956 1959)

* See below p 105
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cell disease (1 the subject has mhented one gene for haemoglobin S
formation from one parent one for haemoglobin C from the other)

The clinmeal picture 1s largely that of sickle cell anaemia though mulder
and the disease follows a relatively more benign course There 15 a definite

d to develop thromt Iesions, due to mpacted masses of sickled
cells, in many parts of the body (Smuth & Conley 1953 1954)

Smuth & Conley (1954) found pregnancy to be more hazardous 1n women
with haemoglobin C sickle cell disease than n sickle cell anaermz
Edington (1955) has reported that among thirteen women whose blood
sickled and who died suddenly 1n the last three months of pregnancy
neither sichle trait nor homozygous anaemia was present mn a number of
the cases and at least one suffered from haemoglobm C sickle cell disease

(2) A \} on of sichle cell | lobin and h globin D (1e
one gene for sickle cell haemoglobin and one gene for haemoglobm D)
(Sturgeon Itano & Bergren 19555 White & Beaven 1954 Stewart &
Maclver 1956)

(3) Microdrep ytic disease, a b of sickle cell and thalas
saemia disease (1 ¢ one gene for sickle cell haemoglobin and one gene for
thalassaemia or Mediterranean anaemra) This is a farrly severe condition
encountered not nfrequently 1 southern European and Middle Eastern
countries bordering the Mediterranean as well as tn American negroes
(Sihvestrom & Bianco 1952 Powell Rodarte & Neel, 1950 Humble
Anderson White & Freeman 1954)

(4) Congemtal spherocytosis—sickle cell disease (inheritance of genes
for acholuric jaundice and sichling) (Smith & Conley 1954)

In Thailand both thal trait and h lobin E trait are of
common occurrence so that mn add to h vg hildren with
thal major a mod ly severe form of thalassaemia 1s seen 1
indrviduals heterozygous for both thalassaemia and Hb E In thus latter
condition Hb A formation 1s suppressed and the red cells contain Hb E
as the major component, with up to 40% of Hb F

Haemoglobin H 1s a rather rare haemoglobin variant which possesses
great bility and tend to sp d (Rugas Koler &
Osgood 1956 Gouttas Fessas Tsevremis & Xefters 1955) It gives nse
to char dye 1 of denatured globin when
the red cells containing 1t are incubated with brilhiant cresyl blue mn isotontc
saline as for a reticulocyte preparation It also has characteristic electro
phoretic properties moving ahead of b A on paper at pH 86 and at
pll 6 4 the charge and direction of mavement 13 opposite to that of Hb A

{Plate 2a)
7 he parents of children with Hb H do not possess the abnormal haemo
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globn but one of them usually has th trait Jtis dered that
the synthesis of Hb H 1s supp d 1n the heterozygotes except 1n the
simultaneous presence of the thalassaemia gene as well (Motulsky 1956
Vella 1957 Neel 1958) The blood picture resembles that of moderately
severe thalassaemia with markedly hypochromic and pleomorphic red cells

A vanant of normal Hb F Barts or fast foetal haemoglobin (Ager &
Lehmann 19,8) has been detected in Hb H disease (Fessas & Mastrokalos
1959)

A rare example of an abnormal haemoglobin which causes a blood
prcture siular to thalassaema trait s that found 1n Lepore trait (Gerald &
Diamond 195842) In the family studied by Gerald and Diamond one of
the offspring of the mother with Lepore trait and father with thalassaemra
trait suffered from severe thalassaermia with a great excess of Hb F

g Leporeh globmintheredcells Bothg bnormali-

p
ttes were Iy inhented 1 ly in this chld

Haemoglobin abnormahties of acquired character
In three cases of erythro leuhaemia 1n rmddle aged adults inclusion bodies
have formed 1n the red cells on 7 vztro incubation with brilliant cresyl blue
{Plate 28) and haye had features similar to the Hb H inclusions Haemo
Iysates from these cases also showed a small fast fraction on paper electro
phoresis at pH 8 6 and abnormalities on starch gel agar gel and free
boundary electrophoresis (White Ellis Coleman Beaven Gratzer Shooter
& Skmner 1960) Although sumilar wn some respects to Hb H this
lobin was probably distinct and 1t also appeared to exist

as an acquired rather than a heredltary defect

Electroph lly abnormal L may also occur 1n
lead poisoning (Marder & Conley 1959)

TECHNIQUES FOR THE STUDY OI' ABNORMAL

HAEMOGLOBINS
Electrophoretic methods have been the most widely apphed m the detection
and discovery of ab 1h The of
filter paper el t and 1ts for rzpndly exammng

large numbers of samples have been important factors

Filter paper electrophorests
Electrophoresis 1s usually carmed out on Whatman ne 1 or the thick 3 mm
paper the stnps runnmg horizontally The buffer most commonly
employed 1s barbitone at pH 86 and I o o5 Borate buffers may also be
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Other methods of zone electrophorests
(a) Starchblock electrophoresss kunkel & Wallenus (1955) apphed their
method of using a slab of starch grams covered wath polythene sheeting to
the electrophorests in pH 8 6 barbitone buffer (Z, 0 05 or o 1) of red cell
haemolysates Good separation of Hb A from haemoglobins 8 and E was

obtained In addition the mimor p of normal ! L now
recogmized as A, was clearly separated and found to possess the same
behaviourasHb E Th wa dinthal trait

Further work (hunkel et al 1957 Mannone & Bernascom: 1958
Gerald & Dxamond 1958) has shown that excellent separations of com
monly are ob d that suffi of
haemoglobin can be applied for effective elution of the zones and that
munor fractions such as A; can be estimated It has become apparent that
the normal level of A, 15 about 2 5%, of the total pigment and that a wide
range of increased values 1s found in thalassaeria minor with a mean value
about twice the normal However this increase may not be mvanable in
persons with other indications of the condition A small fast runming A,
fraction 1s also found 1n normal and other haemolysates and 1t has been
suggested that this may be a degradation product of Hb A (Iunkel &
Bearn 1957)

The techmical aspects of the procedure are well discussed by Masn
Josephson & Singer (1958)

(b) Starch gel electrophorests  Electrophoresis on starch gel (Smuthies
1955) provides a method with great resolving power for the separation of
protemns The application to human red cell haemolysates has been par
tcularly concerned with mmor components but the procedure has wide
general apphication (Owen & Got 1957 Goldberg 1958) Tris (hydroxy
methyl) hane barate or barb buffers at pH values between
86 and g o are used

{¢) A,ar gel electrophoresss Robimnson Robson Harnison & Zuelzer
(1957) applied electrophorests on agar gel to the separatton of haemo
globins 1n o 03 b atrate buffer pH 6 2 Haemoglobins A S and C were
separated mn a manner analogous to that occurring on paper but Hb D
differed from 1ts behaviour on that medium 1n that 1t did not move like S
and failed to separate from A Foetal haemoglobin also moved uniquely in
a position ahead of Hb A

The methed b ! h and ch h 3!
Although very sensittive for separatmg small amounts of Hb F other
fractions 1n normal and other haemolysates move 1n a stmilar position and
the separation 1s not unequivocal (Marder & Conley 1959)
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used or phosphate at pH 6 4 and 1, 0 04 The results may be examined
directly, with greater sensitivity by transmission photography m violet
Iight, or after staining with naphthalene black Quantitative assessments
can be made by scanning the strips The technique has been frequently
described (see White, Beaven & Elhs, 1956 Goldberg, 1957)

The relative mobulities of some of the main abnormal haemoglobins n
descending order of migration, on paper electrophoresis at pH § 6 are

H>J>k>A>F>G>8=D>E=4>C

Haemoglobin type Migranon tume
Shr 23 hr
ASC ASC
e, B2
4 4,
4 4,
A4 2| 2

cl a
4G

Sha
as

Fig 5 Electrophoretic analysis of normal adult sickle cell trast and haemoglobin C trait
haemoglobins in phosphate buffer pH 6 4 o 04 Field strength 7 4 V/em (From Shooter
L M Skinner E R & White ] C unpublished )

Moring boundary electrophoresis tn the Tuselus apparatus
This powerful method for the 1dentificatron of the abnormal haemoglobins
has been applied by many workers Though much more time consurmng

and than paper electroph dentifi by absolute mobilt
ties and the more certain resolutton of mixtures of haemoglobms are
possible

Numerous buffer systems are applicable and have derable bearing

on the results (Itano 1957) Phosphate buffer at pH 64 and T o004
(Tig s) 1s particularly useful for the separation of Hb A and the minor A,
fraction and for recognizing or resolving h lob
A, G S Eand C(Shooter Skinner & White 1958) The relative order of
mobilities 1s C > E> S > G > J with H migrating 1n the opposite
direction  In normal haemolysates A, migrates faster than HHb A 1laemo
globm H 1s most cons enently recogmzed 1n cacodylate—NaCl buffer of

pH6,andJ 010 (Whate et al 1960)




HAEMOGLOBIN VARIANTS 105

disease has both increased alkaline resistance and the ultra violet absorp
tion charactenstics of Hb F (Ager & Lehmann 1938) A haemoglobin

d m Cyprus b lobin Cyprus 1 has increased alkaline
resistance  but i admuxture wath Hb A shows the normal adult type of
tryptophane fine structure band (Gillespie et al 1959)

Haemoglobin M (Horlein & Weber 1948 Gerald Cook & Diamond
1957) possesses umque spectral charactenstics n its dernvatives which
differentiate 1t readily from normal methaemoglobin - Of the other abnormal
haemoglobins only Hb A and Hb S are said to differ 1n certan fine
respects 1n the visible region (McCord & Gadsden 1958)

Plane of acid
dissocianion

Crystallographuc axis
Fig 6

ADVANCES IN KNOWLEDGE OF THE
STRUCTURE OF HAEMOGLOBINS

The haemoglobin molecule has an overall spheroidal form and possesses
adyad as of symmetry which relates two 1dentical half molecules (Perutz
1958 Cullis Dentzis & Perutz 1958) each containngana and a # poly
peptide chain (Shroeder 1959) Dissociation into half molecules occurs
under acid conditions when the pH 1s lowered from 6 to 35 and 15
reflected mn a fall 1n the sedimentation coeffictent and mcrease 1n the
translational diffusion constant on neutralization recombination occurs
(Field & O Brien 1955) Thedissociated half molecules however eachcon
tain a pae of ether & or # chains (Singer & Itane 19592 & Vinograd &
Hutchinson 1959) A purely diagrammatic representation of the haemo
globin molecule can be given as i Frg 6

Chemcal differences between haemoglobins 4 S and C
lngram (1959) has subjected heat denatured haemoglobm to tryptic
y followed by of the peptides by combined electro
phoresis and chromatography Haemoglobins A S and C differ in respect




rog ] € WHITE

k ' 1,
don 1ge column ch graphy

Boardman & Parttidge (19,5} separated mixtures of ammal haemoglobin
on the cation exchange resin ‘amberhite 1RC~40  This was extended to
human haemoglobms by Marrson & Cook (1g,7) and Aflen, Schroeder &
Balog {39,8) and both found up t0 909, of normal haemoglobsn i 2 mam
band about 10%, of a faster munor component and vanable results on the
finding of slower minor components
Huisman & Pnns {1955, 19,7) have developed 2 method for eluton of
haemoglobin from columns by changes of buffer, and also a comement
practical method for deseloping 2 senies of zones from haemoglobin
muxtures in flat Lucite cuvettes  Separations of haemoglobins A, 5, C,E
and F have been obtaned Vella, Wells, Ager & Lehmann (19,8} hate
ded the technique to h globms H, F I1{(AJ-h) G L(SD)
L and C The method now forms part of the iy estigation and charactenza
tron of new abnormal haemoglobins

Solubility studies

The detarled studses of Jope and O Bren (1949) on the solubdities of the
reduced HbO,, HbCO and methaemoglobin dersatives of Hb A and
Hb-F pated the way for the demonstration by Perutz & Mitchison {1950)
that the significant physical abnormahty 1 the sickhing phenomenos 1s the
very Tow solubthty of reduced Hb §

Ttano(x953) studsed the solubility of reduced haemoglobins mn phosphate
buffer at pH 6 7 and high tonic strength The most notew orthy application
in practice 13 1n the distinction between Hb S and #b D the jatter
possessinganormalsolubslity Thisfinding mn conjunctionwith the farture of
thered cell Kleand the faslure of the b lobin toresoh e from Hb 3
on agar gel electroph h Hb D thist tobm siself
forms a heterogeneous group however {Benzer, Ingram & Lehmann 19,8)

The varable solute solubiliny method has been extensnely apphed to
adult and foetal h: globins for the di of h !
{Roche Derrien Diacono & Roques 19,3 Allson & Tombs 1957)
A crtscal review of ths and of other aspects of satespsetation of the phy»ieo-

h 1 properties of } globins has recently been published by Beaven

8 Gratzer (1959)

Absorption spectra of haemoglobins

The mam applicatson of this technigue has so far been 1 the recogninon
of Hb F s the p of other at 1 h fobine®  Barts or
fast foetal haemoglotin which may oecus m assocation waith Hb-H
® Secabove p 91
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Haemoglobin H

This unstable haemoglobin possesses no « chamns at all but consists of
four normal § chamns (Jones Schroeder Balog & Vinograd 1g59)

Foetal haemoglobm
The same pair of & chamns are present 1n Hb F as 1n Hb A but a pair
of different 7y chamns replaces the £ chans (Hunt 1959) The ¥ chams
possess N termmal glycne residues (Schroeder & Matsuda 1958) The
Barts or fast vanant of foetal haemoglobmn appears to consist of
+ chains only (Hunt & Lehmann 1959)

Hybndization
Itano and co workers have studied the b of acid d d
lecules of of twol lobins differing onlyina g chain

(eg AwithSorC or Cwith §) During neutral recombination exchange
of the half molecule common to the two forms occurs without the forma

tion of a new molecular species (Itano & Singer 1958 Singer & Itano

19592 b) Ontheother hand r \i oftwoh lobins differing
from each other i both chains apparently results in the formation of new
molecular spectes which may be detected by electrophoretic methods An
example 1s provided by a mixture of Hb S and Hb I (Itano & Robinson

1959a) Ths 15 a powerful technique for determining 1n which of the two
polypeptide chawns the alteration m an amimno acid residue 1s occurring
(Itano & Robinson 19598)

Genetsc aspecis of haemoglobn structure
Studying a family 1n which combinations of haemoglobins G and $ and
thalassaemiaoccurred Schwartz Spaet Zuelzer Neel Robnson & haufman
(1957) found that the genes for Hb S and Hb G and for Hb G and thalas
saemia cannot be alleles Although the genes for haemoglobins S and C
appear to be alleles (Ramney 1934) other family studies on micro
drepanocytic disease (Sulvestron: 8 Btanco 1952) mdicated that the genes
for Hb S and thalassaemia are not alleles and Schwartz ef al concluded
that several genetic loci are mvolved 1n haemoglobmn production
The structural work on haemoglobins described above 1s begmning to
yield some mformation on these points The differences between the
abnormal haemoglobins depend upon relatively small changes m the
peptide chains often tving a single site  kor example the muta
tional steps leading to formation of haemoglobins S and C from the normal
allele for Hb A msolse the synthesis of only the £ polypeptide chan and
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of a single peptide, and 1n particular with respect to one ammno actd 1n this

pepuide Hb A Glutamc acid
Hb s aline
HbC Lysine

Hunt & Ingram (1959) have now separated the x and £ charns of these
haemoglobins by column chromatography on amberlite 1RC-50 resin
and applied the above procedure to each The differences between the
three haemoglobins are then found to reside 1n the § cham, n peptide 4
which has the following sequences as determned by end group methods

Haemoglobin Chamn Sequence
A g Yal His Leue Thr Pro Gl Glu Lys
s B Val His Leuc Thr Pre Val Glu Lys
< e Val His Leuc Thr Pro Lys Glu Lys

Rhinesmuth Schroeder & Martin (1958) have found that the £ cham
which contains peptide 4 begins with the same tripeptide sequence,
valyl histidyl leucyl as does peptide 4 This peptide s therefore probably
at the N terminal end of the § chamn

The general symbol for the structure of these three haemoglobins
indicating the pair of @ and pair of § chains per molecule 182, #  Since
the differences restde 1n the g chains Hb A may be wntten o* 87 Hb S
as af f7 and Hb C as «} §° (Rhmesmuth Schroeder & Martin, 1958
Itano & Robinson, 19594 4)

Haemoglobin E

There appears to be an alteration 1n a single amno acid as compared with
normal but though occurring in the £ chan hike S and C the site of altera

tion 15 different (Ingram 19gg) It 1s likely that m Hb E the 26b peptide
resembles that for Hb A except that a C-terminal lysme replaces glutamic
acid (Hunt & Ingram 19594 by This1s the only difference so far detected

and though 1t 1s similar to Hb C mn that a lysyl residue 1s involved with
simular charge effect the position 1s different

Haemoglobins G and D

In an example of haemoglobn D a glyeyl residue has been found to
replace a glutamyl mn peptide 4, andat also differs from Hb S 1n contatning
only one valyl resrdue (Full & Schwartz 1959) The abnormality 15 thus
adacent to those 1n haemoglobms S and C though differing in position

Haemoglobin D samples from three different sources have been found to
be heterogeneous in that each gave evidence of 2 different composition
when studied by the finger print technique (Benger Ingram & Lehmann

1958) An example of an abnormality in thea chain has been provided by

the rare haemoglobin I (Murayama & Ingram 1959)
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ties and of methods for their recogmition has aided diagnosts and knowledge
of pathogenesis

The hereditary are g mportance and with
other genetic disorders they present a great medical challenge of the day
Ongmally a difficult field 1n which to make progress the study of human
genetics now constitutes one of the most fertile fields of advance Bio

h { qp of protein synthesis and genetic problems of 1ts control
are being solved 1n 2 way which calls for the greatest admiration and the
study of human haemoglobin can make proud claim to a major share of this

Grateful acknowledgement 15 made to Dt G H Beaven Medical Research
Council Laboratories Hampstead and Dr E M Shooter Umiversity College
Tondon 1 respect of ¢ollaborative work discussed mn this paper Financial
support from the Colomal Medical Research Commuttee 13 also gratefully
acknowledged
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then only repl at a single gl yl tesidue Thea and # chains of
haemoglobin may well be synthesized mndependently (see Allison 1959)
and the actual haemoglobins appeartng mn the red cells in the haemoglobino
pathies will be determined by the availability of these The normal change
over from Hb F to Hb A production molves the continued production
of a chains and replacement of y by # chans (Hunt, 1959) Although
the production of haemoglobin S, mvolving the # chain, 1s slow as com
pared with normal (Itano 1957) the production of Hb T 1s not affected
 sickle cell disease This would be expected since haemoglobins F and §
share a normal @ chain and quite large amounts of Hb F may occur 1n
sichle cell disease

Genetic relationship betw een haemoglobins S and E has been suggested
(Aksoy & Lehmann 1957) and Hunt & Ingram (1959) find that in fact the
single amino acid replacement 1n Hb E occurs m a peptide of the # cham
though this peptide 1s different to the no 4 peptide 1n which the Sand C
replacements occur It may be expected that a good deal of Iight will be
thrown on such relationships as the structure of the many haemoglobin
variants 1s elucidated

Allson (1959) suggests that the genetic constitution of the normal
individual for Hb A and Hb F synthesis may be expressed as HbaA/Hba?,
HbAYHbA*, HbyF/Hby® In sickle cell trait the genetic constitution
would be HbaA/Hba?r Hbg*/HbjS, HbyT[Hby¥, and so on for the other
genetic variants 1n which the site of the polypeptide chain abnormality has
been localized

The rel hip of the chr ! deoxyrit 1 to the
microsomal ribonucleic acid and the actual synthests of the protemn via its
constituent polypeptide chains 1s still open to a good deal of uncertamnty
but 1t 1s evident that the synthesis of a particular protein 15 probably not
under monolithic contro! of 2 single gene enuty and 1s the result of the
sum of the syntheses of 1ts constituent polypeptide chans The genetic
control of the amino acid sequences i these 1s a function of the purine
pyrmidine base pair sequences 1n the chromosomal DNA and the single
amino acid replacements which have been detected 1n the abnormal
haemoglobins may well iy olve mutations 1n a very short sequence of these

base pairs

CONCLUSION
A short survey has been given of the relevance of haemoglobm studies to

the haematologist The various at I molecular spectes of h lab
as well as the various abnormal dertvatives of the normal piment are

sigmificant 1n relation to a number of anacmias The study of their proper




HAEMOGLOBIN VARIANTS 109

ties and of methods for their has arded diag and knowledge
of pathogenesis
The hered are increasing mmportance and with
Y g g tmp

other genetic disorders they present a great medical challenge of the day
Ongmnally a difficult field 1n which to make progress the study of human
genetics now constitutes one of the most fertile fields of advance Bio
chemical questions of protein synthests and genetic problems of its control
are being solved 1n a way which calls for the greatest admiratton and the
study of human haemoglobin can make proud claim to a major share of this

Grateful acknowledgement 15 made to Dr G H Beaven Medical Research
Council Laboratories Hampstead and Dr E M Shooter Unnversity College
London m respect of collaborative work discussed 1n thus paper Fimancial
support from the Colomal Medical Research Commuttee 15 also gratefully
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CLINICAL AND CYTOLOGICAL
RECOGNITION AND DIFFERENTIATION
OF THE LEURAEMIAS

F C ] HAYHOE

Clinieal examination can do no more than n\se the suspicion that lcukaemm
may be present ‘Th may genoughtoapp
of 2 certain diag 1s dependent upon

P
but the establist P
finding charactenstic changes in the blood or bone marrow Once the
possibility of leuhaemta has been envisaged on chnical grounds there 1s
usually no difficulty in confirming or refuting the diagnosis by haemato-
logical examination Errors and delays 1n recogmzing leukaemia anse
chiefly from a farlure to appreciate that the common modes of onset and
the most typical presenting signs and symptoms are not the only ones and
that a substantial minonity of patients wath leukaemia especially of the
acute vanety, have 2 chmcal picture which conforms pcoxly with many

textbook descrip d M
occastonally inhabit accurate dxagnosxs There1s for example a wxdespread
belief that acute leul 18p ly a disease of childhood whereas

1t 15 the commonest form of leukaemia at all ages and probably has s
maxmum 1ncidence among the elderly The differentation of the vaneties
of acute Icukaemm and the separation of the chmmc leukaemias from
certain non leul h 1 e and myel i states
and from other leukaemotd reactions may be helped by chmcal observations
but 15 chiefly a problem to be sohved by cytological and cytochemical
studu:s In this paper 1 pmpcse therefore to discuss i turn (he acute
1 hronic g } chronic lymph 1

and certam rare vaneties of the disease dealing in each case ﬁrs( with the
chmcal aspec\s and thcn with cytological studies and drawming attention

P y to d fliculties and how they may be overcome

ACUTE LEUKAEMIA
This 1s the most common form of leukaemia at all ages as may be seen from
Thg 1 (constructed from the data of Gunz & Hough 19,6) Itsnadence
1s lowest 1n the 16-55 age group higher in chuldren where the disease 13
nenrl) always acute and even higher m the elderly where all vareties of
show their Three chief subdisisions of
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acute leuhaemia are generally recognized myeloblastic, lymphoblastic and
acute monocytic, this last including both pure monocytic and mixed
myelo monocytic forms  Chintcally these varteties of acute leukaemua are
very sumilar and the modes of onset and symp logy may Iy
be dealt with 1n an inclusive manner emphasts beng gnen where appro

2754

2504

Chronic lymphatic
§ Chronic myelord
l Acue (all forms)

2254

Death rate per million
S
Oy

8
“
3
o

-
b

50

N2

o——7
— 7

e d]fe e‘ﬁje I [Je
0-5 6-15 16-25 26-35 36-45 46-55 56-65 66-75 75+
Age groups
Fig 1 _Incidence of leukaemia by age sex and type in New Zealand 1950-4 from the
data of Gunz & Hough 1956 (reproduced with permission from Hayhoe ji
Leukaemta—Research and Chmical Practice ] and A Churchill Ltd Londen 1960)

priate to features which are more common or more promment 1n one
varsety than m others and which may therefore be of some help m
classification  It1s of course important to classify cases of acute lcuhaermia
as accurately as possible since the actiology and pathogenesis of the diffcrent
forms may not be 1dentical and smce therapeutic agents effective 1n one
form may be less effective and even perhaps harmful 1 others
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Modes of onset and symptomatology

The most typical form of onset and the one readily recognized by most
climcians as leukaemic 1s seen 1n children and 1n young adults In these
patients the disease develops rapidly with fever headache weakness pallor
dyspnoea on cxertion and often scattered purpunc haemorrhages There
may be skeletal pans and tenderness and sometimes joint swelhng
Gings occurs not infrequently and may be severe Both
Lver and splecn are commonly palpable but nexther of these organs 1s
generally greatly enlarged and lymphatic glands too show only moderate
mcrease  Indeed m a proportion of these cases of acute leukaerma lymph
d hy and hepato spl ly are totally absent or at least not
ible by palp Since the ab B! ytic state renders the
patient unduly susceptible to intercurrent infections 1t 1s not surpnsing
that resptratory or uninaty systems may be involved 1n some secondary
mfective process The mtral pattern of symptomatology seen 1n any
mdividual patient 15 dictated partly by the extent and location of leubaemic
infiltrates and deposits and even more conspicuously by the secondary
h of thrombocytopenic bleeding 1nf and anaemia  Never
thclcss the climical picture of acute leukaemia 1n young persons 1s suf
ficiently charactenstic for it rarely to remain undagnosed for long At
mtial chinical examination however an incorrect dragnosis 1s made 1n 2
surprising proportion of patients In a survey of the records of a children s
hospital in Germany covering the period between the years 1944 and 19,5
Ochme (1957) found that only ten of ninety eight cases of acute leukaemia
had been correctly diagnosed by the admitting physician  Among the
erroneous diagnoses were thirteen of hacmnnhagnc diathesis thirteen of
grous diseases includ. fe Lt mentn
gitts poliomyelitis mumps scarlet fever and other forms of sepsis eleven
of pnmary anaemia ten of rheumatism and endocarditis six of gastro
intestinal diseases four of tubercuhms three of Hodglun s disease three

d

of p: pathy threeof y doneeachof b P
glossms huccal celluliss and neph The bly of incorrect d
does hing to sl the difficulties of early clinical recognition of

acute leukaermia and suggests a number of pitfalls to be avoided Some of

the less common modes of onset of the disease which have occasionally
proved misleading may be listed as follows

1) Onset resembling that of an acute infection When fever headache

k and lar pans are p and anaemia and purpura

wnconspicuous the onset may certanly resemble that of many severe

mfections especually in childhood and since there may indeed be some

82
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acute leuk are g ily r d myelobl Iymphoblastic and
acute monocytic this last mcludmg both pure monuc}hc and mixed
myelo monocytic forms  Climcally these vanieties of acute leukaemia are
very similar and the modes of onset and symptomatology mav convemently
be dealt with 1n an inclusive manner emphasts being given where appro
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Fig 1 _Inoidence of leukaemia by age sev and type in New Zealand, 19504 from the
data of Gunz & Hough 1956 (reproduced with permission from Hayh i
FonkaemaeResearch aud Cliateat Frachce 3 wnd & Crosemil 148 London 1966)

priate to features which are more common or more promment 1n one
varety than i others and which may therefore be of some help in
classification It1s of course important to classify cases of acute leukaemia
as accurately as possible since the aetiology and pathogenests of the different
forms may not be 1dentical and since therapeutic agents effective 1n one
form may be less effective and even perhaps harmful 1n others
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pan and swelling of the larger joints accompanied by 2naemma perhaps
shight enlargement of the spleen but with no other clear ponter to
leukaemia The lLiterature of twenty five years ago includes descniptrons of
cases inttially d d as sub th and treated with salicylates
for several weeks before the true diagnosis of leukaerma became obvious
The same sequence of events 1s certamly not unknown today yet the
mistake could readily be avoided if at least one full blood examination were
carried out on every child with suspected acute rheumatism The imtial
predominance of bone and joint symptoms 1s seen espectally m children
perhaps because of the lability of the growing skeletal system but occasion
ally backache with perhaps the collapse of a vertebral body may provide
the first sign of acute leukaemia 1n an adult

(4) Onset with pred. t glandul 7 Although as we have
seen already lymph gland enlargement 1s not commonly great 1 acute
Teuk Ily 1t may be derable and may provide the first
ndicaton of disease G lized lymphad hy of sul 1 degree
15 quite m lobl. and ytic forms of Jeuk

although 1t 15 occasionally observed in them  In the lymphoblastic variety
of the disease however while lymph glands are commonly a little enlarged
they may sometimes show a very substantial increase perhaps localized to
asingle site and massive enlargement of lymph nodes 1n the mediastinum
has accasionally given nise to acute respiratory or medmstmal obstruction
as the mmtial leuk D from lympho
sarcoma reticulum cell szrcoma Hodghin s disease or even carcinoma of
the lung or some other solid tumour may be impossible on clinscal grounds
alone Examination of the blood and the sternal marrow are such simple
procedures that 1t 1s surpnsing to find patients with this pattern of inttial
symptomatology sometimes having lymph gland biopsies bronchoscopies
or other elaborate 1nvestigations performed before blood count and marrow
examination have been done

(5) Onset with predomnant skin lessons Purpuric skin rashes occur
almost 1nvanably at some stage of the disease 1n every case of acute
leukaemia but more specihic d 1 1 1 t by leuk
cellular 1 15 i lymphobl and Tobl.
leubaermias and only a little mare frequent m the monocytie form of the
disease The nature of the shin rash found 1s extremely vanable including
maculo papular eruptions separated nodules plaques generahzed pustular
rashes and even exfoliative dermatitis  In nearly all cases however there
18 at least some haemorrhagic element to the rash and even in the absence
of other signs of leukacmta this phenomenon should provide a pomter to
the posstble diagnosis and lead to an examination of the blood
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clement of secondary mfection of the respiratory or urmary system or
elsewhere present, the primary disease may eastly be overlooked at thrs
stage

(2) Onset with predommantly oral symptoms and signs  Bleeding from the
gum margins and petechiae 1n the buccal mucosae often develop very early
and appear to be equally common 1 all variettes of acute leukaemia
Swelling and ulceration of the gums sometimes spreading to the soft
palate and pharynx may also occur 1n any form of acute leuhaemia but
gross examples of oral sepsis and gingival hyperplasia are certainly most
common tn the monocytic varety where the teeth may be almost sub
merged by the gum swelling When mouth myolsement of this kind 1s
found together with a vartety of other signs of acute leukaemia 1t provides
a valuable pointer to the diagnosis but when oral lesions occur 1n a patient
who appears otherwise healthy the possibility of a systemic disease may
not even be considered This 13 more often true perhaps when the oral
1nvolvement 1s not extreme with gross hypertrophy of the gums but when
less striking mouth lestons are present, due perhaps to bactenal or fungal
mvasion  Imitial diagnoses of primary oral sepsis Vincents angmna or
some condition of this kind may often then be made It would be unreason
able to expect a full blood count to be carried out on every patient with 2
sore throat or other manifestation of oral or pharyngeal infection but 1t 1s
certanly a wise plan to have such a blood examination performed on any
patient with oral sepsis whose condition does not rapidly respond to
conventional treatment more especially if gum hy perplasia or haemorrhagic
signs are present

(3) Onset with symptoms referrmg principally to the bones and jomnts
Aching pamns 1n the back or m the long bones sometimes localized to 2
single site may be very severe and may occastonally be present as the first
symptoms of acute leukaemia X ray changes in the bones can nearly
always be demonstrated 10 patients wath such complaints but the radio
logical changes do not often show charactenstic features and confusion
with other diseases may sttll be present Zones of increased translucency
at the metaphyses of long bones are sumilar to those found 1n many other
childhood disorders while the more stnking changes of erosion and
infiltration with subpenosteal new bone fi which are I
seen m leukaemia may sometumes resemble the appearances of osteo
myeliis or even osteogenic sarcoma Any patient with continued and
severe bone pams especally in childhood should certainly have a blood
count performed Involvement of jomts 1n acute leukaemia 15 even more
common and children especially may present with a clineal preture closely
resembling that of acute or subacute rheumatism or Still s disease having
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cells and the severe thromb penia which 15 so T a feature
of the disease When such a picture 15 present there 1s no difficulty in
recognizing the disease ‘The problems 2nse when the total leucocyte count
1n the penipheral blood 15 within or below normal lumts as ts the case at
1mtsal haematological examination 1n perhaps 25 or 309, of cases of acute
leukaerma In most of these the difficulty 1s sull a superficial one since al
though the total leucocyte count 1s not raised the majority of the aireulating
lcuencytcs are pnmm\ e cells This picture may reasonably be called sub
to d h 1t from the g ly aleuk: picture 1n whlch

nopr 1ls appear nthe peripheral blood When leul
suspected and the blood count shows ansemia and thmmbocytopemz
without diagnostic changes 1n the leucocytes bone marrow examnation
becomes imperative

Bone marrow aspirates tn acute leukaerma are nearly always highly
cellular and compo ed chiefly of nucleolated primitive cells This 1s true
whether the peripheral blood s fully leukaemic subleukaemic or even
aleukaemic  Occasionally a poorly cellular specimen may be obtaned
perhaps because of irregular or patchy 1nvolvement of the bone marrow or
because the cells at the site of puncture were so densely pached as to be
difficult to aspirate thmugh the sternal puncture needle  Even when this
1850 the matenal ob d 18 usually posed pred Ty of blast cells
and enables a diagnoss to be made A second puncture at a different site
may yield a mare cellular and characteristic specimen  Only rarely dunng
certain aplastic phases of acute leukaernia may both blood and marmw be
$0 poorly cellular as regards 1 yte p that duff
from aplastic anaerma or agranulocy may be temp \ bl
The occurrence of such aplastic phases preceding the dc\elupmcnt of
frank leukaemia ansing duning the course of the disease and reverting
once more to a leukaemic picture or forming the final episode of the illness
has now been well established (Hayhoe 1957) and ev :ry pment with the

findings of aplasia with pancytop: should d as a possible
example of leukaemia 1 an aplastic phase chertheless the marrow
s 1n acute leuk at inttial are clearly d

n the vast majonity of cases

Cytological differentiation of types of acute leukaenma
‘While more mature forms of leucocytcs arc :as:ly distingwished from one
another thewr hobl. and mono
blasts have sufficient general sumlarmcs to make their recogmtion a2
matter often of considerable difficulty When fawr numbers of promyelo
cytes or monocytes are to be seen the accompanying blast cells may reason
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X d,

(6) Onset with other system U Inttial g of symp
toms and signs 1n the central nervous system the eges, the ears, the 2k
mentary tract the genito uninary system or elsewhere unaccompanted by
general signs of leukaemia s sufficrently uncommon not to require any
detaled consideration  Provided the physictan 1s aware that acute
leukaemia must be considered whenever lesions possibly due to localized
infection haemorrhage or infiftration are present and the causatss e process
uncertan, the necessary blood or marrow examunations can confirm of
deny the possibility of leuk without difficulty or delay

(7} Instdrons onset  In the majorsty of middle aged and eldesly patients
and also m some younger ones the abrupt onset classieally deseribed for
acute leukaemua ts not seen These patients show slowly progressne

P of anorexia & de exertional dysprioea and the like and the
svmptoms have often been present for many months before medical advice
1s sought Physical signs at the first exammation may ke the chncad
history, give hitle resemblance to the picture of acute leukzerma as
commonly described 1 children and young adults and there may be hitle
to find other than signs of anaemia or of conditions such as cardiac fafure
which may be secondary to anaemia  In this group of patients dragnoses of
aplastic or perniutous chronuc bronchitss cardiac
falure and so on have often heen made before 1nvestigatton of the blood
has revealed the true diagnosis It 1s perhaps notew orthy that the examples
of pre Jenkaemic states described by Block Jacobson & Bethard (1933) and
later by other authors haie usually been observed in patients over the age
of forty in whom apparently nen leukaemic blood disorders had been
present for periods of several or many months befare frankly leukaemic
changes dereloped In these patients with pre leukaemic states the chnicat
signs were generally those that one mught expect in the presence of pen
pheral cytopenias with anaemia nfections resulting from granulopenia
and with haemorrhages dary to thrombocytop The border hine
between such pancytopemc states and acute leuhaermua n elderly patrents
1s a nebulous one swce even in clearly leukaemuc elderly patients both
peripheral blood and bone marrow may be poorly cellular though with a
sast predomminance of Jeukaemic blast cells

The blood and marrow prcture in acute leukaema
1 do not prapase ta discuss i detarl the blood and marrow pictures typical
of acute leukaemia The general pattern of Jugh lencocyte wount n the
peripheral blood ranging between 20 0oo and 50 coo white cells per mm®
the great majonity of them beng primttrve blast cells 1s sufficrently famslar
Equally famthar are the anaemia with erther normocytic or macrocytic red
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ably be taken to be myeloblasts or monoblasts respectively but when
80 or 909, of the white cells 1n blood and marrow smears are of unsform
immature type with very few cells of an intermedsate stage 1n deselopment
recognition 1s less easily achieved Many attempts have been made to
establish enteria by which these primitive cells can be classified with
certainty Let me say at once that no simple method has proved con
sistently ful Probably a comt of cytoch ] statns offers
the nearest approach to defimition In addition to orthodox Romanowsky
and perowidase staining we currently employ the Periodic actd Schiff
(PAS) reaction for glycogen and related mucopolysaccharides Sudan
black B staining for intracellular lipids, the Feulgen reaction for DNA and
an alkaline phosphatase reaction (Hayhoe & Quaglino 1958) Sufficient
studies have now been carried out on over a hundred cases of acute
leukaemia to enable us to recogmze, at least tentatively certain patterns
of reaction generally charactenstic of the three major varieties of acute
leukaemia (Hayhoe 1959 Quaghno 1959) Typical appearances are
illustrated in Plates 1 and z  Apart from the differentrating features visible
1 Romanowsky and peroxidase preparations the findings of most help are
those with the PAS and alkaline phospt reactions Myeloblasts are
generally PAS negative whereas lymphoblasts are often strongly positise
and monacyte precursors show a vanable but usually fine granular posi
tivity  In myeloblastic leukaema the mature polymorphs have very httle
afkaline phosphatase activity while in Iymphoblastic and acute monocytic
leukaemta they are usually rich in this enzyme

Phase contrast microscopy may also be helpful, when 1t 1s available stnce
the mitochondria appear to be more scattered about the cytoplasm m
myeloblasts than in lymphoblasts where they are clumped together at ane
side of the nucleus In monocytic leukaermia the cells usually show con
siderable motility

Despite all these methods one must still admit that an occastonal case
fails to conform to the critera but cases difficult to clasufy are now quite
unusual whereas a year or two ago they were commonplace

CHRONIC GRANULOCYTIC LEUKAEMIA

Ths disease 13 rare i childhood bur t more withincreasing
age It has about equal frequency 1 men and women (Fig 1) The general
pattern of onset 15 highly msidious and there 1s reason to beleve that most
patients have had the disease for as long as eighteen months or two years
before seeking medical advice The commonest imtial symptoms are

bd 1 pain or of an abd ! tumour loss

akn
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of weight and breathlessness on exertton  Examination reveals anaemia
and conuiderable splenomegaly in the majonty of cases Less often but
more commanly than is generally realized the firat slgn of chrome granufo
cyticleubaemiamay bethe d P ofah O
ally the mial comnplaint may be of poorly locahized bon: pawns menstrual
trregulanties hermration or utenne prolapse secondary to splenomegaly
skin rashes or pruntus or even rarely locahized enlargement of lymph
glinds In nearly every case the spleen s enlarged usually grossly and
stace 7 blood count 1s always called for 1n the presence of spleme enlarge
ment the diagnosis becomes clear without deday

Obviously there may be difficulty 1 distinguishing climeally between
chrome granulocytie leukaerma and other causes of splenomegaly and
anzemua but thete 13 very little to be gatned from an elaborate chncal
f between these p it fusing states snce1n any of them
S blood count would certanly be performed \\hu:h would erther establish
the diagnosts clearly or make 1t a matter for cvtological rather than climeal
d.fferentiation

The blood and marrow prcture s chronte granulocy tie leukaema

I the vast majonity of cases the penpheral blood findings are quite charac
terstic from the time of hrst exammation There are great numbers of

k 1 or i with phil poly
morphs mctzmwlocytr.s and my elocytes prcdommaung but with up to
16% or so of promyelocytes and myeloblasts and a
increase 1 the numbers of basophul and eosiophul leumcyt:s Total
leucocyte counts are usually between 100 000 and 400 000 per mm? and
counts below 50000 per mm® at mmtal exasunation are uncommon
A sharp increase 1n monocytes 15 sometimes seen  Platelets are usuallt

at first although thrombocytopema frequently develops Jaterin

the course of the dtscase A normocytic normochromsc anaema 15 usual
and when the anaemia 1s severe there may be occasional normeblasts i the
blood and reticulocyres may nise to 5 or 10°,

The bone marrow 18 verv activelv ceflular with increased mveloid
erythrod ratio and the 1 pattern bles that 1 the penph
blood Istands of erythroblasts are to be found and probably the tatal
erythropotetic activity is at least as great asin a normal subject  Megakaryo
©ytes are often consprcuous and mav be obviously increased 1 numbers 1n
the early stages of disease when the peripheral platelet count: hiph

I do not propose to analyse lhe relationship between chronte granulocytic
leuk and ather myelop states such as polycythaemia vera
myelofibrosis and megakaryocyue myelosis smce this forms the subject of
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another lecture  As for granulocytic leuk d reactions to or
d d malig; and the I high leucocytosts accompany
ing haemolytic reactions or following haemorrhage, these are very seldom
50 like leuhaemia as to cause much difficulty When difficulty does anse
ether with leukzemoid reactions or non leukaemic myeloproliferative
states the leucocyte allaline phosphatase level provides a remarkably
reliable guide 1n differentiation since the neutrophil polymorphs mn
granulocytic leukaemia are almost devord of the enzyme while those m
both the other groups of disease are more than normally rich m 1t
(Plate 3 A—¢)

CHRONIC LYMPHOCYTIC LEUKAEMIA

The age incidence can be seen from Fig 1 The disease 15 rare before
muddle age but becomes increasingly common with advancing years The
onset 1s even more insidious than that of chrome granulocytie leukaemia
and the mnitial disease picture 18 more varied The first complatnt 1s most
commonly of enlarged lymph glands especially in the neck but other
primary symptoms include lassitude loss of weight exertional dyspnoea

abdommal pan awareness of 2 splenic tumour purpura speafic skin
rashes anginal pain and ankle oedema Intercurrent infections to which
pattents with chromc lymphocytic leukaemia are unduly prone sometimes
bring the existence of the disease to hight In many patients the blood
condition 1s discovered unexpectedly dunng the investigation of an
apparently unrelated condstion and at this stage there may be few or no
abnormal physical signs attributable to leuhaemia  Nevertheless at least
70% of patients with chronic lymphocytic leuk have g lized
moderate enlargement of lymph glands at the tune of first cltnical examina

tion and there 1s usually palpable but not gross hepato splenomegaly 2s
well Perhaps 10 or 20%, of patients show a picture lihe that of chromc
granulocytic leuhaemia with gross splenomegaly and only shght or absent
Iymphadenopathy A further small group show localized lymph gland
enlargement climcally resembling Hodgkn s disease or lymphosarcoma

Stll more rarely purpura or shin infiltration may precede the development
of other physical signs of disease as i leukaemic erythrodermia It 1s
enough to be aware of these possibilittes and to carry out examination of
the blood for the true diagnosis to be made 1n nearly every case

The blood and marrow picture mn chronic bmphocy tic leukaema
Appearances are usually quite characteristic The peripheral blood shows
from zoooo to 300000 white cells per mm® predommantly mature
Iymphocytes often with many smear cells Counts below 10 000 per mm?®
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are not uncommon occurring 1 perhaps 10% of pattents but even
here lymph greatly preponderate  Anaemia 18 not usually striking
nitially but often develops later 1n the disease and may be haemolytic in
h with d red cells r 1 and bilirub
Platelets are generally normal at first though thrombocytopenta may occur
m the terminal stages

The bone marrow shows varying degrees of infiltration with lymphocytes
which usually make up from 30 to 80, of the marrow leucocyte population
A parallel erythroblastic proliferation may be present if there 1s haemolytic
anaemia

‘When marked lymphocytosts n the blood and marrow 1s found there 13
rarely any diagnostic difficulty Perpheral lymphocyte counts exceeding
10 000 or even 20 000 may be encountered 1n glandular fever pertussis
and infectious lymphocytosis but all these diseases are rare 1 the middle
aged and elderly Glandular fever may be separated also by the charac
tenstic cytology of 1ts lymphomononuclear cells and by the Paul-Bunnell
feaction pertussis by its clinteal picture and infectious lymphocytosis by
1ts onset with fever and gastro intestinal 1nfection and its bemgn course
with rapid resolution

When lymphadenopathy and perhaps h 1 ly extst without
convincing tymphocytic changes 1n blood or bone marrow lymph gland
biopsy 18 necessary to establish a diagnosis If a pattern of lymphocytic
hyperplasia 1s found without obvious malignant invasion of the capsule or
mitotic overactivity the label Iymph lympt without leuk
1s somettmes applied In such cases clear changes of leukaemra may be
expected to develop 1n the blood and marrow 1n the course of time
Differentiation between these pnmanl) glandular forms of chrome

leuk and lymp may be impossibl

and mdeed there 1s no sharp distinction between the two diseases which
share a common 11l defined border line both chinically and pathologically

UNUSUAL FORMS OF LEURAEMIA

I make only a brief ref, to chl hilic basophuhic and mast
cell leukaemias to plasma cell leukaernia and 10 erythraemic myelosis
Chloroma 1s a variety of acute myelob! or monaocytic leuk n

which tumour masses greenssh 1n colour are found chiefly 1n relation to
the periosteum and bones of the skull The clinical picture 1s like that of
acute leukaerma 1n children or young adults with additional symptoms
and signs due to rapidly growing tumours often 1n the orbit when

prop and ocul paral may develop Chl
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deposits may occur at many other sites elsewhere in the skeleton or 1n the

lymph glands or viscera The blood and marrow findings are those of acute

(R P

my or ytic

Eostnophilic leukaemta 1s an entity of very doubtful ewstence All
recorded cases m which data are adequate appear to be examples of
leuk d reactions tr y phases of hilia duning acute or
chronic granulocytic leul or of d d philic collagen
disease (Plate 3p)

Basophilic lenkaema 1s an equally doubtful entity The basophul count
may occastonally be very hugh 1n chronic granulocytic leukaermia but this
seems to be no more than an exaggeration of the customary basophilia
present 1n this disease

Tissue mast cell leukaema (Plate 3 E) has been recogmzed only recently
Two cases have hitherto been reported They are of interest mn that they
provide a malignant extreme to a range of mast cell disorders which mcludes
urticaria pigmentosa and vanous degrees of systemic mastocytosis

Plasma cell leukaema 1s no more than a rapidly dissemmating form of
multiple myelomatosts having the usual hyperglobulinaemia and some
times Bence Jones protemnuna There 1s no justification for regardimg 1t
as a separate disease

Erythraemic myelons This malignant prohferative disease of erythro
blastic tissue may occur without obvious parallel acute leukaemia but
erythroleukaemic states intermediate between acute myeloblastic or
mjelomonocytic leukaerma and pure erythraemic myelosis are rather more
common and 1ndeed, pure erythraemic forms usually termnate with a
transformation to apparent acute leuhaemta Acute erythraemic myelosts

1 lly r bles acute leuk with rapid onset severe anaema
fever and a short mal course  Spl ly 1s perhaps more con
spicuous and the liver 1s usually palpable The peripheral blood shows
remarkable erythroblastosis proerythroblasts and basophil erythroblasts
predomnating with counts sometimes as high as several hundred thousand
permm?® A chronic form of the disease accurs with slower clinical course
and with later normoblasts prcdommatmg in blood and marrow When the

h L 15 1 the disease 1s difficult to differentiate

P Leryth
from refractory normoblastic or loblastic and 1t 1s posstble

that the two conditions are identtcal

Y ly the erythroblasts in eryth yelosis show free rron
granules and are often conspicuously PAS posttive with diffuse cytoplasmic
tinting and coarse granulanity (Plate 3 F and G) Strong PAS posivity m
the erythroblasts occurs in severe wron deficiency anaemia and m thalas
sacmia but if these conditions can be excluded the presence of a strong
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PAS reaction in many erythroblasts 1s extremely suggestive of erythraermc
myelosis (Quaghno & Hayhoe 1960) The fact that refractory normoblastic
or megaloblastic anaemias often show 1ron staining and PAS posttaty some
what resembling that of obvious cases of erythraemic myelosts 1s a further
pomter to the possible 1dentity of the two conditions
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THE MYELOPROLIFERATIVE SYNDROMES
G WETHERLEY-MEIN

During the last ten years the term myeloproliferative disorder has been
wcreasingly used 2s 2 generic name for a large group of proliferative pro
cesses which most commeonly, involve lymph nodes bone marrow and
spleen and which includes the leul the lymph yelofit
polycythaemia and similar conditions

The impetus which the early purely morphological classifications gave
to the study of these conditions was considerable and should not be under
rated, but the complex termimology which they generated—dictyocytic
reticulum cell sarcoma, agnogentc myeloid iplasta histiocytic medullary
reticulosts, and so forth—became cumbrous confusing and impracticable
The climcal presentation and the haematological and histological patterns
which may be observed 1n these states are so varted that precise classifica
tion of the individual patient may be impossible, and the concept that all
these conditions are mtimately related members of a single group—the
mjyeloproliferative disorders—has an attractive stmplicity which has been
largely responsible for its widespread acceptance (Custer & Bernhard
1948 Willis 1948) This concept which stresses a community of histo
genesis and disregards dissimilanty of histology has by its simpheity
enlarged our understanding of these processes and has of course obvious

advantages m terms of d P and g plifi
tions particularly when related to brological processes are almost mvariably
over hfi and may by usage come to be regarded as

P
unquestionable facts Therefore before discussing some specific syndromes

tn detail Ishould like to re exarmine the hypothesis from which this concept
of a closely related group of myeloproliferative disorders bas been
developed

This hypothesis implies that a constderable number of conditions

Tud the leuk and the lympt are exp of an
abnormal and often excessive proliferation of cells of prmitive mesen
chymal origin (Pullinger 193z Ross 1933 Custer & Bernhard 1948
Wallis 1948) Maximow (1927) considered that in the adult numbers of
these cells persisted 1n such sites as spleen bone marrow lymph nodes
and were 1n particular widely distributed 1n the pernascular connective
tssue These observations which were based on studies of inflammatory
processes and tissue cultures showed that these cells possessed the same
capacity for manifold differentiation as embryonic mesenchyme that 1s
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gven an appmpnate stimulus they could differentiate to form red cells

ytes 1 lum cells fibrobl. bnne
bloodvessels ctc TL 1dy fr!hvmnn and the bol, 1
of mesenchymal tissue (summarized 1n Table 1) suggest that snmuh which
lead to abnormal proliferation of this system of mesenchymal cells may
produce a wide vanety of clinical and histological patterns 'The hypothesis
gans considerable support from the fact that the majority of the possible
permutattons and combinations have n fact been observed

Table 1

Prumitive mesenchymal cell

Distribution Potential differentiation to
Marrow Granulocyte
Lymph nodes Lymphocyte
Spleen Platelet

er Plasma cell
Pervascular connective Tonocyte
tissue n Gut Histiocyte
hadney Reticulum cell
Derms Fibrocyte
Lung ete Blood vessel

Bone
Carulage et

Sunple licated ples of such p are the classical
chromc m)elocytxc leukaemia mvolung bone marrow and spleen pre
ly lymph nodes and
spleen and renculum cell sarcoma lmolung predominantly agamn the
lymph nodes and the spleen
Certam pr also empt hewidespread drstribu
tion of these cells and therr capaaity for differ g 1n specific d
1n unusual sites Chronc myelocytic leukaemia may for example present
1y with massive enl of superficial lymph nodes and
stmilarly (as shown in Plate 14 18) lymphosarcoma and leukaermia may
1tially and predominantly involve such sites as the gut or the derms
Perhaps the most convincing evidence in support of this concept that the
myeloproliferatve syndromes are closely related manifestations of mesen
chymal cell prol, are d prol of more than one cell
type 1n the same patient or the mmsmon from one type of prohferation to
another 1n the same pattent In Fig 1 for example 1s shown the extremely
common b of platelet prok and locytic prolifera
tion found 10 many cases of chronic myelocytic leukaemia In this par
ticular patient whose platelets were of the order of 1-2 million when she
Ppresented the mmitial symptoms were related to the excessive bleeding
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which 1s often charactenistic of thrombocythaemse states The elose
relationship between platelet and granulocyte prohiferation 1s further
emphasized 1n this patient by the parallel fluctuations of both cell types
which so characteristically followed administration or withdrawal of
busulphan  Disturbance of this pattern with a rising white count and
falling platelet count 1s an snvarmable indication, 1 cur expenence not of
resistance to the drug but of impending transition to the myeloblastic
phase We have now treated about 25 patients solely with busulphan and
death when 1t has occurred has been the result of myeloblastic transttion

AH 213758

Tasalh
o e 2321 2321 121 232 2 1

100 e R Y
Haemoglobin —_

LWN\\,\//MMJ v

0%
White cells
101
100 L N L . s . L " P
Feb 1956 Dec. 1956

Fig 1 An example of the close relationship of platelets and granulocytes m chronic
myelocytic leukaerma (Leucocytes and platelets on a three-cycle loganthmic scale and
haemoglobin (%, Haldane) on a single loganthmc scale are plotted agawnst time 1 months
on a hnear scale  Daily dosage of busulphan 1s recorded as humbers of 2 mg fablets }

)! 11 licular | h provides many

Both clinically and | y p
examples of the type of transition from one type of cell proliferation to
another which 1s 1llustrated in Plate 2 A—¢  In this patient the imitial biopsy
(Plate 2 A) showed a ct 1stic follicular prohferation of lymph y
and at this stage the patient was well apart from anatomical lymph node
enlargement  After a period of years there was 2 gradual change clinreally
the patient became 1ll and anzemic and developed serous effusions
Histologically there was also a complete change thes 1s shown in Plate 2B
andc InPlate 2B a pattern of lymphosarcoma was established while m
other lymph nodes (Plate 2 €) transition to a well defined reticulum cell




PLATE I

THERGTY
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A Lymphosarcoma m gut In this patient the process was app rentlv
xclusively intra abdomn | (H &k x286)

B

& Focal proliferation of blust cefl n dermis wn 1 pat ent
with scute leukaerma

—

(Fac  p 128}
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which 1s often charactersstic of thrombocythaemic states The close
relationship between platelet and granulocyte proliferation 15 further
emphasized 1n this patient by the parallel fuctuatons of both cell types
which so charactenstically followed admimstration or withdrawal of
busulphan Disturbance of this pattern, with a nsing white count and
falling platelet count 1s an invarable indcation 1n our experience, not of
resistance to the drug but of impending to the myelobl

phase We have now treated about 25 patrents solely with busulphan and
death when 1t has occurred has been the result of myeloblastic transition

AH 213758
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Fig 1 An example of the close relationship of platelets and granulocytes 1 chmm;
myelocytic leukaemia  (Leucocytes and platelets on a three cycle loganthmic scale a‘f;l

haemoglobin (% Haldane) on a single logarithmic scale are plotted agamst tme i months
on s linear scale  Daily dosage of busulphan 5 recorded as numbers of z mg tablets }

Both el Ily and histologically follicular lympt provides many
examples of the type of transition from one type of cell proliferation to
another which 1s illustrated 1n Plate 2 a—¢  In this patient the iitial biopsy
(Plate 2 a) showed a charactenistic follcular proliferation of Iymphocytes
and at this stage the patient was well apart from anatomical lymph node
enlargement After 2 penod of y ears there was 2 gradual change clincally
the patient became 11l and and developed serous
Histologieally there was also a complete change this 1s shown Plate 2B
and ¢ In Plate 2B a pattern of lymphosarcoma was established while i
other lymph nodes (Plate 2 c) transition to 2 well defined reticulum cell
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A Inttal maerow teephin sho g hypacellular marron w th ss] nds of blast cells and
red cell p ecursors F om the patsent whose course  llu trated m Fe 3 (H & E
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A Follicular lymphoma Ininal ymph node biopsy (H & I x286) n Post mortem lymph node

from the same patient as Fig A showing transition to lympho a coma (H & I xz00) ¢ Fost
mortem lvmph node from the same patient as Figs 4 and B showng transition to reticulum cell
sarcoma {H &£ x200} D Cat scratchfe er Lymph node biopsy sho  ng pleomorphic prof feratian
of lmphocytes and reteculum cells (H & L xz00)
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A Rb bonsy showing pure ne ret culum ¢ Il prof feration ( ec Fig 8) (H & E
x357) B Rb bopsy (F & _A) to show ret culn fibnls (Retculin x357) ¢ Rib
bop  howins almost pure Ine eniculum cell prol ferat on with ¢ i cailagen forma
ton (H &E x200)



PLATE 4

Subcutancous hzemorrhage i a patient with thrombocy thaemia
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sarcoma was obsened Simil i myelofib d which
1 shall consider 1 more detal later a wide vanety of hxstologtcal patterns
may be observed sn the same patient It waould be possible to cite many

other ples of ab 1 and of stelogical
combinations and transitions all of which suppost the cotcept of a group
of tated prolid: 2p hvng a system of cells of mesen
chymal cngm

"Ths contept of a group of cond, h {oprohif d:

15 of pracucal value and has done much to (unh:r understanding and
of the indwvidual bers of this group and I personally feet

that the tetm has much to d 1t It is necessary to
however that it has inmtations and dangers

Tt 13 parttcularly dangercus o in using this term as 2 practical chassifica
tion we allow ourselves to believe that 3t has any actislogical sigmficance
This may be made clearer 3f we first conseder a group of conditions which
cmeally and histologically may present as members of this group but
which are actiologcally quite distinet

Cat scratch fever for example may present with enlarged lymph nodes
and malase bropsy (Plate 2 D) may very reasonably suggest a diagnosis of
Hodglan s disease which may only be disproved by 2 positive shin test
A stodar cond which chimieally and histol iy may be indistingsh
able from Hodghun s disease 15 found 1n patients treated with mesantom
and simalar anti convubant drugs The histalogical findings m patsents
wath toruloss and glandular fever may agan closely resemble thase found
m patients with Hodghins disease The difficulty which compttem

4

4

logssts may exp mn d tung these
the pont that many disorders which we now confidently classify a8
myeloprabiferative may  though h ly related be

quite distinct
Whale 1t has been traditional to regard for example the Jeuhaemuas as

a comp group having a com: but unknow n aetiologiedl mechanism
st seems perfectly r:asomble to suggest that chrome myelocytic Jeukaenua
a2 p of granul that enly the acute myelo

blustee form 15 2 true aumnumous prohferation and that the relationshy
between these tuo processes 18 sumular to the condiaaned and autonomous
prtudtary tumonrs produced experumentafly by Furth (1953) This hypo
thests guns some support from the recent demonstration that chromosome
abnormatines have sofar been found only in theacuteblast celtleukaemuas
(j.mub\ 1939) and fmm the obsenvation that the profferation observed 1
teut 2y be modified by some factot psesent sn normal
phsma (Schu!z & I‘lonan 1954~5 Schojer 15,9)
L)

RR
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A Marroy from a patient th muclofibrosis  Other scctions from the same patent
areshownm g Bandc Th section s from an area with a predominant proliferation
of granulocite precussors (H & E x3357) B Marrow from a patcne with myel>
fibrosis  Other sections from the sam patient ave sho n m Figs A and ¢ This secton
1 fromanarea ith predomimant proliferation of reticulum celfs 1 1th considerable collsg n
formaon (H & E x3,7) ¢ Marrow from a patient with mselafibrosis  Other
sections from the szm patient are shown in Fgs aand B Thi sect on s from an area
with a predominant prolif rat on of mult nucleate rettcul im (megakatocyte Iike) cell

(H &§ x357)
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‘Fable 2
Lymphocyte Granulocyte
Lymphocytc leukaemia Myelocync leakaerm:
Lymphoblastic leukaemia Mpyeloblaseic leukaema
Follicular lymphoma
Lymphosarcoma Monocyte
Monocytic leukaema
Red cell
Polycythaerrua vera Plasma cell
Erythroleukaermia Myeloma
Platelet Reticulum cell
"Thrombocythaema Reticutum cell sarcoma
Muxed
Hodglun s
Myelofibrosis
Pre leukaerma

The conditions which I should now like to consider in greater detad are
(1) preleul (2) a synd diate between aplasta and leu
Laermia (3) thrombocythaemia and (4) the group of conditions 1n which
proliferation of reticulum cells 1n the marrow 1s the predominant feature

PRE LEUKAEMIA

It 1s perhaps improper to regard this cond as a myeloprolfe
syndrome but 1t deserves some consideration 1n the present context It
may be defined as an abnormal haematological state 1n which thorough

reveals no evid or of leuk but which

after a vanable period of time und to an uneqy
leukaemicstate  Itisimportant to exclude from this group those conditions
which although presenting for example as refractory or aplastic anaemia
show early evidence of leukaemia such as a small pcrcentage of blast cells
m the marrow This cond: which has g 1nterest 1n
the last five to ten years, 13 of considerable practical and theoretical
mportance

Table 3 summarzes the relevant details 1 a number of cases observed
by ourselves (Richardson & Wetherley Mein 1959) or described 1n the
hterature (Hamilton Paterson 1949 Block Jacobson & Bethard 1953
Bernard & Bowron 1954 Meacham & Weisberger 1954 Williams 1955
Blackburn 1957 Rowen 1957) All these cases satisfy the criteria which
Thave mentioned You will see that in the so called preleukaemic phase the
chinical and haematological diagnosis based on physical examinatton
penipheral blood counts and marrows was varied, although the majority of
patents were justifiably diagnosed as having aplastic anaemia with hypo
cellular marrow You will also see that with few exceptions all these

9z
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Certamly the sharp contrast between the bemgn and easily controlled
chronic myeloid leukaemia and the almost unmanageable myeloblastic
state suggests that some fundamental change has occurred Tt 1s tempting
to suppose that were 1t not for this change, possibly a mutation patents
with chrome myeloid leuk could be d indefinitely esther by
suppressive chemotherapy or some sort of replacement therapy

With other leukaemuas, particularly those affecting the lymphord sertes,
1t has been suggested that they may, in the chrontc stage at any rate
represent a disturbance of h (D hek & Sch
1959) and recent speculation based chiefly on the clinical changes found
in ammals with runt disease has rased the possiility of 2 similar
aetiology for Hodgkin s disease (haplan & Smuthers 1959}

Although there 13, as yet, no evidence which establishes these specula
tions on the nature of the chrome leukaemias or Hodgkin’s disease the
position of polycythaemia vera has recently become more sharply defined
This condition 15 frequently associated with thrombocythaema myelo
fibross, and a granulocytic proliferation which, except 1n terms of leuco
cyticalhahine phosphatase, closely resembles chronic myeloid Jeukaemia and
may termmate by transition to a blast cell leukaemia

For these reasons 1t has been very properly accepted asa member of the
myeloproliferative group in which differentration 15 predomunantly 1n the
direction of the red cell Recent studies on erythropoietin, an erythro
poteticstimulating factor (Bethell, Linman & korst, 1957, Payne, 1959) hate
established that this substance 18 not only present 1n normal plasma where
1t presumably exists as part of the physiological | h
controlling erythropotesis but that 1t 1s also present 1n considerable excess
m the plasma of patients with polycythaema vera Although this finding
may be interpreted n several ways the most probable explanation 1 that
the excessive proliferation of red cells 1s not autonomous but 1s condrtioned

by and dependent on an ex d of this normal circulating
t The fi of these findings m an established member of
the myeloprot group of disorders cannot be d d without

further chnical and expenimental study Although st would be unwise to
extrapolate the findings 1 polycythaemra to Hustogenetically related condt
tions the possibility that they are all proliferations conditioned by distinct
stimuli 15 at least worth disproving

While 1t 1 clear therefore that thus concept has lmitations particularly
1n terms of aetiology 1t has on other grounds much to recommend 1t as
a practical working hypothesis The conditions which may reasonably be
classified as myeloprohferatrve syndromes are according to lne of dif
ferentiatton, shown 1n Table 2



THE MYELOPROLIFERATIVE SYNDROMES 133

"The theorettcal significance of this relatively uncommon condition may
be briefly stated by asking the question Are these patients leukaemuc from
the start or 18 any patient with prolonged haematological abnormality more
Iikely to develop the mutation which 18 presumably the change which
determmes transition to acute leuhaemia® It 1s obviously mpossible to
answer this question but I thunk 1t not unlikely that a vanety of abnormal

stmul: which mclude 10nizing 1rrad fe or the of
some lated } 1 1 ab lity may be among the triggenng
factors which d the develop of acute leuk

lC.B A 99656
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Fig 2 Haematological findngs 1n ® patent presenting with sefractory anaemia and
termunating W th a blastcell leuhsemia (Leucocytes and platelets on a three-cycle
loganithmuc scale and haemoglobin (_ Hald ne) on a single logarithmic scale are plotted
against time n months on 2 linear scale D 1ly do age of 6 MP 1s recorded as numbers
of 50 mg tabl 1)

A SYNDROME INTERMEDIATE BETWEEN APLASTIC
ANAEMIA AND LEURAEMIA

A condition which appears to be i many ways mtermediate between
aplastic anaema and leukaemia 1s that dllustrated by the patient whose
findings are shown in Plate 3 o Band Fig 3 He presented with a pancyto

penia and no abnormal physical signs and no immature cells m his pen

pheral blood His marrow aspirate was rather less cellular than normal
and d almost equal bers of leucoblasts and red cell precursors

The marrow trephine (Plate 3 A) showed a hypocellular rather fatty marrow
with sslands of blast cells and nucleated red cells As shown i Fig 3 this
patient was treated and indeed behaved as an aplastic anaemia At no
tine was there any splenomegaly or peripheral evidence of leuhaemia and
he died as other patients we have observed with this conditton of
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patients developed an acute blast cell leukaemia The tme interval
between the 1mitial diag, and the develop of 2 leuk vared
considerably and 1n a number of patients there was an intervening period
of complete return to clinical and haematological normality

Table 3 Pre leukaema

No of Interval Remussion Age
cases Tnstral deagnosis (months) (months) Final diagnos:s {years)
11 Aplastic anaema Mean 13 4 patients Acute lewkaemia Mean so
Pancytopenia Range 1385 1-s4 Range 2475
6 Megaloblastic anaermua Mean 6o Acute leukaemra (3)  Mean 52
Range 1-206 ~  Myelocytic leukaemia  Range 25-68
(3)
2 Acquired haemolytic anaerma H 1 patient  Acute leukaenua 4
9 : 27
2 Red cell aplasia 15 — Acute leukaena (1) 47
48 A(I) elocytic leukacmia 55
b
2 Drug pancytopen 5 1 patient  Acute leukaemia 36
3 4 30
2z Agranulocytosis 12 1 patient  Acute leukaemia 6!}
5 T
r Splenic pancytapenia 8 = Monocytic teukaermia 56
1 Non thrombocytopenic purpura 27 —_ Acute Jeukaermia 50

The findings 1n one of our patients who fell into this category are shown
mTig 2 Inigs4 two years before she presented to us 1n 1956 she had
been diagnosed as a refractory anaemia with hypocellular marrow  there
was no reason to alter the diagnosis  She was matntarned solely by trans
fusion and remamned well In February 1957, however, occasional
immature leucocytes appeared 1n the peripheral blood and duning the next
two months there was increasing evidence based on peripheral blood and
bone marrow examunation that she was developing acute leukaemia This
was enly indifferently lled by 6 Mercaptop and she Ily
died approximately three years after the onset of her refractory anaemia
The post mortem confirmed the diagnosis of acute Jeukaemiz and

blished dentally that her diab: prdus was d with
leukaemic mvolvement of the piturtary

In the majonty of cases 1t 1s obviously impossible to predict or even to
suggest that one 13 dealing with 2 patient 10 a preleukacmic state It s
however reasonable to bear i mind that any patient with a prolonged
refractory anaemia with or without acellular marrow may undergo transt
tion to leuhaemia In particular 1n 2 patient with a megaloblastic anaemta
relapse on adequate therapy following an 1nitial satisfactory response to
By, or folic actd should suggest the possibility that leuk 15
occurring
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and 1n those who ke this ladv  ve have treated with busulphan, a satis
factory fall 1n the platelet count has been associated with cessation of the
baemorthagic tendency (Edgecumbe & Wetherley Mem 1950}

The mechanism of bleeding 1n these patients 1s not clear Charac
tenstically their first complaint may be of small painful nodules i the
subcutaneous tissue 1nwally colourless and later developing an areola of
extravasated blood There 15 cvidence that the functional efficiency of both
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Fizg 4 Hsematological findings i tre patient with thromboeythaermua whose presenting
syndromes are illustrated 1n 1 Jate 4 (Leucocytes and platelets on a three cycle loganthmc
scale and haemoslobin (9 Haldant) on a s ngle logarithmuc scale ate plotted agam t time
m months on a bmesr scale ) Daily dosage of busulphan 15 recorded m mg

normal and thrombocythaemsc platelets 1s impatred when they are 1n the
tigh concentrations 1n which they are found 1n this condition and that
2 return ta normal function occurs when the platelet count 1s reduced
esther w tiiro or 1 viro, to normal levels (Ingram & Glass 1950) From
3 practwcal point, of view the possibility of thrombocythaemia should be
considered 1 any patient showang, an abnormal bleeding tendency and
particular care should be 1aken to avoid aperation m such patients for they
almost mvanably bleed ) with busulphan seems 1
our expenience to be effective and preferable to the use of radioactive
phosphorus
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pneumonta The post mortem showed no evidence of leukaema but the
marrow (Plate 3 B) was still hypoplastic and blastic

This syndrome, which mght be called erther atypical leukaemia or
atypical hypopl 1s worth r g, for these patients appear to do
reasonably well if treated as aplastic rather than leukaemrc and 1ts eustence
may be suspected 1n patients with all the clinical and penpheral evidence
of aplastic anaem:a who are found to have hypocellular marrow with 2 high
proportion of blast cells
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Fig 3 Haematologcal findings 1n_a patent with a syndrome mtermediate between
aplastic anaemia and leukaema (see Figs A and p) (Lencocytes and platelets on a three
cycle loganithmic scale and haemoglobin (° Haldane) on a single loganthmic scale ase
plotted against time 1 months on a hnear scale )

THROMBOCYTHAEMIA

‘The next condition I should like to consider 1s thrombocythaema This 18
charactenized by a proliferation of megakaryocytes assoctated with a con
siderable nise 1 the crrculating platelet count  Climcally the most common
presentatton 1s bleeding esther gastro lly or as a sub
extravasation Such a situation 1s illustrated m Plate 4 where as you wall
see there was massive extravasation of blood into abdomen thigh and arm
‘The haematological findings and the course of thus patient are fauly
charactersstic of this conditon and are shown in Fig 4 At the outset there
was a platelet count of 1 600 00a with a white count only raised shightly
above normal Approximately half these patients have a negative leuco
cyte alkaline phosph and 1n app ly the same number the
spleen 1s palpable the platelets th Ives are morphologically abnormal
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course with progressnely unmanageable anaerma and commonly terminate
m cardiae fatlure or ncmsmna!ly by transmon to acute blast cell leukaema
Thcxr P to ek Py herapy and steroids 15 usually very

and prog h of red cell survnal sooner or
1atcr makes transfusion meffectne At this stage splenectomy which m
some patients may be folloned by a d nse m red cell prod and
a lengthemng of red cell hfe span may transform the sttuation and offer
the patient a further span of worth whie eustence

SUMMARY

An attempt has been made to re examine the com::pt of the gfoup of
refated disorders which may be regarded as
Itsuli seems ble on grounds of to accept this
concept as the basts of a pracucal working classificatson There are how
ever growing mndscations that many members of thisgroup whichancludes
the acute and chromic lewhaemias the Jymphomas and the myelo fibrote

d may be logieally quite distinct It seems prebable and
indeed 1t 15 to be hoped that wath further understanding of pathogenesis
this group will disintegrate and be replaced by a number of distinct processes
of spectfic actrology

'y erop
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PROLIFERATION OF RETICULUM CELLS IN MARROW

Finally, I should like to der the synd 1 which prolif; of
retrculum cells i the marrow 15 the predominant feature These conditions
vanously called myelofibrosis, myelosd plasia megaharyocyticmyelosis
and reticulum cell sarcoma are most profitably grouped as myelopro
Lferative syndromes because the climical, haematological and histologrcal
Ppresentations are so varied and often so closely overlap that precise
classification 1n the individual patient 13 often smpossible and may indeed
obscure the fact that the subsequent cltnical course and response to treat
ment are remarkably similar

Chmcally these pattents most commonly present with symptoms of
anaerma due, predominantly, to erythropoietic failure but often with an
associated haemolytic process, rarely of auto immune type Occasionally
polycythaemra rather than anaemia may be present The spleen may be
enormous or impalpable and 1n the penipheral blood the prctures of pancyto
penua, thrombocy thaemia or myelocytic leukaemsa may be observed

The histological features are also extremely varted not only between
patients but also 1n individual pattents This variability which resembles
that seen 1n the later stages of folhcular lymph agaimn empk the
versatility of mesenchymal tissue and 15 tllustrated in Plates 5 and 6 The
patient whose marrow btopsies are shown in Plate 54 and B presented with
erythropotetic failure 2 moderately increased leucocyte count with atypreal
immature mononuclear cells and a reduced platelet count The marrow
aspirate was very hypocellular and d d retrculum type cells
The rib biopsy (Plate 5 a) showed a diffuse marrow replacement by an almost
pure hine reticulum cell prohiferation with as shown in Plate 55 dense
reticultn formation  Plate 5 ¢ shows another nb bropsy from a patient
P with pancytopenta no spl ly and an acellular marrow
aspirate  Here there 1s again a pure hine reticulum cell proliferation with
dense reticulin and early collagen f n Both these cond could
be classified as reticulum cell sarcoma of the marrow More complex
patterns produced by the apparently simultaneous proliferation of rett
culum cells and granulocytes are seen 1n Plate 6 A—¢ which all come from
a patient who p d with gross spl galy a leuco erythroblastic
blood picture and again an acellular marrow aspirate  Here almast every
pattern of abnormality seen in the conditron which 1s usually called myelo
fibrosis or myclotd metaplasia can be observed For reasons which I have

ly d d 1t 1s unp ble to der the rel. hup of these

Zondmons m terms of actiology In terms of clinical behaviour and response
to treatment they resemble each other in so far as they generally run a slow
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EVIDEWCE FOR INCREASE IN INCIDENCE
No data are avalable for morbidity over any great length of tume but, m
siew of the hugh fatality of the disease 1t 13 reasonable to use mortahre
statsstics as indicators of metdence
In England and Wales the mortality attributed to leukaerma has m
creased from 19 per muihion men and 15 per mullion women m 1931 10
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Leukzermua tmortality m Englind and Vales from 1935 10 5957 erud
duxh rates per mithion persons shown separately for men ins forqszmxm i

o per muthon men and 47 per muilion women 1n 59,7* (Fig 1) Throughout
s pesed the rate of ineresse has been fauly steady and bas spproxunated
10 4 4% perannum that1s the mortality has doubled every sixteen years
The rate of increase has been the same for men and for women and 1 this
country has been greater than that for any major cause of death other than
cancer of the fung and coronary thrombosis

The Resira General bay corrected the clasification. empla
leukacoua before 1333 and the Bk vs auoted snchude doaths st bsg for Weuksemic
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THE INCIDENCE OF LEUKAEMIA
AND THE SIGNIFICANCE OF
ENVIRONMENTAL FACTORS

RICHARD DOLL

Knowledge of the incidence of leukaenna 1s, at present so incomplete that
any conclusions based on differences m the mcidence recorded under
different conditions are of necessity, speculative Two Limitattons 1n
particular, must be r d Fust the d of the disease 15
relatively sophisticated and 1t cannot be assumed that the same diagnostic
standards have been employed at different pertods, 1n different countries
or even in different areas and among dlﬂ'erent social classes within the
same country Until 1938 for ple al leuk was not
classified with leukaema 1n the International List of Causes of Death but
was grouped with Hodghins disease and presumably this must have
reflected carlier haematological opimon More recently, we have seen 2
great expanston of the pathologtcal services and 1t 1s difficult not to belteve
that the mflux of chnscal pathologists into the more peripheral hospatals has
not had the effect of mcreasing the faciity with which the disease 13
diagnosed 1n the outlymg areas Secondly there 1s the possibility that
leukaemia 1s not one disease, but that the individual cytological and clinical
types represent different disease entities with independent causes On
present hnowledge 1t seems probable that leukaemia comprises at least
three separate d: lymph leuk chrome myelod
leukaerma and acute leukaemia—and 1: 1s possible that acute leukaemia
should be further divided In the present paper the three mam types of
leuk will be dered ly wh possible but switable
data are not always available and 1t 15 often necessary to study the ncidence
of leukaemia as a whole

It 1s therefore clearly hazardous to lay any great weight on the dif
ferences which have been recorded 1n the mcidence of leukaemia Never
theless 1n the absence of more certam evidence tt1s I believe useful to
examine the as ailable statistics—but 1t 1s important to remember that with
few exceptions the clues provided may be false
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EVIDENCE FOR INCREASE IN INCIDENCE
No data are available for morbidity over any great length of tume but
view of the high fatality of the disease 1t 13 reasonable to use mortality
statistics as mdicators of incidence
In England and Wales the mortality attributed to leukaemia has in
creased from 19 per milhon men and 15 per million women 1n 193t to

or
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Leukaeria mortality tn England and Wales from 1931 to 1957 crude
& ath rotes per mllion persons shown sepacately for men and for s omen

6o per million men and 47 per million womenn 1957* (Fig 1) Throughout
this period the rate of increase has been fairly steady and has approximated
10 4 4% perannum thatis the mortakity has doubled every sixteen years
The rate of increase has been the same for men and for women and 1 this
country has been greater than that for any major cause of death other than
cancer of the lung and coronary thrombosis

® The Regstrar General has correct d the classification cmployed for aleukaem c
Teukaemia before 1938 and the figures quoted include deaths attnbuted to this cause
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The rate of increase has, however, not been the same at alf ages From
1931 1t was, at first, greater at ages three and four years and at ages over
sixty years than at other ages since 1950 the increase has been almost
confined to the older age groups and there has been no increase at all at
ages under fifteen years (Fig 2) When the various types of leukaemia are
considered separately 1t seems probable that the small recent increase m
early adult Lfe and middle age has been confined to acute leukaemra
except perhaps for some small mcrease m chronic myelod leuhaemna
m men There 1s however no evidence of any increase 1n chrome
lymphatic leukaemia under the age of sixty years Above sixty years the

8 8§ 8 B 8
=
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Fig z Leukaemia mortahity among men m England and Wales 1931-5
to 1955~7 by age

nerease has been substantial and has been shared by all the types (Court
Brown & Doll 1959) These data could not be obtaned directly from the
national mortality data as until recently a substantial proportion of the
deaths had been attributed to lymphatic leuhaemia myelotd leukaerma or
even leukaemua alone without further specification They have therefore
had to be estimated by allocating the unspecified deaths to the indrvidual
types of leuhaemia by assuming that at each age the unspecified cases
included the various types in the same proportions as occurred when the
types were specified The 1 are therefore of necessity tentative

How much of the recent mcrease 1s real 1s impossible to say but 1f the
increase 1n early adult hfe and middle age 15 confined to one speaific type
1t would seem reasonable to believe that this increase might well be real

In contrast the very large increase at ages over sixty years 1s too greatto be
regarded as a cohort effect—at no time 1 the past has there been a cor
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respondingly rapid 1ncrease 1n mortality at younger ages—and since 1t 1s
shared by all the types 1t scems reasonable to beheve that much of it 1s
spurtous and due to 2 more complete recognition of the disease n ths age
group That greater precision n diagnosts has recently been obtaned for
the older age groups 15 clearly demanstrated by the rapid fall that has
occurred n the last decade 1n the mortality attributed to senility

AGE DISTRIBUTION
One of the most stnking epid i! 1t 1stics of leuk 15 the
shape of the curie relating mortality to age  Unlike most other types of
cancer this curve shows two clear peaks the first at ages 3-4 years and the
second 1n old age When this type of curve does occur the explanauon 15
1nvarably found to be that the two peaks are produced by two histological
types which although ansing n the same organ are quite distinct—one
type for example ansing from mesoderm and the other from ectoderm
Thus explanation does not appear to hold for leukzerma The chromic types
show only the peak 1n old age but the double peak persists mn acute
leukaernia (MacMahon & Clark 1956 Court Brown & Doll 1959) It may
be therefore that acute leuhaeria includes at least two different diseases
one of which has a maxtmum mortality 1n early childhood while another
has a maximum mortality m old age
Close examination of the mortality by single years of age suggests that
there may be a third but less important peak 1n adolescence This was noted
by I ee (personal communication) who found 1t to be present in the British
data for the years 1945-9 and 1950~7 and 1n the US A data since 1940
Eatlier data are not avalable in sufficient detail for the presence of the
peak to be looked for at other periods  Lee found that the peak occurred at
about age 16-17 years and that 1t was present only 1n males
Analysis of the childhood peak has revealed some nteresting facts which

may provide clues to the zetiology of the type of disease occurring at this
age Burnet (1958) examned the data for the US A and found that the
three year old peak of ity was a relatively new develop When
he evarined the mortality of chuldren born in 1939 he found that the peak
mortality was only slightly greater than that for other ages n childhood and
that 1t occurred at age tho years In contrast children born 1 1945 or
subsequently showed a sharp peak of mortality at age three years Between
1939 and 1945 there was a gradual change from one type of curve to the
other and Burnet concluded that some leuk agent was duced
mto the U S A 1n the early 1940 s which affected children 1 utero or at
thelatest durning their first year of extra utenine life  British data also show
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a similar change from a small two-year old peak to a sharp three year old
peak, but tn this case the change appears to have occurred 1n chuldren bor
between the years 1934 and 1936 (Fig 3) It 1s difficult to see how these
changes i the age distibution of mortality could be artefacts and 1t seems
ble to p that the rel leuk genic agent was intro

duced into Britain some 57 years before 1t was mntroduced into the U S A

Two other points of possible importance are (1) thatin the US A the
childhood peak 1s Limted to the white population and does not occur among
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Fig 3_Leukaema mortality at ages o—4 years for cohorts of children born i
England and Wales in three year persods from 1931-3 to 19524

Negroes (Walter & Gillam 1956) and (2) that in Britan the peah 18
sharper for first born chuldren than for the later members of 2 family
(Stewart Webb & Hewtt 1958)

All types of leukaema contnibute to the second peak 1n old age but the
mortality from chronic 1 X with age more
rapidly than the mortality from the other types and, as age increases 1t
comes to play an increasingly predommant part In the case of acute
leukaemta and chronic myeloid leukaemia the rate of increase with age 1s
substantially less than that for most other cancers but st 1s notable that the
estimated mortality from chrome Iymphatic leukaemia increases approxt
mately in proportion to the sixth power of the age and 1n this respect 18
comparable with the principal types of epithelial cancer other than those
that are hormone dependent

1 1
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SEX RATIO

The sex ratio (male female mortality rates) 1s hugher for chronic lymphatie
leukaerma than for either of the other types For chromic Iymphatic
leukaemuait1s approvimately 2 1atallages Forchronicmyeloid leukaemia
it1sabout 12 1 For acute leukaemua it 13 somewhat higher (about 1 4 1)
and 18 at 2 maxumum 2t those ages at which the mortality 15 also at a
maximum

VARIATION BETWEEN COUNTRIES

The death rates from leukaemia recorded n twenty six countries and
standardized for age are shown 1n Table 1 There 1s 2 ninefold difference
between the highest and lowest rates but st 15 likely that much of thts 1s
artifictal and due to incomplete recogrution of cases 1n countnes with a
very low recorded mortality Itis however unlikely that all the differences
are spunous ‘There 13 no reason to suppose that leukaemia 13 recognized
more readily 1n Denmark and among the whate population of the U S.A
than 1n Germany Britain and Belgwm and the lugh mortality in the former
countries 1s likely to reflect an unusually high incidence of the disease

Table 1 Leukaema mortahty in different countries standardized
death rate per 1 000 000 men 1952-6

Death Death
Country rate Country rate
USA (white populaton) 82 U S A, (non white ulation)
Denmark 8o Enghnd and Wales poP ) 53
Tsrael 72 Finlan: sz
Norsway 7 4kt 52
Sweden 70 Belgum? 52
New Zealand® 69 Tuly %
da 65 Eire 4t
Switz rland 63 Portugal§ b
Austriat 62 Chilet 30
Holland 62 Japan 3
Austraba 8 Venezuela 21
rance 57 Colombiat Is
West Germany 6 Ceylon S
1952-5 1 19536 1 19546 § 19 5-¢

The low mortality 1n Japan 1s due almost entirely to a defimency of
deaths at the older ages Under forty years of age the Japanese mortality
15 practically the same as that recorded i Brutain but after ages 55-359 years
the Japanese mortality begins to fall off and by ages 70~79 y ears the Batish
mortality 1s approumately eight tumes the Japanese (Fig 4) This may be
partly due to an mcomplete recogmtion of cases at the older ages in Japan
(old people are not covered by an insurance system and they are less inclined



144 R DOLL

to seek hosputal attention) but 1t 1s partly due to the great ranty of chrome
Iymphatic leukaermia The infrequency of ths disease 1n the Far East has
been confirmed by the studies of the American Atomic Bomb Casualty
Commission on Hiroshima residents who were not exposed to the effects
of the bomb and by chinieal studies on groups of patients 1n several other
eastern countries
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Fig 4 Comparison between mortality attnibuted to leukaenua amaong men n England
and Wales (1955—7) and 1n Japan (1956—7) 1n five year age groups Japanese data
reported by Segt (1959)

VARIATION WITHIN BRITAIN

Hewtt (1955) examined the mortality data for leukaerma 1n different parts
of Britain during the four years 1950-3 and found no consistent differences
between the mortality 1n urban and rural areas There was however, a
farrly regular gradient in mortality from a low level in the north of England
and 1n Wales (standardized mortality ratios of 83 and 8g) to a high level n
the south and south-eastern regions (S MR s of 121 and 114) Vathin
London the highest mortality was ded m the four g and
wealthy boroughs of Chelsea Westrnster St Marylebone and Hampstead
(SMR 185) The regional vanation was sumilar for both sexes but was
much more marhed for the older age groups than for the younger In
London for example the mortality at ages over seventy five years was
double the natonal average whereas at ages under forty five years 1t was
practrcally normal
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In amors recent study Phitlips (19,9 has shown that the southern excess
persisted 1 the peniod 1954~7 He was however particularly struck by
the fact that the rate of sncrease 1n the crude mortality between 190-3 and
1954~7 had been greatest in five predomuinantly rural counties situated 1
the north of England or Wales (Cumberland Westmorfand Caernarsen
shire Vontgomeryshire and M thshire)  In all these counties the
increase had been over 50%, compared with 3 natonal mersge of 13%,
Phillips pointed out that four of these counties were predominantly
mountanous with a hugh ranfall and he suggested that the preater increase
wn these areas might be atinbuted to the greater dep of rad
matenal from the h partculaly of
wew 15 howeser not tenable because the quantties mnolved would not
on any reasonable hypothests account for the extent of the increase
{Loutt 19,9)

It should moreover be noted that four of the five counties referred to
had very low death rates s the earher penod and that the mncrease n
mortahty mn these counties brought therr death rates close to the national
average Low mortality rates due to random factors would not be expected
to persist i subsequent penods and chance factors alone could be expected
to account for the biggest sncreases baing observed in areas wath imunally the
Tow est mortahities It 1s possible alse that the development of the patho
logical services since 1948 has cantnibuted to the greater recogmuon of
leukaemia i areas winch were previously poosly sersed—and of this 15 s0
1t 15 just the mountamous rural arees which would be most Likely to be
affected

VARIATION WITH SOCIAL CLASS

In an analysis of 1 mortahty the R General (1938} found
that 1n 1930~2 the mortality from leukaemia and Hodglan s disease com
bined was substantally higher among the wealthuer sections of the popula
tion of England and Wales {somal classes ¥ and 1) than among the poorer
(socral classes EV and V) This was true for both men and mamed women
Paenty years later the differential for both diseases was less marked
(Table .} Analysis by age showed that an excess mortahty from leuhaerma
among the wealthser classes stull seoutred among men at the older ages but
there did not appear to be any substantial dufference for the different age
groups among women (Table 3} MacVahon (1957) also found an associa
tion between high teomes and levkaemia mortality m an analyss of
mortahty data for the vanous States of the US A the assocation was
howerer less marked than that found between leubaemua and the density

of physicians Tt is not clear shether the type of difference noted can best
w0

an



146 R DOLL

be accounted for by different standards of diag or by different exp
to leuk stimul luding, perhaps, some assoctated with

g
medical attention

Table 2 Leukaemia mortahity by soctal class, standardized mortality ratios
England and Wales, 1930-2* and 1949~53 (Registrar General, 1958)

Men Marnied women
Boceal -

class 1930~z 1049-53  1930=.  1949-53

1 153 123 67 45

I 125 98 i3t 02

11 96 104 107 102

v 04 03 76 104

s 89 76 a7

* Deaths from Hodghm s desease are mcluded with lenkaenua m the 1930-2 classifica
tion_but the comparnison with 1949~53 18 justified 1n that the two conditions are correlated
simufarly with socral class 1n the later period

Table 3 Leukaema mortahty by soctal class and age standardized
mortakty ratios England and Wales 1949-53

Men (years) Married women (years)
Social
class 20~34 35-54 $5~64 2034 35-54 56-64
1 67 127 144 126 158 135
11 89 80 f12 8o 96 (i
n 103 107 108 99 96 3
v 96 94 24 107 108 9y
107 103 72 104 88 79

Table 4 Leukaera mortalty by occupation men aged 20-64 years
England and L ales 1949-53

Standardized
No of mortality
Octupauon deaths ratio
Makers of coal gas and coke It 278
Ratlway officrals 1z 220
Electrical fitters 21 210
Armed forces officers 18 200
Royal Navy other ranks 14 200
Locomotive drivers and motormen 22 169
Pnnters and bookbinders 13 150
Coal muners (underground not at face] 30 67
Building workers labourers 23 39

VARIATION WITH OCCUPATION
Fven 1n a five year pertod the number of leukaemia deaths among men
actively employed 1n a given occupation 1s small and the Registrar Cenerais
occupational mortality data do not provide clear cut evidence for the
presence orabsence of any spectfic industrial isks - Some of the unusually
hugh and low mortaltties are summarized in Table 4 In view of the expert
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mental production of leukaemia by the 1njection of some polycychie hydro
carbons 1t 15 perhaps 1nteresting to inquire whether a sunilar effect may be
produced among gas workers by exposure to fumes from coal tar

Data from the U S A provide evidence of an occupational risk among

diol The data are d in Table 5 March (1947 and 1950)
analysed the causes of death of doctors recorded in the obituary columns
of the Journal of the American Medical Assocatron and found that the
proportion attributed to leukaemia was some nime times higher among
radwologssts (14/299) than among other doctors (334/65 922) This evidence
was strengthened by Dublin & Spiegelman s (1948) finding that the death
rate from leukaemia among radiologists was higher than the rates estimated
for other specialists and for other doctors on the files of the American
Medical Association

Table 5 Leuk lity among radiol
Estimate
No of  ofno
Country (reference) daths  expected  Basss for estumate
USA (Dublin & Sp egelman s o8 Mortality rate of all
194 loctors
USA (March 1950) 14 s Proportional mortal ty
of other doctors
B tam (Court Brown & Doll 3 14 Mortality rate of men
1958) 1n social class T
Data for British radiol b d by foll g up 2ll the medical

members of the British Institute of Radiology the Faculty of Radiologists
and therr antecedent societies from the foundation of the Roentgen Soaety
1 1897 to 1 January 1957) failed to show any substantial risk of the disease
(Court Brown & Doll 1958) The discrepancy may however be less real
than apparent as there 1s reason to believe that British radologists made
use of protective measures on a large scale earlier than their Amencan
colleagues

Browning (1958) 15 of the opinion that chromic exposure to benzene
may provoke leuhzemia Several cases have been observed sn workers
exposed to benzene and some appear to have developed out of a preceding
aplastic anaemia  No data are however available to enable the incidence
1n benzene workers to be compared with that which occurs normally and
benzene cannot be regarded as a proven cause of the disease

IONIZING RADIATIONS

There 1s no doubt that 1omzing radiations are one cause of leukaemia This
has been demonstrated in cwpenmental ammals 15 supponed by the
lity data for A and firmed by the

102
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of survivors of the atom bomb explostons at Hiroshima and Nagasaki and
of patients who have been trradiated for ankylosing spondylitts Among the
Japanese who were cxposed at less than 000 metres from the hypocentre
of the exploston risk of developing the disease has been increased approw
mately hundred fold (Medical R h Council 1956) among some
13 000 irradiated patients 1t has been mereased ten fold (Court Brown &
Doll 1957) It 15 certan alsa that the latent pertod following exposure
before the appearance of the disease 15 commonly between three and eight
years buta few cases appear earher and the risk does not disappear entirely
by the end of the twelfth year Both acute leukaerma and chrome myelod
Teukaerma are produced by irradration but acute leuhaemma 15 the most
charactensstic type At Hiroshima, however the two types were produced
with almost equal frequency The reason for this discrepancy 1s not known
stmay perhaps depend on some peculranity i the condittons of rrradiation
at Hiroshima There 1s, so far, no evidence to suggest that chromc lymphatic
feut can be mduced by irrad No excess has been observed
within twelve years of exposure, so that of 1t 1s induced in this way, the
fatent pertod must be much longer than for the other types of the discase
‘The demonstration of an excess incidence of Jeukaemna followng rrradia
tion has, so far, been confined to observations on high doses (of the order of
100 rad or more) given at rates of at least 1o rad/min This 15 not surpnstng
as the quantrtatrve relationship between the dose of radiation and the
subsequent incidence of the disease 1s such that immense numbers would
bave to be examined before any effect from small doses could be observed
‘That the of rad employed 1n d t1c radiography may
also induce the discase 15 however suggested by several studies 1n which
the histories of patients with leukaemia have been compared with those of
other non affected subjects Faber in Denmark compared the frequency
with which X ray exammations were noted 1n the previous records of
patients who developed leukaemsa wath that noted 1n a control group and
found evidence of more exposure to radiotherapy and to diagnostic s ray
examnations of the trunk in patients with acute leuhaenua or chrontc
myeloid leukaema than in patients with chronic lymphauc leuhaema
or in the control group (Faber 1957 Faber Andresen & Uhr
brand 1958) Stewart Webb & Hewitt (1958) found a symlar type of
difference between the past expenence of children who died of levhaemia
or other malignant disease and a control group of living children born
the same area at about the same time  About twice as many of the children
who died of malignant disease a» of the control children had been exposed
to dragnostic trradiation whilst 12 utero The proportiont exposed was
howeser, small (about 14% 1n all) and 1t 1s not possible to explamn the

+ M
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three year-old peak i mortality or the mam part of the e 1n chitdhood
mortality by the mereased use of X rays i obstetrics The lustories were
m each case obtained from the mothers and there is a possihility that some
{and perhaps much) of the excess exposure may be spurious and result from
a difference mt the efficiency of the smemory of those mothers who had lost
children and those who hiad not

Results symilar to those of Stewart and her colleagues have been obtained
sn two smaller Amencan stuches (Ford Paterson & Treuting 19359
Polhemus and hoeh 1959) Contrary results have howes er been obtamned

1o

Annual oadence per 10008 men
-

5 . L .
¢ 500 1000 £500 L]
Mean dose to spnat mdersw (1)

Fyg 5 Relanonsh p berneen madence of Joukaenua stendardieed for aye snd mean
do e 0f radses on 1o the apmal marsew among patents rreated for anlylo ng apoandy iy
By srradiation Lsmsted 10 the spin {after Cours Brown & Doll 1957}

by MacMahon (19,8} this may reasonably be attnbuted to chance stnce
the number of cases studied was small but 1t should be noted that his
results cannot have been buased by knowledge of the fate of the chuld smee
the source from which mformation about exposure to ™\ rays nas obtamed
was the previous records of the hospstat in which the baby was bomn
Other evidence relanng to the effect of duagnastie radsography may be
obtmed from the shape of the dose respanse relationship at higher doses
Uncertainty about the extent to which the survivors of the Hiroshima and
Nagasaki evplosions were shielded makes 1t difficult to dertve any exact
mathematical relationship betneen dose and medence but the present
findings are beheved to be consistent wath 2 kinear relationshup  Court
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of survrvors of the atom bomb explostons at Hiroshtma and Nagasaks and
of patients who have been rrradiated for ankylosing spondylitis Among the
Japanese who were exposed at less than 1000 metres from the hypocentre
of the exploston risk of developing the disease has been tncreased approvt
mately hundred fold (Medical Research Counetl, 1956), ameng some
13 000 1rraduated patients 1t has been sncreased ten fold (Court Brown &
Doll 1957) It 1s certan also that the latent pertod following exposure
before the appearance of the disease 1s commonly between three and erght
years, but a few cases appear eather and the r1sk does not disappear entirely
by the end of the twelith year Both acute leukaemia and chronic myeloid
feu} are produced by irrad but acute Jeuk 13 the most
A stic type At Hirosh h , the two types were produced
with almost equal frequency The reason for this discrepancy 1s not known
1t may, perhaps, depend on some peculianty in the condtions of irradiation
at Hicoshuma Theres, so far no evidence to suggest that chronic lymphatie
leukaemia can be induced by wradiation No excess has been observed
within twelve years of exposure, so that if 1t 15 induced sn this way the
latent pertod must be much longer than for the other types of the disease
The d of an excess ncidence of Jeul a followmng irradia
tion has, so far, been confined ta ebservations on high doses {of the order of
100 rad or more) given at rates of at least so rad/mn This 1s not surprismg
as the quantitative relationship between the dose of radiation and the
subsequent sneidence of the disease 1s such that immense numbers would
have to be examuned before any effect from small doses could be observed
That the of rad: ployed 10 diagnostic radiography may
also induce the disease 1s however suggested by several studies m which
the histortes of pattents with leukaemiz have been vompared with those of
other non affected subgects Faber tn Denmarh compared the frequency
with which X ray examinations were noted in the previous records of
patients who developed leukaemua with that noted in a contro] group and
found evidence of more exposure to radiotherapy and to dragnostic X ray
examinations of the trunk in pauents with acute leukaemra or chronic
rayelotd leukzemia than 1 patents with chrope Jymphatic Jeukaemia
or m the control group (Faber 195y Faber Andreasen & Ubr
brand 1958) Stewart Webb & Hewtt (1958) found a similar type of
difference between the past expenence of children who died of leukaermiz
or other malignant disease and a contro} group of hving children born in
the same area at about the same ume  About twice 25 many of the children
who died of malignant disease as of the control children had been exposed
to diagnostic rrradiation whislst 12 utere The proportion exposed was
howeser small (about 145, n all) and 1t 15 not possible to explun the
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became more prevalent 1n Britain i 1934-6 and in the US A 1 19434
coloured children 1n the US A are not exposed to 1t

() Tomzing radiations are one cause of acute leukaemia and of chronic
myeloid leukaemia when given 1n therapeutic doses and probably also
when given 1 d doses bach d rad may be 2 cause but
thus 15 open to question

REFERENCES

BrownNve C (1958) In Camcer 3 298 edited by R. W Raven Butterworth
London

BurnNer M (1958) New Engl ¥ Med 259 423

Courr Brown W M & Dot R (1957) Spec Rep Med Res Coun (Lond)
No 295 HMSO London

Court Brown W M & Dot R (1958) Brit Afed ¥ 2 181

Courr BrowNn W M & DotL R (1959) Briz Med ¥ 1 1063

Dustiy L 1 & Seiecmiaan M (1948) ¥ Amer Med Ass 137 1519

Faser M (1957) Froc Fifth Int Con Radiobwlogy p 397

Faser M Avpreasevy E & Usmerasp H (1058) Proc Stxth Congr Eur Soc
Haematology 2 211

Foro D D Patersov J C S & Trevtne W L (1959) ¥ Nat Cancer Inst
2z 1093

Hewirr D (1955) Brit ¥ Prev Soc Med ¢ 81

Lourtt J F (1959) Lancet 2 g1o

MacMasoN B (1957) Publ Hith Rep Rash 72 39

MacManow B (1958) Pre natal X ray and Childhood Neoplasm A Paper
Delivered to the American Public Health Association

MacMason B & Cuarg D (1956) Blood 11 871

Marcu H C (1947) F Amer Med Ass 135 170

Marc H C (1950) Amer ¥ Med Sct 220 282

MepicaL Research CounciL (1956)  The Hazards to Man of Nuclear and Allied
Radiations HM SO London Cmd g¢780

Puves T A (1959) Lancet 2 659

Pousemus D W & hocr R (1959) Peduatrics 23 453

REGISTRAR GENERAL (1938) Decermal Supplement 1931 Part Ila Occupational
Mortality HMS O London

REGISTRAR GENERAL {1958) Decenmal Suppl 1051 Part II O !
Mortality HM SO London

Sect M (1959) The trend of cancer mortality n Japan age specific death rates
for cancer of selected sites 1937 to 19,7 Department of Public Health
‘Tohoku Unversity School of Medicine Sendar

Stewart A Wess J & Hewrrr D (1958) Brt Med ¥ 1 1495

Watrer W A & GiLumm A (1956) F Nat Cancer Init x7 475

WoRLD HEALTH ORCANIZATION (1959) Epidem ¥ 1tal Stanst Rep 12 224




150 R DOLL

Brown & Doll (1957) reached the same conclusion from studying pattents
who had been irradiated for ankylosing spondyhtis ‘The mean spmal
marrow dose recerved by each patient was estimated from measurements
made on 2 phantom and from the indvidual radiotherapy records It s
reasonable to belteve that this provides a fair measure of the total leukaemo
gemc stimulus for patients 1 whom the radiotherapy was lmited to the
spine and the results 1n these patients are likely to provide the best estimate
of the dose response relationship The results obtamed ate dllustrated in
Fig 5 quantitatively they suggest that 1 rad averaged over the whole
marrow mght produce about one case of leukaema per 1,000 0o persons
per year for at least s1x or seven years The data obtained from Hiroshima
and from irradiated patients are therefore consistent with the hypothesis
that diagnostic radiography 1s responsible for some cases of leuhaermia but
only for a small proportion of the total Whether cosmic rays and other
naturally occurring backg) d rad are also responsible for some
cases 1s more doubtful If the apparent hnear relationship 1s interpreted
to mean that leuhaemra can be induced by a mechanism analogous to 2
genetic mutation, 1t would follow that background radiatton would also be
likely to praduce the disease Itshould, hawever be noted that the intensity
of background rrradration 1s several orders of magnstude less than that of
diagnostic and therapeutic irradiation (10~* rad/min agamnst ro to so radf
mun) and with other mechanisms this difference might be of major
importance

CONCLUSIONS

Study of the incidence of leukaemia and of 1ts relation to environmental
factors provides a number of potentally useful clues to the aetiology of the
disease, but few firm facts It may reasonably be concluded that

(1) The maidence of leukaemia vanes in different parts of the world
1t has mcreased 1n Britain and other countries duning the last thirty years
but less than would 2ppear from mortality records

(2) Leukaemia comprises several separate disease entities

(3) There has been Iittle 1f any real increase in the incidence of chronie
lymphatic leukaemia The sex rato of chromc lymphatic teukaernta 15
higher than for the other principal types of the disease the mortality
increases more rapidly with age and the rate of mncrease 1s comparable
to that found with the of epithelial cancers thed 15 relatry ely
rare 10 the Far East

(4) Acute leukaermia may ttself comprise several distinct entittes One
type occurnng in childhood may be attributed to a factor to which the
child 1s exposed n utero or at the latest 1n the first year of hfe this factor
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become manifest The pharmacological properties of the ant: leukaemuc
drugs do not require the use of dose schedules mvolving high loading doses
or alternatively bwilding up to a masimum dose from 2 small mitial dose

THE BASIS OF CHEMOTHERAPY

‘The ant1 leukzerc drugs all damage leukaemuc cells but cannot eradicate
them The recent observations by French workers on the Jugoslay scientists
exposed to lethal doses of 1omzing radiations have shown that the bone
marrow apparently completely destroyed will recover if the patient can
be kept alive long enough durmg (he aplasnc pertod and Mathe s results
in the of lymphot m childhood by means of
lethal doses of mmzmg d suggest that | cells wll also
regenerate months after their apparent destruction It would seem there
fore that the zim of comventional chemotherapy should be to suppress
the proliferation of the leuhaemic cells rather than to destroy them In
practice a compromuse 1 struck between the nsks inherent 1n the use of
touc drugs and the benefits that accrue from suppressing the proliferation
of the leukaemtc cells The compromse breaks down when the treatment
harms the patient more than the disease does or when as inevitably
happens the disease becomes resistant to the treatment  Since the major
effects of the very numerous drugs 1n each of the main classes are so simlar
the choice of drugs depends mainly on secondary considerations such as
cherucal stability ease of preparation and marheting convenrence of
adminsstration freedom from side effects speed of action and the ease with
which dosead canbemade Famil with these factors requires
expertence and any one worker will obtain the best results with the drugs
he knows best

CHRONIC GRANULOCYTIC LEURAEMIA

Ir1s unusual nowadays to see patients who receive no treatment throughout
th of chrontc granulocytic leukaemta but from the few pattents who
present with advanced disease or who have for one reason or another never
recerved specific treatment we know that untreated patrents are severely
anaemtc m\ahds with grossly enlarged spleens and hvers The leucocyte

count 1s frequently in the hbourhood of 500 coo/mm?* and 11
reaches 1 000 000/mm? Tkus 18 the only form of leukaemia 1n which the
leucocyte count provid ble ind ofth ofthed for

there 1s an extremely close relation between the height of the leucocyte count
on the one hand and the chinical condition and the seventy of the anaemia
onthe other When the count 1s made to fall to normal levels by any effectrve
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Since leuhaemta 1s incurable certain questions arse concerning the aims of
treatment 1n general  First does treatment prolong life or merely relieve
symptoms? If life 1s not prolonged 1s there any justification for treating
the symptomless patient? Second what risks does treatment mvolve? The
answers to these questions 1n so far as they can be given at all, are not the
same for all types of leukaerma because of basic differences in their pathology
Besides these general considerations chemotherapy poses problems of its
own How far 1s chemotherapy a satisfactory alternatve to radsotherapy?
Are the two types of treatment competitive or complementary? What
considerations influence the chorce of drugs and the way in which they are
used? Again the answers vary with the type of leukaemia

There are two practical considerations which apply to the chemotherapy
of all types of leukaemia The first concetns recording  Anti leukaemic
therapy causes more or less drastic changes 1n the numbers of circulating
blood cells, which reflect the effects of the treatment on the haemopoietic
cells These changes are much more easily followed on a chart than from
Lists of figures just as temperature readings are and the patterns of response
to therapy have the same kind of significance as the well known patterns of
temperature charts Most leukaemia therapy 1s conducted on an out patient
basis and 1t 1s convenient for patients to have their blood taken on arrival
so that at least the haemoglobun, total leucocyte and platelet counts can be
charted before the treatment 1s prescribed, for treatment may have to be
changed or stopped not so much because of the absolute levels of the blood
counts but rather because of the rate at which they change This s
relatnvely easy to apprecrate from the changing slopes of lines on a chart
The charts are also important mn comparing the response to therapy with
previous courses of treatment by the same or different methods and
recogmzing a change mn the evolution of the disease before 1t becomes
clincally apparent It 1s useful to mndicate all details of therapy on the
chart and to note the pattent s weight essentral chinical data and the dates
of bone marrow examinations The second practical consideration con
cerns the time required to secure the full benefit of therapy This may be
six totwelve weeks i acute leuhaerma and four to srx months in the chromic
forms It 1s thercfore important to avord the temptation to change the
treatment too soon or too often  Once a drug has been chosen 1t 1s equally
important to keep to the dose decided on sufficiently long for its effects to
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disease higher doses will be required to keep pace with the increasing rate
of granulocytic proliferation

Symptomless panents seen fot the first time should probably always be
treated 1f their haemoglobn levels are below normal  Patients wath normal
haemoglobun levels may be kept under observation for a number of weeks
while the activity of the disease 18 assessed
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Comparison of the value of busulphan and radwtherapy,
Busulphan therapy 13 as effectn ¢ as rad Py 1n the 1mitial of
chromte granulocyuie Ieukaermia and has the advantage of being much
caster to admimster and more conventent for the patient It 1s the treatment
of choice in patients whose leucocyte counts merease too rapidly for
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type of therapy, the spleen shrinks the numbers of erythrablasts mncrease 1y
the marrow, and the haemoglobmn level rises But when treatment 13 dis
contmued, the granulocytic proliferation almost alway s begins immediately,
and the leucocyte count mcreases exponentially For this rea<on 2 chart
imcorporating 2 seri-loganthmic scale s specially valuable since the
esponential mcrease appears on it as a straight hine thus permutung a
remarkably accurate prediction of the future trend i the leucocyte
count

The pattern 1s repeated with «ubsequent courses of therapy, but the rate
of increase in the leucocyte count tends to nse, so that the slope made by
Jomng the points representing successtve Counts rises more steeply  After
each course of therapy, the haemoglobin level rises but the mavimum
level reached 1s never d, and the h globin lesel falls as the
leucocyte count increases  Intermittent therapy thus gives worthw hele but
transient benefit Splenic irradiation 1s the classical method of applying
ternuttent therapy and drugs such as busulphan mercaptopurine, or
methylealchicine are often used in the same way  Much better results are
obtamed by giving continuous therapy By keeping the leucocyte count
within normal himats, for months or years the haemoglobm i3 mantained
at a hugh level and the nise and fall inseparable from intermttent therapy
isavorded Patients vary in the rate at which therr leucocyte counts mcrease
after an mutal course of therapy In 2 few tt 1s so low that continuous
therapy 18 unnecessary I others the rate of increase 1s so fast that enly
contnuous therapy offers any prospect of providing real benefit Whether
or not continuous therapy 15 required s usually apparent within three
months of an mitial course of radiotherapy or chemotherapy In the patient
whase chart 1s shown it Fig 1 continvous therapy with busulphan was
begun nme months after 2 course of spleme irradiation The fav ourable
effect on the haemoglobin level 1s of particular wnterest and indcates that
the effect of the smitial therapy was suboptimal Thus 1s quite characteristic
and results from the very short pentod 1n which granulocytic proliferation
15 suppressed by a short course of treatment

Busulphan 1s 2 very convenient drug both for imtial and for maintenance
therapy 1 chronic granulocyte Jeukaenuz It may be grven more or fess
continuously for over five years i favourable cases but eventually the
disease alwsays becomes resistant to treatment Detarls of dosage side
effects and towicty have been grven elsewhere (Galton, 1959) and st will
suffice here to state that for the inutial therapy about twelse weehs of
treatment at a constant datly dosage s usually required, and that for
mamtenance thesapy the daily dose must be sought by tnal and error It
will usnally be about half the dose used rmtially  Later n the course of the
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unusual for the lymphocytic infiltration of the bone marrow to be much
reduced Attempts to continue treatment for long periods may occastonally
lead to success but the rishs of causmg serous neutropenia and thrombo
cytopenia are much increased It 1s 1n fact more important to watch the
trend of the neutropiul and platelet counts 1n treating patients wath chronic
lymphocytic leukaema than to follow the lymphocyte counts

Local wrradiation
1t 15 common for patients suff from chrome lymphocytic 1
but 1n excellent general health to develop locally troublesome enlargements
of Jymph nodes or lymphocytic nfiltrations of skin or mucous membranes
If there 1s no 1nd: for therapy these are best
treated by local trradiation

Systemic therapy
1 shall Il the problems of syst therapy by refe to the use
of chl bucil an orally ad: ed aromatic mitrogen mustard (Everett

Roberts & Ross 1953) and of steroids Forty seven patients recerved up
to five courses of chlorambucil and thirty two received steroids

Chlorambucil A total of 104 courses of chlorambucil were given between
January 1953 and October 1959 and 1n fifteen courses steroids were given
simultaneously Treatment was given n the first mstance only when

p had appeared though 1n pect 1t seems likely that m some
cases the symptoms were unrelated to the leukaemuia  In some cases the
mamn indications for treatment were fall m the haemoglobin or platelet
counts or general progression of the manfestations of the disease In the
case of the later courses of chlorambueil treatment was often given m the
absence of symptoms when 1t was clear that the disease was again becoming
acttve The detals of dosage and of the results obtained will be reported
elsewhere but were simular to those already given (Galton Israels Nabarro
& Till 1955)

Chlorambucil 1 well known to be capable of reducing the lymphocyte
count and the size of the lymph nodes and spleen but there are conflicting
accounts of 1ts effects on the haemoglobin concentration I shall deal here
only with this matter and with the toxic effects of chlorambual In the

present sertes the h lobin fell dunng n nine out of forty
two patients during thesr first course of chlorambucil The fall was transtent
m five patients whose h lobin level sut d to or

beyond that recorded before treatment wasbegun  In two instances 1t was
associated with acute infection probably resulung from drug induced
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radiotherapy to be practicable Busulphan, however has been thought to
mnduce termimnal blastic relapse earlier m the disease than radiotherapy
(Blackburn hung & Swan 1956 ] D N Nabarro personal commumica
ton 1959) though this 1s not accepted by Scott (1959) from s much
larger sertes of patients and 15 not supported by my own expertence
A comparative study of the effect of busulphan and radiotherapy 15 now
being made, as part of a therapeutic trial n leuk ducted for the
Medical Research Council by 2 working party under the charmanship of
Professor L J Witts

CHRONIC LYMPHOCYTIC LEUKAEMIA

Chronic lymphocyttc leukaema 1s often thought of as a relatrvely bemgn
disease frequently discovered accidentally symptomless for many years
and commonly occurring 1n elderly persons whose expectation of Iife 1s
scarcely affected by 1t Statistical analysts, however indicates that half of
the patients die mn less than 2 7 years from the estimated onset of therr
disease though the remaining patients survive for longer perods and
1% ltve for twenty years (Tivey 1954) The clinical mamfestations are the
direct or ndtrect consequence of increased lymphocytic proliferation This
15 responsible for the enlargement of the spleen and the lymph nodes for
the progressive mfiltration of the bone marrow with ensuing neutropenia
and thrombocytopenta and reduction in the effective erythropoetic
capacity The red cell hfe span 1s often reduced but auto immune haemo
lytic anaerma occurs only n a minonty of patients

Chrontc lymphocytic leuhaemta 1s very different from chronc granulo
cytic leukaemia 1n 1ts evolution clintcal mantfestations and response to
therapy Inmany cases the lymphocyte count remains within normal hmits
throughout the course of the disease although the bone marrow may be
heavily infiltrated  Pattents with low or normal Iymphocyte counts may
experience great chinical disabiity whereas other patients with very high
lymphocyte counts may remain free of symptoms for years The leucocyte
count therefore does not reflect the overall actwity of the lymphoid tissue
as a whole and does not often serve as a guide to the need for therapy or
to dosage In some cases however the lymphocyte count does increase
exponentially after each of several courses of treatment but the rate of
increase usually remains the same after each course Many drugs as well
as 1omzing radiations will reduce the lymphocyte count to normal levels
and 1t 1s unfortunate that many descriptions of new drugs claimed to be of
\alue 1n chronic lymphocytic leukaemia refer only to this effect The effect
on the eplarged lymph nodes and spleen 1s however vanable and 1t1s
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unusual for the lymphocytic mfltration of the bone marrow to be much
reduced A pts to ts for long pertods may occastonally
Jead to success but the risks of causing senous neutropenia and thrombo
cytopena are much mncreased Itis in fact more important to watch the
teend of the neutrophtl and platelet counts 1n treating pattents with chrome
lymphocytic leukzemia than to follow the lymphocyte counts

Local wradiation
Itis for pattents suff from chrome lympt leuk

but in excellent general health to develop locally troublesome enlargements
of lymph nodes or lymphocytic infiltrattons of skin or mucous membranes
If there 13 no ind for sy therapy these fe are best
treated by local irradration

Systemic therapy

T shall 1llustrate the problems of systemic therapy by reference to the use
of chll bucl an orally ad d mtrogen mustard (Everett
Roberts & Ross 1953) and of sterords  Forty seven patients recerved up
to five courses of chlorambuail and thirty two recewved sterowds

Chlorambucil A total of 104 courses of chlorambucil were given between
January 1953 and October 1959 and in fifteen courses sterods were given
simultaneously Treatment was given n the first mstance only when
symptoms had appeared though 1n retrospect 1t seems likely that in some
cases the symptoms were unrelated to the leukaemia In some cases the
man ndications for treatment were fall in the haemoglobin or platelet
counts or general progression of the manifestations of the disease In the
case of the later courses of chlorambucil treatment was often given m the
absence of symptoms when 1t was clear that the disease was again becoming
active The details of dosage and of the results obtained will be reported
elsewhere but were simular to those already given (Galton Israels Nabarro
& Till xg955)

Chlorambual 1s well known to be capable of reducing the lymphocyte
count and the stze of the lymph nodes and spleen but there are conflicting
accounts of its effects on the haemoglobin concentration 1 shall deal here
only with this matter and wath the toxic effects of chlorambucil In the

present series the h lobin fell dunng 1n mne out of forty
two pattents during therr first course of chlorambual Thc fall was tmnsl:nt
m five pauents whose h lobin level sul d to or

beyond that recorded before tmnm:nt wasbegun  In tno instances it was
assocnated with acute infection probably resulting from drug induced
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neutropenna  In the six months following treatment the haemoglobua level
increased by 1 6-8 4 g/1ooml above the mutal level 1n twenty seven
patients 1ncluding five of the nine whose haemoglobin level fell dunng
treatment ‘Twenty three pattents recesved a second course of chlorambucil,
and eleven of these obtaned haemoglobm ncreases of 1 3-9 7 gf1oo mi
mn the six months after treatment Only five of the esghteen patients who
recerved a third course, h b d an n the ensuing
six months of 2 g/100 m! or more

The reason for the falj 1n haemoglobin concentranon during therapy 1s
unknown In one patient the red cell survival was almost certamly con
siderably reduced, since the reticulocyte counts were raised and transfused
blood produced no nise 1n the h glob ation  Chlorambuail
15 known to depress ervthropotesis in experimental ammals (Elson Galton
& Till, 1958) and 1f 1t were to do 50 10 a patient whose red cell production
was greatly d to balance the dlossofcellsdying p !
the haemoglobtn level would necessanly fall The shortened red cell
survival however mustin some way be a result of the underlying disease,
and the effect of the chlorambuctl in reducing the Iy mphocytic prohiferation
mught concenvably abolish the action of the factor reducing the red cell
Lfe span The reduction of the lymphocytic ifiltration of the marrow
would also increase the reserve capacity of the marrow for erythroporests,
and the h Jobin level would These specul: are ilfus
trated dragrammatically 1n Fig 2 An alternative explanation would be
that the drug damages circulating red celis and shortens their hfe span

Chlorambucil does not often cause dangerous depression of the platelet
count even when the platelet count 1s low before treatment  In the present
series suffictent platelet counts for adequate analysis were performed during
and after eighty three courses, 1n eleven of which one or more platelet counts
below 50 coofmm? were recorded In no instance was a haemorrhagic
manifestation of chnical mmportance assoctated with these low counts
Neutropenia was a much more sertous hazard for neutrophil counts less
than 1000/mm? were recorded during treatment and in the eight weeks
followmg m twenty eight of eghty erght courses Serious mfectson appeared
10 be a direct result of drug induced neutropenia i seven patients four of
whom died Two however were recerving sterord therapy as well a3
chlorambuetl

Sterords  Sterord therapy 1s well known to reduce haemolysis n cases of
chromic lymphocytic leubaemia plicated by auto haemolytie
disease It will also cause the hacmoglobin jevel to increase sn patients
with d with a sh d red cell life span but without
demonstrable auto antibodies In these patients the mechanism appears to
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be entirely different and 1s associated with 2 general effect on the lympho-
cytic proliferation swmlar in many respects to that 1nduced by chlorambueil

Freyman & Vander (1960) have shown that the red cell ife span may be
unchanged after steroid therapy and the haemoglobin increase results from
imcreased red cell production The effect of steroid therapy 1n suppressing
the Iyraph proluf bles that of chlorambucil 1n the marked

Haemoglobin

evel
Lymphocytc
nfiltration
Normal | _ _ e
production
Precariou Increased Trmunediate Late
equbbrium  lymphocyuc effect of effects of
W7/ Red cett destruction . Red-cell production

Fig 2 Chron ¢ lymphocytic leukaemia Probable eff ct of ncreas ng Iymphocytic m
flfzation of the bons marrew and of chlor mbu 1l therapy on ted-cell partiover whoms 4
celllife spanisshort Left hand columni1eachyp ir volume of marrow normally svastable
or rythr potes 3 black columns extent of red-cell production dotted columns volume
of marfow not ava lable for because of night hand
column 1n each par extent of red-cell destruct on

regresston of the enlarged Iymph nodes and of the spleen that frequently
occurs dunng therapy but differs 1n that the Iymphocyte count almost
always mereases 1n the first eight weeks of treatment stead of decreasing
(F1g 3) The effect suggests that the lymphocytes are released rapidly 1nto
the arculation from the lymphoid tissues  After exght weeks the lympho

cyte count begins to fall slowly over the ensuing sx months to normal or
shightly higher than normal levels The different effect of chlorambucil 1s
almost certanly because of sts action 1 damaging adult Iymphocytes as
well as suppressing their formation whereas steroids appear only to



160 D A G GALTON

suppress the formation of lymphocytes In Fig 3 the haematological
response to steroid therapy may be compared with that which followed a
previous course of chlorambucil therapy The patient presented with
weaknessand malaise and was found to have generalized lymphadenopathy
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alarge upper I mass and amod 1y enlarged spleen  Following
chlorambucil therapy there was almost complete regression of the enlarged
Iymph nodes mcluding the abdominal mass and the spleen became
tmpalpable The lymphocyte count fell and after a moderatereticulocytoss
the haemoglobin level increased When signs of relapse appeared sterotd
therapy was given

The response to sterord therapy was very stmilar to the response to
chlorambucil, except for the rapid rnise and subsequent slow fall 1n the
Iymphocyte count Furthermore the remisston 1s being maintained by

therapy M of the red cell hife span was not per
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formed 1n this patient but Freyman and Vander have shown that steroid

therapy 18 effective 1n causing increase 1n the haemoglobrn level in patients

whose ted cell Iife span 1s normal  Figure 4 shows a possible explanation

of this which would apply equally well to the effect of chlorambucil When

the reserve capaaity of the marrow 15 encroached on by increasing lympho

cytic infiltration the haemoglobin level falls The effect of treatment which
f 18

h 1

reduces 1y bly to enable the erythro

Haemoglobin

Lymphotytic
infiltration

Reserve
capaaity of
marrow

Normal __
production

Normat Deereased Effect of Effect of
red cell production  haemorrhage therapy
production

D77 Red celt destraction . Red cell production

Fig 4 Ch onic lymphocyt ¢ levkaemia Probable effect of mcreasing lymphocyt <. 1n
T ¢ an of the bone marrow of haemorrhage snd of therapy on red-cell tamover nhen
red cell Ife span s normal DI ck columns extent of red-cell production dotted columns
volume of marrow not available for because of 1

right hand column 1n each pair extent of red_cell destruction

poietic tissue to respond to the anaemia by producing more red cells ‘The
diagram alfso shows that pattents with heavy Ilymphocytic infiltration who
are just able to maintain their haemoglobin at subnormal levels react badly
to blood loss They cannot compensate for 1t and remmun anaemic with
a haemoglobin level even lower than before

‘The stmilanty between the h globin response to chl bucil and
sterords may be further illustrated by companng the times required before
the maxamum levels of haemoglobin are attained Thus 1n six cases 1n
which the haemoglobin increase brought about by steroid therapy exceeded
4 glooml the time for the maumum level to be reached was between

:
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formed 1n this patient but Freyman and Vander have shown that steroid
therapy 15 effectine 1n causing increase 1n the haemoglobin level i patients
whose red cell life span 1s normal  Figure 4 shows a possible explanation
of this which would apply equally well to the effect of chlorambucil When
the reserve capacity of the marrow 13 encroached on by increasing lympho-
cytic infiltration the haemoglobin level falls The effect of treatment which
reduces lymphocy 1 s p bly, to enable the erythro
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poretic tissue to respond to the anaerua by producing more red cells The
dragram 2lso shows that patients with heavy lymphocytic infiltration who
are yust able to maintain their haemoglobin at subnormal fevels react badly
to blood loss They cannot compensate for 1t and remamn anaemic with
2 haemoglobin level even lower than before

‘The similanty between the h lobin response to chl bucil and
steroids may be further illustrated by comparing the tumes required before
the maumum levels of haemoglobin are attained Thus 1 six cases 1n
which the haemoglobin increase brought about by steroid therapy exceeded
4g/tooml the ume for the maximum level to be reached was between

n
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thirteen and thirty three weeks In nine comparable cases, i which
chlorambucil was used, the corresponding time varied between nine and
forty weeks

‘The results of steroid therapy are often dramatic, and sterords may be
effective when radiotherapy, chlorambucil and other alkylating agents have
faled But there are two special features that render them unsutable for

routine use First, the of r requires
treatment since relapse almost alnays follows wathuin three months of dis
tr and dly patients who develop even trvial

mfections during steroid therapy seem unable to localize them and often
die from overwhelming infection 1n a few days Nine out of thirty tvo
patients recetving steroid therapy died 1n this way, six with pneumonia
and one each with septicaemia extensive cellulitis, and pelvic abscess
Admuttedly most of these patients were grav ely 11l before steroid therapy
was begun and are very unlihely to have survived without 1t, but it 1s
distressing that 1n erght cases death from infection occurred less than four
months after the start of therapy On the other hand seven patients have
taken steroids for twelve to thirty months without mishap The decision to
use sterotds must therefore always be a calculated risk but the risk s often
Justified  Steroud therapy alone 1s likely to benefit patients with fulmmating
haemolytic disease of auto immune type but should otherwise rarely be
grven as the first line of treatment

Treatment of the symptomless patient

The methods of treatment described are nat free from rish, and because of
the vanability 1n the speed of evolution of chronic lymphocytic leukaemia
and the unreliability of the lymphocyte count in controlling therapy there
would seem to be httle place for treating symptomless patients as a routine

Osgood however has for many years advocated a policy of aggressie
therapy 1n both forms of chromic leukaemia He aims to mamtamn the
leucocyte count below 30 0oo/mm?® and does not allow more than three
months to elapse without giving treatment It 1s ths policy of virtually con

tinyous treatment that he feels 10 be imporrant ravher than the particnlat
method of achieving 1t So far hus long term results are available only for
whole body X wrradiation and for radioactive phosphorus (Osgood

Seaman & koler 1958) but he 1s now cartying out a sumilar programme
using several alkylating agents includ hil bucil 1 com
municatton)  Paradoxically 1t 1s the patents suffering from chronic
Iymphocytic leukaemia rather than those with chronic granulocytic
leukaerma who appear to have ganed most benefit from continuous
therapy These patients are reported to have been mantained n better

P
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health and to have survived longer than those treated by conventional
methods The greatest benefit was conferred on the patients with the most
chromc disease whose expectation of surviving twenty years was increased
from 1% to 10% No other worker has yet collected a senies of cases
comparable with that of Osgood but similar methods are being tned at
several centres 1 the United States

ACUTE LEUKAEMIA

After the in1ual encouragement that followed the introduction of the folic
acid antagonsts the sterords and me m the of
acute leukaerma the present position can only be described as extremely
depressing In adults remussions are disappomntingly short rarely lasting
longer than a year and there can be no doubt that for the pattents who do
not remut the effects of treatment are often more distressing than the
disease atself In children 1n over half of whom excellent remussions
lasting over a year can be obtained the mevitability of eventual relapse
guves one a feeling of hopelessness

To induce remussion 1n acute leukaemia the blast count 1n the marrow
must he reduced to negligible prop. ‘T hemajor chinical fe
are usually due to neutropenia thrombocytopema and anaerma resulting
from virtual replacement of the bone marrow by blasts When the blasts
are ehminated by treatment the marrow 1s left essentially empty except for
fat cells When the therap agent 1s an bolite 1t 15 unusual for
regeneration to be effective until the blasts have largely disappeared  Until
the marrow has regenerated effectively haemorrhage and infection are the
matn nsks to life and the neutrophil and platelet counts 1f not already
lowered by the disease will inevitably be reduced this howeser does not
occur when steroids are used The period of nisk vares from patient to
patient but 1t may be three months before the danger 1s passed

It 1s often taught that steroids are especially indicated 1n patients who
are acutely 11l and in lymphoblastic leukaemea of adults and chuldren
mercaptopurine 1s often said to be especrally useful in myelobl.
leukaemta Figure 5 shows the haematological response 1n a girl of fifteen
years with Iymphoblastic leukaemua who was treated with mercaptopunine
n preference to sterords because she had a salnary gland abscess with
cellulins of the neck She responded twice to ptap but it 1s
probable that the rapid regeneratton of the marrow follawing the second
course was duc to the cortisone

Once remission has been induced 1t 1s difficult to know whether further
therapy should be withheld unui relapse occurs or whether mamtenance

12
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therapy should be greenn the hope of forestalling relapse Figure 6 shows
theh 0 ptopurne therapy 1n a case of myelo
blastic leukaemua ‘\[amtcnance therapy was not given but the patient
remained well forsxmonths Extrapolation of the my eloblast curs e suggests
that relapse began soon after therapy and that mamtenance therapy might
have prolonged the remussion  One of the problems now being nvesugated
1n a controlled therapeutic tral under the auspices of the Medical Research
Council to which reference has already been made 15 the relatine value
of intermuttent and continuous mercaptopunne therapy in the treatment
of acute leukaemia 1n adults

1 wish to thank the Consultant Staff of the Hammersnuth and Royal Marsden
Hospitals for permussion to quote from the records of patients under thewr care
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THE POTENTIALITIES OF MARROW
TRANSPLANTATION IN TREATMENT
OI' LLUKAEMIA

H E M hAY

I shall first of all, outhne briefly the hustory to date of bone marrow
transplantation, and the attempts to cure leukaemia thereby I shall then
examine n more detail some of the entical data on the subject and, finally
attempt to show how future experiment and chnical research may be
mnfluenced both by our present knowledge and by data likely to be available
within the near future

The story starts as you are probably aware with the observations of
Jacobson (19,2) and Lorenz et al (1952) on the protective effect agamnst
radiation of spleen or imb shielding an effect which was then shown to
extend to suspenstons of spleen or bone marrow cells injected after radta
tion  For a while there was disagreement as to whether this was due to a
humoral factor or to cellular repopulation but 1t was eventually shown n
varous ways 1n many different laboratories that the mamn 1f not the sole
effect was due to the preservation and subsequent proliferation of mtact
undamaged cells

‘Without delay the Harwell group embarked upon the attempt to treat
murine leukaerma by large dose whole body rradiation followed by
marrow replacement and were soon rewarded by a gratifying measure of
success Subsequently as they were quick to point out their results were
not nearly so encouraging and with one or twoisolated exceptions attempts
elsewhere to repeat their expeniments failed

Despite this sethack there started a sertes of clnical adiventures 1
marrow replacement beginming with a phase of varied but invanably
futile endeavours using madequate X-ray dosage and apparatus but
eventually culminaung m the careful tnals conducted by Mathe and
Bernard (19594} i Pans and by Thomas and Ferrebee in Cooperstown
(Thomas et al 1959)

Now 1n talking about tissue transplantion I assume you are familiar with
the terms I shall use An autologous graft or autograft 1s tissue removed
from and replaced 1 the same inds1dual an 1sograft 1s tissue exchanged
between lly 1d 11individuals ah ft 15 between unrelated
individuals of the same spectes and a heterograft 1s between mdisrduals
of two different species
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Now since most of us are not fortunate enough to possess 1dentical twins
Tet us consider first what 1t 15 that determines the fate of tissue homografts
Leaving 2side such special situations as corneal grafts we can enumerate
three distinct factors These are the antigenic differences mn the graft host
combination the number of immunologically competent cells in the graft
and the conditiorung of the host

How much do 2nuig diffc matter? Ob ly they matter very
much indeed or plastic surgeons would be using skin homografts more
frequently and successfully Even after whole body irradiation 1 the
mouse they are absolutely critical since Uphoff and Law (1959) have shown
that a single difference at the H 2 gene locus which detesmunes one type of
ustocompatibility antigen almost mvanably leads to rejection of graft or
host even with a graft of marrow alone But where there are only munor

m g bl b ¢an be found
Judging by Ferrcbee s dlﬁcultlcs mzh marrow transfer in dogs (Ferrebee
et al 19,8) the situation 15 very much the same 1n that species but in the
rabbit on the other hand the antigenic barriers seem to be more surmount
able and though the data s very incomplete monkey tissues may also be
less mutually hostile Man we must hope stands nearer to the rabbit and
perhaps the monkey than to the dog and mouse in this affarr  It1s atleast
plain that we are in serious need of detailed knowledge of the human homo
transplantationantigens Vwecan of course make guessesfromourettensive
knowledge of erythrocyte antigens although T am p 1y rather doubtful
as to whether for example the rhesus complex applies to 2ny other than
erythropoietic tissues but I think that with increasingly reliable data on
leucocyte antigens and with the studied use of skin homografts as
dressings by plastic surgeons we should eventually be able to classify
and assign an order of magnutude to the transplantation antigens sumlar to
that which has been established for mice
Figure 1 from the data of Van Bekkumand V 05(19,7) shows the results to
be expected fromisografts homografts and heterografts inmice aftervarying
doses of whole body 1rradiation The irradiation 1n this experiment s given
to the amimal 1n a short time and the LD 100 of controls 13 about 6oor You
will note that at all dosages up to 1000t the 1sograft (CBA) has 2 protectue
effectbutthatintlusso called medianlethal range the homografts{Cs7BL)
and h fts(Rat) have 1f anything an adverse effect Thisis because the
host s immune system 1s still able to react agamst the graft which 1s thereby
useless and which may also by its mere presence at a enitical ime prey ent the
ucovery of the host s own marrow At higher dosages however both the
graft and } ft assist in g the 3o-day survnal In
many cases there mav be parnal or comp]ete reversion of the marron
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tissue as the host cells recover although this 1s mfrequent with the higher
dosages

Beyond 30 days other effects come nto play, especially that of an immune
reaction of the grafted cells against the host causing the so called secondary
disease which may or may not be fatal The incidence of thus 1n the case of
homografts depends upon the existence of host antigens agamst which the
graft can mount an immunological attack Each particular strain combtna
tion, therefore exhibits a different maidence and seventy It 1s possible
1n these cr to the ad ge to be gamed by using
tmmunologteally immature foetal cells so as to avord this comphication It
must be stated strasght away that in many, perhaps most cases secondary
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Fig 1 Bone marrow transplantation

disease 1s not thus avoided although 1ts seventy 1s often less Data from
an expersment by Uphoff (19584) showing werght and mortality m control
antmals 1 those treated wath 1sologous marrow and 1n those treated with
homologous adult or foctal cells revealed 1nonenstance a clear advantage
1n ustng foetal as compared with 2dult homologous cells

Finally we should take note of the dosage of marrow cells needed to
protect irradated ammals This 1s a topic which 15 not really understood
1t appears that for complete protection the dose of homologous or hetero
logous cells must be about 20-100 times as great as with an 1sograft

So far T have referred only to grafts of marrow fissue If we consider
Ilymphod tissue also the results are different  Frrst lymphoid cells eannot
by themselves protect the ammal by repopulating the marrow spaces

Secondly 1sol lymphoid tissue bined with isologous marrow 13
at all imes and dosages helpful m p but b logous lymph
3t shord bined with homol

tissue mn large doses or
marrow 1s worse than useless and leads to ncreased mortality at all doses
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of irradiation It 1s faurly ssmple to see why By adding 1sologous lymphoid
uissue to homologous marrow one ensures rejection of the potentially life
saving marrow while homologous lymphord tissue i more than very small
amounts will be able to react vigorously agamst the host to produce fatal
secondary disease It 13 probable that 1t 1s the presence of a proportion of
fymphoid cells 1n marrow that causes secondary disease with pure
marrow grafts and 1f this 1s s the possibility of species stramn and individual
vanation 1n this charactenstic should guard us against assumptions about
the degree of antigentcity of tissues 1n this type of experiment

Thurdly the conditioning of the host must be considered There 1s scope
here for a wide variety of different procedures Irradation which must be
applied to the whole body may be of vanous qualiies may be grven slowly
quickly or 1n fractionated doses up to a total dose which can vary by a
factor of at least two and of course one must consider the use of adjuvants
such as steroids and of alternatives to \ rays such as mustards and so
forth Altogether 1t 1s true to say that the expenmental evidence 1s
hopelessly incomplete but with X rays there 15 enough to sugg:st that
‘with more prol dirrad toahigher dosethed. tothelymp
system ts greater while the damage to the haemopotetic system 1s perhaps
relatively less and to the intestine considerably less The intestine 1t would
scem 13 2n organ that 1s susceptible more to a particular dose rate than to
a total dose Prolonged dosage 1s obviously therefore an advantage from

the pomt of view of sel 1y d ying the lymphod system and so
permutting homografts to survive 1 shall come back to this point again
when referring sp lly to the of leuhaemia

How we may next ask can we translate these procedures from ammal
experiment to human treatment? T'he most obvious difference between
the laboratory mouse and the hospital man 15 one of size and this poses
a radiotherapeutic problem It 1s easy wath ordmary X ray apparatus to
give umform irradiation at various rates to the whole body of a small
animal such as a mouse  Not so with man  Special apparatus or arrange
ments must be devised Dr Mathé uses a Cobalt 60 source 1n the beam of
which a child can lie and receive radiation at the rate of about jor/hr To
achieve umformaty the child 1s turned every half hour or so and the radia
tion has been given on successive mights to a total dose of about goor
Despite sedation nausea and some vomiting 1s usual and this 1s aggravated
by the necessity of changes of position

The Cooperstown unit has two Cobalt sources 2 m either side of a bed
and this 13 obviously a more satisfactory scheme  An even more elaborate
arrangement with twelve sources 1s used at Bethesda to ensure untformity
of iradiation but unfortunately the dose of 1rradiation 18 1nevitably too
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fast In any future scheme care must be taken to enable a wide range of
dose rates to be applted down to perhaps as Iittle as 20 or 3orfhr

Irradiation 15 of course a rather blunt weapon and we must hope n
future for chemotherapeutic substances with a rather more selectrve effect
If, however, we are to use marrow h ts, then pl Ipp
of the immune system 1s necessary This unfortunately rules out the use
by 1tself at least of such a compound as myleran, and even 6 MP seems
to be only immune suppressive 1n continued dosage at very high levels
More lympholytic sub: such as chlorambucil, however, are probably
as effective as radiation 1n facilitating the establishment of homografts It
18 sigmificant that the only successful artificial human chimaera yet
achieved followed t: with amino chl, bucil

Whatever 15 used the treatment must be drastic and pushed to the liuts
The patient will then pass through a prolonged phase 1 which Lfe 1
threatened by a number of crtical events I do not want to go mto detal
about this as you can imagine such a regime requires scrupulous attention
to detml In Mathe s cases the list of drugs antibiotics, steroids vitamins
nutntional suppl gamima globul, hwashes skin apph
and so forth reads hike the complete pharmacopoera Haemorrhage 1s 2
constant threat that may be avoided by the use of repeated platelet trans
fusions Infection 1s undoubtedly the most serious nisk and one to which
most research should be directed The first and obvious precautions ate
1solation of the patient and reverse barrier nursing by one or two selected
pathogen free attendants Our own expertence has been that to find proper
nurses with sufficient intelligence and skl and without either streptococct
or staphylococer i their nose and throat 1s almost imposstble  One can
attempt to overcome the problem by placing the patient 1n a sort of plastic
balloon of stersle air ultra violet irradiation can be used at discrete pomts
the food must all be stenilized and so forth

However even if all pathogens are excluded from the pattent s environt
ment there remamns the danger from within The normal bactenal and
fungal mhabrtants of the patient s skin and mucous membranes may by
virtue of the decreased general resistance of the patient and pechaps arded
by occasional mutations turn from nnocent saprophytes to pathogens
The exact management of ths situation 1s difficult should one am to

1 these before t starts or should one wait with
antibiotic weapons poised to hit each delinquent orgamism on the head as
of the d Jess case the aplast

1t emerges? At present the t
and the leukaemias 1s confused by the madequate protection from outside
infection, but with the development of proper asepic nursing the answer

should become clearer
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The second great practical problem 15 that of procurement of adequate
quantities of marrow  Beaning 1 mind the number of cells required per
gram of body weight 1n the mouse 1t can be calculated that for 2 homograft
a dose of the order of 10 to 40 billton cells 15 needed 1n 2 normal adult man
There 15 an ption here that the p of stem cells which are
those actually responsible for repopulation 13 the same 1n all marrow
samples However 1t18 possible that the usual method of marrow aspira
tion 1n man 1s not as efiective 1n extracting stem cells as the way in which
marrow 15 blown out of the shaft of the femur in the mouse Aside from
this 1t 15 Just possible to aspirate up to 15 billion cells from 2 normal man
with multiple punctures and even perhaps by a single puncture of each
postertor thac spme  In the case of foetal tissue 1t 15 difficult to obtain
enough cells unless one pools the cells from two or more foetuses This
perhaps 15 a permussible procedure but 1t remains to be proved such

T should say a word ahout marrow storage Except tn the case of foetuses
which of course are scarce there 18 no point 1in building up banks of
marrow cells for homologous grafting There 13 tnevitably destruction of
a large number of cells by even the best methods of freezing and 1t 1s thus
much better to heep one s marrow on the hoof as one author describes 1t

In the case of autologous marrow however to which I shall refer lateron
the destruction of cells by freezing 1s cauntexbalanced by th: reduced

perhaps one twentieth of gous {or 1sol ) as com
p:ued with homologous cells

1 have described to you some of the problems and hazards that attend
the transplantation of marrow tn ammals and man I now want to elaborate
on the subject of leukaemuc treatment by 1nference of hilling the leukaerc
¢ells and to see how the two processes are capable of combinatton

Table 1 some of the published data on the of
murine leuk by 1rrads and marrow L Notincluded
in ths table 13 the paper deltvered to the Third Canadian Cancer Con
ference by Loutit (Barnes et al 1959) which summarizes their experiments
and 13 perhaps the most valuable of all

The points to be noted 1n this table are xhzt Ihe mﬂjﬁfﬂy of these

expenments were ducted using )?

mostly long establxshed standard laborntorv tumours  Many such tumours
have t prog; in Foulds s sense of the term
that 1s they have acqmr:d a ! h or other

y to
body controls they are usually rapndly growing and are zble to adapt
readily to adverse condittons by the production of vanants Radio

resistance 18 therefore a frequent but not unnersal quality of these
feukaemias



172 H E M RAY

Table 1 Treatment of leukaema
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The treatment whole body 1rad was usually ad drapudly,

that 1s at about or/min to a total dose which was lethal to 98%, or more
of the control animals The time that elapsed between moculation of the
tumour and the irradration vanied 1n different experiments as did the type
of graft used

The catical experiments of Barnes Corp Loutit & Neal (19, 56) were
actually postertor n time to those reported 1n 1957 and differ mainly n the
total dose of 1rradiation and the rate of admunistration  Both doses are
LDg8 for the stramn of mouse used These successful results have been
repeated by them with one or two other leukaemias but the origmal one
has now become radio resistant The details of irradtation are evidently
of absolutely cardinal importance Notice that there 1 a lugher prapartton
of survivors with rsologous marrow the fatal results in the homologous
group being due to secondary disease rather than leukaemia The sursival
of two controls who were siblings has been ascribed to a possible mutation
enabling them to resist the leukaema immunologteally
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The Gardner lymphosarcoma used by Trentin (19,7) 15 one of the few
established radio sensitive tumours It 1s evident that the tumour must
not be allowed to get going before being irradiated but perhaps prolonged
radration would have been more effective

Homologous transplantation has in many etpenments obliterated all sign
of the leukaemi2 the ammals dying m these cases of secondary disease
In no experiments were homografts found to be superior in their end results
to 1sografts In Uphoff s expeniments (19585) the few surviving amimals
were sacnficed at three to five months and showed mcroscopic evidence
of leukaemia obviously growing rather slowly 1n the lymph nodes Tius
should generate caution 1n interpreing the results of other trals

The careful experiments of de Vnes & Vos (19,8) are of interest n
showmng the possible value of gving lymphoid tissue as well as bone
marrow after irradiation They inferred that the presence of the normal
cells may have some suppressive effect at 2 cntical time on the neoplastic
cells

Funally two pts to treat non planted Jeuk S s
results are really too short term to be evaluated The hedul
and range of donors used by Mathe & Bernard(19,8) introduceatremendous
number of vanables In brief they had two out of about 200 100 day
survivors one after homologous but very closely related adult marrow one
after foctal haemopoietic cells at 270 days Both eventually died of
Jeuhaerma but 1t1s 1 think rather more than possible that these were not
recurrences but leukaemia arising de noto 1n a strain of hugh suscepubility
‘This 13 obviously 2 very relevant pomt to consider mn relation to human
{eukaemia

‘There 18 a type of experiment now extensively used at Oak Ridge and at
the Sloan hettenng Institute tn New York to test the susceptibility of 2
tumour to irradration or chemotherapy In these experiments an 2mimal
with a growing tumour 13 treated with 2 very large (in fact fatal) dose of
the sut or 1rrad and d soon after  hnown numbers of

tumour cells most of them dead or dying are then injected into susceptible
test amimals to see 1f the tumour has 1n fact been destroyed or to see what
proportion of the cells has survived

Figure 2 shows the kind of result one may obtain with xmdm\on ofa
hardy 1 ot The was d by
Hewitt & W xlson (1959) of the Westminster hospnzl and lhey have obtaned
avery convincing straight hine relationship between the dose of 1eraduation
and the log of the number of cells surviving This 1s rather a depressing
finding as it seems to indicate that even a dose of 20001 will leave one
cell out of 100 000 alive and that to kill g 999 999 out of 10 mitlion cells we
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need a dose of 2700r  However, thrs extrapolation 1s not necessanly vabd
and, further, this was a farrly tough long established tumour Burchenal
(1959) at the Sloan hettering Instrtute has conducted trsals of this sort with
uradiation and with a number of well known antt leukaemic compounds
The steriizing’ dose for several different leukaemias varied from 3000 to
12,0001, for mtrogen mustard 1t was three to five times the LD 50 value
and for folic acid antagouusts more than 100 times the LI g0 Ths 13 not
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Fig 2 Vanation of Jog survival rate and radition dose for CBA
leukaermz cells irradiated i tieo

very encouraging information but, of course the same reservations should
be made as with Hewitt & Wilson s leukaemia  Clearly 1f 1t ss at all feasible
efforts should be made to extend this sort of expenment to wpontanecus
leukaeraias The difficulttes admuttedly are great

A further expedient would be to b 1 ly two or more
antr lenhaemic measures in the hope of achreving a more selective effect
Ths, m fact 15 how the few human cases have been treated and m i
Instance expersment seems to have lagged behind chmeal practice In
normal medical practice of course one keeps as many Temedwes 23




MARROW TRANSPLANTATION IN LEUKAEMIA 175

1
possibleup one ssleeve If marrow pl becamearealp

a choice would have to be made of the combmnation of drugs and irradia-
t1on to be used 1n a single major assault upon the leukaemic cells—~and also
1n the case of homografts against the host immune system It mught well
become necessary to test each particular leuhaemua or tumour t gatro for
sts sensttivty to different reagents This 1s a thomy topic on which con
flicting views are held but the work of Schrek (1958) on the radio sensitivaty
of lymphosarcoma cells shows perhaps how a start could be made
There 1s another but more dubious way of attacking the leukaeme cells
If 1t 13 assumed that sccondary disease would affect the neoplastic cells
smore than the normal body cells 1t could be argued that 2 mild recos erable
form of secondary disease would thus eliminate the few cells remaming
from the other modes of treatment Leukaemic ammals dying of secondary
disease usually show no evidence of residual leukaemia  On the other hand
there have been even fewer m with homol cells
than with sologous cells Th p of dary disease loss of weight
with diarthoea dermatitis and lymphoid atrophy would suggest that it 1s
rapudly dividing cells which are most susceptible They are probably
vulnerable by virtue of their cellular antigens It seems to me that the
Lnown superionty of neopl cells 1n adap and their tendency to
simplfication and loss of antigens will probably enable them to evade the
1mmune reactions of secondary disea e at least 1 all cases where the rest
of the body recovers Iam therefore sceptical of the value of deliberately
mnduced secondary disease in suppressing leukaemia  On the other hand
as the experiments of de Vries and Vos showed there may well be an
advantage 1n having in the body adequate numbers of normal cells of the
same type as the leukaemic cells so that at this critical time there 1s less
stimulus and opportumty for recovery of the damaged but surviving
leukaemia cells
At this point 1t might perhaps be useful to consider one or two actual
cases of human leukaemia that have been treated by whole bedy irradiation
The first a case of acute leukaemia described by Mathe had already been
through two remusstons lasting two years before the necessity for some other
treatment arose Irradiation was given on two successtve ughts followed
by two tjections of marrow and two more several days later There was
apid depression of the leucocyte and platelet levels requinng frequent
platelet transfusions Recovery was delayed until Ihc 22nd day 1n the csse
of the white cell count R 1 d 1n
only on the 27th day Since there was no increase 1n the number of foreign
ted cells at any time after the reappearance of the renculocytes 1t seems
unlikely that there had been any tzke of the erythropoletic marrow cells
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at least Among cidents during the post srradiation period the most
nteresting was an eprsode of gastro intestinal disorder and of dermatitts
occurring as Jong as six to seven weeks after radiation If there had been
evidence of graft survival this would have fitted m well with the concept of
secondary disease as 1t occurs 1 expenimental ammals Two subsequent
cases of Mathe s 1n whom apparently there was more definite evidence of
graft survival did in fact succumb to a sumilar illness at this phase

A second example 1s that of an mfant with acute leuhaemia treated 1 the
Cooperstown umit to a total dose of gsor Numerous injections of foetal
cells and some adult marrow were given but in fact when recot ery oceurred
there was no evidence of a take of any of the grafted tissue Relapse occurred
withtn stx months as 1n all the cases of acute lenkaemia treated thus far

There are cases where marrow may be used even though a cure 1s not the
aim We have for example, used marrow grafting in a patient wth chronic
lymphatic leuhaemia 1n whom no conditioning by X rays or chemothetapy
had been used immediately prior to imjection of foetal cells although
previously she had had both whole body 1rradiation and sterords  Hypo
plastic mg repeated fi and a low platelet
count with purpura were present It has been shown that these patients
often have an impatred 1mmune system and may tolerate shin grafts for
example for longer than normal In this instance we belreve there was
survival of the graft for perhaps 35 days and 1t seems that 1n such cases
temporary benefit may be conferred which could quite possibly be
repeated

There 1s another form of marrow replacement which 1s in current use
If duning a good remussion of leukaemia obtamned by 6 MP or other drugs
bone marrow 1s aspirated and stored at —79° C this matersal 1s then avail
able at a later stage of the disease when relapse has occurred The relapse
may be treated by whole body irradiation or by a large and drasti dose of
some antt leuk agent followed by repl with the r
marrow One case has been reported i which a brief final remussion was
thus gamed but 1n other cases there has been no benefit

I now want to consider the possible use of healthy autologous marrow
the treatment of leukaemia You will have apprecrated by now the immense
1ty of marrow fts over homografts 1n mouse experiments
pecrally to provide suppl Iymphoid tissue and most important
of all the fact that one does not need to destroy the host :immune system t0
permut survival of the grafts Consider for example, the possibility of
treating myeloid leukaemua with massive doses of myleran Myleran 18
relatively ineffective agamnst lymphoid cells and so to enable a marrow
homograft to tahe one would be obliged to use also whole body irradiation

P
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or chlorambuert This would be ry of 1ol or 1
narsow were avathble  In man 1sologous marrow 13 found only 1n xdentical
tams and possibly ewsted alio 1 the Egyptian royal dynasties where
brother-sister mating was y  Both are d but
there 1 no reason why sutologous marrow should not be asperaxed early 1n
fife and Lept 1n store for years as an surance sgaiast radiation aceidents
or leukaemia  Since the dose of autolegous cells required 15 20 tuch less
than for homolegous cells the deletenous effects of freezing would not be
cotical and even the sspirative manceusres would not need to be so very
drastic A general anaesthetie 1s certamnly desirable but perhaps the opera
tion could be combired with one of the other rituals of childhood such as
tonsiflectomy or circumcisan There 1s of course & shight nisk as with alt
operations but 1f we compare the troubfe mvolved and the risk snsured
aganst with say tetanus or poliomyehus prophylaxis or with saceination
1 think yeu will agree that 1t 1s worthy of consideration With a little more
data the problem could be submutted 10 actuaral analysss and perhaps

P zould be p ded to reduce therr premums for
marrow banked clents!

There 15 one big proviso i thus scheme and we must retuen for 2 few
mmntes 40 2 consderation of the process of leukaemogenesss 1 thank 1t
15 generally agreed that a longish latent period of sorme years 58 the rule
with most forms of leul ding from s {where this 1s
a smgle event) to s mansfestation  Durnng thus ume 2 clone or clones of
abniormal cells are multplying o the warrow and probably diffusely
throughout the marrow  Clearly healthy marrow must be stered before
the imtiating event and stnce in the acute leukaema of chaldhood such an
event quite probably eccurs 1n foetal ife dunng the phase of stem cell
probferation m this mstance the proposal us not feastble

In the case of adult leukaemsa the masrow Iad down in childhood
probably would be non leukaemuc but there 15 agan a provse because
there mught w such persons be an innate predisposition to develop
feuhaermia They may in other words be ke the hugh feubasmic strain
mace whe carry an 8o-go% chance of developing leulaemia  In such
& case the fevkaemia msght well recur sn the healthy new grafted marrow
This 18 least Dikely m cases where evternal events such 23 an atomic
acadent are of preater sigraficance than the innate predispositson But 1
any case sn the process of treating the Jeukaerma we shall have to render
the marzow aplastic with disruption of the delicate mech
of haemopoiette homeostasts Ve should not pstch our hopes too high
therefore but I beheve that here hes our best chance of actueving a measure
of success

z

i
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at feast Among incidents dunng the post irradiation peniod the most
nteresting was an episode of gastro ntestinal disorder and of dermatiis
occurring as long as s1x to seven weeks after radiation  If there had been
evidence of graft survival thus would have fitted 1n well with the concept of
secondary disease as 1t occuts 1 experimental animals Two subsequent
cases of Mathé s 1n whom apparently there was more definste evidence of
graft survival did 1n fact succumb to a similar 1flness at this phase
A second example 1 that of an nfant with acute leukaema treated n the
Cooperstown unit to a total dose of ggor Numerous injections of foetal
cells and some adult marrow were given but i fact when recovery occurred
there was no evidence of a take of any of the grafted tissue Relapse occurred
within six months as 1n all the cases of acute leukaerma treated thus far
There are cases where marrow may be used even though a cure 18 not the
aim We have for example, used marcow grafting 1n a patient with chronic
Iymphatc leukaemia sn whom no conditioning by X rays or chemotherapy
had been used immediately prior to mjection of foetal cells although
previously she had had both whole body 1rradiation and steroids  Hvpo
plastic anaemia necessitattng repeated transfusions and a low platelet
count with purpura were present It has been shown that these patients
often have an tmpaired smmune system and may tolerate skin grafts for
example for longer than normal In this instance we believe there was
survival of the graft for perhaps 35 days and 1t seems that 1n such cases
temporary benefit may be conferred which could quite possibly be
repeated
There 1s another form of marrow replacement which 1s m current use
1f, during & good remussion of leukaetia obtained by 6 MP or other drugs
bone marrow 15 aspirated and stored ar —79° C this matertal 15 then avatl
able at a later stage of the disease when relapse has occurred The relapse
may be treated by whole body irradiation or by a large and drastic dose of
ame anti leukaemic agent followed by replacement with the remission
marrow One case has been reported 1n which a brief final remisston was
thys gamed but 1 other cases there has been no benefit
1 now want to constder the possible use of healthy autologous marrow 1n
the treatment of leukaemia You will have apprectated by now the immense
superionity of marsow 1sografts over homografts sn mouse experiments
pecially to provide suppl y lymphord tissue and ruost important
of all the fact that one does not need to destroy the host immune system to
permut survival of the grafts  Consider for example the possibility of
treating myeloid leukaemia with massive doses of myleran Myleran 15
relatively meffectrve against lymphod cells and so to enable a marrow
homograft ta take one would be obliged to use also whole body srradation
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or chlorambucil This would be y 1f 1soll or 1
marrow were available In man 1sologous marrow 1s found only m rdentical
twins and possibly ewsted also 1n the Egyptian royal dynasties where

broth ter mating was y Both are P 1 but
there 15 no reason why autologous marrow should not be aspirated early m
Iife and kept 1n store for years as an against rad

or leukaemia  Since the dose of autologous cells required 1s so much less
than for homologous cells the deletertous effects of freezing would not be
entical and even the aspirative manceuvres would not need to be so very
drastic A general anaesthetic 1s certainly desirable but perhaps the opera
tton could be combined with one of the other ntuals of childhood such as
tonsillectomny or circumecision There 1s of course a slight risk as with all
operations but 1f we compare the trouble involved and the nsh insured
against with say tetanus or poliomyelitis prophylaxrs or with vaccination
1 think you will agree that it 1s worthy of consideration With a little more
data the problem could be submutted to actuanal analysis and perhaps

could be p ded to reduce their premmums for
marrow banked chients!

There 1s one big proviso 1n this scheme and we must return for a few
minutes to a consideration of the process of leukaemogenesis I think 1t
18 generally agreed that a longish latent period of some years 1s the rule
with most forms of leukaemia extending from 1ts mitiation (where this 1s
a single event) to 1ts manifestation Duning this time a clone or clones of
abnormal cells are multiplying 1n the marrow and probably diffusely
throughout the marrow Clearly healthy marrow must be stored before
the imitiating event and since 1n the acute leukaemia of childhood such an
event quite probably occurs in foetal hfe during the phase of stem cell
proliferation 1n ths instance the proposal is not feasible

In the case of adult leuhaerma the marrow laid down in childhood
probably would be non leukaerme but there 1s agamn 2 proviso because
there mught 1 such persons be an nnate predisposttion to develop
leukaemia They may 1n other words be Iike the high leukaemic stramn
muce who carry an 8090, chance of deseloping leukaemia In such
a case the leukaemia mught well recur in the healthy new grafted marrow
‘This 15 least hkely in cases where external events such as an atomuc
accident are of greater significance than the innate predisposition  But in
any case 1n the process of treating the leukaema we shall have to render
the marrow aplastic with consequent disruption of the delicate mechamsms
of haemopoetic homeostasis We should not pitch our hopes too high
therefore but I believe that here hies our best chance of aclueving a measure
of success

1
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THE HAEMOSTATIC PROCESS
R B! HARDISTY

In spite of the ever wereasing amount of work devoted to the investgation
af vartous aspeets of the haemostatie process we are st far from a com
plete understanding of the means whereby bleeding 13 arrested This 1
fargely due to the deceptive ease of planming and carryiog out expersments
on blood coagulation in glass tubes and the very great difficulty 1n refatng
the results of such expenments to chinseal observauons  For example
recent work on bloed coagulation has revealed the presence of one factor
the Hageman factor (HT) whose absence from blood results m a serous
deficiency of coagulation 1 glass tubes but does not imparr haemostans
and another factor v deficseney of which results in a bleeding tendency
although blood coagulation can apparently occur normally an ats absence

Butitys of course obsiaus that haemostasts depends on ather physo
logreal mechatustns beatdes blood coagulation We know for example that
supetficial stab wounds as infhicted 1o performance of the bleeding time
test wall stop bleeding ag quickly 1n patients with haexnaphiha as s normal
subjects and that women wath congenital afibrinogenaenua whose blood
15 completely meoagulable do not suffer from menotshagy  In thrombe
cytopestc purpura on the other hand hagaisa ymp
and the bleeding tume 15 usually prolonged Excessnve bleeding may also
result from g defect of vascular function im the presence of a normal
platelet count and blood clotung mechansm  evamples of this are
haemarrhage from an theompletely transected artery 1n which the normal

and 5 f ted from g and from

smaller vessels m the Henoch-Schonlern syndrome and von YWillebrand s
discase

Tam sure that these obsers ations siill be so famulrar to alf of you that you
wall nonder why 1 bother to mentton them 1 do so simply 1n order to
emphasize that the most direct evidence we possess about the haemostatie
process 15 derved from chimaal observations en pauents i whom 1t 1s
defective

In order to study the haemastate process 1t 13 necessary 1o ingure blood
vessels and observe the results In man we have only one test of this sort
~the bleeding ume 1 which skin caprllartes and other small vessels are
darnaged more ot less at random by neadle puncture We know that
bleeding from such wounds 1s arrested normally patients with gross
defeers of blood corgutation who may yet bleed to death from other 1ypes

EE R
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of mjury, even selatively trvaal 1 extent Clearly then dsfferent types
of wyury, mvolving sessels of different sizes and 1 different anatomieal
sttuations, depend on different mechanisms for the control of bleeding
Thus 15 borne out by the striking difference i s3 mptomatelogy betneen
various types of bleeding disorders The best test of haemostatic function
10 man 13 thus provided by clinical observations of the respanse to surgieal
and accrdental trauma  Dxpersmental results whether on blood coagutanion
and platelets 1 itro or on deliberately injured animals may help to define
the nature of a particular defect, but can contnbute to knowledge of the
haemostatsc process 1 man only i so far as they can be cortelated with
such chnieal observations T ntend mn this lecture to review recent work
on the subject n this light—an approach which Y am afrard will leave us
with a good many unanswered problems

1 propose to confine myself to the problem of how bleeding 1s arrested
follovang ingury to vessels I think this wall grve us quite enough to think
about without considening the other aspect of haemostasis—the prevention
of leakage of blood from apparently undamaged vessels which clearly
concerns the platelets as well as the vessels themselses but not, so far as
we know the coagulation mechanism

It 1s clear from the examples I have quoted and many others that the
haemostatic process, in this somewhat restricted sense has at least three
majar campanents—the reaction of bload vessels to 1njury platelet actisity
and the coagulation of blood  Each of these three aspects of the problem—
especiatly the Iast—has been studied separately for many years and there
has been mush argument sbout the relative tmportance of each but it 18
only comparatsvely recently that the extent of their interdependence has
begun tobe appreciated 1 shall begin by dering the three component
separately but I shalt not be able to keep them apart for long and wdeed
1t would not be profitable to do so

VASCULAR FUNCTION

1t 1s common hnowledge that large artenies and to a much lesser evtent
large veins retract and undergo vasoconstriction tmmediately on beng cut
and that i the case of artenes this combmed with a fall 1n blood pressuse
may result 1n the arrest of bleeding before clotting has had tune 1o oceus
In the case of small vessels and particularly capallanies there 15 no such
general agreement about the smportance of vasoconstriction 18 the caatro!
of haemorrhage

Macfarlane (sg41) observed that normal human nail bed capilaries
disappeared from view on mjury even when the venous pressure 28
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raised to 30 mm Hg and reappeared between 20 mimn and 2 hr later i
thrombocytopenia and von Willebrand s disease the capillaries did not
disappear but bled continuously He suggested that the disappearance of
capillaries was due to their contraction and that this was sufficient to
arrest haemorrhage and allow the extravasated bloed to clot firmly On
redilatation of the capillaries haemostasts could be marntained by the clot

Immediate 2 min 20 mun

2

o
7

Coagulation
defect
Capillary
defect

O O O

Fg 1 Di gramllustrating the time relationship of capillary contraction and d latatron
and blood congulat on The dotted areas represent fluid blood and the bl ck areas blood
cloethe detached drops indicste sctive haemorshage (From Mactarlane 1945 by per
m ssion of the editor and publishers of the Proc R S ¢ Ved )

already formed or 1n the case of small punctured wounds by firm adhesion
of the wound edges which mght make the presence of blood clot un
necessary  If clatung was defective bleeding from larger wounds would
recur when the vessels relaxed again

This hypoth m Fig 1 offers an
explanation of the Icng bleeding time 1n the vascular purpuras and von
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Willebsand s disease and of the characteristic delay 1 the onset of
bleeding after injury n b philia and other lation defects The
main objection to 1t 15 that 1t takes no account of the platelets except i
their relation to blood clotting, the long bleeding trme of thrombocyto
pema 1s attributed to an associated capllary defect

Many other workers have doubted whether capillaries are capable of
active vasoconstriction but Chen & Tsa1 (1948) studying the frog and
rabbit have shown that this property varies in the two animals and also
from one tissue to another i the same amimal So far as human sk
capillartes are concerned the work of Sir Thomas Lewis (1927) certatnly
suggests that they are contractile Chen and Tsar also support the two
stage view of haemostasis—that 1 that the 1nttial vascular response allows
the formation of a firm clot which h when redi
occurs However while they accept that active vasoconstriction plays the
man part in the 1mtial arrest of bleeding from artertes they belteve that
capillary h depends more on adh of the capllary walls at
the site of injury

THE PLATELETS

In 1882 Hayem found that when the jugular vemn of a dog was cut, a mass
of agglutinated platelets formed so as to fill the opening and apparently
toarrestthebleeding M B Zucher (1947) observed the same phenomenon
on transection of mesenterc artertes and veins in the rat and of venulesin
the rat s mesoappendix, and H I Zucker (1949) 1n hus histological study
of small puncture wounds 1 human skin found that the mouths of all cut
vessels larger than capillanies were occluded by platelet plugs HD
Zucker saw very few capillaries 1n hts sections and none were occluded
by platelet plugs he concluded that capillary bleeding was arrested by
fibrn formation but this 1s inconsistent with the fact that disorders of
fibrin formation do not result 1n a prolongation of the bleeding time

Platelets and vasoconstriction

Although the haemostatic action of platefet plugs may be partly mechanical
there 1s much evidence that they may also act by promoting contraction
of the adjacent vessels through the lib of b
Zucker (1947) noticed that when a muscular vessel was 1nased 1n the rat
mesentery it always underwent vasoconstriction i both normal and
thrombocytopenic animals on the other hand vasoconstriction of the
adjacent umnyured vessel appeared to depend on the formation of a platelet
plug m the cut vessel, and did not occur tn thrombocytopense animals 1
which no plugs were formed Chen & Tsat (1948) found that the constric
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tion of an wnyured artery persisted much longer when the clot was allowed
to temain at the site of injury than if 1t was washed away

It had been known since the early work of O Connor (1912} Stewart &
Zucker (1913) and Janeway Richardson & Park (1918) that serum and
platelet extracts d a powerful 1ctor Many
later workers confirmed that the serum vasoconstrictor was derved from
the platelets (for references see Erspamer (1g54)) and the outstanding
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Fig 2 Release of 5 hydroxytryptamine (HT) f om the platelets aft r recalcificat on 1
glass tubes of the platelet rich plasma of & patient with cong mutal afibnnogenaemia
@ HT released after incubation of the same platelet rich plasma 1n glass for 20 min

w thout the addition of caleium (From Hard: ty & Pinniger 1956 by permuss on of the
ed tor and publishers of the Brit J Haemat)

work of Rapport and his colleagues (Rapport Green & Page 1948
Rapport 1949) established 1ts 1dentity as 5 hydroxytryptamine (HT)

It 13 now known that HT 1s found 1n higher concentration 1n platelets
than 1n 2ny other mammalan tissue  Human platelets contain virtually alt
the HT of the blood and are capable of absorbing HT against a high
concentration gradient (Hardisty & Stacey 1955) When blood clots HT 1s
released from the platelets probably in parallel with thrombin formation
(Bigelow 1954 Zucker & Borrelll 1955) and certamly independently of
fibrin formation as shown in Fig 2 (Hardisty & Pinmger 1956) Now we
know that HT 1s 2 powerful constrictor of muscular vessels though probably
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not of capullaries (Rerd, 1943) When we consider these findings together
with those of M B Zucker on the rat’s mesentersc vessels, to which I have
alreads referred, there certamly appears to be convincing evidence that
platelet HT plays an important part m the haemostatic mechanism
Unfortunately, however, 1t 1s difficult to mamtam this view sn face of two
other observattons
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TFig 3 Platelet HT of seventy eipht patients with blood disorders plotted agamst their
whole blood platelet counts O patsents with purpuric symptoms @ patients with no
evidence of bleeding disorder (From Hardisty & Stacey 1957 by permussion of the
editor and publishers of the Brir ¥ Haemat }

Furst Stacey and I have faded to find any correlation between haemor
rhagic symptoms and mean platelet HT levels 1 a scries of seventy eight
patients with various blood diseases (Fig 3) the incidence of bleeding
manifestations was less closely correlated with the whole blood HT con
centration than with the platelet count, as 1s shown i Tig 4 (Hardisty &
Stacev 1957) These findings of course, do not rule out the possibihity
that HT plays some part in haemostasis but they do suggest that the
bleeding of thrombocytopenia cannot be attributed solely to HT deficrency
and they provide no evidence that a low blood HT can 1tself be a cause of
abnormal bleeding  Stmilar conclustons have also been reached by Zucker
Lews & Borrell: (1958) who found that serum HT levels correlated poorly
with the results of bleeding t1mes and tourniquet tests

Secondly and most strikingly Shore and his colleagues (1956) have
shown that geoss depletion of platelet HT tn rabbits gumea pigs and rats
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following the admunistration of reserpine has no effect on the bleeding
time  Reserpine has the same action on platelet HT 1n man (Hardusty
Ingram & Stacey, 1956) as scen i Fig 5, but patients recening reserpine
have neither prolonged bleeding times nor haemorrhagic symptoms

Although platelets are evidently capable of binding relatively small
amounts of other pharmacologically activ e amines (Weil Malherbe & Bone
1958, Weissbach Bogdanski & Udenfriend, 1958) there seems little doubt
that HT 1s the substance responsible for the stumulation of vasoconstric
tion by platelet plugs We are thus left with only two possible conclusions—
etther that such vasoconstriction forms no part of the haemostatic process
at all, or that 1t forms part of a complex mechansm which can only be
dispensed with so long as the other components are not also disordered
The first of these 13 ntellectually unsatisfymg but the second has some
evidence 1n 1ts favour to which I shall return later

Meanwhile there 1s another function of platelets to consider—therr role
1 blood coagulation This leads me to a general consideration of the
coagulation mechamsm

BLOOD COAGULATION

There 1s no need for me to trace the detailed history of blood clotting
theory through the ages I should merely like to remind you that hatf a
century elapsed between the discovery of fibrinogen by Denis (1859) and
the formulation of the classical theory of coagulation by Moraw itz (1905)
as shown n Fig 6 and that the passage of another half century has brought
us to the state of our knowledge today, which cannot be expressed more
simply than 1n Fig 7 It has been necessary to postulate the existence of
each of the clotting factors represented 1n this dragram mn order to explan
the findings in the blood of patients with haemorrhagic diseases and the
case of the Hageman factor even without an abnormal bleeding tendency

When one considers that the only directly observable change 1n the
blood during clotung 1s the final conversion of fibrinogen to fibnn the
extreme compleuty of the chain of events leading up to this end result 18
astonsshing  Admuttedly this apparent completty may simply reflect the
enormous amount of work which has been done in this field 1n recent
years to adapt the dictum of Parkinson (1958) one mught say that the
apparent compleuty of physiological processes in general increases with
our knowledge of them Nevertheless 1t does make one wonder whether
fibrin formation 1s the sole effective end result of the process or whether
some of the intermediate products may not themselves play some other
role 1n achieving haemostasis
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At least we know that fibnn formation 1tself 1s necessary for the mam-
tenance of haemostasis m man as subjects with congemtal afibnno
genaermia whose blood coagulation mechanism appears to be entirely
normal down to the stage of thrombmn formation (Hardisty & Pinmger
19,6) but who are mcapable of forming fibrnin bleed excessively on mjury
However 1t has often been observed that such patients suffer less disabihity

1 Pi +Cat ~thromb:
2 Th ombin 4 fibrmogen- fibrn.
Fig 6 The classical theory of blood coagulation

INTRINSIC SYSTEM EXTRINSIC SYSTEM
(Sutface actrat on) (Tissue activatio 1}
Hageman factor
PT.
Chrnistmas factor
AH “Tissue extract
Platelet phospholipid Factor vit
Factor v Factor v
Stuart-Prower factor “tuart-Prower factor
I Prothrombin |
Ca Ca+
13 ly
Blood T ssue
Ca
“Thrombin

F brnogen———————Fibrm

Fig 7 The intrinsic and extnins ¢ systems of blood coagulat on

from bleeding than do many patients with even moderately severe degrees
of haemophilia or Chnstmas disease m whose blood fibrin formatmn 13
merely delayed This suggests that the h defect in h h
and Christmas disease depends on more than a simple disorder of ﬂbrm
formation and this s1ew 15 borne out by the fact that the seventy of the
bleeding tendency mn these conditions s more closely cotrelated with
the results of tests of the early stages of coagulation such as the thrombo
plastin generation test than wath the clotung time

The classical theory
But before I speculate any further I had better consider the development of
current views of the clotting process m 2 little more detail According to
the classical theory (Fig 6) fibrinogen 1s cons erted to fibrin by an enzyme
thrombin which s stself formed from a hypothetical mactive precursor
hrombin The of prothrombn to thrombin 1s brought about
n the presence of calcium 1ons by another hypothetical substance termed
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thromboplastin The fluidity of the airculating blood 15 due to the absence
of thromboplastin, which 15 derived from tissue or platelets following
njury
Action of tissue thromboplasun

This theory was fairly generally accepted 1n 1ts mamn essentials unti] the
last war but during the 1940 8 experiments carned out independently by
Quick (1943) Owren (1944, 1947) Fantl & Nance (1946) and Ware &
Seegers (1948) led to the conclusion that normal plasma contamed 2
previously unknown sub which 1 d the rsion of pro-
thrombrn to thrombin by tissue extract Owren, who studied this substance
most thoroughly oniginally named 1t factor v, this name 1s the one com
monly used 1n this country and has now been given offictal status by the
Commuttee on International Nomenclature of blood clotting factors
Factor vis present in fresh plasma but deteriorates progressiely onstorage
of oxalated plasma 1t 15 apparently consumed during the course of blood
coagulation and 1s therefore absent from normal serum

The next advance was the discovery that normal serum also contams
a substance which accelerates thrombin formatton 1n the presence of tissue
extract and calcium The expenments of several groups of workers (Owen
& Bollman, 1948 de Vnies Alexander & Goldstem 1949 Owren 1951,
Koller Loeliger & Duckert, 1951) all lead to this conclusion and the
findings of Quick & Stefamm (194g) although ongnally interpreted
differently can be explained in the same terms The agreed international
name for this first serum accelerator 1s the one first used by holler—
factor vir  Like most of the other clotting factors now hnown to be present
1n normal serum and lihe prothrombin 1tself factor vir 1s adsorbed by
1norganic precipitates such as bartum sulphate and al hydroud:
and 1s deficient 1 the blood of patients with vitamin b deficiency or severe
liver disease or who are recening drugs of the dicoumanin group

These two discoveries mahe 1t no longer possible to use the term
thromboplastin to represent both an actve prinaple of tissue extracts
and a substance which s capable of converting prothrombin to thrombi
m the presence of calcium 1ons alone The term 15 frequently used 1 the
sense of the latter part of this definition but tissue extracts can no longer
be said to contamn 2 complete thromboplastin 1n this sense several w orkers
have shown that they must undergo prelimunary reactions with factors ¥
and vir and calerum before an acuve prothrombn converting principle 18
formed (Biggs Douglas & Macfarlane 1953¢ Flynn & Coon 1953
Owren Rapaport Hjort & Aas 1954 Hardisty 1955}
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Blood thromboplastin
Nesther the classtcal theory nor these modern extensions of 1t help to
explam the fatture of 1 i h hiha for h philic bleod

clots normally m the presence of tissue extracts On the other hand normal
blood collected without contammation by tissue flud clots rapidly

whereas the clotting of haemophihic blood obtained under the same condi

tions 1s much delayed These considerations together with the observation
that removal of platelets from plasma greatly delayed coagulation led
Quick (1947) and Brinkhous (1947) to the conclusion that thromboplastic
activity was developed 1n shed blood as a result of a reaction between
platelets and anti haemophilic globulin (AHG) the plasma factor which
Patek & Stetson (1936) and others had prevtously shown to be lacking 1n
haemophiha

AHG
Christmas facmr}A«C: —+Int mmedate product Tissue extract
Platelets
Factor v Factor v
—Ca +———s +~Ca +—
Factor vit Factor vit

Thromboplastia
Fg 8 A hypothesis of th omboplastin formation as env saged 1 1953

The concept of 1ntrinsic blood thromboplastin formation was developed
and extended by the now classical work of Brggs Douglas & Macfarlane
(19534 ) who showed that the app akness of the thrombop
activity of shed blood was n reality due to a ag phase duning whichasenies
of reactions led up to the eventual e'(plosue appearance of a very powerful

hrombopl ‘These prel were shown to mvolve not
only platelets and AHG but also factor v and one or more serum factors
The activity of serum was at first thought to be due to factor vir but with
the recogmtion of Christmas disease as an entity distinct from haemophtha
(Aggeler et al 1952 Biggs et al 1952) 1t became clear that the Christmas
factor (CT") which was present in normal serum was also necessary for
blooed thromboplastin formation

At this stage a possble representation of the events leading up to
thromboplastin formation was that shown m Fig 8 The experiments of
Biggs Douglas & Macfarlane (1g535) suggested that exposure to glass
imtiated the process by an action on both platelets and CF  As netther
platelets AHG nor CF were needed for thromboplastin formation 1 the
presence of tissue extract 1t appeared reasonable to assume that the active
principle in tissues acted m the same way as an intermediate product of
these three blood components and was perhaps even 1dentical with 1t




190 R M HARDISTY

During the next few years, however, several new discoveries made this
view no longer tenable Rosenthal, Dreskin & Rosenthal (1953) described
a famihial bleeding diathesis due to deficiency of a previously unknown
plasma thromboplastin factor, which they called plasma thromboplastin
antecedent (PTA), and Ratnoff & Colopy (1955) studied three patients
with long clotting trmes but without bleeding symptoms, and showed that
therr plasma was deficrent n another actie principle which they named
Hageman factor (HF) after their first patient

Meanwhile Hicks (r955) mvestigated a girl with a bleeding disorder
who appeared to have a congenital deficiency of factor vir, and found no
abnormality either of thromboplastin generation or of the reaction of the
patient s plasma with her own blood thromboplastin  In other words this
pattent s clotting defect was only demonstrable in the presence of tissue
extracts  Ackroyd (1956) and others have subsequently amply confirmed
that factor vir plays no part i blood thromboplastin formation but 15
required for the coagulant action of tissue extracts It has since become
clear that at least one other serum factor 1s required for the action of tissue
evtract on plasma, and that 1t 13 also concerned 1n blood thromboplastin
generation Thus factor 1s now commenly referred to as the Stuart-Prower
Factor (SPF) after the two patients investigated by Hougie Barrow &
Graham (1957) and Telfer Denson & Wright (1956) respectively both of
whom suffer from a 1 defi y of this sut This factor has
now been offictally designated factor x this implies that 1t 15 thought to be
1dentical with the hypothetical serum factor of that name whose existence
Koller (1955) postulated i order to explain hus findings n thromboplastin
generation tests using the serum of patients recetving the dicoumann group
of drugs

Thromboplastin f and
So we arrive at the scheme deprcted 1n Fig 7 which represents two distinct
systems of thromboplastin formation 1intrnsic and extnnsic I must
emphasize agam that wsolated defictenctes of each of the plasma factors
shonn have been observed and that all these deficienctes with the single
exception of HF deficiency result in a tendency to bleed excessnvely
on injury Factor v and SPF are required for both systems factor
vir for the extnnsic system only and several other factors for the
intrinste system This scheme has been arnived at largely as a result of
experiments carried out In glass tubes and 1t 15 necessary to ask whether
both intrinsic and extrinsic systems are required for haemostasis  From
the fact that factor vit defi results 1n a bleeding disorder we may
infer that the extrinstc system must play a part in the arrest of haemorrhage

So far as the mntrinsic system 1s concerned 1t has been shown that haemo
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philic blood will clot normally on the additton of tissue extract evenif this
bhas been prepared from a haemophilic subject (Brown 1952) There
scems thercfore to be no defect of the extrinsic system 1 haemophiha
and 1t must be assumed that the intrinsic system 1s also required for
haemostastis It thus appears that the arrest of bleeding from vessels 1
which bleod coagulation plays a part depends on the occutrence of both
these sets of reactions and that breakdown of esther may lead to uncon

trolled haemorrhage

The imtratton of coagulation

1t 13 not difficult to ymagme that the contact of shed blood with tissues
mitiates the extrinsic thromboplastin system but the tngger mechanism
for the intrinsic system 15 not at all clearly understood It 1s usually
assumed that the mitral stimulus 1s contact with a foreign surface —in the
case of most experimental work glass and 17 2220 presumably endothelum
which has been altered 1n some way by ijury Many different views of
the nature of this foreign surface reaction have been put forward—T have
already referred to those of Biggs Douglas & Macfarlane (19533) who
thought that both CF and platelets were mvolved Rapaport Aas & Owren
(1954 1955) produced evidence that factor vir was also actrvated in this

way

Following the work of Shafrir & de Vries (1956) and Margolis (19574 8)
1t became clear that the activation of plasma by glass depended on the
presence of HF Further experiments by Biggs et al (1958) Souher
Wartelle & Menache (1958) and Waaler (1959) take us one step further and
suggest that the first stage 1s actnvation of HF by the glass surface this
leads to the activation of PT'A and subsequently to the imtiation of further
stages of thromboplastin formation Platelets and calcium appear to play
no part in the early reactions involving contact Hardisty & Margolis (1959)
have shown that HF 1s activated by adsorption on to the glass surface and
exerts all 1ts effects 1n this state  PTA subsequently becomes attached to
the surface but 1s only activated 1f HF 1s present the activated PTA then
probably returns into solution to initiate the later reactions

Now we know that subjects with HF deficiency do not suffer from
abnormal bleeding so 1t appears that these intriguing early reactions which
occur when blood or plasma 15 placed 1n glass tubes can have no relevance
to the problem of haemostasis We must assume that there 1s an alternative
method for the activation of PTA m vreo as PTA deficiency does lead to
ableeding tendency Dr Rosemary Biggs has suggested (Biggs 1959) that
another clotting factor may be involved and has potnted out that deficiency
of such a factor would be difficult »f not impossible to detect as 1t would
be expected to produce a bleeding tendency without any disorder of
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During the next few years, howey er, several new discoveries made this
view no longer tenable  Rosenthal Dreshin & Rosenthal {1953) described
a famuhal bleeding diathesis due to defictency of 2 previously unknown
plasma thromboplastin factor which they called plasma thromboplasun
antecedent (PTA) and Ratnoff & Colopy (1955) studied three patients
with long clotting trmes but without bleeding symptoms, and showed that
thewr plasma was deficient in another active prneiple, which they named
Hageman factor (HF) after therr first patient
Meanwhile Hicks (1g55) mvestigated a girl with a bleeding disorder
who appeared to have 2 ! defi of factor vi1, and found no
abnormality either of thromboplastin generation or of the reaction of the
patient s plasma with her own blood thromboplastin  In other words this
patient s clotting defect was only demonstrable n the presence of tissue
extracts Ackroyd (1956) and others have subsequently amplv confirmed
that factor vir plays no part 1n blood thromboplastin formation but 1
required for the coagulant action of tissue extracts It has since become
clear that at least one other serum factor 1s required for the action of tissue
extract on plasma, and that it 1s also concerned 1n blood thromboplastin
generation This factor 1s now commonly referred to as the Stuart-Prower
Factor (SPF), after the tho patients investigated by Houge, Barrow &
Graham (1957) and Telfer Denson & Wright (19,5) respectively both of
whom suffer from a 1 defi of this sub Ths factor has
now been officially destgnated factor X thus imphes that 1t 1s thought to be
1dentical with the hypothetical serum factor of that name whose ewstenice
Koller (1955) postulated 1n order to explain his findings 1n thromboplastin
generation tests using the serum of patients recerving the dicoumarin group
of drugs

Thromboplastin f and k

So we arnve at the scheme depicted in Fig 7 which represents two distnct
systems of thromboplastin formation intrinsic and extnnsc I must
empbhasize agam that ssolated deficiencies of each of the plasma factors
shown have been observed and that all these deficiencres with the single
exception of HF defi result 1n a tendency to bleed excessnely
on mpury Factor v and SPF are required for both systems factor
it for the extrmsic system only and several other factors for the
intrinsic system This scheme has been arnived at largely as a result of
experiments carried out 1n glass tubes and 1t 1s necessary to ask whether
both mtrinsic and extnnsic systems are required for haemostasis  From
the fact that factor vir deficiency results in a bleeding disorder we may
snfer that the extrinsic system must play a part 1n the arrest of haemorrhage

So far as the intrinsic system s concerned 1t has been shown that haemo
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coagulation 1 witro However, 1t 1s not absolutely necessary to postulate
the ewstence of another factor to explain this anomaly 1t may be that PTA
1s capable of direct activation by damaged vascular endothelum 1n the
absence of HF, but that morganic surfaces such as glass and sthica 1n 1ts
various forms require the presence of HF asan mtermediary Ttispertinent
here to remember that fibrin formatton whatever 1ts role 1 haemostass
also plays a part 1 other reactions to myury and infection and im foreign
body reactions 1t may be that one function of HF ts to titiate the formation
of a fibrin barrier round sihieeous and other foretgn particles It 1s known
that contact of normal plasma with glass leads not only to the ttiation of
clotting but also to the release of a pain producing substance now usually
called plasma kinsm, which stimulates smooth muscle and produces vaso
dilatation (Armstrong Jepson, heele & Stewart 1955 1957) and a perme
abulity factor (Margols 1958a) Margols (19585 1959) has shown that all
these reactions are dependent on the presence of HF As the cardinal
features of wmfl mnclude coagut pam dilatation and
increased permeabulity there seems good reason to suppose that HF 15
concerned with this aspect of coagulation rather than with the haemostane
process

Platelets and blood coagulation
1t has been realized since the days of Hayem (1878) and Bizzozero (5882)
that platelets played some part 1n blood coagulation Early workers such
as Morawitz (1905) took the view that platelets in shed blood provided 2
thromboplastic acttvaty sumtlar to that of tissute extracts However we now
have plenty of evidence to the contrary for mstance normal platelets will
not shorten the cloting tune of haemophilic blood whereas tissue extracts
clot haemophtlic and normal blood equally raptdly As I have already
mentioned Quick and Brinkhous showed mdependently mn 1947 that
AHG and platelets are both required for the production of a clot pro
moting activity m blood More recent work besides making it necessary
to postulate the evistence of all the other plasma thromboplastic factors
T have mentioned has confirmed the mportance of the platelets 1n blood
thromboplastin formation and has shown that the actre principle 1
platelets concerned 1n this reaction 1s a phospholiptd probably ethano!
amine phosphatide (O Brien 1956) The details of the interaction between
platelets and plasma factors, however are stull very much an open sub)e;l
The develop of platelet th pl activity appears to be
associated with the physical changes which the platelets undergo when
blood comes into contact with a foresgn surface Eberth & Schimmelbusch
(1886) described these changes as ‘viscous metamorphosis and (;l\ls
term 1s still 1 general use The platelets appear to become sticky and t0
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adhere to each other and to glass surfaces forming clumps they swell and
cxtrude pseudopodia and finally undergo partal dismntegration releasing
small gramules which can be sedimented by high speed centnfugation and
with which the thromboplastic activity appears 10 be assonated (Bergsaget
3 Hougie 19,6) Some of the appearances are shown 1 Plate 1 Vanous
authors have thought that these changes are brought about by the action on
the platelets erther of fibnin {Apitz 1939) or of thrombin (Quick 194t}
But Pmmger & Prunty (1946} have shown that viscous metamorphosis
occurs normally i the blood of a patient without 2my fibninogen and
Wenght & Moot (1917} sho already recognized that the phenomenon nas

mtzmately associated wath the early stages of coagulation produced the
changes by the action on platelets of secum devord of thrombun Maore

Forogn
surface
HE
FPA———~— Actvaton producy
Chsstmas factor
i * }A“G——-M Product §
Ca
rmnha?h_\
phospholip d
Vsscous her clorung
Platek h Eactory
‘?HT
ATP breakdown

figg A pmbzb‘e sesses of changes Jeading 1o plarelec
breakdown dunng blood ooagulanon

recently  Bergsagel (19,6) has produced evrdence that wviscous meta
morphosts 18 mdured by the product of a prehminary reaction between
AHG CF and wloum  Sharp (1958) on the other hand found that
viscous metamorphosis oecurred normally in natwve platelet nch plasma
from patients with haemophila and Chnistmas disease but was delaved 1
FTA deficient plasmz  Buggs and her co worhers (19,33 found that st was
alss defayed 1in HF deficient plasma These findings are difficult to recon
cle although they all suggest that viscous metamorphosis depends not only
on contact with a foreign surface but also on the oceurrence of certan
earhier reacnons whath wnohve plasma clottng factors onty

The expenments of Waaler (19,9) on viscous metamorphoss seem to
form 2 ik between the findings of Bergsagel and Sharp and the wark on
plasma reactions to glass contact to which 1 referred easher Waaler was
able to elute an acine ot p b from powdersd sitica
which had been shaken with plasma and he showed that when this
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anticoagulant drugs on the one hand and ether thrombocytoperua or
s anously snduced stress on the other {Roskam 1954 Vogenson Fsher&
Jaques 19,8) Jagues infers that when one of the three hnes of defence
agaust haemorthage-—~coagulation platelets and vessels—s defeeme the

other two may stil be 10 k but that when
mote than one } 18 smparred, b hage will result. If we
apply this hypothests to chrucal states in man we find that 1 offers an

pl of the middness of the disabil ling from an solated

though complete defect of fibun formation and the complete tack of
smparment of the haemostatie process by an ssofsted deficency of HT
The relatrvely senous disability of b philia and other dsorders of the
early stages of the coagulation process may be due w0 the fact that these
conditons result 1n a fatluse of platelet breahdown which leads m 1ts own
turn not only to defective fibnn formation but also to other end results of
platelet dysfunchion It 15 curtous to reflect that the haemophilic defect
was attnbuted o sncreased stability of the platelets over thurty years age
(Howell & Cekada 1926) before 1t was known to be due to the lack of 2
plasma constituent. We gow appear 1o have come full aucle

Fall in mtravasculay Endothefia! adhes on
preswe
\ ascudar spery’
Y asemistriction Plateler adhoetion
and pluggang
1In tiat on
of wﬂgthnvn
HT seleasoe——  Platelet viscous
metamatphass
Fibnn formation

Fy so Reactons ta vaseulsr wyury

A hypothetical scheme of the changes »hich may occur when 2 vessel
ss mpured 8 shown i Fig 10 This demonstrates how the central posison
of platelet breakdown may form a link between the coagulaton process
platelet plug formation and sasoconstnction  Although the changes of
viscous metamorphosis doubtless occur 1 platelet plugs formed s trve
1 have not dared to suggest that the munauon of coagulaton provides the
only sumulus for the formation of such plugs because this has been ohserved
10 take place within 2-3 sec after injury when 1t seems impossible that the
clottng reactions could have already occurred (Hugues 19,6) Thas
question of the relationstup of viscous metamorphosss to plateler plugging
of vessels 15 one which cnes out for more 1nvestgation 3 study of the
formation of platelet plugs and the selesse of plateler HT 1 varous

13



194 R M HARDISTY

activation product’ was added to natve normal plasma viscous meta
morphosis occutred rapudly, even 1n sihicontzed tubes AHG, CF and
calerum also appeared to be necessary for the rapid occurrence of viscous

phosts These findings show that viscous metamorphosis can
occur wathout any direct contact of platelets with glass or other foreign
surfaces, and suggest that 1t 1s brought about as a result of a sequence of
reactions snvolving HF, PTA AHG CF and calcium, which stself 1s
mitiated by contact of plasma with glass A posstble representation of such
a sequence 1s shown 1n Fig 9 which ss based on the combined results of
Bergsagel & Houge (1956), Biggs et al (1958) Hardusty & Margolis (1959)
and Waaler (1959) and 1s compatible with the findings of many other
workers

INTERRELATIONSHIPS OF THE
HAEMOSTATIC MECHANISMS

I have dwelt at some length on this problem of viscous metamotphosis
and sts place mn fthe blood coagulation mechantsm because I believe that
1t may well have more significance than just that of an intermediate stage
wn the formation of fibnn We know that platelets contam other active
principles bessdes their ipid thromboplastic substance some of these
(van Creveld & Paulssen 1951, Deutsch, I954) are concerned with Jater
stages of the blood coagulatron process and others, notably HT, are vaso~
constrictor substances Born (1956 5) has shown that platelets contain
fairly large of ad ne triphosphate which 1s broken downduring
clotting and may perhaps be an important souree of energy for subscquent
reacttons  Lastle 18 known about the mechantsm of release of HT and other
substances from the platelets, but 1t 1s tumpting to assume that ths occurs
during viscous metamorphosis, and 1 therefore dependent on the eathier
stages of coagulation proceeding nosmally Such a hypothesis would be
supported by Brgelow s (1954) observation that the release of HT from the
platelets was much delayed during the clotting of haemophilic blood 23
compared with the normal and might also explain the greater seventy of
the haemostatic defect in haemophilia and Christmas disease than m
congenital afbrinogenaenma

You will object that I have already put forward evidence that HT appears
to play kittle part in the haemostatic mechamsm but a posstble reply to this
objection 1s provided by the expenimental resuits of Jaques (rg59) Hehas
found that rabbits and rats treated with either anticoagulant drugs or
teserpine (which depletes the platelets of HT) suffer no spontaneous

bleeding but when both tr are bined, sp haemor

rhage occurs A smular synesgic effect can be demonstrated between
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effects of serous exudates produced on injury  Our understanding of the
haemostatic process will not be complete until we can demonstrate a cause
1n every case of abnormal bleeding and that we are certamly far from being
able to do at present
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disorders of coagulation might shed much fight on the whole problem
of haemostasis

For samalar reasons, vaso 1015 0b ly notsolely dependentan
release of HT from platelets, large vessels and possibly also some capil
lanes contract stantaneously on snyury, before any platelet change canbe
observed It may be that damage to capillary endothchum results
electrostatic changes which lead not only to the actnation of the blood
coagulation mechamsm but also directly to retraction of the endothebial
cells and aggregation of platelets

Another mteresting link betwcen capillary function and blood coagulation
1s provided by recent work on von Willebrand s disease  Unt} the fast few
years this was regarded as being due to an mhented abnormahty of the
captflaries of slan and mucous membranes smnce these patients have long
bleeding times without any obs20us abnormahty of platelets or the coagula
ton system It has recently been found hoy ever, that many of these
patients, ncluding members of the families angtaally mvestigated by von
Willebrand, havean d defi of AHG (Larrieu & Souler 19,3
Alexander & Goldstetn 1953 Nilsson Blombick Jorpes Blomback &
Johansson 1957) Nilsson and her collaborators (Nilsson Blomback & von
Francken 1957, Nilsson Blombick & Blomback 1959) have now produced
evidence that the capillary defectin this condition 1s due to fach of a plasma
factor closely resembling AHG  but distmet from 1t They have treated
patients with von Willebrand s disease with a plasma fraction containing
AHG which not only raises the level of AHG 1 their blood but abso cor
rects the bleeding time and Is bleeding at op Furthermore
they have shown thata suntlar fraction prepared from haemophihic blood 15
equally effective tn carrecting the bleeding time of von Willebrand s disease
Further purtfication of this fraction of normat plasmma appears to abolsh
the effect on the bleeding time without affecting the AHG content These
findings thus introduce a new concept—that normal capitlary function
depends on the presence of one or more plasma constituents

To sum up I can hardly clarm to bave presented a coherent picture of
the haemostatic pracess as I sard at the begimming of thus lecture we are
still left with many unanswered problems [t does appear, however that
the various components of the process may be much more closely integrated
one with another than was formerly suspected and that when abnormal
bleeding occurs, 1t often does so because of 2 cormbination of defects oc
othes adrerse arcumstances The relatne importance of the different
mechansms represented mn Fig 10 vanes very much from one type of
vessel to another and sn different anatomical situatsons and there may well
be other factors which I have not even considered such as the mechamcal
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seventy of affection and to avord ashing the patient do you bleed easily
or copiously? The man 1n the street will usually think mn terms of the
amount of blood which flowed at the time of wounding which of course 15
related to the extent and nature of the wound the relevant question1s how
long did such and such a wound continue to bleed even mtermuttently?
The family madence may also be charactensuc In tzhing the famly
Tustory 1t 15 helpful to draw up the pedigree with the mformant and to
record us impressions of the relative seventy of bleeding 1n the individuals
stated to have been affected Ths not only helps to prevent omussions but
13 also a safeguard agamnst relatives being recorded as affected on trivial
grounds
Processes disturbing coagulation
1 also want to emphasize the principle that clotting may be impaired for one
of three reasons exther the body may be unable to supply the blood with
one or more normal components without which 1t cannot clot properly or
something may be destroying or using up these components more rapidly
than the body can replacethem or alternatively asubstance may be present
1n the blood which 15 able to prevent the interaction of the normal com
ponents so that clot cannot form Now 1f one examines blood samples from
these threeconditions those from the firstwill show deficiencies which can be
corrected by the addition of normal blood  those from the second will show
deficiencies and given time may also be able to produce similar deficiencies
1n samples of normal blood with which they are incubated  and those from
the third wall impair the clotting of normal blood 1mmediately on mixing
but no more 5o after incubation Thus if the patient s clotting time m some
convenient test 1s longer than that of the control sample this may erther be
because the patient s blood 1s inherently defictent 1n some clotting factor
or because the normal factors are being destroyed or consumed 1n the body
morerapidly than they canbereplaced orbecausethepatient sblood contains
an anticoagulant substance If now the patient s and the control bloods are
tmuxed together the clotting ttme of the mixture will be nearly normal in
the first case 1n the second case 1t will become prolonged on mncubation 1f
there 1s a destructive substance free in the blood stream and in the third
case the clotting time will be immedately prolonged usually to a value
intermediate between the pattent s and the control values Thus 1t 1s a
fundamental mancuure 1n this field to observe m parallel the clotting time
of the patient s blood a sample of normal blood and a muxture of the two
The mrung test There1s an important nider here  If two deficient bloods
each gwing a long clotting time are muxed and the clotting tume of the
mmuxtute 1 normal the onginal samples may be taken to have had different
defects since they have corrected each other If they do not correct each



CONGENITAL AND ACQUIRED DISORDERS
OF BLOOD COAGULATION DIAGNOSIS
AND TREATMENT

G 1 C INGRAM

I propose to dtscuss only those conditions 1n which a failure of haemostasis
occurs through inadeq blood coagul and I shall not deal with
defectg of the platelets or of the vasculature

1 want to start with two rather general principles

Value of the history

The first pornt I wish to emphasize 15 the amportance of the history s both
dagnosss and management, for while symptoms do not of course dis
tinguish between deficiencies of different clotting factors the hustory can
obviously separate congemital from acquired conditions and the symptoms
also provide the best assessment of the sevenity of a bleeding disease
It 15 surprising how many people one 1s ashed to see who really have no
evidence of a generalized bleeding state They are sent up because they
have bled 1 some unexpected or unexplamed manner on perhaps one
occaston, although when you go into 1t they have shown normal haemo
stasts on many others or they have persistently bled from one site, such
as the gastro mtestinal tract while they have been submtted to dental
extractions and a hermorraphy, say without excessive bleeding Wath the
exception of von Willebrand s disease which follows a fluctnating course,
and perhaps congemtal factor vit defi (Ackroyd 1956), 2 Lfelong
bleeding tendency of any severity can reasonably be excluded if the history
provides information on several adeq h halfenges to which
the pastent has responded normally Therefore to prevent false trails being
followed as well as to obtamn helpful information the patient s hustory
must be detailed and must contain as many variations as possible on e
themes the occurrence ot bleeding and brutsing 1n abnormal sites of
following what in normal people would have been nsufficient trauma and
the durattan of bleeding after inyury whether acctdental or surgscal
Individual occurrences should be inqutred for and the events compared 1n
one s mund with an estimate of the expected occurrence or durasion of
bleeding under strmfar circumstances in notmal people Two practical
ponts are of special value to determne parncularly carefully the age and
of the first symg of abnormal bleeding 1 g the
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disease there may actually be two separable factors mussmg but since so
far 1t appears that both are always mvolved they may be considered as
constituting a single deficiency (Biggs 19,6 Fisch Duckert & holler
19,8) With erther of these disorders intrinsic th pl prod
13 impaired so that the thrombopl. test will d an
abnormality 1n both cases

The thromboplastin generation test Perhaps I should just explamn the
principles of this versatile and important test

Itisarranged in two stages and 1n 1ts standard form the reagents of the
first stage ble all the d of intrinsie thrombopl but are
defictent 1n prothrombin so that thrombopl. 18 g d but not
thrombin whereas the second stage provides a muxture of prothrombin
and fibrinogen 1n effect as an indicator of the thromboplastin actuty
‘The first stage 1s made up of plasma which has been adsorbed with alumina
or banum sulphate providing AHG and factor v serum which replaces
all the factors removed from the plasma except prothrombin and platelets
or a substitute phospholipid The second stage consssts of whole normal
plasma The reaction mixture 1s sampled at mtersals on to aliquots of the
whole plasma and the clothing times 1n these tubes reflect the thrombo
plastic actrity in the first stage reaction at the tumes of samphng It s
conventent to work with citrated plasma so that calcrum chlonde solution
18 also added to both stages of the test. The thromboplastin generation test
herefore suggests a d ofh hiliz when normal activity 1s found
1n the serum component but a defect 1n the adsorbed plasma but Christmas
disease gives the reverse pattern a normal activty 1n adsorbed plasma but
2 defect 1n the serum component The full dragnoss still depends on the
mixing test I mentioned just now and Biggs s (19,7) assay for AHG 1s
based on companng the ability of the pattents plasma to correct the
defective thromboplastin generation of the plasma of 2 known haemophilic
with the corrective ability of a plasma sample pooled from four or more
ostensibly normal persons  Christmas factor 13 more difficult to assay but
2 qualitative test can be run on the same hines In both these deficrencies
the prothrombin time 13 normat and although the whole blood cloting
ume 18 classically prolonged this 1s only true in the severer cases

Other congemtal defects
Besides these two disorders 1solated defi of other factors
may rarely be met with Factors v vit and Stuart-Prower are all involved
tn the prothrombin time so that 1f any of these are lacking the patient s
prothrombin time will be longer than the control tme (we take a rauo of
13 1 of the patient s time to control ime as the upper limt of normal
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other, but are each corrected by normal blood, they probably have the
same defect This muxing test 1s fundamental 1n distinguishing between
different clottig deficiencies

CONGENITAL CLOTTING ABNORMALITIES

Clotting defects may be congenital or acquired

Fucst, T want to discuss the hife long cangemtal abnormalities So far as
Tam aware these all fall into the first category of clotting disorders the
sumpke. deficiency of one or more essenttal components

Haemophtha and Christmas disease

Haemophilia and Christmas disease are well known and n this country
take first and second place 1n order of maidence n the group

Geneties Genetically these two disosders are sex linked and recessive
characterstically affecting males though t d down the g
through females so that the prop may report symp of bleeding
1n his maternal grandfather his maternal uncles hus brothers his mother s
sisters sons, his sisters sons hus daughters sons and so on while his own
sons and therr children will escape In Chnstmas disease and 1n some
haemophilic famltes, carrier females may also show mild symptoms, so that
this feature does not exclude these diagnoses n the propositus

Seversty In the affected person the age of presentation 1s often related
to severty Severely affected boys may bleed abnormally at the separation
of the cord stump or at crrcumetsion and may show spontaneous bleeding
atan early age as for mnstance from the nose the gut the urinary tract and
mto jomts and may bleed excessively when dropping the milk teeth In
mulder cases abnormal bleeding wiil only foltow mjury so that the disease
may present with the first dental extracttons or at an acudent and spon
taneous bleeding may never occr We were once asked to see a man who
had bled for so Jong after prostatectomy that even the urologsts thought
the blood loss abnormal He turned out to be a haemophulic of moderate
severity but he had not d a bleed: d before op
because he and others 1 s family had bled excessively only after dental
extractions and they had therefore supposed that they merely had some
thing wrong with the gums

The blood defect Turning to the lahoratory aspects we know of course
that 1n both haemophilia and Christmas disease there s ansolated deficency
of a clotting factor In our tautological nomenclature these are hnown as
antt haemophtlic globulin (AHG) and Chnistmas factor respectively
(although as 3 matter of fact there 1s some evidence that in Chnistmas
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There are also the special problems 1n haemophila of dental and surgical
operations and of multiple mtravenous infusions

This means that 1 the course of his lfe a haemophilic will throw up
problems 1n the fields covered by 2 number of different medical disciplines
besides many which we now classify as social You will all know of the
Haemophilia Centres which hayve been set up 1n the last few years by the
Minstry of Health and the Medical Research Counal and I am conscious
that some of you have lated much more exp m running a
Haemophilia Centre than Thave If I may express an opinion I thik that
one of the things we obviously ought to do 1n these centres 1s to bning
together a group of colleagues who are willing to interest themselves in
applying their various skills to the haemophilic problems of their speciali
ttes and so I thought that I might say a little about how we are trying to
do this

1 must explamn that we do not happen to have a clmical haematology
umt so that there are no haematology beds Haemophilic cluldren are
therefore under the pediatnicians with whom we heep closely mn touch and
older cases may be under any chnical consultant, except that we have a
special arrangement with one physician to take on those who come direct
to the Centre  One of the dental staff does all our haemophihic work and
this has been a particularly valuable larly one ph
1 the Department of Physical Medicine sees all the affected jomnts The
anaestheust not only anaesthetizes but also takes charge of all intravenous
dnps A haemophilic s veins are one of hts most precious possessions and
we think that 1t helps to have a skilful person to make careful plans for their
best use when dnips have to be setup Agan we have the help of one of the
Lady Almoners who finds a number of problems with which she can
assist such as arranging home teachers when schooling 1s mterrupted
helping men to find more switable work finding ground floor accommoda
tion for those who are cnippled and so on When the diagnosis 1s first made
we arrange for the patient to be seen by all the relevant members of the
group and we let the famuly doctor know what facihities we can offer and
we encourage hum to get n touch with us whenever he wants to

Surgery 1n haemophiha
I want to discuss now the particular problem of dental extractions and
surgical operations 1n haemophilics There are two principles to make
good the AHG deficiency by transfusion and to protect the healing wound
from trauma which might cause fresh bleeding
‘Transfusion should be aimed at securing a haemostatic level of AHG m
the patient s plasma at the tume of and h to
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Ingram & Armitage 1959) Factor vis present 1n adsorbed normal plasms
so that in factor v deficsency the prolonged prothrombimn time should be
shortened by the addition of adsorbed normal plasma Factors vir and
Stuart-Prower are removed by adsorption but are found 1n serum 5o that
a long prott bin time due to defi of these factors should be
corrected by adding normal serum  Furthermore factors v and Stuart-
Prower are required in the thromboplastin generation test but not factor v11
so that this helps to d h between defi of vi and Stuart-
Prower Defictencies of contact factors may also be found In blood from
these cases the accelerating effect of a glass surface 1s less marked than m
normal blood but other clotting factors will be normal  An ssolated pro
thrombrn deficiency, sensu stricto 1s exceedingly rare, but could readily be
demonstrated, should 1t be encountered with Biggs & Douglas s (1953)
two stage test This 15 a most elegant procedure which labours under the
nusfortune of being so scldom required

Afibrinogenaemia 1s another ranity though well recogmzed Here no
clot will form although all factors other than fibrinogen are present normally
‘The defect 1s of course corrected by the additton of purified fibrmogen

Multiple deficiencies

A number of cases of double congenital deficiencies have now been
described and the transmussion of these disorders 1s of genctical interect
Therr existence means that factors present in serum and mn adsorbed plasma
should always bath be tested for along the Ines described and that one
should not put away the stop watches as soon as one deficiency has been
detected

This leads me to a d of the of these disorders and
I propose to talk i terms of h philia on the und ding that stmilar
principles apply to the ather deficiencies too

Management
Haemophihia like diabetes 1s a ife Jong disease which may be punctuated
by critical eprsodes and attended by vartous chronie disabilities 1 make
this p because h phihia 18 & for many
people to have hittle 1dea of the haemophilic ife whereas we all have some
1dea of what 1t means to be 2 dizbettc and so the analogy may be helpful
n visuahzing the h philie probl In fact of course, the severe
haemophilic 15 the worse off in several respects he will have been aﬂcct;d
from early chuldhood hus physical actnty will be more restricted and the
course of s hife more severely mterrupted fus acute cprsodes may be more
1 and the h philic has as yet no mamtenance treatment
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hydrocortisone mto the jont space in any event further intravenous
nfusions of plasma may be necessary for a day or two

The chromcally disorganized joints should no longer be regarded as a
hopeless problem If the limmtation of movement 15 due to soft tissue
adhesion or contracture patient and gentle phystotherapy over many
months may extend the range of movement considerably In flail jomnts
of the lower hmb fixation m the optumum position covered by AHG
infustons has been found to gine a more useful imb and in fixed jonts
of the upper limb arthroplastv should sumlarly be feasible from about the
age of fifteen years

Other spontaneous bleeding usually responds well to plasma infusions

ACQUIRED CLOTTING DISORDERS
1 turn now to the acquired clotting disorders Except for one group these
all seern to belong to my second and third categories where clothing factors
are erther destroyed or removed more rapidly than they can be replzced or
else are p d from by the p of an

Underlying mechanisms
To begin with I would like to discuss the mechanisms underlying these
disorders
Excessizeutihization Inthe first place it1s possible that bona fide attempts
at haemostasis 1n a large wound may overdraw the account so to speak
Thus 1s supported by some animal work by Brinkhous & Peruck (195,) and
m man Fitzgerald & Jackson (19,6) estimated the fibnn 1n the clot
expressed with the placenta after a delivery complicated by antepartum
haemorrhage and obtamned the astonsshing figure of 63 g Now the circu
lating blood at term carries about 10g of fibrinogen so that this clot
represented the clearance of some six blood volumes and 1n laying down
this clot presumably other clotting factors were proportionally 1molved
Metabolic group Secondly I would like to collect together a rather
1l group of d under the heading of metabolic
disturbances  with at any rate this 1n common  that bleeding seems to be
due to multiple deficiencies 1n clotung factors The obvious entry 1s the

bleeding state foll g dose of and indaned: drugs
which through fe with their synthesis or kib 1nto the blood
produce defi of proth \i factor vit Chnsts factor and

Stuart-Prower factor Allied to this s the condition anising from a defectine
mzzke or absorpxmn of vitamin k. whether from dietary restriction bihary
due to ! disease or from destruction by
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enable effictent clots to form To plan this effectively, 1t 1s helpful to know
the rate of remoral of AHG from the plasma This 1s much faster than one
mught suppose for while albumen 1s turned over at about 3% per day
(Volwiler, Goldsworthy MacMartin Wood Machay & Freemont Sruth,
1955) AHG disappears at about 80%, per day (Biggs 1957)

This explains why 1t 15 necessary to give so much fresh plasma (o its
equivalent :n AHG) so often to support a severe haemophific 1n a haemo
static cnsts In discussing these transfusions I shall use the term ‘AHG
to mclude all AHG contaimng matenals—that 1s whole fresh plasma and
purtfied AHG s from various sources

Generally speahing the patient s previous personal expertence as well as
the degree of the AHG deficiency may be taken as a gurde to the intensuy
of replacement treatment which wiil be needed but the AHG leveln the
pattent s plasma should usually be raised to 20-309% of average normal
to cover dental extractions and rnor and moderately extensive surgery
and this may usually be achieved by nfusing a hitre of ACD plasma m
half to one hour within two to three hours of bleeding the donors, having
spun the blood 11 a cooled centrifuge if passible

Thus an fusion should be gnen drately before the |
challenge, since 1t scems easter to prevent abnormal bleeding mn this way
than to arrest 1t afterwards It may also be necessary to continue datdy
transfusion until healing 1s well under way not only to prevent post
operative bleeding but because there 1s a suggestion that healing 1s delayed
by AHG deficiency

Protection of healing wounds 1s of course very much ad hoc Before
teeth are removed for mstance guard plates should be made so that they
can be apphed immedately after the extractions and left in place for some
days The plates will protect the sockets dunng eating and if bleeding
recurs absorbable dressings may be hghtly packed beneath them pre
ceded, perhaps by another infusion of AHG  Ifindeed anything hasto be
done which mght disturb a healing wound, the procedure may have to be
covered by a dose of AHG given unmedately beforchand Thus after
mayor surgery the changing of dressings and packs the removal of drains
and sutures and phystotherapy should all be timed to follow an mfuston

A word about haemarthrons A bad bleed mto a jont 15 completely
incapacstating and very panful and the acute stage may last several davs
The later results particularly after several attacks may also be very dis
abling leading exther to immobility or to a flail jount

The emergency may be met by applymng a Robert Jones band.ge to
the affected jomt and by wmfusing a litre of fresh plasma intravenously
Some ¢entres are trying aspiration and perhaps following this by inyecting
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hydrocortisone mnto the jomnt space 1n any event further intravenous
mfusions of plasma may be necessary for a day or two

The chromeally disorganized jownts should no longer be regarded as a
hopeless problem If the limitatton of movement 13 due to soft tissue
adheston or contracture patient and gentle phystotherapy over many
months may extend the range of movement considerably In flad joints
of the lower hmb fixation 1n the optitmum position covered by AHG
nfustons has been found to gre a more useful imb and 1n fixed jomnts
of the upper mb arthroplasty should similarly be feasible from about the
age of fifteen years

Other spontaneous bleeding usually responds well to plasma infusions

ACQUIRED CLOTTING DISORDERS

1 turn now to the acquired clotting disorders  Except for one group these
all seem to belong to my second and third categories where clotting factors
are exther destroyed or removed more rapidly than they can be replaced, or
else are prevented from nteracting by the presence of an anticoagulant

Underlying mechanisms
To begin with I would like to discuss the mechanisms underlying these
disorders
Excessieeutshzation In the first place it 1s possible that bona fide attempts
at haemostasis 1n a large wound may overdraw the account so to speak
Thus 1s supported by some 2amimal worh by Brinkhous & Penich (19,5) and
in man Fitzgerald & Jackson (19,6) estimated the fibnn m the clot
expressed with the placenta after a delivery complicated by antepartum
h hage and obtamed the hung figure of 63 g Now the creu
lating blood at term carnes about 10g of fibrimogen so that this clot
represented the clearance of some six blood volumes and in laying down
thus clot presumably other clotting factors were proportionally involved
Metabolic group Secondly I would like to collect together a rather
1. group of d; under the heading of metabolic
disturbances  with at any rate this 1n common that bleeding seems to be
due to multiple deficienctes 1n clotting factors The obvious entry 15 the
bleeding state following overdose of coumann and indanedione drugs
which through f with their synthesis or Iik 1nto the blood
produce d of proth \ factor vir Chnst factor and
Stuart-Prower factor Allied to this 1s the condition ansing from a defectrs e
mtake or absorpuon of vitammn k. whether from dietary restniction biliary
due to 1 disease or from destruction by
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the colonic flora, the same clotting factors appear to be v alved {Quick
Hussey & Collentine, 1952, Douglas, 1958, Spact & hropathn, 1958) and
the same applies to hacmorrhagie disease of the nes born (Aball, Banus
de Lamerens & Rozengvaiz 19594,5) In kwashiorkor and mfanule
gastro enteritis Mershey & Hansen (1957) found deficiencies of factor vit
and perhaps Stuart-Prower and in some cases also prothrombsn defictency
although Christmas factor was not affected  Finally 1n Inver disease all these
factars may be depressed and also factor v and fibrinogen (Favee Gally,
1947 Cowling, 19,6, Rabiner & Spaet, 1950)

The escape of fissue factors wnto the blood stream  Another group of
acquired disorders comprises those conditions in which a serjous destruc
ton of clotting factors appears to follow the escape of tissue substances
mto the blood stream  Indeed one or bath of two quite separate processes
may thus be mitiated

One posstbility 1s the activation of the extrinsic clotting system withia
the curculating blood The clotting factor in tissue reacts with the clotting
comporents i the plasma to form extrnsic thromboplastin this converts
prothrombin to thrombm, and tlus turns the fibnnogen mto fibrin The
process 1s usually rather Jong drawn out, so that fibnn forms diffusely
enough to be filtered off gradually in vanous capiliary beds without
obstructing the curculation  Ultimately the red cells are suspended no
Tonges 1n plasma but m serum, so that the blood 1s gravely depleted of all
those factors which are consumed during normal clotting and thrombo
cytopenia often develops as well Thia 1s what 1 understand by the

defibrination syndrome (Ingram, Norns & Tanner, 1960}

The other possible result of tissue substances entering the blood stream
1o the actation of the fibrolytic system This 15 a system of plasma
factors rather like the clotting system with various precursors activators
and inhibstors whose end productisa wide spectrum proteolyti. enzyme
called fibrinolysin or plasmin which attachs a number of protein substrates
sncluding several of the clottng factors and also platelets Normally this
system 15 q and its physwological role 1s obscure, but 1t can be
sapdly activated 1 various ways  Indeed, 1 some people the threshold
seems to be much lower than in others so that some persons will develop
fibrinolysin by merely running upstairs sn many 1t will develop before
examinations and the ltke and 1t can often be demonstrated pre operatively
Another way in which fibrinolysin can be activated 1s as Ismd by the entey
of tissue Juice into the blood and indeed 2 very hugh level of actimty may
be produced n this way causing severe damage to the haemestatic

h and fatal bleed An hiterature has
accumulated 1n thns field and among a number of reviews may be men
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tioned the classic paper of Macfarlane & Biggs (1948) and recent discussions
by Cooper (1959) and by Sherry Fletcher & Alkjaersig (1959)

Tissue substances may enter the blood m a variety of conditions and
the development of bleeding may be acute or subacute The acute cond
tions iclude concealed antepartum haemorrhage (abruptio placentae)
septic abortion thoracic surgery and incompatible blood transfusion
Placenta 13 nch 1n coagulant tissue matenal (Mills 1921 Seegers &
Schnerder 1951) and abmptm Schne:der (x9y2) has suggcstcd that the
nise i pressure i the P 1 sub-
stances 1nto the maternal circulation and 1n thoracxc surgery the handling
of the lung may have a like result Red cells contain a factor with platelet
Iike activity (Georgatsos Hussey & Quick 19,5) and thus 1s presumably
liberated when mcompatible cells are destroyed

Rate of onset In these conditions a severe bleeding state may develop
1n the course of an hour or two and the chintcal dizgnosis of this complica
tion will become rapidly obvious but a similar picture may unfold less
dramatically over days or weeks 1n assoctation with retained dead foetus
and with hydatidiform mole where maceration presumably leads to the
absorption of iquid prod: and with partrcularly from
prostate pancreas and stomach where I suppose imasion of normal tissue
or necrosss m the neoplasm may allow tissue factor to enter the blood
stream Rarely a bleeding state has anisen from 2 spontaneous actnation
of fibrinolysin and has contuued for some months (Firkin Reed &
Blackburn 1g57)

Management

The management of these disorders depends on two things In the first
place one must consider the primary condition which has allowed tissue
matertal to enter the blood stream In the acute obstetrical emergencies
remission always follows the completion of delivery and mn the operative
cases the blood gradually returns to normal n the post operattve penod
so that the acute bleeding state 13 self imiting provided the patient survives
the immediate hazards The prumary condition should therefore be
foreclosed as expeditiously as possible and 1t seems that, n childbed
delivery by the natural route 15 surprisingly safe i the face of haemostatic
defects (Isracls Lempert & Gilbertson 1951 Peterson & Larson 19y4)
and hence probably safer than Caesarean section In carcinomatosis
and with the spontaneous fibrinolytic states corticords may be tried Ve
had a case of carcinomatosss from stomach where prednisone seemed to
reduce fibrinolytic actvity (Fig 1) In carcinoma of prostate the bleed
g tendency 1s said to have lessened under oestrogen treatment (Bergen &
Schiling 19,8}

4 B
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the colomc flora, the same clotting factors appear to be involved {Quck
Hussey & Collentine, 1952, Douglas, 1958, Spact & kropathin, 1g58) and
the same applies to haemorrhagic disease of the new born (Aball Banus
de Lamerens & Rozengvaig, 19592 ) In kwashiorkor and mfantile
gastro enterttis Merskey & Hansen (1957) found deficiencies of factor vi1
and perhaps Stuart-Prower and 1n some cases also prothrombin deficiency,
although Christmas factor was not affected Finally 1n liver disease all these
factors may be depressed and alse factor v and fibrinogen (Favre Gilly
1947, Cowling 1956 Rabrner & Spaet 1959)

The escape of tissue factors mto the blood stream Another group of
acquired disorders comprises those conditrons n which a sertous destruc
tion of clotting factors appears to follow the escape of tissue substances
nto the blood stream  Indeed, one or both of two quite separate processes
may thus be mitiated

One possibility 15 the activation of the extrinsic clotting system withn
the cireulating blood The clotting factor 1n tissue reacts with the clotting
components 1n the plasma to form extrinsic thromboplastin  this converts
prothrombin to thrombtn and this turns the fibrinogen into fibrin The
process 15 usually rather long drawn out, so that fibrin forms diffusely
enough to be filtered off gradually 1n various capillary beds wathout
obstructing the circulatton  Ultimately the red cells are suspended no
longer 1n plasma but 1n serum, so that the blood 1s gravely depleted of all
those factors which are consumed during normal clotting and thrombo
cytopema often develops as well This 1s what I understand by the

defibrination syndrome (Ingram Norris & Tanner 1960)

The other possible result of tissue substances entermg the blood stream
1s the activation of the fibrinolytic system This 1s 2 system of plasma
factors rather Like the clotting system with various precursors, activators
and inhibitors whoseend productisa wide spectrum proteclytic enzyme
called fibrinolysin or plasmn which attacks a number of protemn substrates
including several of the clottng factors and also platelets Normally this
system 1s q and 1ts physiological role 1s obscure but 1t can be
raptdly activated in vanous ways Indeed in some people the threshold
seems to be much lower than i1n others so that some persons will develop
fibrinolysin by merely running upstars 1 many 1t will develop before
exarminations and the like and 1t can often be demonstrated pre operatively
Another way 1n which fibrmolysin can be activated s as Isad by the entry
of tissue yuice wmnto the blood and indeed a very hugh level of activity may
be produced 1n this way causing severe damage to the hacmostatic

h and fatal bleeding An 1 has
accumulated 1n this field and among a number of reviens may be men
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Secondly, from the haematological point of view management turns on
which clotting factors have been most reduced If the concentration of
fibrinogen has fallen below o 05-0 10 g/100 ml plasma, and especially of
senial estimations show a progressive reduction an infusion of sbout
5~10 g of purified fibrnogen may be given The fate of the infused matenal

04 [- First
[ infusion
Second
nfusion 1-
02
329% per day

Plasma fibrinogen concentration g/100 ml

005 |-

1 ! I 1 ! ) ! L
[ 1 2 3 4 5 6 7 8 9
Days of treatment

Fig 1 Fibrnolysis with carcinomatosis ventricuh A man of 49 years had undergone
partial two years for peptic which was found histo
logically to be malignant He now complamned of two weeks haematuna purpura and
supesficial brusing ~ Active fibrinolysis was demanstrated in his plasma and the plasma
fibrinogen concentration (Ingram 1952) was o 08 g/100 ml plasma Two doses of 76 8of
human fibrinogen (Ingram Pinniger & Vallet 1960) were gven as shown and thew
fate 1n the body followed by making the seral estimates of plasma fibrinogen concentra
tion which gre plotted in this figure Prednusone 8o mg daily falling to 30 mg dally %52
commenced 36 hr before the second infusion and appears to have lessened the rate o
of this dose of I the patient died of a cerebral
haemorrhage probably related to the associated thrombocytopenia (50 ooofmm?) on the
w!xhh day of observation
o

are plotted &

then provides a sensitive indication of the continuance of the bleedmg
process (Figs 1 and 2) If there 13 a serious reduction n platelets or ant!
haemophilic globulin 1t may be possible to replace these by trans
fusion of the appropriate blood products or simply by large volumes of
platelet nch atrated plasma  Also n the acute cases an attempt should
be made to distinguish between defibrmation and fibrinolysis since there
15 some hope now of the development of specific ant: fibrinoly tic treatment
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Fig 2 Defibnn tion complicating abrupt o placentae A primugravida set 27 ye raw s
adm tied at n ght 1n the 34th week of p gnancy W th a diagnosis of conce led accrdental
haerorhag

At 1145pm on 2 October her plasma fibrogen concentration was found to be
0025 g/toam! An infusion of 8 4 g of fibrinogen was given following which the plasma
concentrat on rose to 0 26 gf1coml whereas a concentration of 0 30 g/roo m! had been
antic pated from the estmate of blood volume de + ed from body weight and from the
v nous haematocrit

) 1100am on 3 October the plasm_fibnnog n concentrat on had fallen 1o 0 14 g/

100ml a further mfus on of 40 g of fibnnog n rased 5t 10 021 g/rooml whereas
©27 gf100m} had been ant cipated The f ilu 1o reach the expected level on both
occas ns a well as the rapid disappearance of th first mfusion suggested a continuance
of the defibnn tion process

At 600 pm a further 1 5 g of fibrinog n was given as whole blood and by 8 30pm
the plasma cone ntration had nisen to © 36 g/100 ml some 12y / of anticip tion ths was
taken to mean that the defibrin tion p oce  was now abating and 1tw 3 suggest d to the
obst tnican 1n cha ge of th cas that natural delivery should be awatted and that &
contemplat d Caesa ean s ton hould not be undertak n becau e the platelet count had
now fallen to 35 0cojmm. and there was a presumpti _evidence (thromboplastin genera
tion ser ening test) of some degree of AHG d fic ncy both of wh ch could have made
operation hazardous

At1205am on 4 October the plasma fibnnogen concentration w s agam found ta be
©36 g/100 ml although no mo fibnnogen had been given and d hv ry followed at
1508 m. W th munmal blood lo s

E = expect d plasma fibrnogen concentrat n following mfusions (From Ingram
Normis & Tanner 1960 )
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Secondly from the h logical point of view management turns on
which clotung factors have been most reduced  If the concentration of
fibrimogen has fallen below o 05-6 10 g/100 ml plasma and especrally if
seral esttmations show a progressive reduction, an infusion of about
5-10 g of punfied fibrinogen may be given The fate of the infused materil
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Fig 1 Fibrmolysis with carcinomatosis ventricult A man of 49 years had undergone
partial two years for peptic which was found histo
logically to be malignant” He now complamned of two weeks haematuria purpura an

superficial brusing  Actrve fibrinolysts was demonstrated m his plasma and the plasma
fibrinogen concentration (Ingram  1952) was o o8 g/100 ml plasma Two doses of 7 6 g of
human fibrinogen (Ingram Pinniger & Vallet 1960) were given as shown and their
fate in the body followed by making the senal estimates of plasma fibrinogen concentrs

tion which are plotted m this figure Prednisone 80 mg daily falling to 30 mg daly was
commenced 36 hr before the second mfuston and appears to have lessened the rate of
of this dose of fib ly the patient died of  cerebral
haemorrhage probably related to the associated thrombocytopenia (5o ocofmm?) on the

1oth day of observation
The fib

are plotted

then provides a sensitive 1ndication of the contmnuance of the bleeding
process (Figs 1and 2) If there 1s a serious reduction :n platelets or antt
haemophilic globuln 1t may be possible to replace these by trans
fusion of the appropnate blood products or simply by large volumes of
platelet rich atrated plasma  Also 1n the acute cases an attempt should
be made to distinguish between defibrination and fibrinolysis since there
1s some hope now of the development of specific ant: fibrinolytic treatment
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old age These ant1 coagulants are fully discussed by Biggs & Macfarlane
(1957)

Having described these different mechanisms whereby bleeding states
may be acquired 1 adult Iife one can now approach the problem of their
nvestigation

Inestigation
Test for heparin It 1s clear that if hepann 15 present all clotting tests
will be more or less affected so that the first step 1s to exclude the presence
of an ant1 coagulant of this type The stmplest thing to do 1s the thrombin
clotting time 1n which a caleified solution of thrombm 1s used to obtain
2 clotting time from the patient s and from control crtrated plasmas in
parallel
Test for fibrinolystn The next step 15 to set up a test for active fibrinolysin
It1s very conventent to use the thrombin clotting time again here along the
lines suggested by Wilhelm Mules & Mackay (1955) Samples of crtrated
plasma from the patient and the control are separately put to incubate
Alquots are removed at 1ntervals and their thrombin times determined
Normally of course much the same value should be obtamed at each
successive determination but if there 1s 2 fibrinolytic activity 1n the patient s
plasma the fibrmogen will be progressively destroyed and so the thrombmn
clotting time will lengthen in the patient s sample
Combined test It wall be immediately apparent that i practice these two
tests can be run together andin fact1f th bin times are ot dimmed:
ately the plasma samples are put o mcubate these imtial readings wall
serve for the heparin test If then the patient s ymtial thrombin clotting
time 13 prolonged the presence of an intubitor can be confirmed by testing
mixtures of the patient s and the control plasma in various proportions
The test should then be repeated after adding tohndmne blue to both the
Pattent s and the control plasmas Apart from the mhibitory mechamsm
being studied by kowalski and others to which I have referred if tolmdine
blue corrects the patient s prolonged thrombin time 1t may be taken to
indicate the presence of heparin If on the other hand the patient s time
15 prolonged but this 1s corrected by mmung with normal plasma the
Prolongation may be due to hypofib of the
thrombin clotting time from this cause will be corrected by the addition of
Purified fibnnogen
If however the 1nitial thrombin clotting time 1s the same 1n the patient s
and the control sample we leave the plasma samples incubating and proceed
10 other tests

Tests for deficiencies The mext step 1s to find out what deficiencres exist
Tt would clearly be impracticable to apply routinely a separate test for each
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In addition, howalski (Niewiarowski, howalsks & Stachurska, 19,9)
von haulla (von Kaulla & Swan 1958) and others have been working on
an whibttor released from fibrinogen when 1t 1s destrayed by fibanolysin
This 15 still obscure but the hope that 1t may be elucidated provides an
additional reason for dentifying the fibrinolytic state

These are not the only processes whereby bleeding may arse, and I have
time to discuss one or two more

You will know that heparin 1s believed to be stored 1n the metachromatic
granules of mast cells, from which 1t may be liberated mto the blood stream
I'believe that the only physological aircurstance 1 which this occurs to
any extent 1s during hibernation 1n those mammals which spend the winter
so much more sensibly than we do {Smith Lewis & Svihla 1954) Our
blood ordinanily contains a little combined heparin and practically none n
the free state but a massive heparinaemia can occur pathologically
rendening the blood completely incoagulable This has been described tn
ammotic flud embol plicating 1 labour (Ratnoff &
Vosburgh, 1952) and i other obstetrical emergencies (reviewed by Ingram
Norris & Tanner, 1960) and 1t has been shown expenimentally that an
nfusion of meconum will produce 2 hike effect (Schneider 1953, 1955)
Wi ffering from fi aresaid to show extreme vasomotor
collapse and this 1s of the exp 1 syndrome hnown 2s
‘peptone shock , i which heparinaemra 1s also charactersstic {(Howell
1923) Heparinaemia has also been seen as a spontaneous development in
otherwise healthy persons (Speer Hnll Maloney & Roberts 1955)

An entirely different type of anti coagulant arises n certan chronic
disord D d lupus eryth 1s an interesting example
for the inhibitor appears to interfere with the liberation of thrombmn
(Couley & Hartman 1952 Lee & Sanders, 1955 Bonnmn Cohen 8 Hicks
1956 Ramot & Singer, 1956)

In other circumstances a speaific destructive substance appears m the
blood The classical accurrence 1s mn haemophilics who have recerved
multrple blood transfusions If 2 haemophilte has no AHG of hus own he
may logically regard mfused AHG as a foreign protein and no one may
complain 1f he forms an antibody against 1t This has been described 1n
a fevy cases and there 18 one stance on record of an afibrinogenaemic boy
who formed a sumilar anti fibnnogen (Bronmmann 1954) However
people who are not haemophilics sometimes also form antt AHG anti
bodies which are presumably analogous to auto antibodies formed aganst
other bodv tissues This has been described 1n a number of cases following
childbirth—a quite clearly diff from the other obstetrical
bleeding states already mentioned and 1t has also been found 1n extreme
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old age These ant1 1 are fully d d by Biggs & Macfarl:
(1957)

Having described these different mechanisms whereby bleeding states
may be acquired 1n adult hife one can now approach the problem of therr
mvestigation

Inestigation

Test for heparin Tt 1s clear that of heparin 13 present all clotting tests
will be more or less affected so that the first step 1s to exclude the presence
of an ant1 coagulant of this type The sumplest thing to do 1s the thrombin
clotting time 1n which a caleified solution of thrombin 1s used to obtain
a clotting time from the patients and from control citrated plasmas 1n
parallel

Test for fibrmolysin ‘The next step 15 to set up a test for active fibrinalysin
It1s very convenient to use the thrombin clotting time again here along the
lines suggested by Wilhelm Miles & Mackay (1955) Samples of citrated
plasma from the patient and the control are separately put to mcubate
Algquots are removed at intervals and their thrombin times determmed
Normally of course much the same value should be obtamed at each
successive determination but if there 1s a fibrmolytic activaty 1n the patient s
plasma the fibrinogen will be prog ly d yed and so the t!
clotung time will lengthen 1n the patient s sample

Combuned test It will be immedrately apparent that in practice these two
tests can be run together and 1n fact 1f thrombin times are obtained immed:
ately the plasma samples are put to mcubate these mtial readings will
serve for the heparin test If then the patient s imtial thrombin clotting
tune 1s prolonged the presence of an wnhibrtor can be confirmed by testing
mixtures of the patient s and the control plasma 1n vanous proportions
‘The test should then be repeated after adding toluidine blue to both the
Patient s and the control plasmas Apart from the inhibitory mechanism
being studted by howalski and others to which I have referred 1f tolurdine
blue corrects the patient s prolonged thrombin time 1t may be taken to
indicate the presence of heparin  If on the other hand the patient s time
13 prolonged but this 1s corrected by muang with normal plasma the
prolongation may be due to hypofit A prol of the
thrombin clotting time from this cause will be corrected by the addition of
purified fibrinogen

If however the imitial thrombun clotting time 1s the same 1n the patient s
and the control sample we leave the plasma samples 1ncubating and proceed
to other tests

Tests for deficzencies The next step 15 to find out what deficrencies exist
It would clearly be impracticable to apply routinely a separate test for each
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clotting factor and so we have worked out the following scheme to obtan
as much information from as Iittle work as possible We doa platelet count,
since thrombocytopenta 1s charactenstic of both defibrination and fibnno-
lysis We have a rapid laboratory method for the estimation of fibnnogenm
which the clot 1s weighed after 10 min dehydration 1n acetone We do
Quuck’s prothrombin time as a brned test for factors v vir and Stuart-
Prower (as descrsbed earlier on) We use Hicks & Putney s (1957) thrombo
plastin generation screeming test for an indication of the actwity of AHG
and Chnistmas factor and to show up an mhibitor of thromboplasun
generation This of course involves testing a mixture of patient s and control
plastmas as well as the two separately so that1t 1s convenient to run the three
samples 1n a staggered concurrent design subsampling from each at 3 and
6mmn only Progresstve destruction of a thromboplastic factor can be
demonstrated by repeating this manceuvre on tncubated samples along the
lines suggested 1n the fibrinolysin test If an abnormality 1s shown, 2
specific deficiency or the site of action of an inhsbtor can be worked out
with the conv ! thrombopl: g test

The details of these tests have been described elsewhere (Ingram, 1960}
and only a résume will be added here

Plan of imestigation Do a platelet count Make 10-15 ml of cutrated
blood Set up the haematocrit of the citrated blood (this 1s needed for the
calculation 1n the fibrinogen estimation) and spin the remainder to obtain
atrated plasma  Simlarly obtan normal citrated plasma  Begin by
putting about 1 m! of each plasma to b p ly and dhatel
record the thrombmn clotting time 1n an ahiquot of each If the patient s
time 1s prolonged test the corrective ability of an equal volume of normal
plasma of purified fibrmogen (for hypofib ) or of d
blue (for heparin)  If heparn can be excluded leave these plasmas
tncubating and set up the fibrinogen determination Whle this 1s clotting
do another thrombin time on the incubated plasmas and do the prothrombin
time Now harvest the clot from the fibrinogen determnation and transfer
to acetone for 1omin  Prepare the thrombopl. generation
test and perhaps do another thrombin time Decant the acetone off the
clot evaporate the residual solvent and rapidly weigh the clot Do 2
thromboplastin generation screening test and set up any further thrombo
plastin generation tests which may be mndicated Repeat the thrombin
time on the mncubated plasmas It now should be possible to obtain 2 fair
overall estimate of the abnormalities present and a reasonable approach
to replacement treatment can be worked out If deficiencies are found
which 1t would be reasonable to try and correct by transfusions, the speaific

! can be repeated after the matertal has been grven and an
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assessment of the rate of progression of the underlying clotting disorder
canbe made Fromthis helpful information can be offered to the chimcian
1 charge as for instance on the advisability of intervemng or of letting
the case take a natural course or of the hazards of operating now rather
than later

SUMMARY

In summary I will outlme the man princrples agamn

Furst clotung disorders may be erther congenital or acqured The
congenttal disorders appear to be deficiencies of one or more clotting
factors and the d disorders are probably either multiple defi
or are due to some process destroying clotting components more raptdly
than they can be replaced or to an anti coagulant substance preventing
lheu' 1nteraction

dly 1n the

1d

1t 13 now often possible to make
a precise h and to cover h
by approprrate transfustons In the face of a haemostatic challenge not
only must the level of the missing factor be sufficiently restored in the
patient s plasma but the wound must be protected during the healing
stage from anything which could cause bleeding to recur

Thurdly 1n the acquired clotting disorders an attempt should be made
to distingursh three types of cond the defib syndrome in which
a more or less slow process of clotting occurs 1 the circulating blood
an actiwation of fibrinolysin by which clotting factors are destroyed as they
crculate and the presence of an abnormal mhubttor or anti coagulant
substance These latter may be hepannoid or they may resemble auto
antibodies directed against one particular clottng factor or they may
1nhubit a partrcular clotting reaction

Lastly the treatment of the acquired disorders 1s partly to replace those
factors which have been destroyed to support the patient 1n the immediate
cnsis and also to do what may be done to deal with the underlying process
which d d the develop of a bleeding tend:

Y
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clotting factor and so we have worked out the following scheme to obtan
as much information from as ittle work as posssble We do 2 platelet count
since thrombocytopenta 1s ch sstic of both defib and fibrino
Iysis We have a rapid laboratory method for the estimatton of fibrinogenn
which the clot 1s weighed after 10 mm dehydration in acetone We do
Quick’s prothrombin time as a combned test for factors v, vt and Stuart-
Prower (as described earlter on) We use Hicks & Pitney s (1957) thrombo
plastin generatton screening test for an ndication of the actvity of AHG
and Chnistmas factor and to show up an infubstor of thromboplastin
generation This of course 1ns olves testing a mixture of pattent s and control
plasmas as well as the two separately so that 1t 1s cons entent to run the three
samples 1n a staggered concurrent design subsampling from each at 3 and
6 min only Progressive destruction of a thromboplastic factor can be
demonstrated by repeating this manceuvre on incubated samples along the
lines suggested 1n the fibrinolysin test If an abnormalty 1s shown a
specific deficrency or the site of actron of an inhibitor can be worked out
with the conventional thromboplastin generation test

The detazls of these tests have been described elsewhere (Ingram, 1960)
and only a résume will be added here

Plan of nzestigation Da 2 platelet count  Make 10-15 ml of citrated
blood Set up the haematocrtt of the citrated blood (this 1s needed for the
calculation 1n the fibrinogen estimaton) and spin the remainder to obtan
citrated plasma  Similarly, obtan normal citrated plasma  Begm by
putting about 1 ml of each plasma to incubate separately and smmediately
record the thrombin clotting time 1n an aliquot of eich If the patients
time 1s prolonged test the correctrve ability of an equal volume of normal
plasma of punfied fibrogen (for hypofibrinog ) or of tolurd
blue (for heparin) If heparin can be excluded, leave these plasmas
1ncubating and set up the fibrinogen determination Whale this 13 clottng
do another thrombin time on the incubated plasmas and do the prothrombin
tume Now harvest the clot from the fibrinogen determination and transfer
to acetone for tomm  Prepare the thromboplastin g
test and perhaps do another thrombim time Decant the acetone off the
ot evaporate the residual solvent and rapudly weigh the clot Do 2
thromboplastin generation screening test and set up any further thrombo
plastin generation tests which may be ndicated Repeat the thrombm
time on the mncubated plasmas It now should be possible to obtan far
overall estimate of the abnormalities present and a reasonable approach
to replacement treatment can be worked out If deficiencies are found
which 1t would be reasonable to try and correct by transfustons the specific
d, can be d after the material has been grven and an
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THE PATHOGENESIS OF PURPURA
J F ACRROYD

Bleeding which 1s apparently spontaneous or which occurs excessively in
response to trauma s of two types 1t may occur as large extravasations of
blood or as small localized haemorrhages which are often only pin point m
size and mtiaily bsght red 1n colour and which when seenin the skin form
the petechiae which the ct clinecal picture of purpura
‘The former tend to occur 1n conditions in which blood clotting 1s prolonged
‘The latter occur 1n conditions m which there 1s primanly a capillary defect
the petechiae being due to munute leaks from the capillaries In some
conditrons 1n which blood coagulation 1s greatly delayed as in congemtal
deficiency of the Hageman factor (Ratnoff & Colopy 1955) or in pattents
recerving large doses of heparin spontaneous bleeding erther does not
occur or occurs only very rarely In consequence 1t seems clear that
1mpaired blood 1. alone may not be suffi to cause sp
bleeding and that there must also be a vascular defect before bleeding can
occur It 1s not surprising therefore that the dividing line between the
two ty pes of bleeding 1s by no means clear cut Thus extensive haemorrhage
—for example fatal cerebral haemorrhage—~is not uncommon 1n purpura
Furthermore 1n some conditions such as for instance von Willebrand s
disease which are beheved to be due pnmanly to a capillary lesion
petechiae are relatrvely rare  Nevertheless the majonty of cases can be
divided into these two groups
T propose tn this lecture to discuss the pathological changes underlying
bleeding of the capillary type and then to consider in detail the patho
genesis of several different types of purpura
The vascular defect 1n purpura can be demonstrated by two simple
clinical tests
First the bleeding tume 1s prolonged Although vanous modifications
have been duced since 1t was described by Duke (1g10) this
test consists essentially of measuning the time bleeding persists after the
infliction with a cutting needle of a small stab wound through the skin
1 shall be considenng later the reason why a prolonged bleeding time 1s
thought to be a manifestation of a capillary disorder
Second increased caprllary fragihity can be demonstrated by one of the
capillary fragility tests of which the positive pressure method of Hess (1916)
1s probably the sumplest and most satisfactory The techmque of this test
13 worth d A sph: cuff 1s applied to the arm
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THE PATHOGENESIS OF PURPURA
J F ACRROYD

Bleeding which 1s apparently spontancous or which occurs excessively
response to trauma 1s of two types it may occur as large extravasations of
blood or as small localized haemorrhages which are often only pin pomntin
sizeand imtially bnght red in colour and which when seenin the shin form
the petechiae which the ch, chinical preture of purpura
‘The former tend to occur i conditions 1n which blood clotting 1s prolonged
The latter occur 1n conditions m which there 1s primarily a capillary defect
the petechiae being due to munute leaks from the capillaries In some
condittons 1n which blood coagulation 1s greatly delayed as m congemtal
deficiency of the Hageman factor (Ratnoff & Colopy 19,5) or n pattents
recerving large doses of heparn spontaneous bleeding erther does not
occur or occurs only very rarely In consequence it seems clear that
mpaired blood 1 alone may not be suffi to cau
bleeding and that there must also be 2 vascular defect before blecdmg can
occur It 1s not surprising therefore that the dividing hine between the
two types of bleeding 15 by no means clear cut Thus extensivehaemorrhage
—for example fatal cerebral haemorrhage—is not uncommon m purpura
Furthermore 1n some conditions such as for nstance, von Willebrand s
dxseasc which are believed to be due primanly to a capillary lesion
are relatively rare N heless the majonty of cases can be
dl\uded 1to these two groups
1 propose 1n this lecture to discuss the pathological changes underlying
bleeding of the capillary type and then to consider 1n detail the patho
geness of several different types of purpura
The vascular defect m purpura can be demonstrated by two simple
clinccal tests
First the bleedmg time 13 prolonged Although varous modifications
have been fuced since 1t was iy described by Duke (1910) this
test consists essentially of measuring the time bleeding persists after the
infliction with a cutting needle of a small stab wound through the skin
T shall be constdenng later the reason why a prolonged bleeding time 1s
thought to be a manifestation of a capillary disorder
Second increased caprllary fragility can be demonstrated by one of the
capillary fragility tests of which the positive pressure method of Hess (1916)
15 probably the simplest and most satisfactory The techmque of this test
18 worth A cuff 1s applied to the arm
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above the elbow and 15 inflated to a defintte pressure for a definite tme
The pressure to which the capillartes are subjected 1n this test has been
investigated by Landis {1930) who showed that when the cuff s wflated
the intracapillary pressure rapidly nses to a level Just above the cuff
pressure I, therefore the test 1s performed 1n the usual way n which it
is deseribed n text books, by mflatng the cuff to a pomnt ‘mud way
between the systolie and drastolic blood pressures’ (Whitby & Brtton
1957), or shghtly above the diastolic pressure’ (Wintrobe, 1956) the capil
lartes will be subjected to a wide range of different pressures depending
only on the patient’s artenal pressure It 1s clear therefore that some
standard pressure must be used for all patients, irrespecteve of ther blood
pressures In adults I personally use a pressure of 8o mm of mercury for
5mn In the majority of normal mdtviduals this will produce not more
than 1o petechiae 1n the arm below the cuff

COAGULATION DEFECTS ASSOCIATED WITH
BLEEDING OF THE CAPILLARY 1YPE

Apart from the frequent occurrence of thrombocytopema i cases of
purpura, the blood coagulation factors are usually normal The following
are ples—all of them f the association of coagulation
defects with bleeding of the capillary type

Von Willebrand s disease  Haemorrhage 1n this condrtion n which the
bleeding time 14 ch wstically prolonged has in the past been thought
to be due solely to a capillary defect Recently a deficiency of antthaemo-
philic globulin has been reported tn some cases (Biggs & Macfarlane

1958)

romboasth In this di also the bleeding time 1s prolong d
but the capillary defect 1s d with a f 1 ak hity of the
platelets which are sometimes also morphologically abnormal ‘The
functional abnormality of the platelets can be d d by the

thromboplastin generation test (Biggs & Douglas 1953) If in this test
platelets from a patient with thromboasthema are incubated with normal
serum and normal alummium hydroude adsorbed pfasma much less
hrombogk 1s g d than if platelets from a normal indtvrdual are
used (Biggs & Donglas, 1g53) This subject has been extensnely reviened
by Braunstemner (1955) Thromboasthenia may occur as 2 hereditary
disorder (Glanzmann’s disease) A sumilar platelet sbpormality has also
been described 1n haemorrhagic thrombocythaenua (Hardisty & Wolff
1955) Recently Cetingil and hus colleagues (1958) have described com

parable findings 1n a case of scurvy—a condition 1n which the bleeding has
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hitherto been considered 1o be due solely to 2 capillary defect  In this case
the platelets reverted to normal after treatment with ascorbie acid

Factor vi1 definency  Severe dependent purpuraof bfe long duration has
recently been desenbed in 2 nuddle sged maa with congenstal factor vig
defictency {Ackroyd 1956)

The

The dysp b 1 bleeding sometimes seen sn these
condstions 13 due to 3 combnation of factors ncluding capiilary defects
aad b fittes of blond coagul {see p 241)

THE ABSOCIATION OF PURPURA WITH
THROMBGCYTOPENIA

Although the assocratrons of bleeding of the capillary type wi xzh deﬁcxcnc:cs
of plasma clottng factors purpura 13 freqt
with 2 reduction in the number of cirenlating platelets T}m assoriation
raises two problems first why there should be this associaton andsecond
how far the thrombotytopena inereases the bleeding tendency

It 13 well hnown that severe purpura can octcur without thrombe
cytopensa and also that severe thrombocytopemia can occur without
purpura This latter pamnt was <lestly demonstrated by Dyke & Stenart
{3931} who found that 1n cases of pernicious anaemua the platefer count
could be as low as 17 4oo/mm® m the absence of abnormal bleeding
However the marked reduction in blecding whech has been reported by
wany workers when the platelet count in patsents with idiopathec thrombo
cytopemc purpura s rased by transfusion strongly suggests that platelers
are mportant m haemostasts The answer to this paradox seems to be
supplied by a series of experiments performed by Bedson  He first showed
(Bedson 1922} that of the capillavies of an ammal are damaged 10 an evtent
x&m does not ause bleeching the simultaneous mduction of a degree of

P waelf smad 3 cause bleeding wdl cause haemor

thages to develop  Tn 2 later senes of expenments Bedson (1924} found
thatof the dose of antr platelet serum adminsstered to rablnts was graded so
that only the platelets were destroyed then haemorrhages did not develop
but that bleeding did oceur of a farger dose of the serum was given  Hewas
sble to show that thus harger dose not only desteayed the animal s platelets
but alse attacked the capilary endothehum

It con be concluded from Bedson » eathier expeniments thar platelets
tend to prevent bleeding from damaged capiliznies  Dansetlt s (1g40) work
would suggest that they do this by blocking defects i the walls of the
cepillaries  Conversely st may also be concluded from Bedson 2 work that
thrombocytopenta tends to increase bleeding due to capitlary damage
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above the elbow and 1s inflated to a definute pressure for & definute tume
The pressure to which the capillaries are subjected 1n this test has been
investigated by Landis (1930) who showed that when the cuff 5s 1nflated
the ntracaplfary pressure rapidly rises to a level just above the cuff
pressure If therefore, the test 1s performed i the usual way n which 1t
1s described 1 text books by tnflating the cuff to a pont  nud way
between the systolic and diastolic blood pressures (Whitby & Britton
1957) or ‘shghtly above the diastolic pressure (Wintrobe 1956) the capil
laries will be subjected to a wide range of different pressures depending
only on the patient s arterial pressure It 15 clear, therefore, that some
standard pressure must be used for all patients irrespective of their blood
P In adults, I'p lly use a pressure of 8o mm of mercury for
smin  In the majonty of normal individuals this wall produce not mose
than 10 petechuae tn the arm below the cuff

COAGULATION DEFECTS ASSOCIATED WITH
BLEEDING OF THE CAPILLARY TYPE

Apart from the frequent occurrence of thrombocytopenta i cases of
purpura the blood coagulation factors are usually normal ‘The following
are pl 1l of them f the of coagul:
defects with bleeding of the capillary type

Von Willebrand s disease Haemorrhage n this condition in which the
bleeding time 1s ct sstically prolonged has i the past been thought
to be due solely to a capillary defect R ly a defi y of antsh
philic globulin has been reported in some cases (Biggs & Macfarfane

1958)

Thromboasth In this cond also the bleeding time 15 prolonged
but the capullary defect is d with a fi ! ab lity of the
platelets which are also morphol fly ab ! The
functional abnormality of the platelets can be d d by the

thromboplastin generation test (Biggs & Douglas 1953) If mn thus test
platelets from a patient with thromboasthen:a are ncubated with normal
serum and normal alumunmum hydrovide adsorbed plasma much less
thrombaplastn 1s generated than if platelets from a normal individual are
used (Biggs & Douglas 1953) Tlus subject has been extensively reviewed
by B (1955) Thromboasth may occur as a hereditary
disorder (Glanzmann s disease) A sumlar platelet abnormality has also
been described tn haemorrhagic thrombocythaema (Hardisty & Wolff
1955) Recently Cetingd and his colleagues (1938) have described com

parable findiags 1n a case of scurvy—~a condition 1n which the bleeding has




PLATE I

Normal na fold cap Maries 4 The arrow ind cates where 4 ¢ pill ry loop 1 bout to be

e arrow mmdicates the site at which the capdlary has been punctured
Although bleeding has not occurred the capill ry ha undergone contract on 2nd can no
longer be seen (Reproduced from Macfarlane (1941) by permi s on of The Q a terh
Fou nal f Med ane)

Na1 fold caplaries 1n & case of non thromb cytopenicpurpura € The loopsare rv gul r

¢ rrow indicates where a Joop 15 about to be puncured D Haemorrhage s ocourr nz
f om the njured vessel which has not contra ted (Reproduced from Macfarlan ( 941)
by p muss nof The Quarterh, Joi al f Med cine)

(Fa gp 220)
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Bedson slater experimentswithant: plateletserum suggestth.t sincethey
are both attached by the same antiserum, platelets and capillary endothelum
are probably closely related antigentcally It seems possible that this 15 the
explanation of the frequent association of purpura with thrombocy topenia
for, 1f they are immunologrcally related, a factor which can damage the endo-

d I 1

thehal cells may wellalsodamage the platel ytop

THE CAPILLARIES IN PURPURA

The mechanism of the formation of petechiac has been studied by Humble
(1949) Usmng a mucroscope arranged for mvestigaung the capillaries m
the skin, he observed the formation of petechiae during the performance
of the Hess capillary fragiity test Petechial haemorthages developed only
at the arterrolar ends of the capillary loops

Macfarlane (1941) has observed the capillaries in a large number of
different types of purpura He found that the capillary loops 1 the nall
bed were often distorted and srregular and sometimes branched and more
important the capillanies did not contract normally on myury This work
confirmed and extended the earher observations of Leschhe & Witthower
{1926) On the basis of an exhaustive study of the capillartes and the
bleeding phenomena observed mn a large number of different haemorrhagic
disorders, Macfarlane formulated his hypothesis of haemostasis which
explains why the bleeding tume 1s prolanged when there 15 a capillary
defect but not when blood coagulation 1s delayed According to this
hypothesss small penetrating injurtes, such as those inflicted 1n performing
the bleeding time test damage mamly capillary blood vessels The mitial
result 1s free bleeding This 1s normally raprdly arrested by capillary con
traction The extravasated blood m the wound then clots and, by the time
the capillaries open agamn, a firm haemostatic clot has formed which presents
further bleeding In conditions mn which blood coagulation 15 delayed
bleeding 15 also arrested by capillary contractton although 1t may start
agan when the capillaries reopen :f blood coagulatton 13 sufficiently
mnparred to prevent the formation of a haemostatic clot In purpura,
however the bleeding time 15 greatly prolonged because the capiffanes do
not contract normally on mjury Plate 1 (A and 8) shows the response of
normal capillaries to myury and Plate 1 (c and D) the response of the
capillanies m a case of non thrombocytopenic purpura (Macfarlane 194 )

Histological studes of the capillartes i purpura commonly show dntle
significant change (Humble 1949 MacLeod 1933) Changes are how
ever seen 1n anaphylactord purpura and mn purpura due to drug hyper
sensitivity These changes will be considered later
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ANAPHYLACTOID PURPURA

The first of the different types of purpura the pathogenesis of which
1 propose to discuss 1s anaphy)aczmd purpura—alternatively known as the
Henoch-Schont Although true purpura (that 1s purpura
with no d pically visible infl y reaction) 1s seen
1 this condition thc charactenistic rash 1s a shightly raised erythematous
papule with a central haemorrhage

A very small number of cases are definitely due to food aliergy This
subject has been reviened elsewhere (Ackroyd 1953) Perhaps the most
striking of these cases 15 that described by Brown (1946) This patient
developed the Henoch-Schont d with purpura colic joint
pams and haematunia whenever he ate tomato In the vast majonty of
cases howerver no cause 1s found

The wadely held behef that the contition 15 commenly due to strepto
caceal allergy receives hittle support from studies of the antistreptolysin
e 1n affected mdividuals  Bywaters and hss colleagues (1957) reported
that although a history of a recent acute uppex respiratory tract mfecnon
was common this was due to a S b (as nd:
by a raised antistreptolysin O nitre) on\y m ah\)ut 2 third of their cases
Thi meidence was the same as that observed by them 1 a control group
of p:mcmx 1t can be concluded therefore that unless the formation of antt

O antibody 15 ab 1 3n many patents with the Henoch—-

Schonkm syndrome {and there 1s no evidence thatit1s) then £ haemolytic
streptococeal infections are unlihely to be mportant 1 the aetology of
this condition or, sf they are they can be so only m 1 refately small
praportion of cases

The platelet count m anaphylactord purpura 1s normal or only shightly
reduced and a3 no clotting defects have been reported the bleeding 1s
Presumably due ta a capitfary lesion  Histologieal examination of the skin
vcss:ls m the area of the rash (see Plate z) shows a marked pernascular

v fil mawly with p ph lear {eucocytes and

macrophages and some lymphocytes This change 1s seen around the small
vessels of the conum  Sumitar findings have been reported by Gawdner
{1948) The «ascular endothehum shows little change

Stefumm & Mednicoff (19,4) clum that they have demonstrated 3
Precipitin reaction between the sera of some patients with anaphylactord
Purpura and extracts prepared from human aoric intima  Cruichshank
(1939) was however unable to confiem thus finding Although this 15 the
first ime 2t hes been clumed that an ante vascular endothekal factor can
be demonstrated 1n patents with anaphylactord purpura experimental




PLATE2

Anaphylactord purpura section of an erythematous papule showing a dilated vesse] in the
corium with a perivascular infil of lear | an
with some Iymphocytes The endothelium appears normal ~ (Reproduced from Ackroyd
(1953) by permussion of the dmerican Journal of Vedicne )
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3p Cased
2 ./\___/\
1 Capillary fragilty
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Capillary fragility

1 (normal when examuned
[ e = = year tarer)

Platelets 100 000 mm®
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1 Capillary fragilicy
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1 Capillary fragility ’
S S E i S—
10 20 30 40 50

— 0-10 petechiae m antecubutal fossa (normal)
== Up 10 50 petechiae 1n antecubrtal fossa
wm Over 100 petechize 1 antecobital fossa
and just above and below
Jm Domerous petechne extending to yuncuon.
of upper and uddle thirds of forearm
Fg 1 Changes i the platelet count and cap Nary frag! ty observed in five cas s of m Id
uncomplicated rubella * As nd cated m th  key the 1k J ven
cap llary fragil ty 1s p oportional to th numb r of ha morvhag s produced 1 the Hess
test performed by mamtaining a pressureof Bommof m _cury fo 5 min (Redzawn from
<kroyd (19494) and reproduced by perm s on of The Qua terly Journal of Medicane )

cytopenia and ncreased capillary fragility may persist for a long time after
the termmation of the acute illness there must be some factor which pre
Cipitates purpura at this stage  Nothung 1s hnown of such a factor but the
existence of 2 symptom free period before the onset of purpura suggests
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work by many authors has shown that non thrombocytopense purpura ean
be produced 1n antmals by the adrumstration of serum prepared agamst
vascular endothehal cells This work has been reviewed and confirmed by
Clarh & Javobs (1950) The significance of these obsersations 1s obscure
and 1¢ 1s not certain whether they have any beanng on the pathogenesss of
purpura in man However Stefanmn: & Medmcoff s (1954) worh should
1t be confirmed, does suggest that the blood n patients with anaphylactoid
Ppurpura may contamn an ant: endothehal factor which 1s responsible for the
vascular damage and resultant purpura  Furthermore, 1t seems possible
that the occurrence of an antigen-antibody reaction i the vessel swalls
mught explain the inflammatory reaction seen around the vessels in purpunic
areds 111 these patients I shall return to this subject ater

PURPURA ASSOCIATED WITH INFECTIONS

True purpura occurring 1n assoctatton with nfections 1s rare It has how
ever, been described 1n association wath a large number of both bacteril
and viral snfections Very little 1s known of the pathogenes:s of this type of
purpura  Any hy pothests must take into account the facts {Ackroyd 19499)
that even 1n patients suffering from the same type of infection

1 Purpura may be associated with muld or severe fections In this
way the condition differs from cases with 2 haemorrhagre evanthem which
15 seen only m severe wfections

2 ‘The purpura may be thromb p or non th

3 Purpura may occur durmg the acute stage of the illness or
convalescence

At the heght of almost any luding even the cold
there 15 a fall 1n the platelet count (Bannerman 1924) This 1s often assoct
sted with a nise m capillary fragility Figure 1 shows these changes as they
were seen n a small number of cases of very muld rubella The changes
the platelet count and in capillary fragility dffered marhedly both m
degree 2nd duration although, as far as could be determned clneslly the
nfection 1n each patient was equally mild It seems probable therefore
that these differences were due to differences 1n the susceptibality of the
pattent s tissues to the infection rather than to differences 1n the seventy
of the infection

Tt may well be that purpura occurs only 1n those patients with exception
ally high degrees of susceptibiiity resulyng 1n such 2 nse m capsllary
fragihity (and also a corresponding fall mn the platelet count)
that purpura develops Such an hypothesss would not‘lzo“::cr: ctpl:m
the occurrence of purpura during coms

P
dunng

X for thr



PURPURA 225

the antigemc spectfieity of the red cells of chickens infected with it
(Gardner Wallace Dodd & Winght 19,4)

In conclusion 1t must be stated that the cause of purpura associated wath
infections 1s unknown Those cases occurnng tn the acute stages may be
due to an abnormal susceptibility of the patient s tissues to the mfecting
orgamsm or 1ts touns Those occurnng during convalescence may have an

aIlergxc basis sxmllar to that which has been held responsible for the

of 1 infe Whether
thmmbucympenm can be due to mudnﬁcanon of the patient s platelets by
the infecting orgamsm or sts toxin so that the platelets become antigerc
and late the f of anttbodies which can cause therr lysis 1s
not known There are several objections to such an hypothesis

IDIOPATHIC THROMBOCYTOPENIC PURPURA

The cause of the thrombocytopenia

In recent years the 1dea has gamed ground that the low platelet count i
1diopathic thrombocytopentc purpura 1s due to the action of 2 circulating
ant1 platelet factor in the patient s plasma This hypothests 1s however by
no means new and 1t may well be that some such factor was 1 Hayem s
mind when he suggested (Hayem 1896) that thrombocytopenta was due to
agglutination of platelets nto masses which produced haemorrhagi
mfarcts

Dans le purpura hemorra,ica la dumnution dans le nombre des hematablastes
ne me parait pas etre la consequence d un arret dans la formation de ces élements
Mes observations m ont condut a admettre dans cette affection Ia penetration
danslesangd b alterantles h b etles p Cesont
Tes hématoblastes alteres qui reunts en amas seratent la cause des hémorragies
et meux des snfarctus hemorragiques

Research in this field recerved a tremendous impetus from the courageous
expertment of Dr Willlam Harnngton who transfused hrmself with blood
from a patient with 1diop pentc purpura and within a few
hours developed the disease He recovered after a brief but alarming
tllness It was subsequently shown that 1f normal plasma 1s myected 1nto
normal reciptents there 1s a varrable transient fall in the platelet count (as
much as 50%, of the original count 1n some cases (Stef2um & Chatterjea
1952)) If the plasma 1s taken from some patients with idiopathic thrombo
Cytopenic purpura the fall may be greater and may persist for longer
(Harnngton  Minmch Hollingsworth & Moore 1951 Stefammi &
Dameshek 19,5) O lly asn H s ongmal expeniment
the fall n the platelet count 1s d by purpura (H: etal

i Hun
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an analogy with nephritis following streptococeal mnfections  In this con
nexion 1t 1s interesting to note that the period of mawmal meidence of
purpura following scarlet fever comaides almost exactly with that of post
scarlatinal nephritis (Box, 1933) It seems possible therefore that purpura
occurring during ¢ 1 from acute 1nfe may be due to 2
mechantsm akin to that which causes nephntis following streptococcal
mfections

Before concluding this discusston 1t 15 necessary to consider some expert
mental observations made by Kirstner & Stefanim (1956) These workers
incubated rabbut platelets with various bactenial tiltrates and with suspen
sions of Newcastle disease virus They then attempted to immunize these
ammals with thewr own incubated platelets They found that after immuntza
tion some of the ammals developed thrombocytopenta when injected with
the appropriate bacterial filtrate alone  Attempts to produce stmular results
with Newcastle disease virus were unsuccessful

It 1s not clear whether these findings have any counterpart 1 human
pathology They mught be taken to mdicate that purpura associated with
infections 1s due to an action of the infecting organism or 1ts toxin on the
patient s platelets modifying them and so rendering them antigeruc This
hypothesis 1s difficult to accept for 1t does not readily explain several of the
observed facts about this type of purpura For instance 1t implies that
before purpura develops the pattent must have been mfected with the
same or a very closely related organism on at least onc or probably several
previous occastons, for in the absence of previous mfection the formatton
of anttbodies agamnst the modified platelets could not occur Although
therefore this hypothesis might explain the occurrence of purpura in the
acute stages of diseases m which repeated infections are common as for
example streptococcal infections 1t will not explan purpura assocated
with the acute specific fevers which rank high among the causes of this
type of purpura but in which second mfections are rare  Furthermore if
purpura s an I result of fe with org to
which the body does not develop lasting immumty then 1t would be
expected by analogy with purpura due to drug hypersensitrvity (seep 232)
that after the first attack of purpura, every subsequent infection with the
same organism would be accompanied by purpura If this does occur 1t
must be extremely rare

Another objection to this hypothesis ss that although virus digeases 1€
common amongst the causes of this type of purpura harstner & Stefanll:il
(1956) did not succeed 1n producing thrombocytopema when they us;
platelets which they had attempted to modify with 2 virus suspcnsn}o ;
although they used Newcastle disease virus which has been shown to alte:
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type may occut even if the child 1s born at a time when the mother has
no purpura because her leston has been controlled by splenectomy
(Epsten Lozner Cobbey & Dawvidson 1950 Robson & Walker 1951
Harrington et al 1953) The cond; thus bles th topema
mduced by transfusion of blood from patients with idiopathic thrombo
cytopemc purpura and suggests therefore that the thrombocytopema
the infant may be due to transplacental passage of the ant: platelet factor
sn the mother s blood

'The second observation 1s based on estimations of the time of survival
of platelets transfused nto patients with different types of thrombocyto
penic purpura It has been found by several groups of workers that platelet
survival 1n tdiopathie thrombocytopemc purpura s very much shorter than
1t 15 n cases of y Laryocytic thrombocytopenic purpura
m which platelet survival is beheved to be normal (Stefammi  Chatterjea
Dameshek Zannos & Santiago 1952 Hirsch & Gardner 1952 Sprague
et al 1952 Stefanini & Dameshek 1955) The shortened platelet survival
time 1 a patient with 1diopathic thrombocytopenic purpura 1s clearly
shown i Fig 3

1t has been observed that when pauents with secondary amegakaryo
cytic thromb, fused plateletsurvival becomes
progressively shurter (lesch & Gardner 1952 Stefamini Dameshek &
Adelson 1952) A typical example of this 1s shown in Fig 4 It1s dfficult
to see how this finding can. be explamned except on the assumpuon that the

fused plateletsh ugensand thatthe

4
tn the survival time of the transfused platelets 1s due to a progressive nise

1 the titre of an ant1 platelet antibody If 1t 1s accepted that platelets can
act as antigens then the possibility has to be considered that the anti
platelet factor in idiopathuc thrombocytopemc purpura may be an
auto antibody

Experiments and observations such as those I have just quoted led to an
intensive world wide search for anti platelet antibodres i the blood of
Ppatients with 1diopathic thrombocytopenic purpura and a large number
of papers were written describing methods for demonstrating platelet

i this d The fi of the findings of the
different workers 1n this field proved difficult to interpret This was very
clearly demonstrated by an nvestigation the results of which I have been
able to see through the courtesy of Dr (personal
A group of sera the onigin of which was known only to the onginator of
the experiment was distributed to a number of haematologists who had
devised different methods for demonstrating platelet agglutinms The sera
conststed of samples from ten patients with 1diopathic thrombocytopense
152
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1951) Typieal changes mn the platelet count resulting from transfusion of
blood or plasma from patients with 1diopathic thrombocytopentc purpura
into normal recipients are shown in Fig 2 The thrombocytopenc factor
apparently persists after a remission has been induced by splenectomy
although 1ts disappearance after sp or cortisone nduced renus
stons has been observed (Sprague, Harrington, Lange & Shapleigh, 1952)
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Fig 2 Effects on the platelet counts of normal indwiduals of transfusing 500 ml of
citrated blood or 1ts plasma equivalent from erght patients with idiopathie thrombocyto
(Reproduced from

penic purpura The mean effect 13 indicated by the heavy hne
H etal (1951) by of The Journal of Laboratory and Climeal Medicine )

These observations seem to provide clear evidence of the ewistence of an
anu platelet factor mn the blood of some patients with 1diopathic thrombo
cytopenic purpura There are at least two other obsenations which also
provide good evidence for the eustence of such a factor

The first 1s that some infants of mothers with 1d
pente purpura are born with thrombocytopenic purpura from shich the
child fairly soon recovers Congenital thrombocytopenic purpura of this

hic thrombocy to
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to refer to this non immune platelet agglutination as clumping It would
seem probable that this sp Tumping was 1 part responsible for
the contradictory results obtamed with the different tests for platelet
agglutinins

Subsequent work has centred largely on three methods for demonstrating
platelet antibodies One 1s Dausset s method of demonstrating immune
platelet aggluttmins active at 37 C In this immense care 1s taken to
mimmize errors due to spontanecus clumping (Dausset & Coln 1958
Dausset 19584) The two remammung methods are not influenced by

200
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“Tran fusion

Platelets mm? (< 1000)
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L 512-
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Fig 4 Effect of repeated platelet transfusions mto a patent with amegakaryocytic
thrombocytopenia due to hypoplastic anaema The ¢ 13 a progressive 1 duction m the
nt Irisemn the platelet count caused by each transfus on and also tn the tme of survival
of the transfused platelets (Reproduced from Stefanin Dameshek & Adel on (1952) by
permussion of The P oceedings of the Socs ty of Lxpersmental Buology and Medicme )

spontaneous platelet clumping 1if this occurs They are the antiglobulin
consumption test (Mouhnier 19535) and the speafic mixed antiglobulin
techmique (Coombs Marks & Bedford 1956 Chalmers Coombs Gurner
& Dausset 1950

In the lot p test the th bocytopenic patient s
own platelets 1f any can be obtained are washed and then incubated with
ant human globulin serum  Alternatively normal platelets which have
previously been treated with papain are mcubated with serum from a
Patient with 1diopathic thrombocytopenie purpura m an attempt to sensttize
them The platelets are then washed and sncubated with antiglobuln serum
With platelets prepared 1n erther way a fall 1n antiglobulin titre 1s taken
toindicate the presence of immune globulin on the surface of the platelets
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purpura and from five normal subjects who had never been transfused
No two methods gave 1dentical results nor was any of them capable of
disunguishing the normal from the pathological sera  Moreover every
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t with
1 of platelets from normal whole blood transfused nto a patient

:l‘xipi(h:c Sx;lx‘t;cymgemc purpura_ B Survival of platelets from normal wh:l; zot;g
transfused 1nto a patient with secondary amegakaryocytic thromba:y‘to;{:e;;u St
aplastic anaemia_ (Reproduced from Sprague ef al (195 ) by permission of
of the Amerscan Medical Association )

method d rated platelet aggl 1 at least one of the five normal
sera One method demonstrated them 1n three The difficulty with us]m‘g
platelet agglutination as a method of demonstrating antibodies mlplatcnc s
15 that agglutination 1s 2 normal fi of platelets I propose
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nated red cells and 1n this way the fact that they have adsorbed antibody
will be demonstrated Typical positive and negatn e findings by this method
are shown 1n Plate 3

Recent publications by Coombs and by Dausset have made 1t possible
to draw some tentatise conclustons as to the relative values of these three
techmques

(1) The sera of patients who have recenved many transfusions and 1
whom the sunival times of transfused platelets may be expected to be
teduced appear to contan antibodies which can be demonstrated by
Dausset s agglutnation techmque {Dausset 1957 1958a) Two sera
gwing posttive results wath this techmque were also tested with Coombs
muxed antiglobulin technique Each gave a positive reaction {Chalmers
!l al 1959) Tt would seem therefore that exther method can be used to

anti platelet antibodies m such pauents

{2) No platelet antibodses have been d d 1n the sera of patients
with 1diopathie thrombocytopenic purpura by the mixed antiglobulin
technique (Coombs “Marks & Bedford 1956 Chalmers et al 1959) In
a paper read at the 1957 Haematological Congress at Copenhagen Dausset
(1957) claimed that hts agglutination technique gave positie results 1n
some cases of 1diopathic thrombocytopemic purpura but he did not make
this claim 1n a paper on antibodies to platelets which he read 1n 19,8 at
the Congress of Allergy in Pans (Dausset 19584) It may therefore
probably be concluded that antibodies to platelets 1n pattents with 1dio
pathic thrombocytopenic purpura cannot be demonstrated with certatnty
by exther method

(3) Dausset (1957 19584) has claimed that ant: platelet anubodies 1n
thc sera of some patients wath idiopathic thrombocytopenic purpura can be

d with the lobul 3s test Whether this test
will prove to give sufficiently r:pxoducnble results to make st of value n
the eluaid: of the 1 h underlying 1diopatiee

thrombocytopenic purpura rematns to be seen The techmque appears to
be difficult and Dr Coombs tells me (personal communtcation) that he has
80 far been unable to confirm Dausset s clam

In conclusion 1t can be said that although serological tcsts have failed
to shed much light on the pathog of diopathic th 1
purpura collateral evidence stmngly suggests that the low platelet count
mI this condition 1s due to the action of an anti platelet factor in the patient s
plasma
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The principle of the specific mixed antiglobulin techmque 1s indicated
m Fig 5 A suspension 1n saline 15 prepared of the thrombocytopenic
patient’s own washed platelets 1f these can be obtaned Alternatuvely
normal trypsimized platelets are used (Chalmers et al 1959) and are
incubated with the patient s serum They are then washed and suspended
n saline A suspension 1n saline 1s also prepared of human red cells
which have been sensitized with human incomplete antibody and sub

11 Platelets Red cells
Platelets smlzﬁfzfé v’vuh sensitized with | sensitized with
Unsensitized  human ine antibody] human anubody [rumaninc snubod

e | 32 (O se | 00
250|756

Only the red cells possess adsorbed Both cell types possess a common

Rabbit antt
hurhian glabuhia globul anugen (adsorbed globulin)
=) Addition of antiglobulin gives Addition of enuglobulin gives
°
Reaction &y
11 aggls
gt o | et st shnson

specific mixed agglutination of sensitized platelets
Fig s Sche;n:llclrepresenlt)znon of specu cgm 4 (ﬁ utmarion of seritzed phtele

arks & Bedford (1956) by perrmssion of

N Y
{inc =ncomplets) (Reproduced from Coombs M
The British Journal of Haematology )

sequently washed ‘T he platelet and red cell suspensions are mixed and antt
humanglobulinserumisadded Theerythrocyteswill, of course agglutmate
The platelets 1f they have adsorbed body on their surface (1€ 1f they
are sensitized) will also agglut but 1n add the 1

platelets will become firmly agglunnated with the agglutinated red cells
If sp ping of the platelets has occurred this will not affect
the result for 1f the platelets have not adsorbed antibody the clumps 0:
platelets will not become agglutinated with the agglunnated red cells 1
the platelets have adsorbed body and have undergone spontaneous
Jum the clumped platelets will become agglutinated wuith the agglutt

ping
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PURPURA DUE TO
DRUG HYPERSENSITIVITY
Non thrombocy topene purpura
Purpura due to drug hypersensitivity may be thrombocytopenic or may be
assoctated with a normal platelet count In my experience, the drug which
13 by far the most commonly implicated 1s the open cham urerde carbromal
(synonym adalin) This 1s diethyl bromo acetyl carbanude Its structural
formulass shownm Fig 6 In sensttized patients it causes 2 non thrombo
cytopenic type of purpura  It1s of interest Carbromal adlm)
to note that the commonest cause of Diethyl bromo-acetyl-carbarmde
thrombocytopensc purpura due to drug C,H,
hypersensitivity 1s another open chamn
uresde sedormud (see p 233 and Fig 7} c/ NE——0—C~

This suggests that there must be some C==0 C,H,
feature of the general structure of the two NE

2
molecules which confers upon them this

Fig 6 The chemical formula of
pecuhar ability to cause hypersensitvity ¢ carbromal

reactions involving the vascular endo-
thelium Tt 15 also of interest that the differences mn the side chains in the
two molecules should confer upon the sedormid melecule an ability to
cause a hypersensitivity reaction which mvolves also the platelets

Purpura due to carbromal 1s associated with a dermatitis which often
itches The purpura 1s consequently seen against an erythematous back
ground with some desquamation of epidermal cells Serious bleeding
rarely if ever occurs The condition imanably recovers 1n a week or two
if the drug 1s withdrawn but raprdly recurs if the patient should take the
drug agan

The diagnosts can be confirmed by patch testng typieal results of which
are shown 1n Plate 4

No coagulation defects have been described and as the platelet count s
normal the purpura would appear to be due solely to a capllary lesion
The vessels 1n the affected areas have been studied histologically (see
Plate 53 The small vessels just beneath the epidermis show a marked
pertvascular infiltration with lymphocytes polymorphonuclear leucocytes
and macrophages The endothelial cells show no striking changes A smmlar
pernascular inflammatory reactton has been reported 1n 2 case of non
thrombocytopeme purpura due to menthol (Highstein & Zeligman 1951)
As might be expected from the fact that m carbromal sensittvity the purpusa
18 assoctated with dermatitis 1 this condition there are also iflammatory
cells 1n the dermus just below the rete malpighn and i places extending
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Photomucrographs of skin from an are of purpu 3 n a patt nt_uffe ng from carb omal
Purpura A Low power ew howing pe  scular nflammatory reaction There 1 slso
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m I;gh) B High powervi wshowmgdet 1s fp mascularinflamm tory eaction The
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end thehal cell appear norm 1
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2

Results of patch testing a carbromal sensstive patient A Control using solvent (promy] ne
glycol) alone The shin appears normal 5 Result of testing With a suspensian of carbromal
crvstals in a saturated solution n propylenc plycol The area of skin whic has been m
P vtact with sho 48 petechial h e shin tn this area s
alightly erythematous an { there 13 some epithelial desquamation
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mtot I shall consider the significance of the penivascular mflammatory
reaction when descibing 2 similar reaction seen 1n thrombocytopemc
purpura due to sedorm:d

Thrombacy topeme purpura

Thrombocytopentc purpura due to drug sensitivity has occurred as a rare
complication of treatment with 2 very large number of different drugs
Thus subject has been reviewed elsewhere (Ackroyd 1955 1958) The
drugs which have most commonly caused this type of purpura are

dormid dine quinine sulph d benzol compounds and
gold salts The purpura occurs only when the appropniate drug 1s taken
by 2 sensiized mdivadual  Unless the drug 1s one which 1s liberated slowly
from a depot {e g gold salts) or unless fatal haemorrhage occurs nto a vtal
organ the purpura rapidly recovers when the drug 1s withdrawn only to
recur should the drug be taken agamn  Otherwise the chmeal picture 1s
mdistinguishable from that of 1diopathuc thrombocytopenic purpura

Two imtunological mechamsms have been observed i cases of
thrombocytopemc purpura due to drug hypersensitivity  In the first the
drug causes 1 witro only platelet agglutnation and lysis In the second
the drug causes 1n addition the formation of an immune precipstate The
first onginally anzlysed n three cases due to sedormud and since demon
strated 1n cases due to other drugs would appear to be much the more
common (Ackroyd 19495 ¢ d 1951 1954 1958) The second has been
analysed only m one case due to antazohine (Achroyd 19556 1958
1960a ) 1In describing the two different mechanisms T shall refer only
to the cases 1 which they were onginally analysed namely those due to
sedormud and line The ch 1 1z of these two drugs are
shownin Tyg 7

Thrombocytopemc purpura due fo hypersensitivty to sedormd An antr
Platelet substance dependent for 1ts action on the presence of sedormid
can be demonstrated 1n the blood of pattents who have recovered from
sedormid purpura if the drug 1s added to the pauent s blood or platelet
nch plasma 1n the presence of anticoagulants ‘The quanuty of ant
tozgulant should be the munimum required to prevent coagulation
Plate 6 (s and B) shows the effect of adding sedormd to the hepanmzed
platelet rich plasma of a sensitized patient Plate 6 A shows the control
Preparation to which saline only has been added Agglutination of the
Platelets and later lysis (Plate 6 B) followed the addition of sedornud 1n
saline to a sample of platelet rich plasma taken from the same specimen
from which the control was taken The d of platelet aggl
ton and lysss an this way 15 technically difficult (Ackroyd 1949d 1951)
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Platefet aggtutmanon and Iysis in hepanmized platelet fich plasma from a sedormid
sensitive pattent A Plasma+saline  No platelet agglutination or Iysts g Plasma+
sedorrud 1n saline ‘There 15 considerable platelet lysts The completely fysed remnants
of some of the platelets can still be seen  Most of the remarming platelets are agelutinated
(Reproduced from Ackroyd (1952) by permusston of Progress in dller 3 )

C D

Clearing of crtrated plasma by sedormid in blood from a sedormud sensitt ¢ pat ent The
tubes have been allowed to stand to permit sedimentation of the red and 1 hite cells
¢ Blood +1sotonic sodium ertrate solution The supernatant plasma 1s opalescent mamly
owing to the presence of large numbers of platelets  Blood +solution of sedormid n
jsotomic soditm citrate The plasma 15 lear and transparent as a result of agglutinat on
and Iysis of platelets (Reproduced from Achroyd (1949d) by permussion of Clincal
Sesence)
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mto st I shall consider the sigmificance of the penivascular mflammatory
reaction when describing a similar reaction seen 1n thrombocytopenic
purpura due to sedormud

Thrombocytopenc purpura
Thrombocytopentc purpura due to drug sensitivity has occurred as a rare
comphcation of treatment with 2 very large number of different drugs
This subject has been reviewed elsewhere (Ackroyd 19550 1958) The
dmgs which have most commonly caused this type uf purpura are
dine quinine sulph nd
gold salts The purpura occurs only when the approprate drug 18 taken
by a sensttized individual  Unless the drug 1s one which 1s liberated slowly
from a depot (e g gold salts) or unless fatal haemorrhage occurs into a vital
organ the purpura rapidly recovers when the drug 1s withdrann only to
recur should the drug be taken agam Otherwise the climcal picture 15
hable from that of 1d e thromb penic purpura

Two mmmunological mechamsms have been obser\ ed 1 cases of
thrombocytopente purpura due to drug hypersensitivity In the first the
drug causes 1 itro only platelet agglutmation and lysis In the second
the drug causes 1n addition the formatton of an immune precipitate The
first onginally analysed 1n three cases due to sedormd and since demon
strated n cases due to other drugs would appear to be much the more
common (Ackroyd 19494 ¢ d 1951 1954 1958) The second has been
analysed only in one case due to 2ntazolme (Ackroyd 19558 1958
1960a B) In describing the two different mechanisms I shall refer only
to the cases 1 which they were ongm:dly analysed namely those due to
sedormid and 1 The 1 £ lze of these two drugs are
shown in Fig 7

Thrombocy toperc purpura due to kypersensitieaty to sedormd  An antt
Platelet substance dependent for its action on the presence of sedormid
can be demonstrated 1n the blood of patients who have recosvered from
sedormid purpura 1f the drug 1s added to the patient s blood or platelet
nch plasma 1n the presence of anticoagulants The quantity of anti
coagulant should be the mumimum required to prevent coagulation
Plate 6 (4 and 8) shows the effect of adding sedormid to the heparimzed
platelet rich plasma of a sensitized patient Plate 6 4 shows the control
Preparation to which saline only has been added Agglutination of the
platelets and later Iysis (Plate 6 B) followed the addition of sedormid 1n
saline to a sample of platelet rich plasma taken from the same specrmen
from which the control was taken The d of platelet agg]
ton and lysis in this way 1s techmically difficult (Ackroyd 19494 1951)
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A much simpler method 1s to add the patient s whole blood to a solution
of the drug in an anticoagulant A control tube 1n which the blood 1s
diluted only with anticoagulant 1s also putup After muang the tubes are
allowed to stand and the red and white cells to sediment If the patient 1s
sensitne to sedormud  the number of platelets in the supernatant plasma
mn the sedormid preparation will be lower than m the control The
fall in the platelet count 1s due partly to sedimentation of agglutinated
platelets and partly to platelet Iysis If the patient 1s very sensitrve to the
drug the supernatant plasma in the sedormud preparation will contarn
practically no platelets and will be clear and transparent whereas 1t wall be

orm
Ally} 1sopropy] acetyl-carbamide

CH(CH,)
NH——Co— cH
/ mem g
%0 CH —CH===CH,
NH,
Annzoline

(anosun histostzb)
2(N phenyl A benzy! amino-methyl) imudazoline

o

Fig 7 Chemucal formulae of sedormid and antazolne

opalescent 1n the control preparation owing to the presenceof large numbelrs
of platelets (Ackroyd 1949d) An example of such a finding 1 a highly
sensitized pattent 1s shown m Plate 6 (c and D)

Complement 1s fixed during platelet Iysis by sedormd but complement
1s not fixed 1f sedormd 1s added to the patient s serum alone Platelets
also are necessary (Ackroyd 1951)

If normal pla?;lits are)suspgeided 1 the serum of a sensitized patient
and sed d 15 added pl 1s fixed but if the patient s platelets
are suspended 1n normal serum the addition of sedormud does not cause
complement fixation It 1s clear therefore that the abnormality lies m
the serum of sensitized patients and not in their platelets (Ackroyd 1951}
This serum factor 1s a 'y globulin (Ackroyd 19,8) Sinceitisay globulin
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and since 1t causes platelet lysis with fixatron of complement it would seem
almost certamn that 1t 1> an antibodv

‘The union of sedormid with platelets and this antibody 15 remarkably
labile If platelets and sed d are incubated with d serum from
a sensiized patient (1e. serum which has been heated to destroy its
complement) and the platelets are then washed 1n saline the platelets wall
be found to have been washed free of both sedormid and the antibody
If however the platelets in such an expenment are washed, not 1n saline
but 1n a saturated solution of sedormzd 1n saline the antibods will remain
1n contact with the platelets (Ackrovd 1954}
But if such platelets are dialvsed agamst
salne and the platelet suspension 1> centri~ »

fuged, all the antibody will be found mn the

supernatant flwd, the sedormd having dual F‘sw ﬂmemh;'nge
vsed away from union with the platelets and sens combine

th h
antibodv and the antibody having separated Teadened s Ty “’” ¢ these are

red xa!

from the platelets (Ackroyd 1g,4) When the dre ’““"md (D) W”‘d‘
therefore gne comes to oo)mxdzzarhe role of probablv acts &> hapien.
sedormud m this reaction 1t 15 clear that 1t acts as 2 Link between platelets
and anttbody The most probable explanation for such 2 finding 15 that
sedormd acts as 2 lnpt:n confcnmg anugemc properties on the platelets
the sed d mol the group by which the
antibods 15 attached to the p‘:ltclct. Thus concept 1s shown schematically in
Fig 8 It expluns whv after dialvsts as m the expenment described
above the antbodv 1s found free 1n the supernatant flmd for when the
hapten (sedormid) 1> removed by dialvsis the platelets, no longer being
antigenic, must separate from the antibods Thus concept also explans why
thrombocytopeniz develops only when the drug 1s taken by a sensttized
mdinmdual for 1t 13 onlv then that the hapten 1s available to render the
platelets antigenic and so to enable the antubody to react with them and
cause thetr Iysts with resultant thrombocvtopena

Laba! pounds if thev have propertes, are lilels to be only
weakly antigenic—probably because they do not often reman 1n contact
with the antibodv forming tissues long enough to stumulate antibody
{ {sec H: Tuncz & Sct 1943} It has been shown
that sedormud combines with the platelets of normal indiniduals when these
are 1 contact with serum (Ackrovd 19,8) or thh traces of plasmz
(Dausset, 19,55) from the same mdividual  Asth fsed
with platelets, even in the presence of antibodv 1s extremely labule 1t would
<eem probable that 1t 15 onlv 2 very weak antigen It 1s suggested that the
ver lability of the platelet sedormud antigen mav explan why so few of
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those talung the drug develop purpura for only those whose antibody
forming mechanisms are stimulated by this very labile antigen will manu
facture the antibody and so develop purpura

Thrombocylopemic purpura due to hypersensitivsty to antazolne The
following descriptton 13 based on an investigation of a single case of
thrombocytopenic purpura due to the antilustaminie drug antazolme i
which the addition of the drug to the patient s blood after recovery, caused
not only platelet agglutination and lysis
but also ymmune precipitate formation
Precipitate formation by drugs must be e» ° ae
an extremely rare phenomenon Hoigné Fig 9 Diagram showing how the
(1958) has claimed that a very shght in  antibody (A) m the serum of an anta

zaline sensitrve patient may combine
crease 1n opalescence detectable only with foth wth platelets (PL) and protem
specially sensttive optical apparatus 1s g: ‘i)m':r:*“::‘;:; g;g;‘;:;ﬁa‘s;
commonly produced when a drugisadded whih probably scts as a hapten
to the serum of a patient who 1s sensitrve
to 1t but apart from this precipitate formation by a drug appears to
havebeen observed only twice before and i neither case was the mechanism
analysed (see below)

The logical h by which line causes platelet lysis
appears to be identical with that described for sedormd (Ackroyd 19604)

The precipitate caused by the addition of antazoline to the patients
serum 1s shown in Plate 7 Complement 1s fixed during precipitate forma
tion (Achroyd, 19556 1960a)

It has been shown by methods described elsewhere (Achroyd 1958
19605) that the anttbody which causes precipitate formation 13 almost
certainly 1dentical with the antibody which causes platelet lysis Preciprtate
formation probably results from the mteraction of this antibody with
plasma protem rendered antigenic by union with the drug which acts as
2 hapten  Platelet lysis probably results from the interaction of this same
antibody with platelets rendered antigenic by unton with the drug The

h 1s shown sch lly 1n Fig 9 The concept of one antibody
reacting with two different antigens 1s contrary to current smmunological
theory It seems however altogether probable w this case since both
antig protein and platelet—have the same hapten determmant group
and may well therefore behave immunologcally as if they were identical




PLATE 7

Tmmun precipntate form tion tn th_serum of an antazolme sens ti e patient A Patient s

serum +antazolme msal ne A floceular precip tat has form d_ 5 Patient sserum +s ine

No preciptate ¢ Control serum+antazolne tn salne o precptate D Control

len:sm-}-s)ahne No precprate (Reptodu d from Ackroyd (19555) by permussion of
ng
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— Al

Results of patch testing a sedorrmd sensitine pavent A Control using solvent {pro
pylene glhcol) alone The hin appears normal & Result of testing with a suspension
of sedormid erystals in a saturated solution 1n propslene glvcol The area of shin which has

n 1n contact with sedormid 1s closely pncknr with petechial haemotrhages (Reproduced
from Ackrovd (19398) by pernussion of Clinmeal Saience )

-

Phototnecrographs of shin from an area of purpara produced by patch testing a sedormud
sensiti e patent ¢ Loy power sie  showing pernasculsr tnflammatory rea ton
b High po er view showing derarls of pernascular nflammatony reaction The ells lrel
mawnly_polsmorphonuclear leucocste  Ivmphocytes and macrophages The endathela
cells sppear normal  (Reproduced from Ackhrord (1958) by permussion of Black sell
Scienttfic Publications Oxford }



PURPURA 237

The relationship of the two mechamsms to the different drugs which
hate caused thrombocy topemse purpura

In the above description sedormid has been given as an example of a drug
causing platelet lysis alone and antazoline as one causing 1n addition
immune precipitate formation The former appears to be much the com-
moner mechamsm for apart from the case due to antazoline referred to
above of all the cases of thrombocytopenic purpura due to drug
hypersensitiity which have been imestigated by dufferent workers only
tno other cases associated with immune preaipitate formation have been
described  Tn one of these the causative drug was sedorrmd (Vuescher &
AMiescher 19,2) and in the other quinidine (Lépez Garea & Samz de la
Maza 1g,1) Since many cases of thrombecytopenic purpum due to these
two drugs have been descnbed 1n which precip was not
observed 1t would appear that st 1s the ldxosyncfasy of the patient rather
than the chermcal nature of the drug which determines whether or not
preuipitate formation will oeeur

The caprllary leston an thrombocy topentc purpura due to
drug hypersensititaty
‘This has been studied by patch testing and also by hustological examination
of purpunc arcas of shin The results of patch testing a sedormid
sensittve paucm are shown 1n Plate 8 {a and B) The drug has caused the
‘hial haemorrhages 1n the area of shin to

which it has been apphed Thcsc were produced without any change in the
patient s platelet count This observation which has been made 1n two
patients who were sensitive to sedormud, strongly uggests that the capillary
lesion 1s ndependent of platelet lysts

The histological appearances of the purpurc rash caused by patch
testing a sedormud scnsitive patient are shown in Plate 8(c and p) The
striking feature of these photomicrographs 15 the peris ascular inflammatory
Teaction around the small v tssels of the conum The inflammatory cells are
mthemain pol lymph and
No slgmﬁmm changesare seen in thevascular endolhchal cells The pncturc
therefore closely resembles that seen 1n anaphylactord purpura and n
purpura due to hypersensitnity to carbromal and to menthol
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The sigmficance of the perviascular mflammatory reaction seen 1 anaphyl
actord purpura and 1n thrombocytopenic and non thrombocy topeme purpura
due to drug Iy persensitivaty

The sigmficance of this pervascular mflammatory reaction 1s obscure for
such appearances are not uncommonly seen 1n a wide vanety of shin
discases  However, 1n view of the fact that in all the conditions considered
here the perivascular cuffing has been found in assocation with a known
vascular lesion 1t may well be as I suggested in connexion with anaphy!
actoid purpura, that it represents a response to an antigen-antibody
reaction occurring i the vessel wall

In considering thrombocytopenic purpura due to drug hypersensitivity
1t 1s tempting to suggest stnce vascular endothehal cells are smmuno
logtcally so closely related to platelets, that they also may form an antigemic
combination with the drug and react with the antibody which causes
platelet Iysis  In non thrombocytopenic purpura due to drugs 1t may be
suggested that the vascular leston 1s due to interaction of an antibody with
endothelial cells rendered antigemic by union with the causatve drug
These suggestions are highly speculative I have performed some expen
ments with serum from two cases of sedormid purpura which suggest that
such a reaction between the sedormid antibody sedormud and vascular
endothelial cells may 1n fact occur, but the results so far are not suffictently
clear cut to permut any firm conclusion to be drawn from them If, how
ever, such reactions between anttbody and endothelial cells do oceur then
1t may be that the pernvascular cuffing seen m these conditions and also
1n anaphylactoid purpura 1s a response to an antigen-antibody reaction
occurnng i the vessel wall

ABNORMAL BLEEDING AS5OCIATED WITH
DYSPROTEINAEMIA
hol [ bleeding occurs 1n associa

There are five d mn which p
tion with the presence of abnermal proteins in the blood

Myelomatosis

Amylordosis
Hyperglobultnaemmic purpura
Macroglobulinaemia
Cryoglobuhnaernia

[ NNV

My elomatosis

This condutron has been too well described elsewhere to merit any further
description here It 1s well knownasa disease which 13 associated with the
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presence of abnormal protemns i the blood It lS perhaps not so well

recogruzed that purpura 1s not m my p y
the later stages of the disease

Amy lordosis
Amylod 1y although not invarably d verth a raised

Ievel of globulms mn the plasma (Bywaters & Glynn 1957) This 1s true

cwm m the pnmary form of the disease In the famihal type of primary

anab 1 globulin between the £ and a, areas can

be d d on free el h Tt appears to be a hpoprotein

(Rukavina et al 19,6) Primary amylotdosss 1s mcluded 1 this secuon

because n addition to the protern ab: hity 1t 15 not

d with non thrombocytopenic purpura (Propp Scharfman Beebe

& “nght, 1954) Purpura which may be thrombocympemc or non

1s also 1n cases of d: lowdosis but

here the relationship of the amyloid to the purpura s sommms difficult

to establish as the causative condition e g myelomatosis lymphadenoma
etc may be assoctated with purpura even 1n the absence of amyloidosis

Hvperglobulinaemc purpura

This 13 a very rare bemgn cond h d by rel g purpura
which 13 seen chuefly on the legs  As the purpura clears 1t tends to leave
pigmented spots on the skin so that ultumately after many attacks of
purpura the affected areas become deeply pigmented Serious bleeding
does not occur and the condttion may persist for many years It does not

ly shorten Iife (Wald 19y2a b) There are no abnormal
cells 1n the bone marron  Apart from the frequent occurrence of shght
enlargement of the lymph glands and a moderate normochromic anaema
the only significant abnormality 1s a great increase n apparently normal

7 globuln in the serum (Wald 19520 b f: & D helk
1955)

Macroglobulinaemia
M lobulins are large globulins having a sed: constant of

15 or more Svedberg units They are found in small quantities (up to
3%) 1 normal sera (Machay Erkson Motulsky & Volwiler 1946) In
fact the protemn properdn 1s 2 macroglobulin (Pillemer ef al 19,4)
Waldenstrom (1944 19524 & 19,8) has descnbed what appears ta be 2
spectfic reticulosis n which there 13 a large increase 1n macroglobulins 1n
the patient s serum  In this condition the lymph glands ver and spleen
may be enlarged The blood shows a progresstve normochromic anaema
In some cases there 1s also a moderate thrombocytopenta and an increase



240 J F ACKROYD

m Jymphocytes i the perspheral blood These cells are characteristically
found mn greatly increased numbers 1n the bone marrow 1 which there may
also be a moderate increase 1n plasma cells

In other cases the increase 1n macroglobulins 1n the blood 15 secondary
to some other reticulosis (Waldenstrom 1958 Martin & Close, 1957)
Lymphatsc leukaemia and lymphosarcoma are perhaps the reticuloses most

ly d with macroglobul

B of the high atron of the ab 1 globulin the erythro
cyte sedimentation rate 1s high and the viscosity of the serum 15 greatly
ncreased

Although the p of large of globutms 1n the blood
does not necessanly cause symptoms (Martin & Close 1957) macro-
globul, may be d with a haemorrhagic syndrome The

bleeding occurs mamnly from mucosal surfaces, particulatly in the nose and
mouth  Shin purpura does occur but 1s rare

Macroglobul, can be diag; d only by means of ultra centrifuga
tion Howeser although not pletely reliable the euglobulin test (alsa
referred to as the Sia (S12 & Wu 1921) or Brahmachari (Brahmachan &
Sen 1923) test) ss thought to be a valuable screening test (Waldenstrom
1944 19525 1958} One volume of serum 15 added to at least twenty
volumes of distilled water Normal serum produces at most 2 famnt haze
Macroglobul sera produce 2 dense precif which farly rapidly
falls to the bottom of the tube The precipitated protesn readily redissolves
if a solution of sodum chlonde 1s added Plate ¢ shows a positne
euglobulm test Any serum mn which the concentration of globulin s
sufficiently hugh will give a dense white precipitate 1n this test sofuble in
added salt solution For this reason the test 1s often positrve in kala azar
1n which there 1s an increase 1n normal ¥ globulin It may be possible
to distinguish betw een normal and macroglobulins 1n thes test for according
to Waldenstrom (1958) sed: of the precip d protein does not
occur 1n hala azar whereas 1t 15 charactenstic of macroglobulinaemia that
the precipitated protemn rapidly falls to the bottom of the tube

Cryoglobulinaema

Cryoglobulins are globulins which come out of solutton when plasma or

serum 1s cooled below 37° C and redissolve on warming

Most cryoglobulins have the sed: 10n of normal globul:

that 1s they have the same molecular weight Some cryoglobulms are

macroglobulins
Cryoglobulins do not occur in normal plasma (Lerner Barnum &

Watson 1947)
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1n lymphocytes 1 the peripheral blood These cells are charactenstrcally
found in greatly increased numbers 1n the bone marrow 1n which there may
also be a moderate increase 1n plasma cells

In other cases the mcrease m macroglobulis 1n the blood 1s secondary
to some other reticulosis (Waldenstrom, 1958, Martin & Close 1957)
Lymphatic leuhaemia and lymphosarcoma are perhaps the reticuloses most

l d with macroglobul

Because of the high concentration of the abnormal globulin the erythro
cyte sedimentatton rate 13 hugh and the viscosity of the serum 1s greatly
increased

Although the presence of large amounts of macroglobulins 1n the blood
does not necessarily cause symptoms (Martin & Close 1957) macro
globul, may be d with a haemorrhagic syndrome The
bleeding accurs mamnly from mucosal surfaces, particularly 1n the nose and
mouth Skin purpura does occur but 1s rare

Tacroglobul canbe d; d only by means of ultra centnfuga

tion However although not completely relable the euglobulm test (also
referred to as the Sta (Sia & Wu, 1921) or Brahmachan (Brahmachan &
Sen 1923) test) 1s thought to be a valuable screening test (WValdenstrom
1944 19525 1958) One volume of serum 1s added to at least twenty
volumes of distilled water Normal serum produces at most a famnt haze

Tacroglobul sera produce a dense precip which fauly rapidly
falls to the bottom of the tube The precipitated protemn readily redissolves
if a solution of sodum chloride 1s added Plate g shows a positine
euglobulin test Any serum 1 which the concentration of globulin 1s
sufficiently high will give a dense white precipitate 1n this test soluble
added salt solution  For this reason the test 13 often positive in hala azar
m which there 1s an mcrease in normal y globulin It may be possible
to distinguish betw een normal and macroglobulins m this test for according
to Waldenstrom (1958) sed: of the precip d protein does not
occur 1n kala azar whereas 1t 1s char of globul that
the precipitated protein rapidly falls to the bottom of the tube

Cryoglobulnaemia
Cryoglobulins are globulins which come out of solution when plasma or
serum 1s cooled below 37 C and redissolve on warming .
Most cryoglobulms have the sed, of normal gl
that s they have the same molecular weight Some cryoglobulins are

macroglobulins
Cryoglobulins do not occur :n normal plasma (Lerner, Barnum &

‘Watson 1947)



PLATE g

1

e

\ e \\ ./,4“

i
A B
® 5 a (euglobyl n)te tn macroglobul naemia  x Tube showing op 1 sc nee due to
Prec pitat on of macroglobulin f o y oml of s rum added to 2oml of distilled ater
. pr 9t Rtaph wag taken befor sedimentation of the prec p tated protemh doc u red
ube sho,

s ont, S2ltion of precrpitared e #lobul n as a re Ut of the add non. of
# 500t10n of soq um shi



. T AN oy
- Sz T TV R T
{

vl PRI, |

2N
N

B

a A Areas of skin necrosrs on the lobe of the ear ofa
foot of the same

Stan Tesions in cryoglobulinaems
Srencwith cryoplobulinacmnia p Purpura and dry gangrene on the

patrent



PLATE I

4q (£§61) 2 32 Juounrery wosy paanposday) wwsed sy ut s Jeuttotqe o

(o913 jojous off DY J0 o s 1uuad

43ty e pry ogw 1w 14 ynur i qusn &

© Wt 535531 JeAnsunfuod 3yl wr poolq ur { Juwdpnys ) ucnedauBie JTINPD B 2GM Ayl JO woloq 43 18 JUIIPAS B S UJ S 3G UED PUB LONNJOS
30310 W09 5y v NQO[BOLI YL, I $7 J0J D #38 I 1II § Y WS 911, ENLITG [NGOIOD 1 v Juanted ¥ WO WSS Fa U £3G03 AL ¥




rLal b iy

T s TR N T
T, . IR
N R "‘5“
A * DTN e e

AXTOREE =0

e i 0. o

{ v
! -
! ey
" ~
£
[V ,‘/,.-‘;‘,
FR s

B

lobulinaerma A Areas of skin necrosis on the lobe of the ca

Skin fesions m cryog rof a
patient with cryoglob he foot of the szme

patient

uhnzemia B Purpura and dr gangrene on tl



PURPURA 241

Although a few cases havebeen desenibed i which the eryoglobubnaemia
wasappzrendynotducto any pre eusting disease{Gunz 1956 Mackay et ol
1956 Volpe Bruce Robestson Tletcher & Charles 1956) the magorsty of
cases have had some form of retculosis partscutazly myelornatosss
ympt tymph teul orly phadenoma C")a“‘1

aetma has also been observed m chromc inflarmmatory condatrons such 88
sheumatord arthritis and kala azar

Cryog! 15 associated with purpard which occurs
first and mast charactenstically tn greas exposed to the cold the ears the
up of the nose the hands and the feet Purpura also oocuts however 0
areas not so exposed The purpuric areas of skin whach may be parnful
{Gunz 1955) frequently undesgo necrotic changes Typreal pretures of the
skens 1 eryoglobulmaemia ar¢ shown 1o Plate 10

An atypeal form of Raynaud s syndrome 15 sometLmes seen and some
panents with cryoglobulimaemmia develop cold wrticana {Svaldenstrom
1g5.5 Gunz 1956 Stefantm & Pameshek 1955

Owing to the fact that many cryoglobulins comE out of solutton at room
temperatute andofienforma gelatthattemp (Stefanim &1 h
1955} the erythrocyte sedimentation rate taken at ro0th temperature may
gue 2 falsely low reading When wken at 37 © the sedimentation rate 18
imanably rased

Dragnos:s 18 sumple Blood should be kept at 37 C yntil the serum bas
separated The serum should then be transfesred 108 second tube and kept
at 4 C The cryoglobubn il come ot of solution snd will readity
redissolve on warmmg Plate 11 (a) shows 2 sube of cryoglobulin con
tampg serum whuch has been kept for 24 nrat4 C The eryoglobuhin has
cume out of solution and canbe seenasa compact mass at the battom of the
tube Sometumes 38 1 have smd the cryoglobulin forms 2 gel on cooking
10 which case sedimentation of the zbnormal protem does not occur but
imatead the serum b formed Lid gelwhich agam becomes
fluid on wanmung

Causes of abnormal bleeding 1t the dysprofenaemas
The bleedng 1Ne and capiiltary fragilsty have often been noted to be
increased sn cases Of 1 bleeding d with dysp
{(Stefansm & Dameshek 3935} fr1s clear therefore that bleeding 1n these
conditions 18 prcdommam\y of the capilary type

"The cause of the bleeding m hypets t purpura 1s ur i

W aldenstrom (19524 has suggested that 1t may be due to a deficiency m
some globuhat fraction necessary for the mauntensnee of & normal capallary
resistantt

5 u
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Although a few eases have been descrsbed 1n which the cry oglobulinaemia
wasapparently notduetoany pre eustng disease(Gunz 1956 Mackayetal
5956 Velpe Bruce Robertson Filetcher & Charles 19,6) the majority of
casts have had some form of renculoss particularly my elomatosis
fymphosarcoma hymphatie leuhaenua or Iyeaphadenoma  Cryoglobubm-
aemm has atso been observed 1 chrone inflammatory conditions such a8
rthenmatosd arthnus and kala azar

Cryoglobul ) d with purpura which oceurs
first and most charactenstically 1n areas evposed to the cold the ears the
p of the nose the hands and the feet Purpura also sccurs however m
aveas not so exposed The purpunic areas of skin whch may be pamful
{Gunz ¥g,6) frequently undergo necrotic changes Typical pictures of the
skan 1n eryoglobulmaemia are shown in Plate 10

An atypreat form of d s synd 1S seent and some
patients with eryoglobubnaersa develop cold urticana (W aldenstrom
19,20 Gunz 1956 Stefanm & Dameshek 1955)

Owing ta the fact that many €1y oglobulins come out of solutton 3t room
temperatureand often form 2 gelatthattemp {Stefz &1 hel
14,5) the erythrocyte secimentation tate taken at room temperatire may
gue a falsely tow reading When taken at 37 C the sedimentation rate 13
umvarably sased

Diagnos:s 18 suaple Blood should be kept at 37 C wntl the serum has
separated The serum should then be transferred to 2 second tube and kept
at 4 C The cryoglobulin will come out of solution and will readily
sedissolve on warmmng  Plate 11 (A) shons 2 tube of cryoglobulin con
tantng serum which has been kept for 23 hr st ¢ C The eryoglobuhin has
come aut of solution and can be seen 85 a Cormpact mass at the bottom of the
tube Soractsmes as T have smd the cryoglobuln forms a gel on cooling
1n which case sedsmentaton of the abnormat protein does not occur but
mstead the serum becomes d hd getw tuch becomes
flurd on warming

Causes of abpormal blecding in the dy sprotesaemsas

The blecding time eand capiliary fragihty have often been noted to be
d 1 cases of ab § bleeding 4 with dysp
{Stefamm & Dameshek 5955) Itis clear therefore that bleeding in these
condattons ss predominantly of the capillary type
The cause of the bleeding 1n hyperglobul purpura 15 unk
Waldenstrum (1g52@) has suggested that 1t may be due to a deficiency
some glabutim fraction necessary for the maintenance of s normal capiliary
Tesistance
’
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In primary amylotdosis, purpura 1s probably due to infiltration of vessel
walls with amyloid substance (Propp et al 1954, Stefanini & Dameshek
1955)

In dary amyloidosis, myel globul and cryo
glabulinaema, bleeding 1s probably due to a combnation of factors varying
1n significance from case to case  Of these the following appear to be the
most important

Thrombocytopensa This 1s common 1n myelomatosss and n the reticu
loses which appear to be the cause of many cases of secondary macro
globul and eryoglobul Thrombocytopenta 1s probably the
most important single factor predisposing to abnormal bleeding 1n many
patients with dysprotemnaemia

Coagulation defects A variety of coagulation defects have been described
although not all cases with such defects have suffered from abnormal
bleeding Long and his colleagues (1955) have described a case of

g Iymph d with globul 1n which the
abnormal protein which had a sedimentation constant of 19 Svedberg
ututs mterfered with the activity of factors v and vir  In mteresting
contrast to this, Jim & Steinkamp (1956) have reported a case (see below)
10 which there was factor v defictency but in which the abnormal globuln
did not interfere with the action of normal factor v The major component
of the abnormal globulin i this case bad a sedimentation constant of
13 9 Svedberg umts The diagnosis was obscure Although the authors
suggested that 1t was a case of Waldenstrom s macroglobutimaerma the
sedimentation constant of the protemn was too low, and therr alternatne
diagy of myel or lymphoeytic leuhaemna seem more probable The
diagnosis 1n the case reported by Vogt & Frick (1956) was also obscure
Although they describe 1t a3 macroglobulinaerma of Waldenstrom the
sedimentation constant of the abnormal protein was only 12 6 Svedberg
umts This case was deficient m prothrombin and showed defectnve
converston of prothrombin to thrombin These workers did not however,
investigate the possibility that this latter abnormality might have been due
to the presence of the abnormal protemn  In a case of cryoglobubmaemid
assocsated with hepatic cirrhosss, i which the abnormal protemn contained
a high concentration of globulins (sed: c 19 Sved
berg umits and over) the platelets showed d hed f of pseudo
podiz and therr eapacity for adhering to foreign surfaces was reduced
B; Falkner, Ni & Pakesch 1954) These abnormalites
appeared to be due to an action of the abnormal protemns

In some cases thrombin formation has been normal but there has been
\mpatred conversion of fibrinogen to fibnn even m the presence of added
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thrombin  Ratnoff (19,3} has described several cases of myelomatosis n
whuch this was observed  He was able to show that the delayed converston
of fibnnogen was due to a factor 1n the patients plasma He did not report
the sedimentation constants of the serum proteins 1n hus cases  Sometimes
the d of fit to fibrin has been shown to be due
to the action of the abnormal protein  Such cases have been described by
Luscher & Labhart (1949) Uehlinger (1949) and by Craddock Adams &
Figueroa (1953) The latter authors although they were unable to 1solate
the abnormal protein from the patient s plasma showed that an apparently
dentical protemn i us unne mhibited fibrin formation 1n normal plasma
‘The patient s plasma and serum had the same effect The abnormalities
1 the three cases reported by these three groups of workers appeared to be
the same  In each the pnmary condition was myelomatosis In the only
case m which the sedimentation constants of the serum proteins were
measured they were found to be normal (Uehlinger 1949) In each the
blood formed a gel when allowed to clot but the gel contained ne fibnn
strands Plasma treated with thrombin developed a similar fibnin free gel
Fibnn formation did however occur 1f the plasma was diluted with normal
salme Craddock Adams & Figueroa (19,3) found that the addition of
calcium chlonde solution caused fibnn formation mn plasma from their
patient although the calerum concentration 1n his plasma was normal As
calam 1s necessary for normal fibrin formation these workers suggested
that the abnormal protern might have an affinity for calcium and that m
there was 1nad; calcum lable to permut fibnn
formauon This hypothests however leaves unexplamned the fact that
thrombin formation which also requires calaium was not deficient mn this
patient
Finally 1n the case referred to above Jim & Steinkamp (1956) have shown
that 1n addition to the deficrency of factor v thc converston of fibrinogen
to fibnin was ab 1 although the at 1 protein did not interfere
with the converston of normal ﬁbrmogen In this case the patients own
fibninogen was abnormal and even when solated from her other plasma
protemns was not converted normally to fibrin in the presence of thrombin
‘To summarize 1t may be stated that a number of different coagulation
defects have been described  QOne—deke of fibrinogen to
fibrin—is sometimes due to the action of the abnormal protein although
the mechanism by which 1t produces this effect 1s not known Insufficient
work has been done on this subject to make 1t possible to say whether any
P lar type of d 1s more hable than another to be
d witha : Lation defect
Infiltration of blvod-vessel walls Actual infiltration of blood vessel walls
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by amylotd has been observed 1 both primary and secondary amyloidosts
and appears to have caused extensive purpura (see Propp et al 1954)
Stefanim & Damesheh (1955) constder that mfiltration of vessel walls with
other abnormal protetns 1n the dysproteinaemias may be a factor pre
disposing to bleeding

Intravascular colluler aggregation Plate 11 (5) shows the effect of
myeloma protein on circulating blood cells 1n the conjunctival vessels
This phenomenon of cellular aggregation 1n circulating blood 1s reflected
1n the rouleaux formation seen, for mstance during determinatton of the
very high erythrocyte sedimentation rate It 1s known as sludging The
cellular aggregations retard the capillary arculation and at times tempor
arlly arrest the flow of blood (Marmont Fusco Gay & Mariotts 1957)
It 1s difficult to avord the conclusion that this will result in some degree of
capullary anovia which may increase capillary fragthity and so contnibute to
the haemorrhagic tendency

In macrogiobulinaemia sludging may well be of more importance than
1n myelomatosts because owing to the presence of the macroglobultns the
plasma viscositv 1s greatly increased This may tself slow blood flow and
so increase the effects of sludging’ in causing capillary anoua

Incryoglobulinaemia sludging’ 1s almost certamnly even morermportant
In a case of myel with cryoglobul Barr Reader & Wheeler
(1950) found that cooling the conjunctival vessels caused 2 marked 1ncrease
mn ‘sludging  Ths effect 15 not seen m cases of myelomatosis without
cryoglobulinaerma (Marmont et al 1957) The plasma viscosity rises when
cryoglobulinaemic blood 1s cooled This 15 shown by the fall i the sed:
mentation rate which occurs on cooling Furthermore Gunz (1956) has
shown that cryoglobulins can begmn to come out of solution w zitro at 2
temperature as hugh as 35 C This 15 a temperature that must often be
reached mn vessels 1n areas exposed to the cold In consequence 1t seems
almost certain that actual preciprtation of cryoglobulin must occur 11 such
vessels It seems probable therefore that the mcrease 1n sludging the
increase 1 viscosity and the protemn precipitation that occur on cooling
must produce capillary anoxia and so tend to cause spontaneous bleeding
Protemn precipitation 1s almost certamly also the cause of the necrotic
lestons seen 1n areas of shin which have been exposed to cold

Hepatic and renal farhure If the primary disease causes extenstve hepate
or renal damage there may be a reduction m the level of various clotting
factors mn the blood as a result of hepatic mvolvement or uraemic vascular
damage as 2 result of mvolvement of the hidneys Such changes may
increase the bleeding tendency or may be the main abnormalty causing
bleeding 1n some patients with dysprotemaema
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To summanize the haemorrhagic diathests seen 1 some cases of dys-
protemaermua 1s 11l understood The cause of the purpura in hyperglobulin
aemic purpura 1s not known  In primary amyloidosis purpura ts probably
due to mﬁlmmon of vessel walls with amyloid substance In secondary

1 Tobul and cryoglobul

several factors are imvolved

1 Thrombocytopema when present

2 Coagul defects nclud: 1 of fibrinogen to
fibrin 10 the presence of thrombin

3 Infiltration of vessel walls by amyloid or other abnormal proteins

4 Sludging which by slowing or even temporarnly arre~ting capillary
airculation may produce capillary anowa and so increase capillary fragility
This 1s probably of most importance m cryoglobulinzemia in which condi
tion sludging 15 markedly increased by cooling which also increases the
viscosity of the blood and causes protem precipitation—all factors which
must tmparr capillary 1 lar protein precip 15
almost certainly a major factor causing the necrotic skin lestons seen n this
condition 1n areas exposed to cold
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