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Indeed such insdegquacies as we have seemed t

2%,

find in emiricism have been discovered by sirict adherencs 4o a

«4

doctrine by which empiricist phileosophy has been inspired: that all
haman Enowledge ls uncertain, inewact and partiasl, To this dootrine

we have not found sny limitaticn wh whever,

Bertrand Russell (1948).

azn konowledge, its scope and limite”,
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The regulations of the Univeraliy of Adelaide for the depree

of Doctor of Hedicine require:
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y N

(1) A declaration that the thesis 3

[

the writer's

composition, Thig declaration msy be found impedistely following the

1ist of contente,

{2) An indication of where the writer considers the thesis to

adveance medicsl knowledge or practice, This subject is contained in the

Conclusion on page 109,
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The organisstion of this survey,

haematological invesfigs

therein, has been the sole responsib

I wish to state that all the experimental work outlined in

1

thig thesig has ced by myself, or by

Miss B, A. Crompion who has been working under my divection

1
ol

throughout the latt

actunl composition of this thesis is entirely my own,




accepted as nornal and ansewmic respectively have varled

LTHTRODUCTION,

An Outline of the Btudy Undertaken,

to the emergence of unforeseen problems durdng the study,

s

some modifications Yo its charvacter were necessary Jdurd

2

over which it hes extended, The purposs of this introduction is to

m‘,
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wlly conceived, and to indlcate briefly

nodifications which were vegulred &
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definition of anaeria of

arbitrary, and 1t depends upon the sverage

upon the dletetic bebits, living

34 2

d and envirvonment conditions of the population involy ad,

It is not surprising, thevelfore, to {ind that the values

there iz = general tendsency

of med

9.2

haenoglobin level which 1s o ntabie as

,
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By contrast, in & survey of the hsesoglobin values of 177

> 5

Adelnide, the lowesgt |

Thia suyvey of the

bueen Victoria
outset, were bo determine whal proportion

P

vaiues below 11,0 ml, of blood




anaen

globin velues, in to 15,5 g, of

P
that the

arative values, 1t is reod

this gysten ils in current olindcal

thiz soale for lo

lues arve sstimsted using the

Unicam 8, P, 300 sbsorpbiosmeter, vhich has i
. 9

.

n stanfards. The optleal deunsity is then checked

eatimated hases

which 11.0 1z, of hoemoglobin per 100 ml, of blood

corvresponds to 720, and 10,7 2.

Por the purpose of this iluvestigetion, the
5 . R £ Vil . y X R S YO L A
1G5.7 8e per 100 ml, of blood (700} was chosen ag the arbiivery limit foy
the followlng vessons:

iess than

La t owould includ

11.0 ge per 100 ml. of blood,

2, The figure of 70 provided an easy criteri “or all merbers of the

which patients

%, The mutbers of patlents referred would not be too excessive,

he It was believed that this level would include all patients




Ho folic seld or vitamin 8-

.
lelivery.

Tlobing of

subgeouently

savere lron delic

commencad

parenteral iron
21l cases v
cell count
red cell indices,

ine

tien in brillisnt cresyl

wos below 11,0 2, per 100 mi., » red




suivey between the

as caloulobted froy

of delivery, Bach patient had 2 loose leaf card comp

- g S - = R P R Lty " Ay P . oty 2 T
which was aenlered most of the relovent hae datn, and fro

»

pregress, and to summardse the invest

it was possible to assess tlong,

tlon, all

s were

In the initisl phase of this invesi

patients

anaemic at 30 to 32 weeks fon were treated with iron-dextren (Imferon,

Bengers Lid, ).

In thi phase of the Investipai

] ',,,j:‘ o~ o .
clasgified ns follows:

1, HNormocytic or microcy cages responding bo parenteral iron
therapy.

2, lormocytic or macrooyiic cases nol

to parenteral lron

1. Hegoonding o Follio

o

Aeld or Bqos

{2 of toxic aeticlogy

b} of unimown ssticlosy.

Je Hicrocytic cases showing no respone se to parenteral irvon therapy.

The first case investd

ted in the survey fell into group 3, and

it was soon appreciated that in these cases I was probably desling with the

e g

thelasssemia treit, Owing to the relative infreguency of gross folic acid
deiiciency in tids preliminary evaluation, and the relatively larse numbers

of diron refractory microcytic anasi

Las occurying in the Gresk, Iitalian and




nbion had, of necessi

ion and d

This group, in many

wrded Trom the

5

tenglive

and the pre-

%

Tor treatoent of the

arne results of the serum iron

vRIUeS were Ly necossary o initiste

L

the recelipt of the resulis of this estimstion,

parentersl ivon therapy p

I% wee found that some patients =

|

red 2m apparent respouse to parenteral

LA, f}fi"i@l’ﬁ;}’}v in spite of a serum iron level whilch was within the pormal
g v -
-] .1 Lx]

regulted in an increased necessity for the eveolution of a

r the discrimination between the ircon deficiency and the

Paper electrophoresis
b jn b4

a barbiturste bulfer, was tried

but the separation of the 4y haono

nor constant, Starch gel electrophoresis was used with an 0.25 a, barbile-

urate buffer, as modified by Dr, Curtain; and geod aseparation of the

o N
“CNOTY meunGn 01

in A, component was oblained, Do sa¥l

5

auantitation could be found. however, and evaluation could only be made by

vigual inspection.
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During the last eighltesn monthe

2. 3 " g sy . i,
using a2 trle=hydroyy-methyle-a senG Bhane

and gusntiteted with brom-phenol blue dye,

e

It was then

levels of a1l the Greek and Iinl the Cueen Vicioz

, this extended over s perlod of fourtesn months,

results were correlated with the other laboratory findings.

under tle some schese has been carried out in an atiennt to dei

soificity of raised ha Lobin A, values in other forms of

ia minor cages, During the

last phase of 1, the adwinistration of parenteral iron
te all cases regavded as mia minor was dimcontimied, as 1t was

therepy was oonbre-indicated in these

»

An sdditional complication wes introduced by the work of Haddow
and Horping (1960) on the savcomatous effects of ironedextran in mice, and

the mibgequent editordals 1o the Pritizh dedicel Journal, Pollos

the relevant literature, and some discussions with Professors

on end G, M, Wilsoan, it was felt that the case was not proven,

ivon-dextren, therefors, has been contirmed, but on a nore

limited scale, in cases in which there wa
3

A Turther subgsidiary study on the blood volunes and red csll

®

eries of patients
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]
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&
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sated by the cbheseaxvalions of Iund

and Sisson (1953), who ested that, owing to the effects of haenodilue-

tion in preon

LEDOY , the peripheral vred cell values were grossly inaccurate,

k2

ion of this method, and the subsequent

sients in which 1t has been gme;ﬁ hasg
been greatly assisted by a grent from the HNational Health and ! ¥
Regearch Council of Aus 'tl‘&;Ll&s wiuch commenced in January, 1960, "',z,th the
aid of this grant a graduate biochemist, Hiss B, A, Crompion, has been
employed,

The evolution and evalus
gurvey of the Greek and Italien pa
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HISTORICAL, REVIRG,

The history of the sneenins of presnoney has been domnated in
£ fi)

the literature by twe mein themes; the nmore dra

e

Fascination exerted on meyy physicians 1
pregnancy and the evolution of the present day therspeutic approach, This
has been fostered by 1ts notentially fatal possibilities, and by the

froquent dramatic suddenesna of onsels

The second subject which has in the past and present exclted

<y

i...’\-

saieh controversy and

nterest has been the "plhyslclogical ansemias® of
Preguancys.

The Hegnloblastic Anaemias of Pregnancy,

Walter Chamming, in 18L2, is genera epredited with having
(=3 4 15!:

first recognised cases of severe amsemla in pregnancy which were probably
megaloblastic in origin, (Quoted by Osler, 1919),

Gueserow, in a Jdescription of {ive cases, is credited by
Sir William Ogler with having drewn the attention of the profession to the
seriousness of this condition in pregnsncy.

i'))

From the time of Addison's description of perniclous apsemis, in

855, there was congiderable confusion as o whether there was a ssparate

form ocourring in prepnancy,

Sipr ¥William Osl in his inimltable mammer, reviewed the
anasemiag of pregnancy in 1919, I classified them into four pgroups, 28

Tollowss
1. Angemia due to haemorrhage; elther acute, at delivery, or
gradual, due to repeated small haemorrhages as in abortion,
2. The severe anacrias which are often accompanied by vordiing.

5« Postepartum anpemias: and in this comnection, he credits a




b

having 4 that these are nol

rard with

Dy, Palmar U

dentical with true Addiscnian Anaemiz, as a larpe
ofl Cases TeCOVoT,

e Anaemia assoclated with post-partun sepsis,

This last category had caused considerable confusion in the past,

owing to the features of pyrexia, vomnlliing and spleno

» =

vith pernicious anpemla of pregnency.

Sir William went on to

agreed with Ur,

wncy was guite distinct fron Addisonisn

that the prognosis was much beltter than was

the seven casesg which he had persconally
seen in Hontreal snd Philadelphia, all had recovered, and moreover, the

recovery had been pexy

.

the rmmgbear of

saared o hove

thought that aay have led to this increase, 8 ocotcepts were

not wiversally sccanbe in reviewing the literature,

doubied whether perniciocus al

}x:

1924, reviewed the literature of Durope and America over the previous thizty-

ondy eble bo find smlzty-elishit cases.

The next major step forward was made by Hinot and lnyphy in 192

5

They treated forty-iive cases of Addisondlan Permiclous Anpesisa

neinding cooked call and beef liver, which produced remissions in 211l their

cases, Chils finding wes of course soon spplied to cases of ancemia in

ch responded to

f...h

preguancy , snd Bvang (1?32?5:3} s reported two ceses: one of wh

injections of liver extracth,

mnesd liver, and the other to

Following thelr brillisnt work on the intrinsic and sxtrinsie
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Cagtle and Strauss tuznsd thelr Doy

}i}xng

e g i) - - s APy s 1N
grited two cases tiver ext

to oral beef-stesk and gastel

>
ek

(1]

angemia of wregnancy 1

oo

Lo have been the first

author to have used the finding on & lagbosis of the bone marrow a8 a

criterion

Unpley (1953} fivst drew atbention to the fact that perrdcious

o

anaemda of pregnancy 4id not always respond to liver extract.

made the interesting dbservation that althou

mean corpuscular volum

b

a5 increased in these cases, the mean cell dismeter,

sl

Price Jones Curves, wes within ne
of co-workers (1945}, synthegized Folic acid ¢

identical with the L, Casel Tactor isclated {row liver,

compound would pronolte growth and hasno This

was culckly followed by clinical trials

progrency by Moore et al, (1945), The

in perndoious ok

TEBHONSE Was

samne
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the two conditions, This point

who also drew

to the fsct %, unlike Addisor

ancy cages failed to respond o liver extract,

but had re yeast exiraect or sroteciyvsed liver, stilated

af k Y

..!

e additionsl facohors ir

ut

that there

woaney, and ingisted on the establighe

cow change as a eriterion for

this condition, in one of

sNears
In more recent years, the use of folie acid in the megaloblastic

erica has becone aloost universsl, The
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Seott,

195k Davidson, 1952 Girdwood, 1956: Ungley,

Holly (155% believed that the addition of asoorbic acid was
algo necessary in order to convert the Tolic acld into the clbrovoran

Pactor.

T

Occasio

which responded to Vil

but had additional relapses st ten and

~parbun respectively: ssls of a melabsorotion

e e 1And  Adan sy e 4
to have been excluded, Adams (1954) described fen

cages in South Africa wespond

P

eanonding o folic acid, might be seversl Torms of
] i
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Some of these

Dag Gupta (1953

one had
one had both na

It =

and do not res

show a megalobls

additional complications into the is and terminology of these cases,

becsuse Dag

"pernicious snaemia of pregnancy', If some of these cases are not m

related to def

lnvariably

been pointed out by Badenoch et al, {1955),

Torme

thege tropd

histolyea

alaria and Toecal

sens foivly clser

>

[atatstaly ;:3 ed an a ¢

with iron deficiency,

to Bio do not

pond well to folic acld; some cases

!:'73 3 =P

his finding dntrod

o8

P P ) 0 R,
tly deplored the u

is removed,

"macroeytic ansemia of

the temm

Dag Gupin, will also edbrace many cases not

iclency of the specific haematinic Tactors, The deaignation

7. the urgency of each individual si

the elueldsltion of these problems




desceribed a technign
wideoh the patlenbs sre first

lovels

o3 ehnren

ks YRR

sl pregnant women i

olic acld removal froo the

unsatarat.on of

Lo was a Tlardy uvsusl sccommaniment

PR AN AR

» thoge patients who had o megs

wolytie snaenmia there is some degvee of

4 the demand in the

unsaturation: and

than cornal, and cannot be susplied without depleting the body stoves,

tive deliciency of

As they have demonsitrated a universal, re

b1 s

be sn lncreased demand

and a8 there must

red cell mass ccourring

some cases, partic

dietetic intake of fids substance,




naemiss of Presmanov,

Iren Deficiency and the "Plysiolosi

L Y £ & G g At yen b eyl ey e ety 4
The second aspect, in both the past and present

been lron deficiov

exelted mich controversy

50 aslled Yo

ney,  wotil that

muiher of Blood cells duriz

ag ho whether this in

ars Lo have been gsome di

divided the sneeniss ot two forng: one of which was chlovosis

kS

well navied impoverishment of the ] ridual corpuscles: e other Toxm

was one in which the corousciesn

whiich ocours in precuaicy.

fuds

two Tatal eames which, in relrospect,

and a eourse stive of megalcoblasiic

anay. In big discussion, he

hoave been due o the ordinary ansenia or hydrsesmia of

Impetus was given to thie theory when Dieckoann and Vegner, in

1834, established that the blood volume was expanded by an average of

12 Ilterature,

during pregnancy:; thiz has gained many

W

e (1“_‘50} concluded that the mean level for three hundred normal

phin per 100 ol, of blood, was lower

prognant cases of 11.7 7. of hs

2, comented

L onon pregnant value., Strauvss and Castle, in 18

22
o

that merked degrees of vhyaiolo

diet and blood loszg

iz probably to hydreenda, and is nob

r and Unsworth (1°

Fullayton,

ond Whitby and Britten (1957) have accepted

Taylor and Torpin {1951 do not

aldane)
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these values with

population in guestion lives

Vericop, Blokhuls and

they

sy

eould produce, by lron therapy, a

a similay proup of

some diiference in
the powb-natel period,

Sturgeon (1959) in a

concentration to 12,1 g., which was mpintained until tewn, in spite of the

Tound st the six month post-parion,

rer fall, to 11l.4 the untreated patlisnia

&

scharatod lron

Tandstrom (1955)

pregnant natld f’sz‘“m; this prevented the
Horeover,

1l of

healthy, non-pa

out & considersble amoont of work

Holly (1955 whe has carwi

hin values of

in this field, also conslders that

are boo low o be aco

®

that iron deflic hin Fells below the level

of 12,0 e
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maintain this level without ivon, whereas §

o

dnimm triel peried of 90 days. In 1957(a),

oi’ which

-

however, using rediosctive ivon uptake into the erythrocytes, he denon-

{....‘
EE’
i._‘
bor

T

O

yh thare Jdid

strated th

appear to be some defect in uillisstion
the pregnant patient., He has used oral covalt as a stiemlent in an

attempt to potentiste ervthropolesis, and he was able to show that a

sreater mumber, (9

oo

, of patients maintained a mivnisus

haenoglobin per 100 ml. of blowd, (Holly 1957b),

@

action of eoobalt in the stim ervthropolesis

Jdition, some patients on this drug show toxie

as yet, no other workers appear o hove adopted this

Torm of therapy in pregnancy.
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Holly (1955) has poing

7lobin level falls
because of the increasing plaswua volume, it is only to be expected that the

bone marvow will reapond to the relative anoxsemia, (}mmaa% Herino,

Delgado, 1945},

This concept appears to be reasonsble, and altho

wdversally accepted it does

workers in this fleld, Uore atlention has therefore been given, of late,
to the occurrence of mild degrees of irvon deficiency in pregnancy and the
relative disgnostic velues of serum iron, and free erythrocyte protos

porphyrin end copper values in pregnant and non pregnant states. It is

now a common procedure to adainister oral ivon as a mather of routine in

preghnancy, and to administer e patients who are

severely snaeric, or who veport for treatment late in their pregnancy, or

who appear o be refraciory to oral iron therapy,

The iron requiresents for the developing foetus and for the

v

increasing red cell mass have been emphasised by many wribers g including
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Kerr and Davidson (1958); Blsand, Goldstein and First (1930); icleorse
(1935), and Sisson and Lumd (1957).
Holly (1960) has estimated the pregnancy irven requirvements ag

cetal development and 50100 mg., for the placenta; an

of approximately 130 g., requires 442 mg,

ings the total to al least 900 mg, Tor

of irvon for this purpose, which b

pregnancy, Coleman, Stevens and Finch (1955) ted the extra reguire-

ments of the pregnant women as 500 of ivon during the pregnancy, snd

150 mg. during lactation,

proximately 1,000 mg,., and in his

opimion few women commence thelr pregmancy with normel iron resserves, Lt
i R

er)

obvigus that if there ils any deficiency of iron storage at the onset of

Pregnancy, some degres of deficiency of iron is likely during that
The average rale of absorption from o norsal diet is no aore

then 1,5 to 2,0 mg. (Holly 1960), It is unlikely that this vwill

[

compensate for any marked storage
taken and sbsorbed,

Fisher and Bigp

feel well durdng the early stages of pregnancy cammot be relie

take the orel preparstions, In addition, there may be scme degree of

Tailure of sbsor mey: Seotl and Govan {13&{9} investi-

S8 o had found thet

. - 2.
thiege the

Gr

deficient anaemias failed to respond to oral irvon,

but they d4id respond to sacchareted irvon given paventerally., They

pae &

failure to sbsorpbion of iron present in

his patients were more prone to the

re achlorhydric, Seott and Govan (1951)




noted that

of iron

saccharated irvon was taken up by the retioulo

manner

[P 4
WAV R

manier,

oo

aael

¥

BENR

In 1930, Ceppell, work

olyais and
ment of ipon def

workers have used soochs

nehlorie acld

of vardlous

rated

of excess iron,

ney in the humnn,

i

A1

abed 1o

gt

T oy oy e ry)
Seott and

SRR
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(9 FIC N wore no o

a botel of




the mange sown accepted as

that, in general, the response was inversely progos

haemnogl

ood i
Scoti %, Greenwald and

£
el

2 0ed me nf &

anaemic cases there le unaniwily of opinion on the degree of rosponse

e

e expected,

and Bllis (1954) found a vise of 0,27 ga of

etively, It can be seen that in the nore severely

§7s]

Hagedomn { (195 7) frand thet there were no toxiec effects in ten

patients; but Secott (1956) in 2 series of
experienced three rveoctions, which included one asthuatic atiack and

»

vasc=vagal type of attack. She surgested that it was inadvisable to

gt

treat

patients with asthma or allergic skin rveshes, She also found, in some

patients, a delayed response which she attributed to the repid increase in

dose of 500=000 mg,, she found that

the blood volume, On an

oceaslonal relapses oceurred, pavbticularly in the cbese patients,

Whilst working with iron dextran in rats, Ric

that sercomats developed at the site of injection afier
over nine months, Haddow and Horning (1960) repeated this works; and

found thet they could produce sarcomata in wmice, and slse in one out

F)

CZ.

Tifty hampsters, o tunours were produced

@

similarly treated, /An editorisl in the

they

of

arch

12th, 1560 commenting on these findings and condemming the use of iron

dextran, produced a conbroversy which resulied in a spate of letiers

publications. Goldberg (1960) pointed out that the dosage u

experiments was, ol a minimum, seventy times grester than the io

[¢]

elinical dose for these animals would have been were thev Lrested on

ed in these




campaiat

both some

Goldbers himgelf treated, no ineresse in

attributed the incresszed bhunmocur rate to th

mechanisms: 3 ot that similar

by repeated troums, or by repeated injections of
including hyperionic soline s

and

An independent committes of pharmacolo

physicians then congildered the available data,

t they wex

the opinlon that the use of iron

regpact of cercinogenicliy, and lg probebly less has cgpects

3

than intravenous preparations and blood transfusions, AL

riting, ne convinclng case

renoried,

of

nout trensfusion, Decause of the rdsks of haemorrhage,

ansemia on

BUTDIE S

the patient in labour,

a pre-cxisting anaemic state, but that there

unaifected 1y

o

wagn an adverse lnfluence on the stillbirth, neonatal and infant moritality

zht that these

Ly

rates, They tho ght be due to the assoce

poor sccial clrcumstances of the natients, lca{:’:mi’f (1951) in cases with

AT

severs anaemia in Af:

o 'ﬂ .
there was a ten

wionge in the duretion of labour

L’E
©
o
o
b
Bad

in { (1951) ;o that ”L,ww'e was

AI0UE WOner

', in malbir

in primigrevida, and of
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EVALUATION OF T

5 CRITHE

‘”A

LS

ad estimated the

a3

In 1958, Iund and Sisson reported that they }

woFlobin mess in o raober o

e

b 3

periphersl hasnoglobin and the totel he

Fed

patients, and found that in patients with sicilar values for the

cbin or haematoerit, thers was a very wide divergence in

&,

when caleuloted in terms of g

body welght. In some cases, this varistion

incyesase in the haenoplobin mass when commn

[

haematoorii, :abing that the
patients with a2 iow haw

haemogicbing, were hypovolenic

hypsrvolesic, They

crit values were wnrelisble indices of the haematolopical status of patients
in pregnancy. They thought that the possibilit ty of snaewds in prognancy
could only be evalusted in terms of the hao moglolbin mass per Kg. body
weleht,

This concept was a reversion to the idea of the physiociogieal
anaeris of pregnancy, and if correct, ?&'Eﬁ;}lﬂ maan that much of the work
done by various workers in this {ield was nullified, It was, therefore,

of

nortance that this hypothesis should be tested,

Heasurenent of Dleood Volume,

The Ivans blue dye method with the dve extresction itechnique of

Tornberg {1958) was used fo of the red cell mass,

4 bateh of Dvansg blue dye wasn made up, contelning 57.5 mg. of




saline, This strengt chosen because 1t woauld he

the dosage st which tlasue sialn

3

Syringes were ecalibraied to delives ely 20 ml., by

ibration was

rking a ring oo the barrel and plunger. Final o

L out by delivering distilled water through the

The sctual volume Aeliv rered v

welghing the ag

Lneorporated

i

calonls

This technique was felt to be preferable to aspirating a lmown

o

guantity into the gyrin an 1t was found that the fire lines could be

]

oo Bigh degree of precision; it was, of course, essential

PR

that all ailr bubbles be eliminated Tros the syringe,

Ostimations were carvied out on patients whe had been requested

to confine themselves to a light, non=Cat breskfast, and to exclude milk

vere carried oub

fs

fluids drunk during the morping, 411 the tests

between the hours of 9.30s.m, and 10,30 a,m,, and the patients lay down to

~iod

resgt for o minimug of fiftesn minuies bhefore

the clreulstion of the premmant

reguired Lo caplete mixing of the dyve

for the non prognant

patient, is known to be sliphtly longer than th

patient; but it was considered thet a lapse of fifteen mimate

A

clent and would avoid excessive loss of the dve., A correction factor

100/97.5 was incorporated into the calculation to correct the loss

during the fifteen mimube time interval, (Mollison, 1956},
It is Telrly generally agreed that the use of dirvect sbsorptioc-

tlon of the dye in the patif*nt' nlasma is prone to lavge

errors due o the presence of lipaemia and varisble degrees of haemolysis

and extraction methods of

in the specimens, (Gregerson and &
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varying baen develoned o overcoms

method of Toroberg depends

se, and the preecipitation of the protein by a deteypent, followe

by extractlon of the dye into acelmmes., I3

Care

-

wag necessary to ovold evaporstion of the acetbouns

v ousin

o

and this

£
3

f,?

x Rl

aana tO

"septin® (benzethonium chioride) and then to sheke; 3 wl,

of  acetons is

n added, =nd the solution agein shaten, The tubes ave

_“(‘_,

then centrifuged ot 3,000 repe.n, for ten mimtes; and the opiical densgity

of the clear supernatant is read ot 620 aw, in a Unicam ©
o )

chotoneter, The resultant optical density is then compared with 1301

o5
Fol

o

standar’ made by diluting 0,02 of the dye solution in 2 al, ol the

potient's pre-injection plaswma, Blanks were also sei

deducted, from

aluss wers

in a governed hsematocrit centriiuge, which was 95 minutes, The

mean value was talen, and the results obiained were corrected for trapped

plasns,

*

Caleulations were made using the body haemetocrit/peripheral

=y

haematocrit ratios given by Caton ot al., (1951), These authors, usin

codbination of the Bvans blue dye technique for measuring plampa volune
and the Cr., 51 techricue for measuring red cell mass, hove estimnted the

body haematoo

0,923 at twenty-three to twenty-nine weeks gesteticn to 0,960 at thirty-

rit, and shown that the sbove ratic veries in preguancy from

four to forty weeks:; they also gave the intermedisnte values, Personal

enqulyry from these sutho elicited the fact that correcltions




plasma had not been made in thelr caloeulabions.

TS5 Ware,

therefore, recnleulsted using thelr published data, with the figures for

i

3

values which they bad yeporbed,

4 .

variation in their resulis, but 1t was consldered desirab

should be carried cut, as all our figures incorporsied this coryvection

Taotor,

4]
o
5
o
ot
G
£u
ot
=

The haemaloorit retio, for the non pregnant case

+

Caton et ol., of 0,90, is alightly beliow

c wouldd bring the bwo schs

d r

and the correctlon for tranp

into neay agreement, It wonld be antic

notoerit ratlio would be encruntered

in the body haematocrit/periphsral ha

with the general dilataticn of the bleod vessels durdng

After this correction had heen made, values for the heematocrit

S, 2t twenty-three to fweniy-nine weeks and
thirty-four to forty weeks of gestation, respectively, The aporopriate
peripheral heemstoerit ratios were then used for the relevant period of
nregnency in sach case,

The formulae uged in the calculoltionsg was as Follows:e

Plasma Volume = Plazme Volinse Injected X (.0,
Galy

X Ddlution of Standard

Red Celil Hass = Plasma Volume X Corrected Venous Hoemn!
100 ~ Coxwvected Venous !

vboerit

=

s

Detailed resulls for each case ave given in Appendix 2,
It was found that when the hsematocyit values were compared with

o

the red cell mass, caleuleted in terms of ml. per Kg. body weighi, there
was a very wide secaitor of points zs Iund and Sisson had demonstrated, It

soon noticed, however, that patients of heavy bulld tended 4o have a




28

low red cell » dy weilght, in relation to the hsemstocrit

value obisined lents of light build tended 4o haove a

relatively high red cell mass, per Kg. body weight, in relation to their

peripheral hasmatocrit value,

mave 1, in wiich
the tenfency can be ssen,

It im ocbvious, from b

blood vessel capacity
encountered in mascle
is therefore 1llogical %m attenpt to assess individual changes in berns
of body weight, This aspcet hag been reviewed by Gregerson and Rawson

ETE " K - o L e R RPN R .1 PO . 7
{1«*9;5 who discussed the dlstribution of blood in the various organg; and

208y

who were of the opinion that the lean

o’
S
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welght could be assessed with some degree of accuracy from sicinfold

HELSUTenenTS, Whyte {(1960) showed in twenty-five hospital
patients, evaluation of the blood volume in terms of lean body mass -

calonlated froz the qkluielﬁ thickneas - gave only noor corvelaticn, They

found that the surlace area of the patients was a bebier index on which to
bage the assessments of the blood volume, They also obtalned zood correla-

the idesl weight for individual patients, taken Trom tables,

3 R - JRO N Yoy o - P oo iR
heat guide do the sssesgoent of

e

It is zenerally sgreed that the

the individual bloed volume measurerent can be chialned by actual reasure=
ment of the lean body mass, This is usoally carried out by the use of
formuleae invelving either the antipyrine space alone, or wessurement of
both the antipyrine and thiccyanate spaces, which arve indices for the
assessnent of the total body wator and the extracellular fluid space

regpectively.

Huldowney (1 ?} eatimsted the ant Q;fln space and blood volume

¥

and he showed
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Illustrating scatter of results when the red cell mass
is evaiunated in terms of body weight, snd then compared with the
peripheral hasmatocrit values,

Hote: Tendency for patients of heavy build 4o be grouped sbove and
to the laft of the cenire,




,.!."H - i L ~ . O r,-‘,w o
thet the wide scatior ol

ER N
plotted in terms of > ig
e 28 X 43 2. e
evaluated in terms of the that,

for reasong which have already beon discussed, the body welght was an

s

inadequate parameter for the assessment of the blood volume,

At present, the nessurensht of the lean body we

in pregnancy

appears to be an aspect which has been overlocked by workers in this field;

and as it would he necespary Lo caryy out trdals, not only durin

o

ancy, but alse at some stage after pregnancy in order to assess the

fundamental significance of the Tormmulae used, the preliminary work
involved would need to be quite extensive,

For this reason, and slso because the use of antipyrive for

&1
W
]

repeated estimetions could entell some risk of aplagiz of the marvow, it
was considered that an extension of cur project along these lines could
not be undertaken, It was decided, therefore, to attempt a diffTerent
spproach to this problenm,

Blood velume estimations and caleulations of the red cell mass
were carvied cut in anaecsic ‘pa”ﬁ;.;.ﬁ‘ﬁtu s who were then treated with
parenteral ipon therspy, The red cell mess was again measured, after
completion of the therapy.

The figaves obtained for the red cell mass were then svaluated
in terms of total body weight, surlace area, and ideal non pregnant
weights taken from documenta Gelgmy (1956).

Body ¥Weight,

The wide scatter of resulis obbained with this method has
already been discussed, (Figpure 1), The regresszion line calculated Tor

se points has the Tormulae:

oo 5.5{32@: % 2@.%‘«5 and x = gggw + 8@95
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The seatter of points from this line is represented by the eorrelation

poefficient: 1 = 0,48

Surface Arvea,

This perameter gives a reduced scatter for the points in
zure 3, and moreover, the distribution of the heavy and light build

patients has shown congidereble mixing., The correlstion coefficient for

o
&

thege valueg isg Iincreased: v = 0, 655,' and the formulae for the regression

lines are: ¥ = 0,015z + 15,227 and x = 3Ly + 136,8

These values Tor the ideal weight an reduced from bables of
(% ¥

the petients' heights, would be expected to e indication of the

zhits, Covrelatlon has been attempted, using

non pregnant wel

the pre-pregnancy welghts which the patie rave ITom nensry.,  Ghe

seatter of resulis cbiained wos s0 wide that 1t was obvicus that the
memordes were Treguently at fanlt; and as a considersble marber
had very high values for the ved cell mass, in terms of their DYE-Dragnancy
weights, it would appear probeble that some degree of undepsiatement of
this welght was not uncomoon,

’i"he correlation cbtained with the ideal weight (Figuwe L),
(= 0,605), was similar to that chtained with the surface area, and once

oy

sain conslderable interchange of points was observed, from one side of

the regression Ilines to the othsr,

sn with Tron Therapy,

3 42

It was thought that the residual seatlter in the points, when
the red cell iz“;;xés was evalusted in terms of the surfasce avea and ideal
welght, was probably atiributeble to the inscouracy of these paranmeters,
If this were the case, and the siate of relative hydraemis of the patient

was 1ot s major Tactor, it was theordsed that increases in the haematocrit
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watientse

and red cell mass

By Jodning the polints obtained before, and those cbialned

parenberal iron therapy, a series of paraliel lines

cbbainead,

) L) L - . - B . A
This was fested in a series of fouribeen

5, and it can be seen that in the

Une patient,

majority of cases a roughly pervaelliel response was obiained

(o, 238, Appendix 6) developed a megslchlastic bone

first and second e tions, (represented by the i

and as 2 result of Tolic acid therany, she later

slobin and haemntoorit velues, It cen be seen from this casze that

the haematocrit value did not show any decrease

developing mepaloblastosis, whereas the 1l the red cell mase
showed a fall, The infervence fron thisg case iz, that sose contracilion of

volune may occeur during this type of episode, which counterscts

the fall in red cell maoss; maintenance of the peripheral

haesmatocrit levels,

It was concluded from these experiments U althcugh the

sma volume may hove some elffect on the perdpheral

enatocrdt velues, individusl errors introduced by assesse

ment of the red cell mass, in terms of the body welght, surfece arves and

ideal weight, would invelidate assesament of

status, in terms of the red cell mass,

Until such time as some slmple and accurate method s evolved

for the measurement of the lean body mass sncy: L oan of th

though not idesl, will sti11

p ‘4

opinion that the peripheral blood values, alt

agasesgnent of ansemls in

remnain as the best criteria for the dia

&2

PTeZnancy.

b £
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SHCTION 2,

TRON DHFTCTENCY ANARMTAS TH PHE

x L

At the Queen Viectoria Haternity Hospital, 1t is routine
practice o freat all antenatal patients with oral Terrous gluconates
but many patients f2ll to teke the oral ivon for various reasons, One
of the commonest of these being thet the patient feels well and can't
bellieve the need for medication in her particular case, Some patlents

develop nausea, vomlting or diarrhoea whilst on the teblets., Thes

+7 =

symptoms are, of course, particolerly common durdng the fivst five

menthe of pregnancy, which is the timé when the oxal iron thervapy is

usually commenced, afber the patient's first visit to the antenatal

clinic., Unfortunately, these patlents are then averse to taking further
)

oral iron when the phase of morning sickness has passed,

Some patients seen during these invegtigations responded to
the adwinistretion of fervous gluconate, Cases seen during the first

-

seven months of pregnancy predominate in this group, as it was usually
the practice, if posgible, bto txy this form of therapy first, A few
patients mardfested a severe degree of ansewmia during this perded; and it

was consldered that the risks to the feetus, entailed in a slow resgponge

to oral therspy, were not Justified, and the patlents were glven parenteral

irvon therapy. This was occasionally carried out in intensive therspy on
in-patients,

Scott and Govan (1949) believe that the sbsorbition of iron may
sonetines be defective during pregnancy., This was supported by my
personal cbservaltion of many patients who had no apparent response in
thelr ansemia, although they assured me they had taken thelr oral ivon.
So the giving ui pazéslte?al iron to these patients was usually commenced

R

when the pregnancy had advanced beyond the seventh month,




betwasn the ros

in twenty-el
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certainly due to the maltiplicity of factors

4

influvencing thelr rate of abporbiion of iron.

D
%
]

I therefore propose, in this present evaluation of the dissncsis

)

of iron deficicncy in pregnancy, fo desl solely with those wetients who

showed 2 response to the paventeral irvon thevapy, I consider that, in this

- e P S e
way, the maximim possi

usually treated at the same stage of (i,e. from the

twenty-eighth to thirty-ninth weelks of gestation), and that

blood volume durding 4 at their minimomn,

The dosage of iron dextran was calculated using the followling

formale taken Trom Holly's mmendation in 1958,

iron--dextran

per 100 ml,

The aversge tobel dose I

iron~dextran, It was found in proctice that this amocunt was adetuate, and

at the same time 1t was not considered 4o be excessive as it was of the

some order sz the normal body slores, which had been depleted in the

The incldence of iron deficiency snaewmia in pregnancy is known

to be high in the United Kingdom and comparatively low in

tralisa

-

(Horgan 1561}, It is not proposed to dwell upon the incidence of this

condition, but rather to evaluate the various laboratory criteria used

Py » &

Tor the diagnosis of lron deficiency in pregnoncy, and to make svailsble

the findings in iron deficlency sistes those in
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excess of one or other of these criieria. Horeover, no values for the

globin were accopled as criterla for a response if

R

en daring the last week of

pey

the hasmoconcentration which,

perdod, (Tumd 1951), 30 ;

.
WE reason

e Hegoonge to Iyon

viobin Levels and

AT .

The total of one hundred and fifty-eight patients {Appendix 3),

whe showed o ress iron therapy had pree-itreatoent

n oper 100 =1, of blood

be some correlas

ot

tion of the rate of response o theras the anaemia,

(v = but ns can be seen from the scatier of
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Showing the correlation between the pre-treatment
hasmoglobin value, and the raite of hsemoglobin rise due to
parenteral iron therapy, Hach point represspis one patd
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tent.
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The obvious

to

narentersl iron theram

") 1.,

v Corpuscular Hosmocdebin Concentration in
e LAWY

.

fron Deficicncy fnaemis oi Premmancy,

The relationship between the HMCuV, aznd the I

f‘l’
ki)
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e
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i

COUrse
in: and a Turil anticipated result is that many of

tients do noe of either hype

ise This is due to the fact that the develop

aney hos s coparatively rapdd onset, and the

red cell indices sre largely influenced by the older populations of cells

formed belore the deficlency developed,

.

ascertain the relative accuracy of

correlation of these two param
been seperately nosessed,.

Hean Corpuscular Haes
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Showing the corrslation between the Hean Cormuagenlar
Volume, and Mean Corpuscular Haemoglobin Concentration in patients
responding to parentersl iron therapy, There is considerable overlap
of the lower limits for the normsl rangss (indieated by lines at
HeCuoVo of 82 cup and M,0,H,C. of 32%,




of &

the cases in vhon pro=i

¥

T the

reduction in the mnd, morecver,

within

are dus to chance is

sonas Lo Pa arente ol Lron Theraov,

The esr

The differencs bhetween

coediiciants, obiained with the

teated by Pisher's z transformation test, snd have

ET R E=1
leas than Ih, grea for

”

H.CeVa im plotied

%]

.Y Py
1), 1% can

e obihained with

&

bodned for the corrslation

¢ ig demonstra

coefficient v = 0,532, and there iz & less robability thet

finding a correlation coefTiclent of this relatively high value is due to

chance, It would ar, therefore, that the M.C.V, ig a better puide to

the rate of res iron than the iLC.1,C. By inference,

X

n bvebtber suide to the

~,3

ae of lron

deficiency in pregiancy.

Owing Lo the faotb that the caloulation of the 1,0V, depends

upon the red cell count, which is ususlly believed to be a grossly

inaccurate meagurement, it is somewhat surprising to find thet the order
of correlation obimined is hish, Great abttention has been paid, through-

out these investigations, to ensuring that the highest cossible accuracy

E Nl

3




MEAN CORPUSCULAR Hb CONCENTRATION
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FIGURE 8,
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I1lustrating the lack of correlation betwsen the

pre-treatment velus for the percentsge Mean Corpusculer Hasmoglobin
Conpeniration, snd the rate of response to parenteral iron therspys
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Showing the correlation betwesn the pre-treatment value
for the Mesan Corpuscular Volume, and the m.'t@ of response to
parenteral iron therany,
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HOH-PREGH

A TL,T,8,0, T

PURGHANT FLAALES,

CTIIEN P
%Uﬁm o
% ST E A T

3T FRIALEE

Authors T , |, ean Standord ¢ 1 5, 0, Standard
Ho, Type, Serum Lron Lo Devintion,

Sturgeon 1959 31

1 130 B 361 52
Hagberg 1953 26 Hales 137 32 321 39

5
Roman and Wellby® 1957 22 Uales 134 32 316
Walker 185

5

Sturgeon 19

Lo
2

Gerriteon g»p .{;Jﬁ‘, Famales - 119 3 2] 3’) 233

71 L%
3 &

2 20 Females 122 38 360

Hagberg 1953 28 Females 123 L 338

Homan and Wellby* 1957 20 Fenales 129 37 317
b

AR IS
0o

Gerritson and Falker 195k 18 Pregnant females 120 L6 L3
Fath et al, 1950 18 Pregnant females 102 3 336
Sturecn 1959 51 Pregnant femnles 118
Magberg 1955 21 Pregrnant females 98

Ibhotaon 1961 15 Pregnant females 131

(%}
9]

L
3%

* Carvied out in the Institute of iedical snd Vebterinary Science,
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A standard iron s olutlon was used as

the The Tl l.0s, were vaured by the o

All patients tested were Tasting, and precavtion v
Ex -] E

ensure that they had taken no oral iron for at least forty-oi

socond

gquoted spnly bo patients between

the twentiy-si

rery were found to influence the final assessmend of

lerable b

course of thig presgent investigs

iron and T,1.8,C, in pregnancy has also been underiakene

lobin levels of the order

ts Tor pre:mancy (B

of the normal sorum iron

ranges, patients known to have hsevoglobin levels of about 12,0 g. per 100
nl, were tested, ¥For reasons which will become arparent in the discussion

of these resulis, a more stringently selected normals had

the order of 13,0

noey

In the assesssent of these results

Aobin leve

have been divided into dwo groups - mccording to their hac
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T 28-3

IRES OF 1%
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Bestimation

Hb, ) 12¢ 5 e

Serum iron
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15 131 39a7

Thoe € 12:5 e # o 15 8345 28,2
i, 12,5 2. Tolelalo 15 LBk 7549
T, é 12, i.? e " 15 519 71,1
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be 7125 zZe
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by 712.5 g
i < 1?.3 g!

%o Bat, TeleBeCs

F test on 8.D. § test on Heans,
Hot significant < 0, X% #=%
Hot significant < 300 > 20%
ot significant . < 0,10 #%%
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nd it is possible that there iz some rise

the nopaal

serus iron

Aoy

therelfore be avton

cannot

be applied to premnoncy.

enn with

are left th

vange 72 It is noteworithy fthat

notoal control group who had a |
whom the serum iron level was

u'. {J. iniy 3:,.(

A

Although 1t

ooge to accept the valuss found

1 Loy the
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b

spnent values

for con on with the iron
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sIGY aneonia,

SONSE

level assoccia

wd 28 -jJ B

59 micero micro

siased by the inclusion of borderline

serum ilron, T,Le,C,

2 ER Ry
vhad with

gomed that the no

=0 4t g

iron

deficiency

1

there may be come bias,

deficient and thalassa aroups of

Lo Parenteral Lron !

As can be seen in Firure

;)

¥ correlation bebtwean the

One of the Teatures whi

serus iron levels

10, there was a hi

(r =

ch caused mach

0.357,
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Showing the correlation betb
value for the serum iron and thes rate of =
iron therapy,

the pre-treatment
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Hormal controls [fb, D 12.5 2. 15 L8L 75,9

Irvon deficiency (ALl cases 30 L8387 106
Ivon deficlency (Response D.05 g, daily) 15 524 109

Iron deficiency (Response {05 g. daily) 15 Lo 82,1

F test on t toeat

Group Compared an
e & kg dA gy

Irvon deficiency {(Besnonse D05 ¢

Hormal controle (Tb, D 12,5 z.)

Tron deficiency response » .05 g, daily

Iron deflciency response .05 p, daily
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°/° SATURATION OF TIB.C. BY SERUM IRON
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FIGUEE 11,
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Hb RISE IN Gm / DAY FOLLOWING PARENTERAL IRON THERAPY

Showing the correlation between the pre-treatment
value for the percentage saturation of the T,I1.B.C. and the
rate of response o parenteral iron therapy,




pregnancy, and concluded

o iron deficliency. This see

o
L OGS e

and it has been spplied throughout these

L

it
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Under the described conditior

3

the cell size seams to be a sore sccurate

lavels ave of

The p the serum ivon

hes been Tound to be quite an pulde to regponge: but unloritunat

5

L o ke oy e
thers ig a gross ovex

&

TEsHUnSe of the normal range,
It ig difficult to account for the fact that patien

normal serum lron level show to parentersal Lvon

might be suggested that, obin groun of ocon

iotyoduced by the inclusion of iron

They were working

phosphate content of thelyr malze dlet and

A conecept more difficul

forward by Mandel (1952) owing

Tactors involved -

v of which sre st present undetermined - a-
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range iz pot surprdising, and tha
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of 120 mleoro wmwiorograms yootheslis is coryvect,

uld expect less correl

the sorwm Lron
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L consider that the present findings confirm the opinion of the

evelopnent of the hypo-fery

slowing of hasmatopolesis in pregnancy, due

4o the lron

pusly a common causal factor bebwsen

the slowing e hypo-ferracuin, thou

iz only indirvect.
These observations certainly detract from the value of the

seruam lron as an lnves

vblonal 2id in the disgpnosis of mild degrees of

. o

ciency; but in view of the findl

fodo

U,
H*,

Lyon to be described on the

microcytie ivon refractory ansemias, 1%t is impordant to note that

sgimal taneous cccurrence of a microcytic e, L0 association with

spond to parenteral iron, has not

&

a normal serum irvon and a failure o rs

been dbgerved in any of the patients at the Queen Victoria srnity

Hospital who were not of Mediterranesn sncestry,
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At an early stage of the sugvey of the ansemias of pregnancy 1t

became evident that a high proportion of the cases of ansemia in the Greelr,

Ttalian and Cyprict populstions were probebly due to the presence of

thmlassaenia minor, These cases usaally presented as mloyvooytic hypochr

anaemni 155 which w

survey, nineteen

se cages, without giving
parenteral iron in an
iron therapy, and it wag considered that the
iron to these patlients was amntr&~inéicat@d, beecsuse many of them hove
adequate lron stores,

The high incidence, of 1,3 in the Italisn patients and 470 in

the Greek patients attending the hospital made the problems of differentinld

dlagnosis, and method of treatment of these
UPIeNcye

It is belisved that in as

blood picture, the presence of raisel values {or the winor component of

haemnoglabin, known as he olobin Ao, ds virtually disgnosiic, In

congequence of this a consideral work was caryied cut in an

ati to establish o sivgle and scourste quantitative method for the

egtimation of hasmoglobin Ap,

alobln was oy

rinally isolated and estiumaied using
atarch block electrophoresis, but as this method had numerous technical
diffionlties, and moreover the murber of specimens which could be

estimated was somewhat restricted, 1t was considered that pba to find




an alternative method would be of congiderable value,

Abtempis were made to quantitate these

r electrophoresis, and starch gel electrophorvesis,

o3 ey S

buffer, but it was found that these methods were not

o

ith paper electrophoresis

A method uging o trds

1L

wag Tinally used, and this was quantitated with bromephenol blue dye., The

the acouracy of this method

1% has been shown o give adeg geparation and reproducible guantitation

1,

8 in pregnancy were established,

for h Ao hes been Tuumd o be

as, other than

thalassaenis minor; snd it has been shown that the only other forms of

ansemia enocountered with conslste Aobin As values aye the
megaloblastic anaemias,

Sharp separation betwesn the values in ivon deficisncy anscmiang

fedd

and thalasseemia minor have been established, It is considered thalt when

&

clobin A? values

)

associlated with mlerocytosis and hypochromia, raized ha

are aloost dlegmoestic of thalass o! raised

iner, and that "non-speci
. i

values are only encountered in conditlons which are not liable to be
confused with thelasseesia
The haemoglobin Ao levels in six cases of thalassaemia major in

ldren arve discussed, with particulsr reference to the diapnosis of

o mnor in the parents, The

e

thelasan

An values, in pases congldered to be thalassaenia minor on clivdiecal or

genstical grounds, are also discussed, The relevant literst on this
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there are several varielbiss

© thalnsesemis minor,

nariioalarly

other basic variety of thalasssemia (alpha), associated with a defect in

0y

ha polypeptide chaing, is velatively un the Greek and

Ttelian nopulation,

In an attenpt to establish the incidence of beta thalassaemls i:

the Greek and Italian populetions, a survey of the hae

n Az valnes

fag been caryied oot in these peovle at the Queen Vietoria Matesnity

e

Hospital, It was found that 20 of the Italian patients, and €.9% of the

Greek patients, had raised hsemoglobin Ao values, These were presumed to

be cases of thalassaemia minor; and the hsensglobin levels, red cell
indices, sorun ivon values and foetal hsemogloblin levels of these patients
vere estimated during thelr pregnsncles,

A total of thirgy-twe patients, including twenty-one Greeks,
nine Italians and two Cyordots, were investigated as a result of this

horepgis screenir

haemogy

that

e patients had hasi

100 wl, at bweniy-four to twenty-cight weeks gestetlon, and that 7% had

haenoglobins of less than this level at thirty-two to thirty-six weeks

red that these patlents may hove had a slight rise

in their levels towards the end of the third trimester, when
the rate of increase of the blood volume is slowing, and partial compensas
tion for the ansenmia iz then poszible,

Almogt all the patients imvegﬁi' ted under the above schene
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when compared -

-nine thalaszsesic cases from the
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red o a small series of
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» Al

> dron deflclency ervihrocytes,

The ef

in pregnancy are discus

oty of thalassaen
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rence to the effects of this genetic sbnormality in the produciion of

. S T I
respect o this

saemia doring pregnancy. The relevant literature wi

the dincidence of the thalassaemis genes, is reviewed.

concluded that this condition, which has been larsely

btes a major factor in the productiocn of
ansenda during pregnancy in the population under study; and that more
sttentlion should be devotbted to 1% in the differential di: ain of the
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6 level during
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b was isolated by Hunkel and Wallenius,
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proved satisfactory, I did Ifind, however,

ml, of heemolysabe, of
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in por 0 @

of a large number of runs, the sitrips were placed in order of increasing

ancunts of has iobin Apy by an unblased ocbgerver,
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By the 2

tory for the unbiased selection of patients, particulaxrly in
those cases who appearsd to have borderline resulis. It was therefore
decided to atbtempt to quantitate the electrophoretic method which Craddock-
atson, Fenton and Lehmann, (1959}, had &asarmbed for separation of

hasmoglobin Ao on seper, using a tris buffer,

Poaper Blsclrophoresis of cidobin Using o Tris Buffer at pil 8,6
Willingon and Wilkinson (1960), have investigated the Tactors

e
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of protein, separated by paper electrophoresis in barbiturate buffer,
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the papers.

ALl specimens were collocted using di-potassiun sequestrene as

o




at

FEYe conver

S O e TN VB Z

i g

be placed,

the cathode,

swweidibed by Cre

{ 8,6 uvaing boric acid,

he B L
v was adjuste

mloropipetie

haemolyzate v

application of the h

R

SAA

when




gave rise

COOABRLON,

thv an ethannl

asolution of 0,5 acetic acid in

tditdon of

g F8 Yy e v T P 5 A
dye Ihree washes of two of [ifd

a shable green colour. After

10 -0, of

B L it S
A band w

>thanol, snd thet fro

This latter solution was

hin the most senitive o

ities of the bwo elusies were measured

this technique,

Clometer,

satisfactory separation and stalning were obtained,

e gy

It was necessary to desonsira e reprs

pUrpose,

Varistions in nH,
Jarsg
et al, had deponstreted

technique an extra band of protein, did not siein with specific
could be found running a2t a slower vale than AZ,




628,

FIGURE 12,

Typical electrophoretic patiterns obtained from the

A
blood of nommal and thalasssermis minor atients,




iy

e

= densl

b2

sed

{

ER.
FUE

L]

il
eTe

2

2y gmy
£

LT

5]
i
a3
B
ey
L]
e
P 4
et e
fmu MU
LM S
e )
w3
@3
P
Wuﬂ
1
3
[
o
g
e o
o s
P -
o 45
o
foy
S
iS5
=
ot

=

oy

T

ratlions

aoncent

TigT
L

i

o
5
DAl

oot

S
W
B

ari

o,

[

wr
g,

(ST ARt

5

ACCUY

£

glectrophoretd

I

Wl
Ll

i

g1

o+

reproduc



o-a'H
>4 @
=
o]
=
 0-2s
(=]
.,
<
-
8, 0-l-
@
0 5 10 15 20

TOTAL HAEMOGLOBIN CONCENTRATION
IN GRAMS /100 ML.

The optical densities of the dlluted dye sluates

bjected to electrophoresis. Linearity can be seen to fall
© a2t concentrations in excsss of 7 g. of hasmoglobin per 100ml,




OPTICAL DENSITY

0-4s

A
@

0-2;

4

0

PIGURE 1,

0 5 10 i5 20
TOTAL HAEMOGLOBIN CONCENTRATION
IN GRAMS / 100 ML.

i“h optical densities of the diluted dye eluates cbisined
from the A, haemoglcbin band, plotted against the original haemoglcbin
wam ent @f the heemolysates ?hl@h ware subjecbed to el@ctmphor@ﬁlgs

inearity holds throughout the range of concentrations used,




ﬁiél»ﬁ: ,E SA

‘;)::; (:_, i

ROSIVE DAYS,

Type of Hean Bame Day  Different Days
1 e T B .
Subject E&LL@‘? BeDe SeD. B
Tor % Rrror Brror
Ap
Normal 69 3e3 8 .
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Hon=Pregnant -
A 50 2. 8¢ T s
Hormal Contrcls - 2685 ok2

Iron Deficient 21 2,58 0,568

Hepaloblastie 21 3:91 0. 72

STATISTICAL COMPARTSON OF THE JAEMDCIOUNLN Ao VALUES Ti
JORSTHALASSARUTC TYPES OF AUAEIITA,

Probebility  Probability ‘
Groups Compared Value for ¥ test. Value for t test,

Ircn Deficiency &

o & s s 5 7 S
) N Jot Siondfies o ETER
saloblastic Hot Significant < 0,09
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Hormal & Ivon Deficient < 5.0%, D1.0F < 45k, D40 (a)
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distribution,

{a) With reservations owing 4o significant value for
the F test on the standard deviations.
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calculate

percentage of

would
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The percentage of the varlious

personally 4 strated, by the

ining technivue of Zipursky et al,

smonzst the red cells in thalassa

the guantities of the haswoglobin components as a

sndey oo

comprise an
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varigbion in the oormel

in 211 the cells,
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The comparet

survey thalassaenic cases are Pifiesn with roised wvalues (i,c. in excess
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Forty-one cases; or, 39 of the total,

This last figure is on a blaged selsetlon of cases

From the above resulis, 1t is evide stimation of foetal

a useful =dJunct 4o the other sethods of investi

" Pessas, (1959)

clobin F values are entilrely

or borderdine }, and that only six out of fifiy cages had

1 B owith the min m haenoglobin level durin

iovestigated and no evidence of any relationship could be found, In

4 3

dition serial determinations on the Ap survey &haia

to show sy evidence of a constant varistion i fostal

Perivheral B

include andsc




vm.v
na N I
’ @ m.. ) oo A2

@ o~ b @ &l )
z ~ 2B 5
b ot o = 1
) s Gt r~
g o) = e o}
4] !

T i o aed £ i

B ,,mu._ eu,. I . e
e - e rl 23
42 L !
o ot @ e
0 o 5
pol ® <3 &
m =) i Mﬂw
S e ok
= o g o
ol B &
a @ o £ &
o A o
ebol s i
@ @ - £ o B3
£ m..w g o) 43 ] Fd
| + Ty By D e
@ 4 B £ g )
L 2 | ¥ K o2 o @
+* A 2 B o £ =
. z o] 3 @ o @ @ o
b= o =Y & & s B B
¢ [ [ e = 43 b A2 &
= 80 P
ey @ o5 & S 3 2 TR e
® N ] & A e W H g
& w i » et @ @ o+
3 @ W@ 5o B 8
i £ ; 5 P o
, m..w“ % X S i P
| (7 | o i o o ot i
O & oL m
¥ e} pad
1= o 1 ai 7 o
o 5 o] o &
5 42
= £ R
& o b=
L2 & £y o spd
o : o
- ] % )
9 - E
- : o
%Mm o =0 m.m WM
j &. $ .:.. b 4 G
o gt 7 o

©

i

1
e corp

gt P X
g o o] e} Kol
& o 1 e Pt L)

g

-
e o o
% & &
¥ o S
[
MML [

&

o
is

DVLoUS

ok

i

the v
!

G




ite lmporbance

the posgibility of thalasssenia minor

sophillis is pregent, and the evoldance of the

appearsncees must be due to togic pheunomens, such ss lead polsoning,

2 2.3

therefore, 1t is evident that the peripheral smears

3 this condition, but

thalasseemin ninor mey be
the diagnosis can only be established by other means,

Serum fyon Levels Duringe Premaesncy in FPatients with

The vapisation in the seyum iron levels in
controls has already been dealt with in the gection on ivon deficiency
and anasmis of pregnancy. For the purpose of comparison with the thalasge

aemic

tients, therefore, I propose, in this section, to use only the

s

values from the eontrol serles of patients with haemoglebin levels in

2]

excess of 12,5 g, ser 100 ml,

Serwn iron levels were obbained in peventeen of the patients

Trom the A» survey thalassaemic series, and in ¢ patients from

21

the sncenla survey thalagsaemic cuses. In the

Ay aurvey, only

Bby

“ive thalasssenic cases had sstimstionzs of the T,1.0,.0. of the serum, This

N > s

mudber is insulficient for adequate stetisbical analysis, and digeoussion of

the results with ard to thiz prolein will theyelore concentrate upon

satimatlions of the ercentage saturation of the protein

.

by the serws irvon, in tweniy-two cases Irom the anac

a survey thalsssaemic

BETLe8,

£

With the exception of two cases, all the serun iron estimstlons

were carried out between the and thirty-fourth weeks of

"

zestation, One of these sxzeeptlons hag been exeluded, 2z the natient was

having a wiscaryrisze at the time the blood was teken,




ve 56,

“‘m
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Facing J

TABLE 9,

JV THE SERU TROL,

ToloBsCy

T T Leld .b.

I

T T A

_ﬁj (A5

Ls. ¥t g
Group of Patlents Phpdber Hear SeDe
131 TRON
Hormal Controls 15 131 29,7
Anpemia Survey Thalassaemic 16 121 15,0
b, Ao Survey Thalasssenic 30 154 5T ol
ToLeBeCo

Hormal Controls 15 Lk 75,9

5

Angemia Survey Thalassaemic
Hhe Ao Survey ii.halam@mc

1

=

o+

N

A
3

~5es
{te

9.7

% Sat, of T,T.0.0,

Hormal Cond x‘tjlm 15 27.2 Ta9
Aniaemia ,umvey 1@1 ARSHOTLG a2 313 8,6
Hbe Ap Burvey Thalsgsaemic 5 57 279
Groups Compared ¥ test on 85,0, 1 btest on lsansg,
SRTA TRoy
Conirols

Hot Significant
Anaemia Survey Thalass 'mm:m%

fraeind o S wy Tl 4 )
Anaemia »)L’..W@j’ Thalassaenic: e, > *
Ihe Ao Survey Thalassae e 7

< 565, >0

< 55.22.54(a)

L,L.5,C,
Controls 3oL .
Ansemis Survey Thalassaemic§ Hot Signiflcant
Anaemia Survey Thalasgaemic

b, Ao Survey Thalagseemie K Gy DX %

o

< 3%, >0.3%

{hOh, D396

5 k&tg T‘I.E‘.Co

Cont 8 “ s s
ontrols » q Hot Significant

Anaemia Survey Thalassaenic

Anaemia Survey Thalassaenic K 0.1 e

b, A» Survey Thalassaemic » 7

<10%,

)
< Fhy >2,5(a)

Hot acceptable as significant.

(2)
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The mean serum ivon values for the control series fell bebwee

those of the iw& groups of thalasssemic patlents, and it wo

likely that the levels obtained in the control series
optimal value. (Figure 23).

Thirdly

1wvclg thalosssenic cases

were similar to srbrl

grotp




N® OF PATIENTS

ANAEMIA SERIES THALASSAEMIA

RAISED Hb As THALASSAEMIA

g T —_—— —

NORMAL CONTROL Hb<I2-5

NORMAL CONTROL Hb>i2-5

&

5k

% . . [ ,

50 75 100 125 150 175 200 225 250 275 300 325
SERUM IRON

Serum Iron values in the two groups of *chal%ga emia patlents
compared with the values found in the normal control patients with
haemoglobin values of 11, 6m14m 2/100 ml, s #nd a seoond group of
normals with haemoglcbin values above 12,5 &/100 ml,

L e




NUMBER OF PATIENTS

FIGURE 20

ANAEMIA
SERES THALASSAEMIA

g e

Hb A2
SERIES THALASSAEMIA

E — p— . u

NORMAL CONTROL
Hb<<I2-5

—_Ll

NORMAL CONTROL
Hb =>i2'5

) 3 2 2 - i L R
200 250 300 350 400 450 500 550 600 650 700

TOTAL IRON-BINDING CAPACITY
IN ppg/I00mI

TeIsB.Co values in the two groups of thalassaenic
patients compared with the two groups of normal control patients,
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(’_ .

Sl UGS

e gimilar to

ass

e patients

for the control patlents:

five patients from the Ao serles, with ol resalts -
probability value of 0,1 obialned in the ¥ test between
these and thalassserde casen, This result 1s hes

of one patient

£ 5 & ey ¥t
she Ap survey:

five thalassa
{see Figure 25),

A

that there is no good

ooneluded

iron deficie

7 in either the control series or

P

The low T.L,08 in the thalassaenmic cases

st, but in the absence of evidence of ilvon deficleney

in the contyol satients, the cbvious explanation: of s rise in these latter
iron deficisney, ig execludeds. Speculation on thisz poing
to iron deficiency, ig excluded, Speculation on this polnt

eat that the thalassacmic natientas hove adeguate irvon stores in

the bone marrow, and that the troasportation of ivon from the other body

1t this can only rexsin as an unsclved detall

wntil move kmowledge of the controlling factors in the trangportation snd

of dron is svailable,

» -

Eyvthrooyte Fragility in The

lassacmis and Iyon Deficlency Cuases,
The lncreased resistance of thalassaemic red cells to frepility
in hysotonie saline is well known, (Dacie, 1960}, Hooney (1952), after a

nereased resistance Lo

i

famillial s
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874,

FIGURE 25

Aok e A N

Anaemia
Series Thalassaemia

°t j—h‘
Hb A2
Series Thalassaemia
St
F i o o I
Normal Control
Hb > 12-5
)

Normal Control
Hb <li2-5

o) 10 20 30 40 50 60
%o SATURATION

70 80 90 100

% Saturstion of the T,1,B.C. by the serum iron in the
two groups of thalassaemic patients compared with the two groups
of contrel patients,




osnotic fragility by the red cells was the only sbnormal finding in

4 large mubers of the

cases, Silvestroni and Bisnco (195%), have scree
Italian population for the thalasssenmic trait using a techwmique in which

they measured the percenitage of the red cells resistant to fr

‘s sclution (Silves trond and Blanco ”EEL;»EB). Inoreased

resistance to osmotic fragility is also found in the hypochromic microcytic

cells of iron deficiency states {(Daland and Vorthley, 1935): sickle

ell ancemis (Dacie, 19567,

ntioned, oo

out in only two of the patients in

study, In these cases, o maximsl divergence from the normsl

to take slace at 0,390 saline, (Figure 26), A nodified one tube test wes

evolved, in which

e
Fu
6
=
o
ft
4
i’
o
N'."!‘
‘i‘}
g,.v.

manner by adding LO cu um segueatrens, to

7, of blood,

»

10 ml, of 0,04 (v/v) ammonia solution, A further LO cu, mm, of

E oy

the blood

was then added o 10 ml, of 0,35 b

standing for thirty minutes at room temperature, pension was centil-

Tuged:; and the hsesogl {:zb 1 of the supernatant solution was esd

13 1lu the same igh values,

he

We attributed this to technical srror -

centrifuged deposit of the cells, This would | gct of yeducing

the separation between the noral and the abnormal resulds and probably

acccounts for the ocecssional snosmelous resuld ssacwic patlents,

1z

Regults Tron this

control group of
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FIGURE 26,

PATIENT N° (69

GUANTITATIVE I

OSMOTIC FRAGILITY TEST '

FRESH DEFIBRINATED BL00D . ' NORMAL
A s moAraL AAneE | o RANMCE. .

s

PATIENT

20

% “Nafl

Showing the increase in resiztance to osmotic Pragility
by the exrythrocytes of » thalasssemis minor patient and illustrating

the maximum divergence from the normal renge at 0,355 buffered saline,
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that

ty-six, out of the twenty-nine

registancs of

- M SR A A T T
groap of Lyon d

microaytosis and hypochr: werg also tesbed; and it can be geen

although there was some increase in resistance to hypotonic saline, the

i<l

changes were not usual 5 pross as those encountered in the ¢

mean corpuscular volume, or the mean corpuscular he
corpugcular haenoglobln eoncentration,

values for the correlation coefiicient for theme ped oell

indices, and the percentage hasmolysis, are P it can

be seen that there iz no significant correla

ingices,

The Intersction of the Thalagsaemia Trait with Pres

The literate

ined to sl

2 on this gubjsot is

1]

[nies

at irz

ar intervals, Goldberg and Schwartz (1954) reported a

-

dlterranean ansenia in a negro who uwalmed p megaloblastic

snserids in three successive pregnancies, In the second of these there was
some doubt as Lo whether the resoonse was to folie acid or vitamin Bys, On
each occasion the development of the megaloblastic change was accompandied
gross exacervation of the ansemla, and some reduction in the lypo-

the agsocliation of generslised siderosis in

seriea of thirteen cases, Bllis and Schulman

thelr cames had an anasola of pregusncy,

1 Torrance (l‘,

laparotony




N® OF PATIENTS

FIGURE 27,

O MICROCYTIC IRON DEFICIENCY CASES

A2 THALASSAEMIC CASES
| ‘_-_A_L

NORMAL CONTROLS

O

3

3%}
=

1 | i i

50 60 70 80 90 100

% HAEMOLYSIS IN ©0-35% SALINE

Showing the resistance to osmotic fragility ( (o0 35 saline)
by the %Eythx@@cy%c@s of patients with raised haemoglichin n& leu eg,
compared with a gronp of micrccyiic irvon deficiesnt pregnant pati zcﬁ“;%

and & n@mwl control group of pregnant patiente.




et

to classify the case as

M Ha ) o

e > e e o
of o series of acases of

7 brdef mentiong have d

problem, ILund (1951), in discussd iron values in p

that he hae excluded sickle cell disecase, mediterranean anac

olly's vel Lehmarm (1960) in roviewing

the bechnigue binopathies, mentions
thalassaenla minor may present as an anaemis of

By

There has been a greater interest in the proble: of Sicklaemia

ney. Abrass and Schwartz (1959), whilst reporting a further

5i% cases, reviewed the literaturs and were able to find a tobal of
one hundred and foriy cases reporited up to that time, Sickle-cell

ria (merodrepanceytic Alseas se) in pregnancy has been reporied

thalassa

rown and Ober (1958}, The reason for the dominant imterest in the

gyndromes is due to the cosparatively

ty and morbidity due to the tiassue infarciions which are

asgocloted with sickling of the red cells,
It seems clesr Trom the smell smount of information in the

literature and from the data collected in the present survey, that the

ineraase in the blood volume durding pre

A

ey presents a challeng

the defective erythropoietic system of the thalasssesie potient is unsble

to meet, and these cases therefore freguently present as an annen




PTegnanay,

the nom

These patienis may be Ly weldld compensated in

eleven cases which have go Far been followed

GO

Pive had haonog alues 1o excess

£ g B

The Incidence of Tholasssemis

Ay

GOk

of this condli

As hag been demonstrated, the

o in pregnancy, was 1.3

patients selsched because they showed anse

the Ttaliang, and L, 7 in the Greeks., As hss alroady been discussed tids

3 s

incidence is almost certainly below the true value, and it is probable that

incidence of B.thalassaesia, of 2,00 in the Ttalians

kl

Greeks, is more accurate. In three of the Greck cases from the

we falled bo obbtain = confirmatory evidence

the diapnosis, LI these three cases are elimincsted the incidence in the

- .
amts tha

Greck population under stady would then be 5,90, Our data sugy
the incidence of alpha thalassaemia is comparatively low in the Greeks

and Ttalians, and in this we are at verlance with Fuelzer et al (1{%&51} who

saw thirty-nine Beta thalassaenic cases to fourteen alpha thalsssaenics in

W

& 1d [talians, It seems obvious that bias on one side ov the other,

E

reals

p%

due to case selection mugst account for our difference of opinion, It is

possible that we have missed cases because the level of

our principal critericn for diagnosis, but on the other

ratio of three Beta to one alpha is correct it is surprising that we have

not seen several cases presenting as snaemia during our survey in which we

have scen over thirty-two cases of Deta thalasssemia, Reports from

Haelver, 1961),
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5 been carried out on the

sinopathies (Figure 29), but

v genes hing been comparat

Silvestronl and Bisnco (19

heve sz 2=y Fad

taly uaing thelr red

cell frepgllity sereening method,

Py vy n

varies considerably in different

Po Valley whex

sactic resistance, They glve an average incidence for Italy of beiween

one and two percent, which ig in agreement with our figures, From a

rotrogpective agsesgment based on the inclidence of

&

and Valentine (1945) caleuleted a theoretical incidence for the

aongst the Idalian populstion in Boston.

other thon Tholsssaenis, sncountered durins the

During the course of the hae electrophoretic survey,

we encountered three cases showing sbnoymal hs 1 ogomponents,

e

ure ?a

L)

(Fis

As can be seen Trom Table 11, the only patient who

wed n:",ﬁ 5

clinical ects was Ho, 3, whose blood coniained the Lepore

el

This condition, which has many festures In comeon

rat described by Gerald snd D

mall component from between the A and the A2 bands by using starch block

electrophoresis on the blood of an infant, DLehmann {1960b) reports that

»

this condition is not uncommon anonsst the Greelk ponulation, and he hes
gk I i b b4

also shown that this he

aoglobin can be separsted on paper using o Trls

buffer; (Lehmarm and Sharih, 1961),




ELECTROPHORESIS OF ABNORMAL
HAEMOGLOBINS

NORMAL C+A S+A LEPORE+A

BARBITURATE BUFFER pH 8-6

NORMAL C+A S+A LEPORE4A

TRIS BUFFER pH 8-6

Comparative separation of the sbnormsl haemoglcbins, with
tris and barbiturate buffers,







?’ INCIDENCE AND DIRECTIONS OF SPREAD OF

%v THE COMMONER A v
S ,%HAEMOGLOBINO?ATHIES

x =
ﬁ“w.

03 JI8I8d BRATFETI

gqueniad oyl

s
!

GEET TemIOUGY, WodI POTTONC)

3
R
ot

Lot

3,

x x Hb.8

Hb.B %
[T
T

100TE

§ ) g;zzz

£

Hb.H

@77y
(656

18I SOURIINOOD ©

Hb. D

S
=

Hb.C X N







IROH RETRACTORY HORMOCTTIC AUD 1ACROCYTIC ALA

®

In view of the recoris of

anaenias of preguancy which have appeared in the United Hingdom over the

3

lagt decade, it was thought that this econdition might account for a
substentiel proportlon of the anasnias coming within the terms of this
SUTVET.

Durding the course of the thivty-eight months in whieh the ansemin
survey has been conducted, seven thousand, five hundred and seventeen
non-private patlents have been bocked Tor antenatal treatment at the Queen

loetoris Haterndty Hosplital,

Of these patients, over four lundred have been referred for
investigation of their snsemia; and only five of them have shown the

clagsical Teabures of a mer

reticulocyte response and wise in il
therapy with folic acld,

A summary of the case histories off these patients is inseried

below,
Case loe. 233. A thirty-Tive year old sborizinsl whe hed had
seventeen previous gzreg;g;maﬁcies and who flrst atilended for treatmesnt at

thirty=-two weeks gestation, Her haemoglobin, at that time, wos 10.0 =
per 100 mli,, the 1L,C.V, was 105 cu, micra, the 1L,C,7.C. 3%, and the

roetioulooytes 3,

The patient was brought inte hogpital as an in-patient

s

for breatment of bronchilis 2

<<‘..

pleural effusion: and at that

[&

weeks gestation) the hsenoglobin had fallen to 842 g. per 100 :

4CeV, was 95 cu, mlcra and the reticulocytes 1,86, A shift to the right

ation showed a

the polymorph series was noted, ond bone mervow exsmin

negaloblastic change in the m;fmmlu. series. The patient was transfused




mgm, daily) was

on acgount of the an

2

£l

comnencead, The max on the sev

day aiter ncement of therapy. The rate of rige in the haemoglobin

Lmaous

level was difficult to assess owlng o the transfusion, a conl

the postetransiusgion level took place, to 12,1 g. ver 100 uml,

at one week belore delivery, Delivery of a 7 1b. 7 oz, living

*

infant wos uneventful,

Case o, 234. A gravida L, aged thirty-six and born in South

lained of contlnuocus vomiting and anorvexia throushout

This behoviour was said to be oo

£

of all her previous pregnoncies, At the 104} naney her

. Y Ay
A A ¥ 3

gmoglobin level had been 1,7 gZ. per 100 ml,, and at the thizt

week 1t was 11,0 g. Three wecks later, when she was

sature labour,

and a stillbom infant was delivered, The ¥,C.V,, ab thet time, was 100 ou,
micra and megaloblasts were found both in the bone marrow smears and in the

peripheral blood, Folic acid (30 o daily)

bty layers fron

ziven, and the maximum rveticuloceyte rvesponse was 2Lh.4 on the tenth day

after commencenent of freatnend,

the bone marrvow was talken, the hassoplobin had only risen 4o 9,0 z. on the

twenty-Iirst day of therapy, and vitamin Bip (100 micrograms twice weelly)

!

was added bo the it Serwn was taken for Bqo agssay prior

to this treatment, and the combined serum Bio level was subsequently found

10 be L}}:{)ywper 00 ml,, with a Tree Blz lavel of 20 Mug.per 00 mi, A

]

if'th

second reticulocylosis was observed reaching a meximan of 145 on the
doy, and the hoenmoglobin level rose to 13.5 . after four weeks of Bio

al showed a nowmal level of hydrochlorie scid,

An sleochol test o

with no evidemnce of ach"m:f}‘”&mm This v hasg been Tollowed up, since




the cessation of the B

t iy ¥ @ o - sy 0 - . P
Uage Ho, 235, f sborigine, gravida B, sged tweniy-nine, who

was Tiret seen at

pear 100 ml,

was 0.7 e

ron dextran had

s
5
Hs
;-«»

thipty-third week of

o e R » o By - s B o B 3 e SR . ¥, nF T
gestation, and she was admiitted for investigation, The ILCY,, at that

Co was 34,80; the reticulooyies 0,405,

e
-
&
“
=
£
i
E....J

O ocu, microngy the I,CI

A bone marrvow showed a megaloblastic change, and ors

7

s 8 “ . B 7
daily) was given, A meximun retlculocyte response of 1bllfh was obgerved

»

onn the gizth day of thex slobin had risen to 12,0

100 al, ofter twenty-Iive

Case Ho, 236, A twenty-sixz year old patient, gravida 6, whose
first two pregnancies were uneventiul, but who had subsequently had three
stillbizths due to ervithroblastosis foetalis, ©This patient lived in the
country, at Barnera, and first attended the antenatal clinic when thirty-

six weeks pregnant, IExamination of the light sbsorbtion patiern of the

ap ‘e—-nydz*up,z.c infant, At thie

W

amniotic fluid, at that time, =uy

viglt it was noted that therve was a definite }gﬁﬁmésegmam;&‘lm of the

polymorphs in the blood smear. The heenoglobin was 10,2 g. per 100 ml,,

and when the patient was followed il

within a fortn The 1.C.V. was 85 cu HeColleCa 37 and

the reticulocytes Q.x, o A bone marvow showed a megaloblastle change, snd

a

iron staing on the mervow section revealed a normel hasrosiderin content,

‘he patient was given folic acid (10 mg. daily) and attained a maximum

ot

reticulocyte regponse of 10,k

on the eighth day of treatmeni. The plcture

Pl

was made even nwore confused by the finding of a ralsed bilirubin in the




serum, which attained a maximon level of . mer 100 wml, {4

when the bons marrow was performed, bul this resuli could not be repeated
later, The titre of antibodies in the maternal sexum was 1/32, but in

ey the history snd £indd

the amniotic fluid, surgical induction

4, R S-S ERR
the patient had

been bransfused, The Infant

was hydropic and failed to respond to exchange transfusion, Delivery and

4]
&

und Lo have an enlargmed splesn during

the post-natal period, and she stated that it had been enlarged aince ¢

leuvkaesis bad

was twelve years old, at which time the possik

eated, In view of this finding, associatl e of

7 oand srvhome

ancy, studies of the red cell I

heenolysis during py

s were undertaken in both the pati

her mother, who was also

stients

anaerdic, A1l the haemetological iy

showed no sbnormalilty, and the

haenolytic ensemia iz there by excluded,

Although the picture is not clear cul in this case, most of the

findings are consistent with a megaloblastic snaemia of pregnancy, with the
additive complication of a rhesus factor incompatibility belween the mother
and foetus, and the possibilily of a transient heemolytic ansemla in the

mother,

Case Ho, 237, The patient, a gravida 3, aged thirty-one, was a

known epilentic, controlled for thirty=three months on dilantin snd phenoe




barbitone, slobin in this case

0ad, , at seven we to 11,0 go at twent

rapld fall then took place, to 10,2 . at twenty-nin

binding capacity of the serun was fully satursated. 4 bone mervow sho a

e 254, of this series of

snacenias, Ls of particular interest becmuse she i Lhe
) ‘ ~~g”§ Loy} ey n R 1'3 . . » A en } e AT T Ve oY Fx
ed : nglobin on folic 4 therapy; and subsequently showsd an

apparent response to the Do therapy in spite of the normal serws level,
In some ways, thls case shows o resenblance Lo the tropical cases, as
reported by Patel and Kocher (1950) and Tasker et al, (1958, and the
other isclated cases reported by Hillander (1958) and Loewenstein et al,
(1953), in whom o response to Blp therspy was cbtained, The posaibility

i a clasgical Addisonian type of

one posaible exy

QA
05

5
]
it

eliminated by the presence of fwvee acid,

that the patient's Bis reserves had been minated by the continuous

vomiting and poor diet durdng pregnancy, combined with the denands made by

the foetus, and inereased erythropoletic activity., This is diffieult to

reconcile with the finding of a normal serum vitamin Bys level, unless

Y - - . ™

ne mobilisation of the Byp due to the folic acid therapy.

¥

he pathogenesis in this patient remains cbescure, but it is evident that,

in some way, ta@ Blo therapy had a potentiating eff'ect upon the ery

- 3, e

poiesis, As I have already mentioned in the historicel section, Killander

(1958} has also reported three cases of me ezaloblastic ansemia of pregnancy,

P
il

P

v noxmel sexum Blp lavels, who responded to Bio therapy.

> £

It iz also of intersst to note that all five of these cases of




mine had woeual

wans ass

r unblased hasmabclogist,

Hayrow was

congliderad not to show the fealturss of aat

b s & A
233»,} iz congidered

of macropolycyies and an cccasional transitional megaloblast; but in view

the previcus unbilased assesament, the patlent has been retalned iln the

normoblastic group,

marrow findings were bordsriine, :

7 TN L sy JE O SR L TS
the ten petienta in this normobl

who treated siztea

o
ahle

hasnoglobin

ity of iron

e}
Tes I

3 T 3 g 8 5 ey I . - . o 7
deficiency exists, varticularly in two cases seon at very early =i




proegnancy, These avthors were of the opinion that
did wot alwaye sssiat in the dlagnosis,

common with the present descriptions, in

fustralia and that the ansemia was not usus
reported overseas,
The incidence of Iive proven cases of mepaloblastic ansemla and

cne case showing trensitional megaloblests in a @l hompital population

» five hundred and seventeen patients, cover the periocd

thirty-eight months: or one in ons tho “nﬁﬁ two-hundred and fifty, is

congiderably below the figure of one in one-lmndred and ninety confine-
ments quoted by Forshaw et el, (1957) from Lancashive, England, and that
of Giles and Shuttleworth {.9 8 The latter caryied out marrow bilopsies

all patients with hsemoslobin values of less than 9.5 ge per 100 ml,,

and found sixty-itwo cases with megaloblastic ansemis durdng their
pregnancy, and twenty-eight with megaloblastic ansewia during the puer-
periumn,

These cases were encountered during a fourteen month survey of
three thousand, one hundred and winety-nine patients, and their incldence
of megaloblastic anaemia is cne iIn thirty-rdne pregnancies, Lilllie,

Gatenby and Hoore, (vmx%ix, in Dublin in 1)8%., Pfound an incidence of one

cage of oblagtic ansemia In every two-lundred and elghiy-eis

pregnancies; and they thought that only one of thelr fourtesn cases had an
adequate diets Balfour (1927) ﬂrew avbention to the extremely high
incidence in India, and deser@hbu the findings in one~hundred and fifhy
cages: he also noted that the incidence sppsared 4o be seasonal, in that the
majority of the cases ccourred in the second hall of the year, Daz Gupta,
(1?5@) guoted an incidence of ifty-eight per one-hundred deliverieg in

Calcutta, India, Davidson (1952) thousght that the incidence in Bdinburgh




L

wed that the incidence

was one in two thousand confinements,

during the

ars was wwo o three tlumes grester than in the poslewar
&

cotaln content of

the diet du

B N e yen
L SRRerT a8

out

most of this would be destroyved by cooking,

souree of folic acid in the diet would be from green vepstables

Loewenstein et sl., Pick and Philpott (1953) saw eighteen cases of

megaloblastic anaemia in three years: but they 4id not szee

during fMarther survey lasting elphiteen mor

antenatal pationite were given L.5 microsy
folic acid dsily

noof folic acid

Giles {1960) has also used routine adwir
in the prophylactic treabment of his cases, and found that megalcblastic
anaenia thereby was eliminated, Ile also found that the overall haemoslobi
levels in thease patients were ﬂiggzzificmr’c@* vigher than in & contrel group;

and he interprets these Tindings as indleating that a larpe nuber of

&

women have some folic acid deficlency in pregnancy; but in only a few,
with an dnherited dilsposition, would this depletion result in flox
megaloblagtosis,

As previously discussed, the folic acid sbsorption test of

3"

&

11in (1958} showed some deficd enay of abserption

Chanayin, erson and

of folle acld in all thely cases of pregnancy: but they wersn't able o

n thelr csses of

vloblastic anasola of

The relatively low incidence eof frank mey




15 with the

nany obstetricians who have worked in Australls

who neardy all

It smeems alvost certaln thot the &leletic

ee‘t"s {)& L}M.ﬂh

awoild plays o mejor part in

ooy vy wrlb h -nr' Tr s |
SHBes L whic LENGEEL e

present observotions, t

B, OF

Thompson (1957) has pe although dietsry intake

nathogenesls of folic

of i

It seems faivly evident that factors of varying rates of

a ceriain

prognency can only be made 1f uneguivocal
tosis of the bone warrow is present: (Callender, 1943
2; Loewenstein et ale, 1953). Other authors have
me reduction in this eriterion and to take the
anyelocytes (Giles and Shattleworth, 1958);

(Das Gupta, 1954) or amscronommoblasts (Scott and

in favour of a megsloblastic fomm of anesenia,
L

1 these borderline

tadn unanimldy in the opinions of the
obgervers, snd it becomes extremely difficult to compare different sets of

.L

The advent of the nore sensitive methods of gerunm folic




10k,

20ld assey offerg hope for the elucidation of many of se nroblems
of vardietions in incidence, host susceptibility and absoroiion encounter-

ed in the shudy of folic acid deficiency states,
%




Poacine Pave 105,

PITAT, BOOKTIGS

UNTERED

TH U JOTAL 1

Pigures in parentheses refer to percentage of row A,

Birthplace, Australia Ltaly Grecce Cyprus UaKe Other Totals

( A) Total o, of Hospital 3700 W67 875 V &h L73 929 7507

Bodlcings,

Iron responsive 86 (2,3) 4 (3.0)  30(3, 1)
{(Oral & Parenteral) (b)

2001, 2)

3
(e}
o~
o

®
o
e

203 (2,8

Proven & Probable . ‘ .
Thalsssaeric 3 (a) 2h (1,6) 39 (Le5) 4 - - 70 (0,9)

Poseible
Thalassseric

i

Q@sgowilng, Peh, or Byo
Hegaloblaatic

§
§
|
]

Acute blood loss

£
&
g
"
o
g
o]
H
g
&)
S RO RS

§

§

i

ok

Insufficient data 37 18 6 2 10

Totals (Ansemin) 157 a7 79 6 33
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S TO EEFSTTVERRT AN TR HTETE
THE LHCTDRENCH OF 30 PEE

In this final sumasry some indicetion of the relative

L

neldence of the various types of ans a encountered will be covereds

and the problems which are peculiar to the anaes of pregnency in South

Augtralis will be oublined, In

pergpective some pro- |

portionate idea of the luncidence of the various forms, it will be

necessary to include several fomms of

with in this thesis: for examnle, Holly's (1953) hvpoplastic anseria of

pregnancy wilch is a normocytlc or mecrocytic ansemis of unknown aetiology,

s

and is refractory to all known Torms of therapy ineluding iron, folic acid

and vitamin Blg. Another group of anseniss included those of toxic origin

&

-

seccondary to ivnfectlons such as oystitis and pyelitis, bronchiectasis
A bt By 2

ostecmyelitis and tuberculosis,

These other forms of ansemis have not been dealt with in this

thesis, beceume it is congldered that they ave alweady well known, They
are meysly inclunded for the purpose of ecoampleting the data on the COMDBTR-
‘LV@ ineidence of the various 4ypes of anaemia,

2

A further group of patients has been included in
! oy

b
Bt
o

gnalyals

{Table 12} under the heading "insuiiicient data’, The majordty of these

cases pregented at too late a stage in pr letion of the

-y

tions and treatnent, tham are congidered to be

uffering from iron deficlenciss and some showed evidence of a ressonae,
but as previously explained, the intervention of the delivery of these
patients rendered the assessment of the response unrellsble and they have

therefore been excluded. There is no evidence to sugrest that this group

contained any cases of megeloblastic anaemia,

u

When interpreting the data in Table 12 it must be apprecisted

that the patients veln ave confined +to the cases referred Tor




to make the coverage as

comprehengive ag possible, some bilas duve to the obvious interest in the

arigen

.

he incidence of iron deflclency is shown to be hipher in the Greek

ok

that

and Ttalian patients than in the comparative population of Australisn

& Y

birth, The incidence iz even higher

-

Isles, and it is believed o be

good thelr pre-eyisting i

4,

respect, it hos been noted during thds work that the mosl severe cases of

3

snaemia heve ususlly been encoundered in patlents who

]

have migreted from Burcope within the last few years,

o

Althouph the prdblem of irvon deficlency in pregnancy ls not

ent in Australis as in Burope, it still accounts Tor at least 5F: of

7

the ansemiass of pregnancy met in the non-private patients at the Queen

ew

Vietoria tHaternity Hospltal,

The incidence of grogs folle acid defficlengy iz

Australla than in many of the sore recently reporied, comparative lzures

corboin that this ig also due to

»

vardetion in the dietetic habits., It has been unoted,

-

show the clasaical Teabures

o wney; this complicstes the couwparativ
interpretation of the various veporited incidence Tiguves

migrant posulations Tronm the Hediterronean ares are now of

ance in the study of ansemias of pregnancy in Douth Ausiral

As can he seen Lfrom Thalassaenls is

totsl nusber of

responaible Tor ansends of pw




TABLE 13,

MIGRANT POPULATIONS RESIDENT TN SOUTH AUSTRALIA AND AUSTRATLTA,

Fignres obtained from the Deputy Commonwenlth Statistician, South fustralia),
5 | 18 3

ITALIANS

GREEKS

TSouth Mustralia

Australia South Australisn Australia
nle FPensle HMale Pemale Hale Fomele Male Pemale,

Boowm to be resident

31,12, 1957 9,723 5,673 120,686 71,241

3,074 2,189

23,59,

Fet iomigration 1958

» e - » § V&QV X ¥ | 3 i Y F
(i.e, less emigration) fiot availeble

1,945 8,052

Hot avallable

3,831

Enown to be resident

31,12, 1958 5,723 5,673 122,631

38,857 27,425

Approx, lo, of Thalassaewia

linor cases expected (a) 19k,

113 2,452 1,565

129

2,295 1,618

(a) Caleulsted from ,
of Ttaliens and 5,9 of Grecks,

he percentage of proven cases in haenoglobin Ao survey, l.e, 2,00

It is assused that there is no evidence of sex-linkage Tor Thalassaemia,
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the hogplial over the peried of

patlents of all races al

anagmias of pregnsngy encountered in the

apply to othe tries, or even to other centres in

Auatralls,

L% exan

nonle factors ¢ a determining the of
wrhilcular hos and thisg

are 3

 in

A1,
these

is voughly the

total population of South Austrelis comprises of the

population, and it would the

encountered in

casss

cases regard an proven

Ttallang and 5,

mation can be o sub At does

the problen which is being encountered,

Alegsmination of

the aetual ine the Gresk and

!-,

fall, but 1t will then become a g

74
o]
Q
=
&
)
S
o




names of Greek, Ttalian, Anglo-Saxon or

obvious even rew that the nooe

of the patient will be incveas

holassaenla minor,

¢ methods of




109,

The 4 aspecte of this work are dealt with in the
sumnaries Tor esch relevent section, and Turther

ooints seens unnece

s8a

slmply be siated here, thereisn

is cons sdvance ¥

2
LEiE

ooouTriy stralio.

upon the published reports from

United Hingdom where the iron de

anaenia form a problem of

y!

thot time thinking was lavgely based

overaeas, in pavticular &‘?‘056 Prom the

£a2

ficiency and megeloblastie {ypes of

importance gmong the anaemlas of pregnancy,

En

This work, which has been dominated throuchout by the praciical
problems of dlagnogis and trealment of these snaemias, has illustrated
that the lessons of overseas experience are uot necessarily spplicable o
the Australian conditions, owing to Taciors abtributeble to veriasticns in
the peneral dietetic E’};z%::«its and migratlion of peoples from the

iterranean arve 38ls

Before emphasig could eripheral red cell
indices, it was nsces in the blood
volume affected the hog been shown

dilution, the
accuracy of bleood - is lavgely effected by the parameters of
body welght or surface ares on which these determinations are based, It
hag b@en concluded that the wral haesoglobin and haematoerit values
54i1l remein the best index of {the hsematolosical status of the patien

Bvidenecs has been produced to suggest that meny of the patients




iron lev

.

sloblastlc ar
recently reported

ngdom; and thils is the superior dietetlc

gtondards prevalent in Augtrella.

Durdng this survey a problen has been created by the

interaction of thelesssemia minoy w

TS Ad e 1T . 1.8
agdditional casesn Thig

has asccounted Tor ] of the tobal muber of
8EEeI,
For the purposes of elucldation of the difficultlies of

ahove conditi

PUSSSsS0E previous

abively easy to esbtebllsh, and gives scourate and

8.

reproducible resulis, Sxtensive trials with this technique hsve heen

s

ween shown tha sglobin As values have a

undertaken, and it

rh degree of gpeciiic

" thalassasnia

Other aspeoct

izt the specliilciiy

minoy have been inves

of the foetal h in that many cases of




low values,

values aye sccasionslly encountered

& % £ - gl 2 e
A survey of the of in Greck

and Italisn populations has been undertsken by

&

hag been found that 25 of the Tislian

oy evidence of bheean

T S R P S .: . e o Ary < e -
cas patlents with rodeed hasmoglobin A2 values,

incidence of

mincy pow proegents a

iron defieiency of 1

5l disgnosis of

o

quantitation of

e problem,
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APPENDIX 1, 112,
HOSP. No. BIRTHPLACE DIAGNOQSIS No.
NAME L.M.P. E.D.D. Delivered B.L.
DATE
Grams %
15.3 100
14.5 95
13.8 90
52 N
12.9 85
Z
@
o 12.3 80
=
(D -
o1 N\ 15
=
&3]
< 10.7 70
=
10.0 65
9.1 60
8.4 55
a WEEKS
18 18 20 22 24 26 28 30 32 34 36 38 PREGNANCY
INVESTIGATIONS
DATE TYPE DATE RESULT
R.B.C. x 105 Serum I.
Haemoglobin % Foetal Hb.
Ha( lobia G. Sickling
R.Cofiam. Paper Elect.
PCV Starch "’
MCV Bilirubin
MCH Occult B.
MCHC Urine
‘Platelets
Retics
Leucocytes
Icteric 1.
Aniso.
Poik.
Target Cells
Polychromasia
Punctate Bas.
IMFERON FROM TO TOTAL DOSE Mg
B2 FROM TO TOTAL DOSE Mg
FOLIC ACID FROM TO TOTAL DOSE Mg
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Throughout these I have received help from

guarters, and 1t is unfortunste that limitations of will

newmt mentlion of o
DOTINLT Emenulon o s

I would 1ike

s

Patholo: T s

and Tor his asslatauce in overcoming some

particular D

e
0

i

=

allowing me to 3

e
&
‘.«L‘
b
(o]

patlients: and I would slsc like to

tharnk Sister Eley who has been responsible for organising the atiendance

of the patients and for collection of meny of the blood spoclumens,

I am indebved to the Hatl edical Hesessrch

Council Tor the grant which grestly facilitated this project by meking

pozssible the smployment

L

88 D, Crompion, B,5c, Vithout her assistance,

mich time consuming work on haemoglobin electrophoresis and bleod volune

studies would have been impossible, and I would like to thank her,

globln Ap method, and

1 heemopglobing

Es

L TR T R S . EPN
SeCe and Lepore gubmitted to hiam

I thank Dy, €, Curtain for with the electroe

phoresis of haesoglobing by the starch gel method,
I have greatly apprecisted the coe-operstion of the laboratory

£

a Haternity Heospital, and in particular, that of

(X

vk,
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