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PREFACE TO THE SLECOND EDITION

In the preparation of a new edition of this book I have been
confronted with some difficult problems Qur knowledge of the
blood and 1ts diseases continues ta adsance at a tremendous rate
and the number of new papers winch have been published in the
last five years dealing with the hemolytic anermias and allied
fields must run into thousands In particular the pace of advance
1n knowledge of the ot 11 lobins and the synd to
which they mve mse has been breathtaling  The incorporation of
even the more important parts of this new wformation nto the
framework of the old has been a formiudable tash and has led to an
almast complete re writing of the book  The size of the task and
the ever dimmishing time that I hasve been able to devote to at
explains why the book 1s appeaning in two parts  To complete the
whole would haxe meant postponement of publication for ot least.
another year perhaps longer

The present volume (Part I)includes theintroductory Chapterand
the fiv e chapters des oted to the congenital hremoly tic anemias and
the hemoglobimopatiues Part II when completed will deal with
the acquired and secondary hemolytic anemias the drug induced
hzmolytic anzmias paroxysmal nocturnal hemoglobtnuna and
hxmolytic disease of the newborn

I have Lept to the aim I had 1n wnting the first edition that1s
tosay Ihave attempted to provide an up to date and reasonably
complete reference book useful to Physicians and Pathologists
Interested 1n blood diseases  To cover adequately and completely
the literature of the whole world would be an almost superhuman
task and I certainly hase not succeeded in domg thns  However I
hope that I have not overlooked too many papers of major
wnportance and that I have miven due credit to the pioncer
workers i the various fields touched upon I have omutted for
Teasons of space the few case reports which were to be found in
the corresponding chapters of the first edition of this book

Facts or opinions which are generally accepted and wlich are
not controversial have usually been set out without anv speaific
references except where reference 1s made to the onmnal suthor(s)
or where ‘key references have been given The authors of
relatively new or less well substantiated information have on the
otherhand generally beennamed In the absence of any reference

v




Vi PREFACE To THE SECOND EpIrion

a statement or opinion may be assumed to be 1 hine with my own
view of the subject

As before I have not hesitated to include observations made on
patients I have studied personally and I have been greatly helped
by my colleagues Drs J C White D L Molhnand S M Lews
and other past and present members of the medical and techmeal
staff and students of the Postgraduate Medical School who have
allowed me to quote observations they themselves have made I
am also exceedmgly grateful to many frends and colleagues
other hospitals who have been so good as to refer patients to me

I should like to reoord m) gratitude to Dr H Lehmann for

I g me to rep ten m Chapters 5and 6 Some
of the d have apy m a shghtly d form 1n The
Abnormal H: lob A recently pubhished by

Blackwell Seientific Pubhcations 1 am grateful for the publisher s
permission to reproduce them and also for allowing me to include
the three 1illustrations which appear as Figs 17 89 and 90 which
were onginally published in the British Journal of Hematology
I should also hike to thank Dr P L Mollison and Blackwell
Scientific Publications for permussion to reproduce two figures from
Blood Transfusion in Chimecal Mediczne 2nd edition 1956 Mrs
P A Benyon andMr F Saunders have fimshed the illustrations for
me and Mr W H Brachenbury has taken the photomcrographs
which are new tothisedition Tam greatly mndebted to themandalso
toDr § M Lews for his valued help m proof readmy,  As always
I have greatly appreciated the ¢o operation and understanding of
the publishers 1n the preparation of this edition

J V Dace
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CHAPIIR 1

GENERAL TEATURES OF INCREASED

HAMOLYSIS BLOOD PICTURE AND

METHODS OF INVFSTIGATION OTF
THE HEMOLYTIC ANAMIAS

TiE essentinl featute of a hemolytic anemin 1s a reduction of
the Dife span of the patients erythrocytes  As will be shown
Iater this may be duc to many different causes Tlus chapter 15
concerncd with the ways in which an increased rate of ery throcy te
destruction 11 vtiro may be recogmzed and with the methods
which may be used to measure the intensity of incrensed hemoly sis
The chimical effect on the patient and the charactenstic changes
m the blood mecture are also deseribed n general terms and
brief refercnce 15 made to the structure and metabolism of the
erythroey tes and the processes which bring about their destruction
m health  Finally the significance and mmportance of certain
laboratory tests will be discussed 1 connection with the diagnosts
of hemoly tie anemia

Certain ponts of defimition need constderation  Croshy (19u0)
pointed out that the term  hemolitic anemia 15 often used
incorrectly inasmuch as anema may be absent although the
ervthroeytes are being destroved at an increased rate and that
the same 1s truc of the usc of the term  hemolytic jaundice
for jaundice lihewise may be absent e humself uses  hmmoly tic
disease  as the genene term and refers to cases without anemia
as suffening from  compensated hemolytic disease  Although
Crosby 15 undoubtedly correet 1n what he says the fact remains
that the great majonty of patients with hemolytic disease are
anxmie 1t 1s for this reason that the term  hxmolytic anamia 15
retmned 1n this book

Another term which needs carcful defimtion 1s the word

hzmolysts It 1s conventent to refer to ncreased hremolysis
as indicating simply that erythrocyte destruction 1s proceeding in
the patient at a rate 1n excess of normal It does not speeify the
way 1n which the destruction 1s brought about and n particular
1t does not neecssanily mean that the cells are bemg lysed n vizo
by complement as 15 usually meant when hemolysts 15 used to
desenbe the results of tests i vitro

DACTE 8 BEYOL ANENLY—] 1



2 GENERAL FEATURES oF INcrREASED HxmoLysis

According to Crosby {1952) Wilham Flunter of London was the
first to comn and to use the term  hamolytic  In hus book Permcious
Anemia published 1n 3901 FHunter referred to the presence of yellow!
spherical microcytes (Eichhorst s corpuscles) in permaious anemia He
wrote (p 67) My expernments shew that sumular bodies can be produced
artificially by action of destructive agents that they mark the anema
as due to excessive destruction of blood and not to defiient formation
that they denote the anmma to be haemolytic net hemogeme m its
ongin  [my italies]

Classification The classification of the hemolytic anemias
presents a number of difficnities and no new or elaborate system
will be presented 1 this work

A clmucal classification mto acute or chronic cases primary or
secondary cases or mto cases with or without hemoglobinuria
15 of limited Tl Class:fications ding to =hology or
pathogenesis are also unsatisfactory because often one or both
are unknown or incompletely known

The classification adhered to 1n this book n which a distinction
1s drawn between congemital and acqwired cases 1s orthodox
separation of the congenital hemolytic anemias from the rest 1s
based not only on the concept of a genetic cause but alsoon a distinet
type of pathogenesis the congemtal hzzmoly tic anmias beng the
result of various mntrinsic abnormahties of the erythrocyte or of
1ts hezmoglobim or are secondary £o a defimite genetically controlled
disorder of hmopotesis

The acquired hemolytic anzmas are an even more muxed
collection of anemmas of vamed and often unknown causation
Some of them may have an as yet undetermined genetic basts as
has recently been established 1n certan drug induced acqutred
hemolytic anemas {see Chapter 15) Most of them nevertheless
certamly depend upon pathological processes which affect normal
erythrocvtes as well as the patients corpuscles (extnnsic
mechanism of hzemolysts) Paroxysmal noctirnal hemoglobmuria
appears to be umque mn that there 1s no clear evidence for a genetic
basts yet the abnormality 1s one which seems to be intrnsic to
the patient s erythrocytes This fascinating disease 1s dealt with
m the penultimate chapter 1t 15 followed by hemolytie disease
of the newhorn which 1s umque n a different way bemg congenital
and acqured (from the mother) yet not hereditary

The separation of the hzmolytic anemias mto two mam
groups—those due to intrinsic defects of the erythrocyte and those
duc to mechanisms extrmsic to the cell—has been widely adopted

* As viewed unstained
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and has been used both by Dausset (19.3) and Damesheh (1953)
1n therr elassifications

DESTRUCTION OF FRYTHROCYTES IN HEALTH
The Erythrocyte and Its Mectabalism
Tt 13 reasonable to hope that the progress made in recent years
n the understanding of the structure nnd metabolism of the
erythroeyte will help in the clucidation of hemoly tic mechanisms
The erythrocyte although non nuclested 15 alive after water
its mamn constituent 1s hemoglobin  1ts framework of stroma
consists munly of protein and ipid the latter being concentrated
at the surface In addition to water protein and hpids the
erythrocyte contains numerous electrolytes and enzymes Many
of these are m a t state of repl an
hange with the il plasma Tob however
1s an exception  The stroma appears to be 1n a state of flux
particularly with respect to the liprds (London and Schwarz 16,3
James Lovelock and Webb 1957) Glycolysis continually occurs
and 15 the mun cnergy producing mechanism of the cell Details
as to structure and metabolism arc given in the recent reviews
of YPonder (1954) Prankerd (1950 1956 19.9) Crosby (1957a)
and Jacobs (19.8)

/ The metabohic actiuity of young eclls (reticulocytes) differs

substantially from that of mature cells Reticuloey tes retain the
ability to synthesize hemoglobin (London Shemin and Rittenberg
1950) and there 13 an appreciable acrobie respiration glycolysis
too 1sincreased in rate  As the reticuloey te matures 1t dimimishes
i volume and surface area and apparently loses lipid as 1t does
so (Crosby 19,2 Prankerd 10.8) Enzymic activity lessens
(Alison and Burn 1942)

Life Span of Erythrocytes in Health As indicated sbove
there 15 evidence of lesseming in the metabolic activity of the
erythrocyte as 1t matures and it 15 now generally agreed that it
(15 the exhaustion of enzyme systems winch control metabohic
activities essential for the integnity of the cell as a whole or of
its surface which determnes 1ts finite Lfe span){Gramch 1949
Ponder 1951 Prankerd 19.5 Mollison 19.6b)” Approumately
1f170th of the total number of crculating erythrocytes of &
healthy adult 15 destroyed and replaced daly This figure 18
based upon estimates of the average life span of the normal
erythrocyte which have been derised from several different types
of experiment (Callender Powell and Witts 1945 1947 Jope
1946 Shemun and Rittenburg 1947 Vollison 19.6a)
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It 15 generally agreed that the erythrocytes of both men and
Wwomen survive for approximately the same length of time
However whereas the curve of ehmination m men 1s normally a
straight Ime 1t 15 often slightly curvilinear in women It 1s doubtful
whether this can be accounted for entirely by loss of cells at
menstruation and there 1s a suspicion that a certain amount of
random destruction takes place It 15 highly probable thit even
n health not every cell survives for exactly the same time 1n
the circulation ¢e there 1s some scatter around the mean cell
life span but the extent of this scatter 1s not exactly known
It 1s possible too 1n health that = small proportion of very
short Iived cells are also produg/ed (see Mollison 1956a)

(The exact survival time of feetal (e ¢ cord blood) ery throcytes
has been the subject of controversy However therr Iife span
appears to be shorter than that of adult cells but to what degree
1s uneertam (H th 19552 Moll 1956a Gilard: and
Mescher 1957)

It seems probable that the normal mechanism of ehmination of
erythroeytes from the blood stream 1s by the removal of fragments
of cells or of effete intact cells by retrculo endothelial cells 1n the
spleen and elsewhere (Rous and Robert: 1917 Rous 1923)
The reticulo endothehal cells probably act passively and remove
the cells or fragments in the same way as they remove foreign
particles (Miescher 1956 1957) Indirect evidence in favour of
the fragmentation hypothesis was provided by Stewart Stewart
Tzzo and Young (1900} who making use of corpuscles labelled
with 8Fe showed that the mechamcal fragiity of the oldest
cells mereased before they were eliminated from the circulation
Recent work has demonstrated mn guinea pigs and rabbits at
least that the bone marrow by virtue of 1ts size and rich content
of phagocytie cells 1s the most rmportant organ 1n physiologteal
erythroclasis (Miescher 1956 Ehrenstem and Lockner 1958)
Certamly the normal spleen can be removed without any great
elfect on the rate of destruction

The changes m the ervthrocyte or at s surface which cause
the fragmentation or mncreased sensittvity to mechanical trauma
are obscure Presumably actual loss of substance or increased
ngdity are the copsequence of metabolic failure

Tt 15 possible but unproved that influences outside the cell play a
part m bringing about the cumulative damage which Iimuts the life
of the normal erythrocyte It has been supgested for mstance that
stagmation of the blood stream particularly mn the spleen mught be
deleterious (Fahracus 1939 Ifam and Castle 1940} anditisconcevable
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that tissue tysins normally Inhibited by plasma may play n part under
conditions of stasis (1 onder 1001) Norml plisma too fs known to
contain patentinl auto agilutining and lysing ncthye at 37 C agninst
erythrocytes damaged by enzymes such s trypun (Hosenthal and
Schwartz 1041} or agiinst defective erythrocytes like those of
paraxy smal 1 Iy It is fyable that normal
corpuscles  althaugh apyarently insensitne to these spelutimins and
Yysins in crude tests 1 titre are sgmfleantly affected wn tim where
they nre exposed to the action of these fictors for much longer periods
of time

The mechamism of hrmolvais where there 18 8 pathologieal
mereased rate of cell destruction and the sites in the body where
this takes place are considered in later chapters in relation to the
different hremols tic syndromes

Catabolism of Haemoglobln There scem to be two mam
channels for the disposnl of hrmoglotan hiberated by erythrocy te
destruction If a ccll or a fragment of a cell 15 taken up In an
erythrophage i the bone marrow or spleen or elsewhere in the
body (extravascular lysis} the hxm of the hemoglobin molecule
becomes transformed to biltrubin whnclt 1s eventually chiminated
from the circulation by the hiver and finally forms a major part of
the stercobilinogen of the ficces The 1ron and protein part of
hemoglobin are retained in the body  Ths 1s probably the mam
method by wiuch hemoglobin 1s disposed of in Lealth  If on the
other hand as n certmn hemolytic ancemias the erythrocyte
breaks up or 13 1y <ed in the blood stream {intravascular lysis) the
liberated hremeglobin 1s disposed of m tno ways 1f mn low or
moderate concentration 1t 1 retaned n the plasma in the form
of a haptoglobin hemoglobin complex 1f 1n ligh concentration
part wall pass through the renal glomeruli and appear i the utine
as hemoglobipuna and part 15 quickly brolen down in the plasma
hiberating hem groups which are oxidized and umte with albumin
to form the brown pigment methemalbumin (Furley 1941 Allison
and op Rees 19.7)* The prgment moiety of meth-emalbumn 1s
probably excreted by the liver as ilirubin (Pass Schwartz and
Vatson 1945 London 1950) The haptoglobin hemoglolin
complex 18 eliminated slowly according to Laurell and Nyman
(1857) at a constant rate of about 13 mg per 100 m! per hour

~ It 15 thought that the complex 1s taken up by reticulo endothclial
cells the end product also betng biliruban (see also p 312)

A detailed consideration of the complheated steps in the break
down of bilirubin to freeal stercobilin 1s beyond the scope of this
bookh  Recent views are to be found n the reviews of Watson
(19.7) and Billing and Lathe (1958) (sec however p 8)
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The distinction between an ext: dar and an nt; it
mechamsm of hemolysis was made asearly as 1001 by Hunter Referrng
to chronic heematocytolyses (p 863) hesaid  They [the red corpuscles]
become spherical deeper m colour and retain therr hemoglobin to the
last In this form thev contirue to arculate until finally they are
enclosed within the active cells of the spleen or leucocytes of the blood
and are stored up withuin the spleen or in the capllaries of the liver
[author s 1talics] He then went on to refer to  acute heemocytolysis
{p 864) saying The second process 1s marked by a different series of
phenomena  The first of these 1s a hberation of hemoglobin from the
corpuscle It escapes from the corpuscle exther alone or mn combination
with the albuminous stroma Its fate 1s not as in the former case to
be taken up by splenic cells or leucocytes within the blood but 1t 15
carrted to the Iiver in the portal blood where 1t 1s taken and broken up
by the liver cells

EVIDENCE FOR AN INCREASED RATE OF HEMOLYSIS

As the bile and fxcal pigments are largely demsed from the
catabolism of hmmoglobin 1t 1s natural to expect increased
prod: and el of these sub wheneer the rate
of erythrocyte destruction 1s mnereased

Hyperbilirubinzemia In haemolytic anemia the plasma
bilirubin concentration usually hes between 1 and 3 mg per
100 m{ Occasionally 1t 1s withm the normal range 1t 1s rarely
above 5 mg per 100 m! The direct Hyymans van den Bergh
reaction 1s usually negative or delayed posttive m uncomplicated
cases The bilrubin concentration however 1s an unreliable
measure of hemolysis as 1t depends not only on the amount of
pigment produced but also on the efficiency of the hver i excreting
1t Moreover the total amount produced depends not only on the
rate of hemolysts but also upon the total number of erythrocytes
present For instance the same amount of bilirubin mught be
expected to be produced per day by the destruction of 5%, of
a patient s ervthrocytes when the total count was 5 000 000 per
cu mm as by the destruction of 25% of the erythrocytes when
the count was 1000 000 per cu mm Other things being equal
therefore the highest bilirubin levels might be expected 1 patients
with the highest erythrocyte counts In practice however this
expected correlation 1s seldom found as the patients with the
highest counts are usually those 1n whom the rate of hemolysis
1s not great 2 they are patients mn whom compensation for
hemolysts 1s possible (see p 26)

It 1s probable that mn those patients in whom the plasma
bilirubin lesel 1s normal despite evidence of nereased haxmolysis
the normal les els are mantained by the ability of the healthy Iiver
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to excrete far more bilirubin than it 1s nermally called upon
todo

The relationship one to the other of the bile pigments givng
nse respectniely to direct and indirect Hymans van den Bergh

/n:achons has recently been clanfied  Cole and Lathe (1943) were
able to separate by rgverse phase chromatography two types of
bile pigment neither of $inch was bound to protein  the slow
moving less soluble fraction was the normal indirect reacting
pigment of the blood stream and the faster moving more soluble
fraction was the direct reacting przment
/ In a recent revien Billing and Lathe (1938) summanze much

recent progress ““The faster moving pigment consists of two
fractions T and II both of which predomnate in bile and 1n the
blood i obstructine jaundice These fractions are the mono
and di glucuromdes of prehepatic birubin and 1t s this
conjugation which allows the direct Yyymans van den Bergh
reaction to proceed  Dilling and Lathe make the pomnt that the
terms  indirect bilirubin and  direet bilirubin - hatve no real
chermuenl or physiologieal siguficance and should be abandoned
mn fasour of bilrubin  and  conjugated mlirubin

In hxmolytic jaundice bilirubin predomnates and only small
quantities of pigments T and II are present  In hzmoly tic discase
of the newborn the pigment 1s entirely composed of bilirubin and
1t 1s the mability of the neonatal Iiner to conjugate bilirubin that
15 responstble for the phyvsiologieal jaundice of the newborn and
for the very high plasma levels which are reached 1n hemoly tic
discase at that time

The ability of the healthy Lier to conjugate and cxcrete bilirubn is
very great  According to Billing and Lathe (1008) i all the hxmoglobin
mn the body were transformed to hilirubin this could be excreted in
10-12 hours It 13 thus easy to see why patients with hzmolytic anemia
rarely become markedly jaundiced and may 1n fact not be Jaundiced
at all According to Crosby (19.29) 1t nex ertheless takes about 1§ hours
for plasma to be completely cleared of bilirubin present at a normal
concentration Tlus figure 18 armed at 1 the following way at &
concentration of 0 5 mg per 100 ml there sould be 1o mg of bibrubin
cireulating 1n 2 plasma volume of 3000 ml i the total amount of
bilirubin leaving the blood stream 1n 24 hours was 220 mg  then

P
each 1o mg would be exereted In Z-X13
por

hours=1} hours spproximately

Excretion of Urobilinogen
Urobihnogen 15 the name gnen to the fxeal pigments denved
from bilirubin which when reduced gne coloured compounds
with Ehrlichs reagent dimethylaminobenzaldehyde In the
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B
\ fzeces they ewist as a series of colourless compounds d urobilinogen
bil bilirul ) and [ urobilinogen (stercobih
nogen) and as orange yellow derrvatives formed as the result of
loss of two hydrogen atoms d urobthn @ urobilin and I urobihn
(stercobihin) (Watson 19»7)

In hemolytic anemia the excretion of fmcal urobilinogen 1s
often far 1n excess of normal and the quantitative estimation of
the pigments has often been used as a measure of the degree of
ncreased haemolysis (VWatson 1938 Crosby and Akeroyd 1952)
In the followmng section the accuracy of such estimations their
interpretation and the figures obtamed n health will be brefly
considered

Normal Urobilinogen Excretion One gram of hzmoglobin
theoretically should give mse on degradation to approumately
85 mg of urobthnogen Thus relationship 1s based on the ratio of
the molecular weights of I lobin (68 000) and four molecules
of hem (2 000) from which the bilirubin and urobilinogen are
derived If therefore 1n a normal adult 6 g of hemoglobin are
catabolized daily thus should give rise to 210 mg of urobthnogen

The figure of 6 g 1s arrived at as follows A 70 kg man with
an erythrocy te volume of 30 ml perhg will have a total circulating
erythrocyte volume of 2 100 ml  Assumung the MCHC to be 83%,
this means that the total circulating hzmoglobin 1s about 700 g
Drviding this figure by 120 on the assumption that 1/120th of the
hzmoglobin s catabolized daily grves a figure of approumately 6 g

Not all the fcal comes from catab hemogl
Studies with "N labelled glycine have shown that a sigmificant
proportion of the facal hem pigment 15 derived from sources other
than hemoglobin (London Vwest Shemun and Rittenbure 190 Gray
Neuberger and Sneith 1950 Vwatson 19,7) In health thus proportion
may be as high as 10-20%_1n pernicious anacma 1t 15 higher and may
reach 109 (London and West 1950) It 1» thought that the non
hemoglobin derived pigment comes from several sources (@) from
|tetrapyrrol (hwm or porphyrin) pigments formed but not utiized for
hemoglobin formation. () from cell, destroyed
In the bone marrow before delivery into the blood stream (c) from
{ defective very short hved cells possibly trapped and destroyed 1n the
spleen or (d) from myoglobin and other rem pigments such as catalase
{a) (b) and (c) represent early appeanng urobihnogen

Returning to the urobilinogen excretion of the healthy 70 kg
adult referred to above 30 mg of pigment should be added to the
210 mg of hemoglobm derrved pigment to allow for the early
appearing pigment This gives a total of 240 mg of pigment
excreted per day
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Study of published data on urobilinogen excretion in health
shows that figures as hugh as this are rarely attaned and that the
reeorded normal ranges are very wide  Crepps (1020) gave a range
of 90-1,0 mg per dvy Vatson and Bilden (1941) 40-280 mg per
day Wateon (1942) 40 250 mg per day and Vaclagan (1916)
20-121 mg per day Sparhman (1939) recorded figures varying
from 76-470 yog per 100 g of {eces as the duly exerction n 100
notrmal adults Mhils and Mason (19.) gave normal values for
children

It 1s obvious that the daily urobihinogen excretion of a healthy
child will be Iess tlian that of an adult beeause Ius total erythro-
cyte volume 15 much less and the same 1s true of an anxmic adult
if the rate of hwemoglolin breakdown 1s normal  The only
satisfactory way to get round thus difficulty 15 to relate the pigment
excrehion to the total crrculating hemoglobin (Greppr 19-6
Viatson 1938)

Creppt used a hemolytic mdex in winch he related the patient s
weight 1 lolnn p and urobil excretion to
normal values of “0 kg 100% and 120 mg per das respectively
This index normally 10 gave values as ligh as 10-15 n scute
hzmolytie states Miller Singer and Dameshel (1942) reported
urobilinogen exeretion 1n relation to the total circulating hemo
globin and gave values of 11-21 mg per 100 g of hamoglobin
in health wlile Ciblett and her co workers (19.6) using a similar
mdex reported an excretion of 0 14-0 48 mg per g of hremoglobin
{mean 0 248 mg ) in 18 healthy young men Again the excretron
figures vary widely even when based on the total circulating
hezmoglobin and there 1s a disquieting diserepancy between the
last two sets of data quoted the mean of those of Giblett and her
co workers exceeding the upper limit of normal given by Miller
Singer and Dameshek

It 15 obvious that 1t 1s difficult to estimate frecal urobilinogen
with any degree of aceuracy The technical difficulty of the
collection of .4 hour or 96 hour samples of frecs difficulties 1in
obtaiming representative samples of the specimens and the use
of an arbitrary colour standard in the actual estimation all
combine to reduce the rehability of the figures obtamned Further
more constipation diarrhcea and antibioties reduce the amount
of pigment that can be estimated

V As alteady mentioned not all the freal urobiinogen s derved
from the hemoglobin of effcte erythrocytes contrumwise not sll
the catabolized humoglobin can “be accounted for as fxeil or
unnary urobihnogen  Although 1n dogs with artificial bihary fistule
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gwen acetylphenylhydrazine 889 of the ham liberated from the
breakdown of hemoglobin could be recovered as bilrrubin 1n the hile
(Cruz Hawhins and Whipple 1942) the proportion recoverable i
man 1s unknown Moreover it 15 known that the amount of pigment
that can be as fecal b 18 derablv less than
the bilitubin excretion Thif suggests that either the comversion of
biirubin to urobilinogen 1s not uantitative or el<e that the urchilinogen
15 altered 1n part to other substances which are not readily estimated
or that some of the pigment 1> reabsorbed)Vvatson 1942 Crosby and
Akeroyd 19o. Gray 1953)
e di 'y between h and

excretion 1s considered in some detail by Watson James (1920) who
studied the excretion of two normal males over many months and
Watson (1957)

In Watson s view the discrepancy does not seem to be accountable
by the f of dip: such as
although a normal constituent of the fieces he considers to be a by
product of hzem synthesis Watson referred to a patient with refractory
anema whose average urobiiinogen excretion was 30 mg daily although
a figure of 133 mg would be expected on the basis of hemoglobin
catabolism An merease n or failure of 2
of bilirubin was ruled out as causes and conservation of pigment and
1ts re utihization for hzm synthesis also seemed improbable He
concluded that reabsorption of pigment to an abnormal degree without
re utilization might have been the ‘That some urob
18 1} 15 by the presence of the pigment
m the urine The amount however excreted daily 1n health 1s small
<3 5mg (Watson 1942) and the greater part of that absorbed 1s thought
to be re excreted by the liver

Urobilinogen Excretion in the Fzces in Hwemolytic
Anzma That the feeces of patients with hamolytic anemia are
often dark n colour and their content of urobihinogen unusually
high have been known for many years (see Watson 1937 1938)
Crosby and Akeroyd (1952) and Crosby (1955) have brought the
subject up to date In an adult the frecal urobilinogen exeretion
often exceeds 500 mg per day and occasionally rises to within
the 1 000-1 500 mg range A patient with a chronic hzmolytic
anemia whose erythrocyte count 1s mn equilibrium as the result
of the mavimum possible hyperplasia of the bone marrow can
svnthesize 6-8 times the normal amount of hamoglobin (Crosby
and Akeroyd 1952) namely about 50 g daily compared with
the normal synthesis of 6-7 g 12 70 kg man A daily breakdown
of 50 g of hemoglobmn would theoretically be expected to yield
1 750 mg of urobilinogen Fowerer as has been explamed above
this amount of pigment 1s not hikely to be estimable

Crosby (190a) has given details of two patients mtensively studied

ver long periods of ime In one of these patients who had a hereditary
non spherocytic hemolytic anzm the output of pigment based on
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1dqy sverages over n period of 2 months ranged between 100 and
2000 g per day  The anticipated value was 1500 mg dady  This
patient s excretion vanied in a remarkable 2o-day eyclic manner which
coull not be expluned on any vanation in the rate of hamelysis
Anotlier patient with | 3N simlarly
studied had a daily ontput of urobilnogen ranging from 90 to 10 my,
per dyy  The estimated theoretical output i thi patient whose
disease was 1n o stable phase was 00 my dail

Ilagen and WacDonld {103) give comparable data in four patients
with acquired hamolytic anTmis the recovery of urcbilinogen in the
ficces was 70 87 51 and 6 , of the theoretical estimated total ina
patient with paroxysmal nocturnal hrmoglobinumn it was 41° and
In two patients with hereditary spherocytosis 113°  and 579

Daldint and di 1ictrantom (1957) have carnied out stmilar studies
in eight patients with hemolytic snemin. The discrepancy between
the ealeulated urobilinogen excretion and that actually estimated vaned
from 0 to G 1n fixe of them more than 40°% of the pigment was
unaceounted for

Urobilinogen in the Urine in Hwemolytic Anemia A
darkening of the unme particularly on standig due to excess of
urobilin 1s frequently found in cases of hxmolytic anxmia The
quantitative cstimation of the pigment cannot however be used
83 a reliable index. of erythrocyte destruction {Urobilinuria 1s an
indieatron that the liser s unable to re excrete urobilinogen
reabsotbed from the bowel rather than a sign of increased
hemolysis (Watson 1937 Barker 1938)7)

In uncomplicated hxmolytic anzmia the daily excretion may
amount to 5-20 mg Crosby and Akeroyd (1952) made the interest
ng observation that when the frcal pigment excretion of one
of their intenstvely studied patients fell the unnary excrction
increased  This suggests that the fall in faeal exeretion might
have been accounted for by increased absorption

and E ia

In normal plasma there 1s very Lttle free hzmoglobin probably
less than 4 mg per 100 ml (Crosby and Dameshekh 1951) In
those types of hemolytic anwrmua 1n wiich hemolysis tales place
predominantly 1n the blood stream the pltsma hazmoglobin may
nse to™00-200 mg per 100 ml or cven more In such cases
hemoglobinuria develops and the loss of pigment 1n this way may
account for a substantial proportion of the total prgment excretion

The carlier work on hemoglobmurma was considered at length m
Y utle 8 (1912) review and more recently by 1am (1955) Y uile concloded
that hemoglobn probably passed through the glomerul even at low
plasma concentrations only to be Teabsotbed by the renal tubules
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It was postulated that this mechamsm led to n  renal threshold
phenomenon for 1t was only when the plasma concentration exceeded
approximately 135 mg per 100 ml that overt hemoglobmuria des eloped
{The well known occurrencé of a lowering of the remal threshold mn
chrome 1ntravascular hamolysts was attnbuted to an overloading of
the renal tubular cells with reabsorbed pigment and impairment of
therr capacity for further absorption) (Lichty Hawill and Whipple
1932 Gilligan Altschule and Katersky 1941) Gilligan Altschule
and Katershy also demonstrated that the rate of clearance of hzemoglobin
from the plasma was directly related to the plasma hemoglobin level
New facts have demonstrated more precisely the way in which
hemoglobin 15 transported n the plasma and have provided a different
inter of the renal h
v/{It 15 now known that there exist m the plasma several proteins
termed haptoglobins which have the property of combining with
hemoglobin hiberated 1ato the plasma (Jayle and Boussier 19.5)
On electrophoresis 1n a Tiselus apparatus or on filter paper the
haptoglobns scparate with the « globulins According to Jayle
Bousster and Tonnelat (1956) each molecule of haptoglobin can combine
with one or two molecules of hemoglobin)
Smithies (19002 b) has demonstrated that when electrophorests
of serum 1§ carried out m starch gels three dufferent hereditary patterns
f

o plexes can be d hed  Smuthies
also reported that the haptoglobins could normally bind up to about
12, mg of hemoglobin per 100 ml plasma any hemoglobin mn excess
of this remaining uncombined
Laurell and Nyman (1907) mjected hemoglobn intravenously mto
normal subjects 1n an amount calculated to saturate the plasma
The b complex disappetred
steadily at a rate of about 13 mg per 100 ml per hour and 1t took up
to o week for the haptoglobins to be fully regenerated Laurell and
Nyman concluded that hemoglobin could not exist free 1 the plasma
‘unless the binding capacity of the plasma was fully siturated and that
the nummum amount of hemo lobin injected intravenously which
would result 1 hemoglobmuria would vary with the amount of
€; that the amount of hemoglobin
which may be bound by the plasma of normal subjects vanes from
50-140 mg per 100 ml According to these Swedish workers the renal
for depends on the abiity of the
haptoglobins of the plasma to bmd hiemoglobin as well as upon the
ability of the renal tubular cells to reabsorb h®moglobin from the
glomerular filtrate The reduction 1n renal threshold 1n the presence of
chronte 1nt: il o] 1 o repeated 1nts
1njections of hemoglobin (Lichty Havill and Whipple 1932) could be
explamned at least m part on the slow regeneration of plasma
haptoglobin) Laurell and Nyman mentioned that sera from some
patients wifh acquired hemolybic anema or untreated permicious
anEma no and they referred baclk,
to the early work of Scllards and Minot (1916) who reported that
less nt usly d was required to produce
hzmoglobinuria_in_patients with permicious anemia or hemolytic
anzerua than i healt!
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A\Thson and ap Rees {1047} 1o publiched interesting
on the refationstup between the plama kaptoghibine renat threeirld
and hemophbinuny Ao using starchepel of ctrophoresis  they
confirmed that the great mnjonts of subjects fall into ane of three
groups 1-1 with only one hipteglobin migrating in the fast o, position
~=2 srith theee haptoplobing mizrating sy three distinr} bands iIn the
of regon and Lo with four haptoplobms three smigrating alightly
faster than these of group 2-2 plus one which g prrently the same ay
that of group 1-1  Allison and ap Hees also reported that umiuhienl
cord Ylood was distinctive in not l t
and that o small percentage of oller thillrer pnd ardults have sern
wther heking faptoglobing er nt the most containing s single
coraponent pining » band in the of repon

Atison and ap Rees nlsa alled axyhemoglobin 1o serum in titro
When mote than 100-133 mg  prr 100 mt were added free

Tobin could be & d a9 & bind distanet

from the i aptoglob ? s well oy
wmin which migrated sn the albumin region They too concluded that
the renyl threshold for bin dependa on the haptagl
fevel of the plasma  Several pahients sullering from fntravascular
heemolyss wese stadied  In faur pabients wath parocysmal noe turmal
hemoglobinuria and fa two  patients  with  paroxysmal cold
tremoglobinutia haptoxtobins were abeent or present in guantibies too
small to be detected snd i one case of mach hemogiobmuna the
haptoglobin concentration was Jess than half the normal value  In one
possible tase of p 4 1 at
least 8 years after apparent complete recosery  the haptplobing
svere normal as they were sl:o In /& patient wath piroxysmal cold
fhemoplobinuny, who had a mogle attack  several years presiousty
Altuson and op Jees pomted out tht the low haptoglobsn ko vels of these
patients cout 1 be the result of zither dimmished formation for genctic
at other reasons ot rapid removal from the blood stream as the result
of the continmn, wleasascular hremolysie  The second hypothesis
seers the more Lhely an the available ey dence

Aber Nele and Nosthun (19 7) and Neale  Aber aai Northam
(19.8) studied  using sunple paper electrophoresis the bindin,, of
Jremoplobin by serunt 1a exire with particular refurence 10 megilobl sstse
anzona wnd hameolylic anemia  They alw have conclu fed that the
serum protews capable of binding lemoglobin ate bwt from the
cirevlation in the process of clenning the ylasma of hamolhbin
‘Lsing piper clectrophotess Aber Neale end Northam have found that
a normal serum will bind haemoglobin ta o globulin 2, plobulin and
alburin in that order and that followsng o hremalytic episode the
£, globulin binding componrnt returny first and then the o, globuln
They concluded that the behasiour of scrum m respect of binding
haemoglobtn when hemoglobin 1z added at a concentration of 36 m;
ee 100 mi  provides impaortant enidence as to whetl e inteavascular
hrmotysia Is oceurring o has recentdy taken phice

Brus and Tews (19.9) have more recently reported on the results of
3 survey of a large susaber of patients with ¥anous types of hemolytie
anemia  Measurernent of erythrocyte survival by the radivehromism
method and the demonstration of haptoglobns unng cellulose acetate
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paper electrophoresis showed that n hemoglobin turnover exceeding
twice the normal was usually accompamied by disappearance of
the haptoglobmns Several patients however were studied m whom
the erythrocyte life span was reduced to one third or one guarter of the
normal without the haptoglobins disappearing These patients were
anzmic and 1n each instance the total lemoglobin catabolized daly
was Iess than twice the normal In other patients an abnormally igh
level of plasma globulins was associated with demonstrable hapto
globms although the hemoglobin turnover exceeded twice the normal
rate  Steroid therapy likewise caused a reappearance of haptoglobins
despite continuing hemolysis
This study demonstrates clearly that testing for the presence or
absence of haptoglobins 1s a sensitive method of detecting hemolysis
However 1t also shows that the result may be affected by factors other
than the rate of hemolysis These have to be hept 1n mind when
assessing the value of any particular test
The findings 1n health 1n y spherocytosis and in paroxysmal
h are mhig 1
% The genetics of the haptoglobins have proved to be of great interest
Two genes appear to control groups 1-1 and 2-2 haptoglobms
tespectively while group 2-1 represents the heterozygous state
Ultracentnfugal studies have shown that group 1-1 haptoglobins
when homozygous are Sy, 4,0 protemns whilc group 2-2 are Sy wll
group 2-1 haptoglobins are formed of three components Sy, 6 and
Sy wll as well as a major component Sy ,9 not present in the
homozygotes (Bearn and I'ranklin 18.8)

The mcidence and ses entty of hemoglobhinzemia mn the hzemoly tie
anemias were reviewed by Crosby and Dameshek (1951) In
addition to finding high values m the well known types of
hzmoglolinuria they reported shghtly ramsed concentrations m
several types of acquired hemolytic anzmia (without hwemo

lot ) but not 1n hereditary sph tosis 1n overt sickle cell
disease but not 1n sichle cell trait and in severe Mediterranean
anemia (thalasszmia major) but not in the trait (thalassemia
mmor) It must be emphasized that the presence of excess hemo
globin 1n the plasma 1s only a reliable sign of hemolysis if the
observer can be sure that the lysis has not been caused during or
after the withdrawal of the blood

Mett It M was first observed
by Faurley and Bromfield (1934) 1n the plasma of a patient suffering
from blackwater fever The plasma was brownish in colour and
spectroscopic examunation showed an absorption band in the red
part of the spectrum {at 624 my} Subsequently Farrley (1941)
showed that metk 1t could be d; d tn the plasma in
several types of hemolytic anzmia with hemoglobinuria when
hemolysis was taking place within the blood stream eg n
blackwater fever 1n paroxysmal nocturnal hemoglobinuna and
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Yic 2 1hotomicroLraph of a blood film of a patient suffering from
idiopatine acquired hemolytic anrmia (warm antibody type)
{Case 11 of Dacie 19.4) The contrast between the darkiy
stamming  sph tes and the pol macrocvtes 1s
well shown  x 700

% %as.00% o
'00080.@ OQ

-0

Fic 3 Yhotomicragrap i of a Dlool film of 3 patient of blood
group A who receive 1 a tran fasion of group O blood cont: ming
Jugh titre 1mmune snt1 A The small microspherocytes muny
of them 1n § ares stuck tegethey represent some of the reciy tent s
corpuscles »huch have been damage 1 by the anta v -on
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e €l welche septicemin In addition he found the pigment
wat present 1 smaller amounts m the plasma of patients with
bemol tic aneoua of unknowsn ongin without hemoglobinuna
and m three prtients suffening from tepieal severe pernicious
sntmw On the other hand tests for the prigment were negatne
1 twe pahients with hereditary spherocytosis and only very
weaklh positine i o thied

Methemalbunun 1s distinet chemeally and spectroscopreally
from methemoglobun {shsorption band 8t 630 my) It 15 a
hematin albumn compound and 15 formed as & result of the
degradation of hemoglobin hberated 1nto plasma  Methom
atbumn if not detectable by the posiion of its charactenstic but
rather famnt sbsorption band sn the red ean be demonstrated by
covenag the serum or plasma with ether and then adding o one-
tenth solume of concentrated ammomum sulptude  This results
1 the formation of a hemochiromogen with a relatively intense
sharply defined « absorption band at 548 my (Sehumm s test)

T airley s work 1s now generally pted and the of
methematbumn demaonstrated n serum by spectroscopy or by o
positive Schumms test 1s probabh an ndication of a majer
degree of nteanaseular hemolysie  Schumms test is certamly
positise n some cases of acquired hrmolytic snTmia pernicious
anemia and hemol tie disease of the nesborn as well a5 1n the
hxmoglobimunas However no extensne series of cases seems
to have been studied from this pont of view and the whole
subject of hem pigments in the plasma in blood diseases menty
ro insestigation 10 view of the new knowledge of the role of the
haptoglobns {see p 12}

Aber Neale and Northam (1907) and Neale Aber and Northam
{17s%) have however seeently desenbed anin utro testwiuch they
behieve provides a simple means of determuning whether heemoly sis
15 talang place or has oceurred reeently  According to them
Schumm s test1s negatne as long as the hemoglobin can be taken
up by the haptoglobins  When the o, haptoglobmn 1s deficsent
hemoglohin added to serum i vitre 15 then talen up by e 8,
globulin s demonsteated by paper electrophoresis Such sera
give after the addition of sulplude a b 3)
with an sbsorption band st 558 mp  The band howeser 5
apparently deseloped more slowly than that demved from
methzmatbnmn under the same eireumstances

Hamosiderinuria The presence of brownish granules i the
urme goang Perls s veactton for free  fernic iron 15 charactenistic
of the chrome hemoglobinunas  The won s derved from
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hemoglobin absorbed from the glomerular filtrate and subse
quently broken down within the renal tubular cells As long ago
as 1911 Marchiafaya and Nazan recogmzed a  granular form  of
hzemoglobin 1n the urine of a case of paroxysmal nocturnal
hamoglobinuria  Rous (1918) observed hzmosiderin m the urine
of a patient with acquired hemolytic anema and 1n the urne of
several patients suffering from pernicious anzmia who had recen ed
many transfustons Later Marchiafava (1928) referred to
paroxysmal nocturnal hzemoglobinuria as  Anemra emolitica con
emosiderinuria perpetua  Perpetual hemosidennunia 1s 1n fact
a reltable s1.n of chnically important chrome intravascular hemo
Jysis for the urime will be found to contain 1ron granules even if
there 15 no hwemoglobmuria at the time Hamosidern 1s not
however found m the urine at the ﬁrst onset of a hzmolytic
attack evenif d by h as the
has to be absorbed hy the tubular cells of the kidney ‘and re
excreted a pmcess whxch occupes several daysatleast (Tmle 1942)
The d fi of h derinuria were re
vestigated by Crosby and Damesheh (1951) They found
hemosiderin 1n the urmne of every patlent whose plasma
ly contamed ab of § lobin  and
observed 1n general a parallehsm between the amount of urtnary
hemosiderin and the degree to which the plasma hemoglobmn level
was raised  Only very small amounts were found in the urine of
patients whose plasma hemoglobin levels were less than 20 mg
per 100 ml on the other hand with plasma hemoglobm levels
greater than 40 mg the amount of hemosidenin was as a rule
sufficient to give a visible Prussian blue colouration to the urinary
deposit when Perls s reaction was carrted out

Other Signs of Increased Hemolysis

Another sign of excess 1 h )) 1S d of

carbon ( 1957) Carbon monowude 1s

probably derned from the « methene bridge dunng the catabolism

of hzm m alvealar arr and
of

from this fieure h

m the blood Hc found a highly significant correlatlon between the
rate of h from carb values and
those obt:uned from fecal pigment exeretion erythrooyte Life span
measurements using 5Cr aud the height of the reticulocyte count A
further ingentous method of demonstrating excess hzmolysis was
suggested by Robinson (1950) who 1n a prelimnary communieation
showed that the unne of two patients suffering from intravascular
hemolysis contained relatively large amounts of carbonic anhydrase
denved from broken down erythrocytes
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CLINIGAL FINDINGS IN INCRTASED HJ MOLYSIS

The clineal findings i each of the more important hrmoly tic
syndromes wilt be gt en i subsequent chapters  The masn clinieal
signs are howeser summanzed i the three following paragraphs

The famibiar trad of anxyea achelunc jaundice and spleno-
megaly 1s certmnly suggestive of a hamoly e antmia but one or
more signs may be absent and sometines all three  On the other
extreme anema ma)y be profound m degree and lead to
b dyspacea card 1y with n raised cardiac output
and hyperdynanuc cueulation and tochyeurdia  The jaundier
of merensed hemolysis 1s tarcly marhed except in the neonatsl
period  The unneas usually dark beenuse of oy mercased content
of urolthn 1t rerely however contams bile pigment Maemo
globmuria may cause the urine to be  burgundy or  porter
coloured or even almost black  The stools are also typreally
darher than normal an eolour

‘The spleen 15 usually palpable but it seldom extends as far
down as the umbtheus The hiser is often palpable below the
costal margin 1n the more anemue patients but its enlargement
does not often extend further than 5~7 em The superficial lymph
nodes are sometimes shhitly enlarged

Other signs which my be assoniated with wereased hemolysis
are ulecrs on the legs abose the ankles 1 the absence of sancose
sems and Raynauds phenomena  Fanally mothedly snrmue
patients usually hase a moderate degree of feser The symptoms
as opposed to the signs associated with a hemolytic anemn are
too 1aned to be summarized

THE BLOOD PICTURE IN H¥MOLYTIC ANFMIA

Evid of 13 Imp evidence of inereased
blood d may be ok d by of the blood
wsell Certon (pre haemoly tic) abnormalities of the ery throcy tes
are probably almost always associated with an inereased rate of
hamolysis  The most mportant of these abnormabties are
spherocy and sck Y

Spherocytosis
Spherocy tes are erythrocytes which are more nearly sphexeidal
and less dstinctly dise Itke than ere normal celis It should be
emphasized that all grades of spherocy tosis are met with aging
from cells which retam therr t but whose threk




16 GENERAL FEATURES OF INCREASED HiamoLysis

hemoglobm absorbed from the glomerular filtrate and subse
quently broken down within the renal tubular cells As long ago
as 1911 Marchiafas a and Nazan recogmzed a  granular form  of
hemoglobin m the urme of a case of paroxysmal nocturnal
hemoglobinunia  Rous (1918) observed hemosidern in the ure
of a patient with acquired hemolytic anemia and in the urme of
several patients suffertng from pernicious anerma who had recerved
many transfustons Later Marchiafava (1928) referred to
paroxysmal nocturnal hemoglobinuria as ‘Anemia emolitica con
emosidennuria perpetua  Perpetual hemosiderinuria 1s m fact
a reliable sign of clinically important chronic mtravascular hemo
Jysts for the urine will be found to contain iron granules esven 1f
there 15 no hxmoglobmuria at the time Hewmosiderin 1s not
however found 1n the urine at the first onset of a hemolytic
attack even iof d by h lok as the g
has to be absorbed by the tubular cells of the kidney ‘and re
excreted aprocess which occupies several daysatleast(Yulle 1942)
The d and of | were re
mvestigated by Crosby and Damesheh (1901) They found
hemosiderin 1n the wurme of every pahent \vhose plasma
cont y contaned ak of | bin and
observed 1n general a parallehsm between the amount of urinary
hzmosiderin and the degree to which the plasma hemoglobin level
was raised Only very small amounts were found 1n the urne of
patients whose plasma hemoglobin levels were less than 20 mg
per 100 ml  on the other hand with plasma hamoglobin levels
greater than 40 mg the amount of hemosiderin was as a rule
sufficient to give a visible Prusstan blue colouration to the urnary
depostt when Perls s reaction was carried out

Other Signs of Increased Haemolysws

Another sign of excess } 15 an d of
carbon (E 1957) Carbon monoude 15
probably dem.ed from the = methene bridge during the catabohsm
of hem X npgstedt mensured its concentratlon m alveolar awr and
from this figure
1n the blood He found a hxghly slgmﬁcant con-clanon between the
rate of I )3 ar values and
those obtamed from fzcal plgmcnt excretion erythracyte hfe span
measurements using 51Cr and the height of the reticulocyte count A
further ngenious ‘method of demonstrating excess hemolysis was
suggested by Robinson (1920} who 1 a preluminary communication
shoned that the unne of two patients suffering from ntravascular
hemolysis contaned relatively large amounts of carbonic anhydrase

denved from brohen down erythrocytes
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‘Types of Spherocytosis  Apar* from pheealf “msthercare
two ram dasses of sphevorvtes heredi ory (eontent J) Eimey o2
those of berediry spre-octios s and copuirnd toper drerottoa
conoen,.af dafec but to damage to the ervihroovtes cassed by a
¥varets of harnful szent sieh s ehemucalh Bxmolvh tmmure
antibod.es or the effects of keaung ete  The morpholwmeal
eharges caused by these vanous processes are similar or perhaps
ident.cal. Furct onally  each type represents a prehremolytie
chanme n each tvpe too there 1 an urreverable reduction n
surface area resultiry n increased osmotic fragility

The Hereditary (Congemtal) Spherocvte Naegeli (19°3)

od the d sph dieaty of the tic envthro.
evtes of hereditary spherocvtosts and referred to themas  hugel
zellen (globe cells) later he introduced the term  Spharocy te
(spherocyte) (Naegel 1931) Naegelis spherocvtes were soon
™ d. d to b of b o

:pheﬂ,cytosxs Although this conception was erroneous, sphero-
cytosts 15 certamnly & very charactenstic sign of the hereditan
disesse (see p 110) The spherocvtic change 1> a dynamic one It
1s not a question of a fixed wmhented abrormahity of shape 1t 1s
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or breadth 1s imcreased to cells which are almost spherical As
a rule the volume of a spherocyte 1s normal (see Table 1 p 32)
hence any increase mn thickness or breadth of the cell must be
associated with a d md Sph tes are thus
usually correctly called merospherocytes In stained blood
films they appear as small usually perfectly round cells staining
relatively intensely with Romanowsky dyes and usually showmg
no central pallor (Fig 2) Their unusual rotundity can also be

d1n ¢ wet 10ns of fresh blood The mncreased
density of statmng 1s due not only to their shape but also to a
slightly increased concentration of hamoglobm (Gaffney 1957
see also Iable 1 and p 104)

According to Crosby (19,.) the term spherocyte was first used by
Christophers and Bentley in a onbla fever puh
1nIndi2 n 1908 Bunter (1901) had referred to the presence in pernicious
anemia of so called microcytes — small spherical deeply coloured
corpuscles resembling minute red blood corpuscles  He added (p 67)
that stmilar bodies can be produced artificially by action of destructive
agents

y2l ytes have to be from sphercal forms Aceording
to Ponder (1948) spherical forms were first observed by Hamburger
who 1n 1895 noted that when mammahan erythrocytes were suspended
1n saline or sugar containing media they appeared not as discs but as
spheres This change can be reversed by the addition of plasma or
serum to the suspension Furchgott (1940) showed that the sphering
change was facilitated by the increase 1n pI[ which occurs when a thin
layer of a cell suspension 1s placed between two glass surfaces as mn
ordinary microscopy and by the adsorption to glass of 1n ant: sphering
substance normally present in plasma Furchgott and Ponder (1940)
showed that this substance was an albummn {According to Trotter
(1956) sphering between shide and cover glass 1s due to the glass surfaces
being contammnated with  hipid  of unknown composition (but possibly
a fatty acid) denved from human skin as a consequence of handling
the glass)

The strges 1 disc sphere transformation have been described by
Ponder (1948) as disc crenated disc crenated sphere finely crenated
sphere and sphere Thas sequence of events 1s also brought about bya
wide range of hemolytic agents including saponin brilliant green and

b m sublytic (Ponder 1918)
In Iytic concentrations the lysins cause the cells to become prolytic
spheres and finally to fade from wiew as hemolysis proceeds The
sequence of changes as it occurs 1n saline suspensions of ervthrocytes
Lept between glass surfaces 1s reversible  As a cell becomes more and
more nearly spherical 1ts surface becomes puckered—hence the crenated
appearance—and eventually when the cell 1z spherical presumably
thickened VVhen the process s reversed the thickenin and crenations
disappear and the normal condition of the cell surface 15 restored

Spherocytes duffer from spherical forms 1n several 1mportant ways

Vlthe change to spherowdicity 1s not precaded by crenation the process
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is protnbly not reversible anl complete sphening i< rarely scen  In
addition spherieal forms ore not typieally fmgle to hvpotonic
saline {1 onder 103~ Cillespie 1043) ‘spherocytes are

The association between sphcroey tosis and increased fragihity
to hypotome saline {osmotic fraglity) 15 well known (ITaden
1035 Castle and Daland 103~ Guest 1918 Crosby 1002)
The more nearly spherotdal a cell the less water 1t can absorb
from hy potomie medin without stretching its inextensible surface
Hence spherocy tes will undergo Ivsis tn media of a lesser degree
of liypotoniaity than do narmal more discordal cells of the same
volume  Castle and Daland (193%) and Cuest {1018) showed that
spherocytes from cases of lereditary spherocy tosis and normal
corpuscles swell to a similar degree when placed in hypotonie
mediafSpherocytes do not lyse beeause they swell more than do
normal corpuscles 1n a hypotonie solution they lyse beeause
their alality to swell 1s mited by their alrendy spherodal shape
Osmometneally both tvpes of cell behave in the same way Crosby
{1952} g1y es the average dimensions of normal ery throcy tes as well
as of several d types of pathol ! eclls including the
‘hereditary spherocyte (sec below) He strissed that it 1s the
reduction in surface nrea volume ratio which 1s the essence of
spherocytosis (a sphere having the least possible surface area for
its volume)

‘T3 pes of Spherocytosis  Apart from spherteal forms there are
two main classes of spherocytes hereditary (congenual) types e g
those of hereditary spherocytous and aequered types due not toa
congental defeet but to damage to the erythrocytes caused by a
vanety of harmful agents such as chemicals hemoly tic ummune
antibodies or the effects of heating cte  The morphologieal
changes caused by these various processes are similar or perhaps

d 1 F lly each type rep its oo ) lytie
chan,e in cach type too there 1s an irreversible reduction 1
surface area resulting in inereased osmotic fragility

The Hereditary (Congenital) Spherocyte Naegelt (1923)

d the d spt d of the microeytic erythro
cytes of hereditary spherocy tosis and referred to them os  Kugel
zellen (globe cells) later he introduced the term  Spharoeyte
{spherocyte) (l\ncgelj 11).'.!1)b Naegehi s spheroc)tcfs :verc soon

11 J, to b o d

S y
spherocytosis  Although this conception was erroneous sphero
c‘;tosls 13 ly 2 very ch 1c sign of the hered
disease (see p 115) The spherocytic change 15 & dynamic one It
15 not a question of a fixed mhented abnormality of shape 1t 15
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rather that the erythrocytes undergo in the cour\s/e of their lifetime
a progressive and striking inerease in therr thickness and at the
same time undergo a d m d The nuecleated
erythrocyte precursors in the bone marrow of patients with
hereditary spherocytosts are not abnormal The reticulocytes too
are discordal in shape although they may be shightly less discordal
than normal reticulocytes (Paohno 1949) It 1s later when
crrculating n the blood stream and probably particularly within
the spleen that the cells become progressively more spherocy tic

( Crosby (1952) suggested that an undue loss of surface liprd might
be correlated with (? cause) the shrinkage n surface area)

As discussed on p 133 the basis of the disorder hereditary
spherocytosis seems to be a genetically deterruned metabolic
defect of the erythrocytes involving carbohydrate and phosphorus
metabolism The spherocytosts 1s probably the consequence of
the defect but the exact way in which the change 1s bought about
still remains obscure

Hereditary spherocytes dergo autohzmolysis an riiro more
rapidly than do normal corpuscles when Lept under stenle
conditions (Dacie 1941 Carolt Etévé Parof and Robineau
1948 Young Izzo and Platzer 1951 Selwyn and Dacie 1954
Young e al 1956) After 48 hours incubation ten times the
normal amount of hemolysis may take place The exact cause of
the mereased rate of hemolysts 1s obscure but 1t 1s presumably
dependent on the metabolic defect or handicap from which
hereditary spherocytes suffer Selwyn and Dacie (1954) showed as
with normal corpuscles that the hemolysis of hereditary sphero
cytes 1s markedly reduced if glucose 1s added to the blood mn
suffictent amount to prevent the glucose concentration from faling
below 100 mg per100 ml durng the period of incubation The rate
of heemolysis however 1s not restored to normal by the addition
of glucose The rapid rate of autohzmolysis 1s assoctated wrth an
unusually marked ncrease 1in osmotic fraglty on imcubation
Further details are given on p 101

Bittorf (1914) and Dacie (1919) demonstrated that hereditary
spherocytes were more easily hemoly sed by reduction n pH than were
normal corpuscles The increase i acid fragility  Like the increase
1n osmotic fragihty 15 probably due to the spherocytes bemng unable
to swell in an acid medium to the same extent as can normal corpuscles
(The effect of pH and hypotomaty on the cell volume of normal red
cells was deseribed 1 detal by Hampson and Mauzels (1926-27) )

Other Types of Hereditary Spherocytes The spherocytes of
hereditary spherocytosis are typreally and conspicuously round
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i contour (Fig 37 p 014) Oceastonally spherocytes which tend
to be oval or srregular 1n shape are observed  hxamples of thus
sort were recorded by Wyandt Bancroft and Vwinship (1911)
1 the blood of o boy both of whose parents were carrying the
trat for hereditary elliptocytosis and by Holst Larsen (x01™)
who published detarls of eleven cases of hereditary elliptocytosis
in one famuly  In seven of Yokt Larsens patients there was
evidence of antnna the elliptoey tic erythrocy tes were admixed
with small rounded and ularly shaped macrosph ytes 1n
the more anemic patients  Another patient i whose blood
numerous very small wrregulagly shaped mucrospherocytes were
conspicuous 1n films after splencetomy (Iig o$ p 160) was
recorded by Dacie Volison Richardson Selwwvn and Shapiro
{1903 Case 11} A blood film showing more regular oval micro-
spherocytes 1s dlustrated 1n Tig 68 (p 104)

The Acquired * Spherocyte As nlready indicated sphero-
cytes morphologieally 1dentical with those of hereditary sphero-
cytosis 1.2 rounded microspherocytes are frequently conspicuous
1 the blood of patients suflenng from a sanety of hxmolytic
disorders  They are for instance found in aequired hemolytic
anemias d with auto bod! (g 2p 1)
and spherocytes of apparently similar type mny be readily
produced expenmentally m ammals by the admimustration of
heterospeaific hemolytic sera (sce Chapter 11) Erythrocytes
which have adsorbed 1mmune anti A or immune antt B may also
become spherocytic This ehange has been obsersed following
the transfusion to group \ patients of group O plasma (Erun and
Young 19,0 Erin Chnstian and Young 1940) (Fig 3) and in
hxmolytic anzmia of the newborn where the mother 1s group O
and the child group A (Grumbach and Gasser 1948 Crawford
Cutbush and Mollison 180%) ( In each case the spherocytosis
appears to be duc to damage to the cell surfaces causing
irreversible shrinkage ) The exact mecliamsm of the change
however remains obscre The relationship between the produc
tion of spherocytosis snd the character and specifiaty of the
antibody 1s discu sed in Chapter 11

The osmotic and mechamcal fragihities of the above types of
acquired spheroeytes are increased whether or not they swell to
the same extent as hered

Y Sp ytes 1 hyp media s
uncertain  On Incubation at 37° C in tatro acqured spherocytes
undergo a vanable and t d rate of ! lysis

(Dacte 19302 Selwyn and Dacte 1924 Youngetal 1906)
Spherocytes of mmular morphology have been observed 1n
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hzmolytic anzruas due to drug sensitivity eg  sulphonamide
hemolyhieancma (Gilligan and Kapnich 191, Ross and Paegel
1246 see Chapter 15) A muld to mod degree of spheracytosis
15 not uncommon 1 chrome myelod leuhanua and myelosclerasis
The sigmificance of the change 1s, however, not yet understoc
Spherocytosis 1s also taurly regularly found after sesere burnd
(Fiz 4) The change appears to be due at least 1n part to the
drrect effect of heat on the cells, 1t 1s usually accompamed by actual
fragmentation leading to the production of extremely small
mucrospherocytes  Spherocytosts 1s also charactenstically found
m the ascute hemolytie anzmma associated with €1 ‘zdthn
sepliemis

“Irregularly Contracted Erythrocytes Shrunken and
distorted erythrocytes are nat uncommonly seen in peripheral
bleod films in certain types of hemolytic anemua Following
mgestion of hemolytic powsons such as acetylphenylthydrazime
contracted corpuscles of lar outhioe are P Fig
&) Swnlarly distorted corpuscles were observed by Brookfield
{1928) 1n acute Jead porsoning by Stats Wasserman and Rosenfield
{1848) 1n hxmolytic anmma due to sulphapyndine and by
Zuelzer and Apt (1949) in snmmia due to naphthalene (moth
ball) porsorang  The cell distortion presumably results from the
direct action of the poison upon the erythrocyte An merease m
osmotic fraphity indicates that the cell surface 15 damaged This
type of erythrocyte distortion, although ty pical of that produced
by some hemolytic poisons may rarcly be observed 1n hemolytre
anema of endogenous orgin eg n the hamolytie auemas

d with methremoglobin and/for sulph lobin
(Fig 8)

Two other probably distinet types of deformed and contracted
corpuscles have been described  One 35 the burf  cell which
Schwartz and Votto {1949) observed in small numbers 1n varnous
blood disorders and in large numbers i urmmua carcinoma
of the stomach and blecding peptic uler The other 1s the
¢ triangular cell * of Dacie and co workers (19.%) which was
found 1n large numbers 1n the blood of a young gurl sulfering from
& chronic hemaly tic apemia associated with uremia and throm
boeytoperia (kig 8} {One or other type of celi or both have
since been reparted 1o scute progressive uremma acute hepatic
necrosis and caruinomatosis by Dacie (1953) and 1n acute urermia
accompanted by hxmolysis by Gasser and Jns collcagues (1905)
Allison (1957) and Aherne (1957) They also oecur 1n thrombotie
thrombocytopeme purpura )
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Jhe author believes that  burr  oclls and  trlangutar  cells are
A unet entitiea though both types of cell may be present at the same
time  Burr cells or  irregularly erenated cells  appenr to be artelacty
produccd on the slide ns the coll dries the) are dillicult to see in - wet
preparations of Wood  Tiz ~ slustrates typieat burr cclls and shaws
stages in their formation  Itiangular cells as fllustmted in Iig 8 have
smoothet outhnes they rarely have more than two spines and may have
none Some nre conspicunusly tnangulir in shape they are slways
microcytes and staln deeply with Romanowsky dyes  Some at least
of the eells have an increased osmotie fraphty They may be readil
seen in  wet preparitions of blood and presumably circulate ns
such in the blood stream  Weticuloeytes are not affected

ure cells thuy scem to owe their origin to irregular crenation tn
witro and triangular cells to fragmentation of adult cells 1n tire ) Burr
eclls are found in a variety of conditions including urzmis and small
numbers can often be seen in blood films of children suffering from a
variety of infective discases They can also be found in blood filmg
trom potients who have undergone splenectomy for any cause It
ts doubtful whether their prescnce denotes inereased hirmolysis
‘Trangular cells are probably always pesociated with Increased harmoly sis
and may be looked upon u3 prehrfiolytic forms  As mentioned above
they are foun in acute progressive uremia {n adults in a hremolytie
urtmic synidrome in claldren and in thrombeotic thrombocytopenic

purpura

The exact patho.enesis of both burr cells and tnangular cclls is

unknown
Schistocytes

The products of erythroey te fragmentation were referred to by
Ehrlich (1891) a5 Schistocyten and by Rous and Robertson
(1917) as  scluzocytes  Such cell fragments are seldom seen in
preparations of normal human blood, AYhen visible in appreciable
numbers their presence 1s good evidence of a hxmolytic process
(Fig 9) Normally it seems likely that any fragments formed arce
quickly siexed out of the eirculation by the spleen (see Robertson
and Rous 1917)

As previously mentioned severe burns cause fragmentation as
well as spherocytosis and similar changes result from heating
blood 1n 1itre (Shen Ham and Fleming 1913 Brown 1016
Ham Shen Flering and Castle 1948) In human patients
the fragments resulting from severc burns disappear from the
errculation within a few hours

The triangular cells referred to above may also be looked upon
as a special type of schistocyte F 150
feature of certain types of congenital haxmolytic anemia ¢ g
hereditary elliptocytosss (Fig 9) and Mediterranean anaxmia
(F1g 8o p 208) Oceasionally m cases of hamoly tic anemia a few
of the erythrocvtes appear as if part of their substance had been
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indented snd pulled outwards by means of a pur of fincers
{Fig 10) Dacre and co workers {31953) obsenyed these * pmcered
cells 1 quite large numbers w a patient suffenng from o
heredifary non spheroey tic hemolytic anemi they wete found in
smaller numbers 1n other types of hemolyticanmmua  Presumably
they too represent corpuscles in the process of fragmentation
Tous and Robertson (1917} observed simlar cells tn normal
sabbit blood and larger numbers i blood from rabbit spleen

‘/Erythrophagocy tosss

Human erythrocytes which have undergone phagecytosis by
monocytes or neutrophuls are rarely found mn blood films Never
theless they have been seen from tume to fime 1n small numbers
m many types of hremoly tic disorder such as those assocnted with
chermeal poisoning septicemia and protozoal mfections and in
hemoly tie diseseof thenewborn paraxy smalcold hemogiobmur
and acquired hemelytic snemia of hoth the warm and cold
aute antibody types (Ing 11) Zinhham and Diamond {1052)
showed that m acqured hemolyhic anesua the number of
phagecy tes containing erythrocy tes mught be greatly mereased if
the patient s blood was incubated tn mire at 37° C for 30 to 120
munutes befare smears were made It seems possible that wx man -
at least phagocytes contamung erythrocy tes are raprdly removed
from ?he arculation  perhaps particularly by the spleen and
lungs { In ammals such as the rat howeter erythrophagocy tosts
in the peripheral blood 15 2 marhed feature of expenmentally
mduced hemolyhie anaamm) (Bessts and Frerxa 19%7) Bonmn
and Schwariz {1851) made 8 detaded stud) of the abslity of

types of antibodies to eause ery T ytosis 1n vetro
It was found that only those antibodies w}uch were capable of
causing hiremoly sis i the y of ly cansed

erythrophagoeytosis '\lonacytes nppe1rcd to be more netie as
erythrophages than neutrophls for the latter only emeloped
corpuscles which had been sensitized by high contentrations of
antibody }

- Ehshich (1891) scems 1o have been the fisst to obserte erythropha
gocytosss s man  He placed a higature sround the finger of a patient
with paroyysmal cold hrmog!obmuna chilled  the finger and
1y found e n blood taken from the
chlted finger Schubmhe and Muller (“'Ju) h'nc recently resuseitated
Thrhch s test by applymgat to a vanety of hemolstie disorders and
exposing the finger to a range of temperatures  In paroxysmal cold
heemoglobmnurit 10 mnutcs at 5 C followed by 10 runutes at 10 C
gare Tise to marked M % ond ery phag: m the
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cold hremagglutimn syndrome 10-30 minutes at 20 C led to marked
hemolysis and o little erythrophagocytosia In nequired hrmolytic
anrmin of the warm auto-antibody type 10 30 minutes at $0
gune rise to o amount of ersthrophagneytosis but no
hzmolysis  In paroxysmal nocturnal hemogloblnurs 10-30 minutes
st 40 C, led to marked hrmalysis but doublful erythrophagocytons
The results which may be obtained using the I hrlich test thus reprodiee
closely what may be observed experimentilly an ratro

Heinz Bodies

Tuess 1n 1882 noticed unusual rounded globules and granules
m the erythrocvtes i potassum chlorate poisomng  Simlar
ntracorpuscular bodies were later deserbed in greater detal by
Heinz {1800) mn the blood of gwinea pigs porsoned with pyrodin
(acctylphenvibydrazine)  Ilenz bodies  are now hnown to be
produced by the action on the blood of a wide range of aromatic
nitro  and amino compounds as well as by norganic oxidizing
ogents such as potassium chlorate  Ileinz bodies may be found
m the absence of anrmia but large doses of all the drugs that
cause Heinz body formation cause hemolysis  Reeent reviews
on Iemz bodies include those of Webster (1919) Buchell and
Richardson (319.0) and Fertman and Fcrlrynn (1900)

Hewnz bodies probably consist of denatured globin derned from
hxmoglobin  The chemueal changes leading to their formation
are complicated and have been the subject of mueh contros ersy
According to Brenner and Allison {1003} inlubation of catalase
mav be & first step or one of the probable steps in the produstion
of Heinz bodies In the case of acetylphenylhvdrazine Beaven
and White (1923) suggested that hemoglobin acts as o catalvst
in the oxidation of the acetyIphenylhy drazine and 1s itself brohen
down in the process  Methxmoglobin 1s not usually formed under
conditions which favour Heinz body formation

A recent noteworthy discovery has been that certain human
erythroey tes produce Heinz bodics as a result of chemienal action
unusually readily both tn rizo and invetro This undue sensitivity
appears to be the basis of the hemolytic anamia whieh occurs
in a small percentage of negro subjects gien the antimalanal
drug primaquinc (Beutler Dern and Alving 19.2) (see Chapter 15)
The mechamsm of the sensitivity is thought to be a lowered
glucose § phosphate dehydrogenase actisity {Carson et al 1900)
A simular or comparable metabolic defect may be the cause of the
relatunely feequentoceurrence of Hemnz bodies in premature infants

VMorphologically Heinz bodies are refractile rounded bodies
often with a sightly irregular contour ranging n size from
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mnute particles to bodies up to 3 pin size (Fig 12) Seseral
small bodies may be present mn the stme cell the largest ones
are usually present singly They are ewsily visihle i unstamned
or wet preparations of blood they stam supraatally with e
range of basic dyes including methyl violet used by Hemnz
himsclf and bnllant cresyl blue However they are not usually
discermble 1in Romanoswshy stained preparations or in bnlhant
cresyl blue stained films fixed in methanol before counterstaimng
They are generally only seen m fully npened corpuscles and not
1 reticulocy tes (but see Dacie (1903 p 401)) In cresyl blue
stmined preparations they stan a distinctly hghter shade of blue
than the reticular flamentous matenial of reticulocy tes

Heinz bodies oceur in the blood i larger numbers aft) \/splenec
tomy (Webster 18918 scealsop 106] Itts possible that corpuscles
containing Heinz bodies are sclectively retained by the spleen or
even that the spleen removes ez bodies from ntact erythro
cytes Congemital Henz body anmmua in man 1s considered in
Chapter 4 (p 19.) and that produced by drugs tn Chapter 15

COMPENSATORY ERYTHROPOILSIS IN
HAEMOLYTIC ANAMIA

In hemolytic anreruia the output of new erythrocytes from the
bone marrow usually increases in step with the increased rate of
h;cmol) sts In this way some smensure of compensation for the

1 In most mst when the
hzmolytic process 1s a chronic one a fairly steady balance between
destruction and formation 1s L‘stnbhshcd at an er) throq te lesel
below the normal 0O and
the patient manages to mawmtam a normal ery throcyte count and
hemoglobmn Ievel In severe hamoly tic states adequate compen
sation may be impossible with the result that the patients rapudly
hecome serrously anmmic

There 15 of course a limt to the numbers of erythrocytes that
can be produced and the amount of hamoglobin that can be
s;ntl\cs\zed daly Crosby and ALemyd (1952) caleulated from
knowledge of the total and mean ery thra
cyte hfe span n cases of hmmolyhc anemia that as much as

8 times the normal amount of b fobin might be produced

aily but no more This is equivalent to as much as 06 g of
hemoglobin per h of body weightdmly e g 42g a?0 kg man

The amount of hemoglobin synthesized datly by & healthy adult can
be caleulated as follows
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'/Thc total erythroeyte volume in health Is approximately 30 ml per
Lz of body weight  If the normal MCHC is %3 this Is equivalent to
WX D90 g of hrmoglobin per by I it Is axumed that 1/120th

of the i I« \} d and renewed daily the

normal dlly production of hrmoglobin 15 then -0 =008 & per kg
Ina~0hg man ths is cquivalent to approximately 58 ¢ daily As
mentioned sbove the matimum synthesis in hrmolytic anymia may
re1ch 6-8 thmes this nmount ¢ Jo—to g dnily (For & discussion of
failure of bone marrow compencation see p 20)

Increase in erythropoiesis 1s brought about by hyperplasia
of the bone marrow The erythroid myeloid ratio 1n the marrow
nses from the normal nvernge proportion of about 11n5to1in 1
1 extreme instances ery thropoietic eells may actually predominate
{Fig 13) The fat cells n the marrow tend to disappear so that
the marrow may become solidly cellular (Fig 14) The volume
of active marrow increnses and red marrow deselops in the long
bones and 1n other sites i adults where it does not normally occur
0 centres of ¢ dullary formation are found (see

p 119)

In children the possibilities of hy perplasia of the marrow are
more limited as nearly all the medullary eavities are normally
oceupied by actise hemopotetic marrow  If the stimulus for

d erythrop 15 ly great hyperplasia may then
result i an netual increase 1n the size of the medullary cavities
In the shull this may lead to an obvious widening of the diploe
Extramedullary foer are possibly more frequent ia ehildren for
the sgme reason

The hyperplasia of erythropoietic marrow 1s reflected in certan
definite changes 1n the peripheral blood picture  These changes
are reliculocytosis macrocytosis and erythroblastema

R ytosis in Haxmolytic A ia The normal range
for the reticulocyte count 1s usually grven as between 029, and
20% 1 adults In hremoly tic anzmia the proportion 1s often as
bigh as 20% occasionally the count 1s much higher and may
teach 70 /, or even more (Fig 15) Although there 1s no very
close corrclation between reticulocyte counts and the degree of
anemua the highest counts are generally found in the more
anzmic patients 1n whom haniolysis 1s usually more intense and
the efforts at compensation consequently greater

Used as an assessment of matrow activity the reticulocyte count
should be related to the degree of nnxemua present at the time either by
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expressing the count in absolute numbers normally about 2> 000-
100000 retreulocytes per cu mm  or by multiplying the observed
percentage by the ratio between the patient s packed cell volume or
hxmoglobin level to the normal 459 or 15 g (Giblett e al  190G)
Sometimes 1 well compensated hzmolyvtic anemia the reticulocyte
count seems to be disproportionately high (e g Tig 15) this probably
means that the crythrocytes are leaving the bone marrow at an unusually
early stage 1n maturation as shown by their heavy reticulum and have
an abnormally long maturation time in the penpheral blood Examples
of verv different reticulocyte counts 1n two patients suffering from
different types of congemtal non spherocytic hemolytic anema who
had almost identrcal erythroeyte life spans are quoted in Chapter
4 (p 190) In untreated pernicious anerma there 13 reason to believe
on the other hand that the erythroeytes remain in the marrow for an
unusurlly long time and lose or almost lose therr reticulum before
entering the peripheral blood (I'inch et @l 19.6) The peripheral blood
reticulocyte count m such cises thus gives 1n underestimate of marrow
activity

Tlollingsworth (19.ub) also made the pomnt that the reticulocyte
count 1s an ble mndex of ery activity In studies on
the rate of ervthrocyte glyeolysis n vanous hemolytic disorders he
found that although the rate of gly coly si1s was usually rusedin assocrition
with rased reticulocyte counts there were some exceptions 1n which
the reticulocyte counts were unexpectedly Jow although the rate of
glycolysis was lngh  Tlus was particularly noticeable m homozygous
Hb C disease

Tadure of Regeneration O Ily the erythroporett
activity of the bone marrow fuls 1in the course of a chrome
hemolytic anema with the result that the reticulocyte count
falls to very low levels A serious increase in anemia may result
Although best known 1n hereditary spherocvtosis (Owren 1948)

aplastic_enses  are now hnown to occur in other hremolytic
anzmas also eg 1 sichle cell disease acquired hemolytic
anermia paroxvsmal nocturnal hemoglobinuria and hemolytie
disease of the newborn

The chan _esinmarrowery w acut have been
described possibly due to the different times 1n the course of the enises
4t which the samples were obtamed Owren (1948) reported the virtual
disappearanee of normoblasts early w the ensis with the marrow then

m

t exclusively of 1c tissue  After a few days
regeneration started primutive cells with basophilic eytoplasnt first
d and then ly bl and

normoblasts Owren (lus Fig 7} a "

and the prevalence of mant procrythroblasts sometimes mult:
d when tart: b b

by Undritz (1949) and Gusser (1957) Dameshek and Bloom (1948)

finding 1t & time Wwhen no reticulocytes were present 1 the peripheral

blood a hyperplastic bone marrow eontamng many pronormoblasts

but no mature normoblasts concluded that the basis of the crists 1n the
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patient they studied was an arrest in the maturation of theerythropoietic
tissue (sce also p 112)

The reasons for acute {teansitory) or chronic marrow failure are
poorly understood Towic or infectis ¢ processes appear to be the
mamn causes of ncute marrow hypoplasia butfin acquired hemoly tie
anzmia damage to the nucleated red cells Ly the auto antibodies
may be the cz\usc) Thc {milure of cryihropmcsus cannot as a rule be
satusfs d for by d of known b
materals However recent studies have shown that deﬁclcnq of
fohie'acid 1s not uncommon 1 cases of hemolytic ancmia (or
leukzmia and alled disorders) and that lly the defi
1s sufficiently great to cause overt megaloblastic chnngc {Chanann
Dacie and Vollin 1909} In such cases gant metamyelocytes
are conspicuous 1n bone marrow films and well des cloped megalo-
blasts may also be present (Fig 17) Mowever although the
reticulocyte count 1n the peripheral blood may be relatively low
the marrow 1s hyperplastic and megaloblastic not aplastic

As mentioned on p 26 the whale question of the erythropoetic
response to heemolysis was considered 1 detail by Crosby and
Aleroyd (195°) They pointed out that 1f the maximum possible
output of hemoglobin by a healthy adult was about 06 g per
Lg perdav 12 about 6-8 times the normal then in theory at
least hemolysis can occur at about six times the normal rate
corresponding with a mean erythrocyte Iife span as low as 20
days without the patient ncccssnnly bccommg ancmie  Crosby
and Akeroyd d the babl lobin output of
patients suffering from \lediterranean anmrmua and permeious
anemia respectively and found that this was far less than 06 g
per kg per day

The same problem was considered by Finch and Coleman (1953)
They studied the degree of erythropoietic hyperplasia m the
marrow the rate of appearance of #Fe in the hemoglobin of the
peripheral blood and the mo?ﬂmlogy of the patients erythrocytes
They concluded that threl typcs of erythropotesis could be

diff d and dyservthro
poiesis  In the compensated type the mass of erythropoietic
tissue was mereased but maturation took place normally and the
erythrocyte morphology was normal except for the effects of the
hazmolytic process In the decompensated type the mass of
erythropotetic tissue mn the marrow was increased but the
maturation of erythroblasts was accelerated and poihilocytes
siderocytes and abnormally large numbers of retteuloeytes
were present in the peripheral blood In patents showing
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dyscrythropolesis the production of erythrocytes from the
marrow fell far short of the marrow s potential eapacity

Turther studies on erythrokineties employmg **Fe and n some
mstances 5'Cr have recently been published Giblett and her co workers
(1956) carried out an elbarate study on nineteen normal subjects and
twenty five anemic patients Their measurements included bone
marrow cellulanty (erythrtoid  myeloid ratio) reticulocyte count
fxcal urobilinogen (expressed as the absolute daily excretion and as mg
per g hemoglobin per day) plasma half clearance time of #Fe plasma
won turnover and ery 'yt af won On the
basis of their data they ble tod four g f marrow
function (a) hyperfunction (b) relative hypofunction (c) faillure and
(d) dysfunction = Seven cases of hemolytic anemia were studied all fell
1nthe marrow hyperfunction categories patients with pernicious anema
or Cooley s an®ema fell in the marrow dysfunction group

They alsa distinguished between lal erythropotesis and effective
erythropoiesis the plasma 1ron turnover frcal urobilinogen excretion
and erythrod myelod ratio were taken to be indicators of total
erythropoiesis and the reticulocyte count red cell utilization of radio
active 1ron and erythrocyte Iife span measurement reflections of
effective erythropolesis

Effective  erythropotetic actistty thus represents the production
of erythrocytes which have a measurable life span 1 the peripheral
blood while the total activity includes effective activity plus
erythroblast proliferation and/for hem synthesis not resulting 1n viable
erythrocytes The data of Giblett and her co workers 1n hzmolytic
anema mdicate that erythrocyte production may be mncreased 4-8
times Giblett and her co workers pomnted out that the maximal
rate of erythrop 15 found m cases of h: lytic anerua
which suggests that time may be an important factor in achieving
compensation In anemia of short duration as in zcute blood loss
blood production may only reach 2-3 times the normal even 1n the
presence of adequate 1ron stores while in  secondary anzmuas such
ag those in assceiation With cirrhosis leukemia uremia 2nd arthritry
marrow dysfunction 1s usually at least as rmportant as hemolysis
the pathogenesis of the patient s anzmia

Bothwell Callender Mallett and Witts (1926) have also reported
extensive data on erythroporesis based on studies carried out with

®wFRe FEight patients with hemolytic ancma were included in therr
sertes The plasma wron turnover was mcreased 1n all of them but the
erythroeyte utiization of **Fe was variable

Bothwell Hurtado Donohue and Finch (1957) using ®Fe have
published further extensive data The subjects studied included fourteen
normal subjects sicty seven patients with blood disorders and four
with They d (a) that the plasma ron

turnover 15 not affected by the rate of erythrocyte destruction and 1s

only affected to a lumited extent by the body stores of iron (8) that 1t

reflects the degree of erythropoictic activity bemng mereased in marrow
hyperfunetion to 3-6 times the normal and (¢) that it 1s inereased too

1 marrow dyshzemopotests yhere 1t 1s 2 measure of total erythropoiesis
yather than & measure of the production of viable cells
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Studies with radioactive iron thus provide useful information on
erythropotesis and in cises of hemolytic anemia they may help to
explan a degree of antmi not satisfactonly explamned solely on the
degree of hemolysis The ability to carry out combined and not
successive studies using ®Fe snd ¥'Cr is an adsvantage Techmenl
details of methods nre grven by Weinstein and Reutler (1900) Joske
MeAhster and I rankerd (19,6) and Mitchelt Spencer and hing (19.7)
‘The whele coneept of relative bone marrow fulure is suceinctly res fewed
by Moore (1057}
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Fic 16 Frythrocste dameter distnlution curve (1 nice Jones
curve) made from o dned penipheral blood flm of a patient
suffering from hereditary non spherocytic hemolytic anrmia
(Type IT) (Case 1 of Dacre et al 19.3) MCD =8 T SD

=077 p. The thin outhnes mdicate the maximum and
mimmum normal curves

Macrocytosis  An increase 1n the average size of the
erythrocytes n, the penpheral blood seems to be a regular
of d eryth whether this 1s a

response to hrmorrhage (Lehmann 1949 Wintrobe 1921) or to
hemolysis (Dameshek and Schwartz 1910) The cause of the
macrocytosis 1s the cells are | bly dersed from
ly large bl (Dacie and White

1949) The 'y 15 1l P d by an d
Proportion of reticulocytes m the peripheral blood but the high
proportion of reticulocytes present cannot be the whole explanation
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for the macrocstosts for the fully mpened corpuscles are also
mostly farger than normal This increase m size 15 reflected 1n an
crease 1n mean cell diameter as well as 1 an increase 10 mean
cell valume (Fig 16) Observations on the mean ecll solume of a

Table 1
Mean Corpuscular 1 olume (MCV) Mean Corpuscular Heemoglobin
C {MCIIC) and M I Counts 1n ¥ ariony
Types of Congenstal and Acquired Hoemol jtic Aneerma

Teticulocytes
MCY et (maimum
Type of hemolytie (cu p) (/) count)
anxmia /)

Range {Mean| Range |Viean{ Range {\fean

Hereditary splhierocytoss] 70-100 | 8% ] 32-10 |36 4] 341 |1.1

(12) (32) (48)
Hereditary
non spheroevtic
hemolytic ancmia
Type I (13) 76-119 | 200 { 28-34 {1 2|3 =23 {11 8
Type IL (2)* 111-156 | 132 | 2713 |30 8] 40-7. |6

Tdiopathie acquuired

hemolytic anema
‘Warm antibody type
(12} 88-140 | 111 |7 539 |3- 7| 87 (28 4
Cold antibody type {6)| 00~129 | 110 | 26-38 |33 0] 1-16 |10 7

Parovysmal nocturnal
hemoglobinunia (12) 89-145 | 118 | 28-33 |30 5] 15 .2 4

Normal range 76-96 86 ] 82-20 |33 0 2-2 O}

The mumber of patients studied 1s indicated by the number 1 parentheses
* After splenectomy

series of patients with hemolytic anrmia nre ginen i Table 1
Where there 15 conspicuous spherocytosis the contrast between
the macrocytic reticulocytes and spherocytic fully mpened
corpuscles 1s often most striking

Erythroblastzmia Normoblasts are not infrequently present
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ki 17 Ttotom rograj! of a M'im of sternal marrow of & patient
suff ring from id ¢f ath ie acq ured Femehtie snemia (wanm
antibods tvpe) Two int rmed ite mepal Hists can be seen
{at left of centre) anl on  mant meta mvelsmte (at n bt of
centre) < 96 {kro 1 Clanarn D ceuni M 1n(19 9))
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Fic I8 I holomiero vapl of » blood film of a patent suffering
from 1diopathuie acquired hemolytie anmmia (warm antibody
type)  Hemohsis persisted after splencctormy  Numerous

! and a single erythroph are present X 400
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1ic 10 }hotomicrogragh of normoblasts and ers throey fes stamed
by lerlss reaction te show sderotic granules {top iwe
rons) ani stamed by Jenner Giem a stan to demonstrate
Pappenheimer bodies  (bottom rov ) (From Douglas and
Dacte 10,3) X 1000
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in the peripheral blood of patients with hemolytic anema
Usually however there nre less than 1 per 100 leucocytes In
peneral the higher the reticuloey te count and the more anxmic
the patient the more frequent are the normoblasts In young
children however e throblastznnamay be a well marked feature
n manv types of hemolytic anemin  particulatly 1s this so in
hemolytic disease of the newborn  In adults the presence of
large numbers of normoblasts should cause the obsemver to
reconsider the diagnosis of a  primary  hxmolytic ancma
Towever 1tisnot to find blasts in the
peripheral blood of patients suffering from acquired hemolytic
nnxmia of the auto-antibody ty pe in whom hamoly sis has persisted
at & rapud rate following splenectomy (Fig 18)

Slderocytosls

Siderocy tes are erythrocytes contmming granules giving Perls s
Prussian blue reaction for 1onized ferne iron They were observed
by Gruneberg (1941a b) 1 small numbers in normal rat mouse
and human embryos and in large numbers in mice with a congenital
anemia {Gruneberg 1912) They were first recognized 1in adult
human blood by Doniach Gruneberg and Pearson (1933) It s
now realized that although siderocytes are not present in the
penipheral blood of chuldren or adults in health except possibly
n extremely small numbers (<001%) they are present in the
eord blood of newborn lnf'mls and sn the penpheral blood 1n &
wide range of blood d larly after
{Douglas and Dacie 1903) Siderotic granules at any rate those
demonstrated by the simple HCl potassium ferrocy anide method
do not indieate a hemolytic process nor does their presence
sndicate a dying cell (¢f Case 1915) on the contrary the granules
appear in det eloping erythroblasts at the same time as hemoglolin
1s being formed (Gruncberg 1932 Dacie and Domiach 1947)
The silerotic granules stan also with Romanowshy dyes and
when stained 1n this way were referred to by \lc]-udu:m and Dawvis
(1047) as P bodies (P
Parker and Smllh 1915) (Fig 19)

Thenerdence and sigmificance of stiderocy tes were briefly touched
upon by Dacie and White (1949) 1n a review on erythrapolesis in
general they suggested that a proportion of the wron which
normally enters the ham moleculé 15 concentrated in Joer 1 the
cytoplasm of the developing normoblast 1n a relatisely free form
Douglas and Dacie (1958) later published datn based on the study
of the penpheral blood and bone marrows of a relatively large

DACTE 3 HEYOL. ANENLIS—2
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sertes of normal subjects and patients with a variety of blood
disorders including heemolytic anemuia Therr findings may be
summarized as follows “a few small rron contaimng granules may
be recognized 1 a large proportion of the normoblasts of normal
bone marrow  a small number of normal marrow reticulocy tes are
siderocytes but very few 1f any of the reticulocytes of the
peripheral blood The proportion of normoblasts contamning 1ron
les 15 d and the granules may be 11
and large 1n diseases where there 1s a defect 1n hemoglobin
synthesis or erythropoiesis In iron deficiency on the other hand
1ron containing granules are absent from the normoblasts The
presence of iron contamning granules 1n normoblasts 1s thus a
normal phenomenon It appears that more 1ron 1s taken into the
ery throblast duning hemoglobin synthesis than can be immediately
ncorporated into hem and that this excess 1ron may be utihzed
during the later stages of normoblast mpemng and dunng the
early reticulocyte stage ¢

Siderocytes are seldom scen 1n the perrpheral blood 1n patients
with blood diseases except after splcnécmmy when they may
often be found sn very large numbers Splenectomy does not
appear to cau e any increase m the numbers of erythroblasts
containmg ron granules in the marrow nor could Douglas and
Dacte demonstrate that the spleen filtered off siderocytes from
the circulation as has been claimed (McFadzean and Davis 1949
Pune 1952) Douglas and Dacie found the highest siderocyte
counts 1n the peripheral blood of patients with high reticulocy te
counts which had, persisted after splenectomy or of patients
suffering from defects mn heemoglobin synthests who had undergone
splenectomy (Fig 9o p 228)

Crosby (1953) suggested that the spleen 1n some way removes
siderotic granules from erythrocytes withont actually destroying
the cells He transfused blood contammg many siderocytes
obtamed from a patient who had undergone splenectomy mto
a reciprent who had a normal spleen and tound that the siderotic
granules disappeared within 8 hours although the transfused cells
were not destroyed 1In a later paper Crosby (1957b) deseribed
six experiments In four of them blood contmming many
siderocytes was transfused to recrptents with ntact spleens
withm 4 hours more than half the siderocytes had disappeared
although the transfused cells had not apparently been destroyed
to any appreciable degree Two other recipients had undergone
splenectomy 80% of the siderocy tes and 90% of the transfused
cells were still present 24 hours later




StnerocyTosts 85

»// Crosby s experiments indicate without doubt that the spleen
has the remarkable property of removing siderotic granules from
erythrocytes without actually destroying the cells  Whether the
spleen remoses the granules ntact as suggested by Crosby or
1n some way accelerates their metabolism within the cells as
suggested by Douglas and Dacic (1923) remains to be seen

Aore recent papers on the siderocyte problem include those of hapln
Zuelzer and Vouniquand (1034) Morse (1900) Bessis and Breton Gonus
(1920 1957) and Mounquand (19.8)

haplan Zuelzer snd Mounquind (1924) studied 155 infants and
children including htmatolomeally normal suljects Bone marrow
was aspirated from the ilie crest or tibwa. They confirmed that normo-
blasts contaimng stoinable granules of iron (which they termed

stderoblasts ) were demonstrable in the bone matrow in health and
that thev were onlv absent in jron-deficiency states associated with
hypoferremia Twenty seven of theit patients had hemolytic anzemia
of one type or another The percentage of sideroblasts tended fo be
higher than normal and in some but not in all the size and staming
intensity of the granules appeared to be shghtly greater than normal

Morse (102.) studied the bone marrows and penphera! blood of
{? adult) patients sulfering from a vanety of chronic diseases and blood
disorders and correlated the proportion of normoblasts in the marrow
contatning siderotic granules with the stamnable marrow iron and the
serum won level He also confirmed that the proportion of 1ron
containing normoblasts was low in hypoferremia and found unusually
Iigh numbers in dyshemopoietic sntmias such as pernicious anemia
thalassemia and erythremic my elosis

Bessis and Breton Gorus (1956 19.7) studied the siderotic
granules of erythrocytes and normoblasts by electron microscopy
They found that they consist of collections of very fine dense
granules 40-100 A i diameter These granules disperse
throughout the cell in the course of hremoglobin synthesis They
appear to be absorbed as such into the erythroblast eytoplasm
from adjacent lum cells In the hemoglot and
exy lead 4 bers of the minute
granules were visible 1n masses or as a diffuse dust

Mouriquand (1928) 10 a recent review discusses the morphology

el

and £ of the sideroblast and th

SPECIAL LABORATORY TESTS USEFUL IN
INVESTIGATING THE HAZMOLYTIC ANZEMIAS
The tests to be described i this section are the osmotic and

mechanical fraphty tests and certain serologieal procedures
‘They will be dxscussad mn general terms only with particular
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to their fi i duag Further details will
be given Inter when the varous types of hemolytic anzmia are
desertbed  Techmeal details are given by Dacie (1956)

Osmotic Fragility

The ntroduction of the fragility test mto clinical laboratory
practice scems to have quickly followed the pioneer observations
of Chauffard (1907) on the decreased resistance to hypotonic salt
solutton of the erythrocytes in  lictére congemtal de I adulte
(hereditary spherocytosis) Although the correlation between &
reduction in the diameters of mammalan erythrocytes and
ncrease in osmotic fragility had been demonstrated by Vallery
Radot and Lhéntrer m 1919 1t was not until Haden s (1934) paper
that increased osmotie fragility was satisfactonily correlated with
spherocytosis  Other confirmatory publications followed (Castle
and Daland 1937 Dacie and Vaughan 1938) and 1t 15 generally
held to day that erythrocyte shape 1s 2 major factor 1n determining,
osmotie framhty In Sharpsteens (1955) view however it 15
an increase 1 itracellular protern osmotic pressure rather than
cell shape that is responsible for the raised osmotic fragihty m
hereditary spherocy tosis
+ It 15 quite clear that mcreased osmotic fragihty 1s not the
monopoly of any particular type of hemolytic anerua  Defimte
ncreases m fragility are found 1n hereditary spherocytosis (almost
mvanably) m auto immune hemolytic anzmia (most patients)
1 hzmoly tic disease of the newborn due to anti A (less commonl;
m sensthization due to anti Rh) mn h-emolytic anzma due to
chemical porsonmng and 1 severe burming etc zé m just those
cases 1n which spherocytosis 1s usually obvious in blood films
However 1t should be added that sometimes deviations from the
normal are shght and that a carefully standardized techmque 1s
required to detect them Osmotic fragihty 1s almost normal or
normal 1n most cases of secondary or symptomati hzmolytic
anemia and 1 paroxysmal nocturnal hemoglobmuna In
Mediterrancan anmmia sickle cell anemia and m other allied
disorders there 15 ch astically an d to
hemolysus with or without a small proportion of unusually fragile
cells

A number of vanants of the osmotic fragility test have been
ntroduced from time to time Some of the vanations are technical
ones and are concerned with such things as the way m which
hemolysis 1s measured the proportion of blood added to salme
and whether the tonierty of the blood saline suspension 1s corrected
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for the amount of blood added and for alteration in pH (Emerson
etal 10,6) Other vanntions have tvolred the use of unusual
hemolysing solutions  for nstance Dhicksten and eo workers
(1949) employed n addition to simple hypotonie saline solutions
of gly cerine and thiourea sn hypotome saline The smportant thing
15 for the test to be carmed out 1n as completely a standardized
way as possible The author has used a slight modificatson of the
method of Parpart and co-workers (1947)  The range of results
1n health based on a study of 30 adult men and 22 adult women
18 given below {Table 2)

Table 2
Vormal Range of F rythrocyte Osmotic Fra, lity®

VAT , Lysls
030 07-100
0 3. 00— 00
0 30 0= Da
04 v= 4
0 50 o- 6
055 o

Vedsan corpuscular fragihty (MCT) = 0 $0-0 41, NaCl

¢ Based on cbservations made on 30 henlthy adult men and 22 healthy
adult women
e tests were carned out st 20 C.andsotpliv4

Recording the Results of Osmotic Fragility Tests Most
worhers have not been content to record merely the highest
coneentration of saline at which hxmolysis 13 just detectable
{ mmtial lysis or munimum resistance) and the highest concen
tration of salwe i wluch hemolysis appears to be complete

Iysis or It 1s ad o
at least to record 1n addition the concentration of saline causing
50% lysis {median corpuscular framhty (MCF) Vaughan 1937
Dacie and Vaughan 1938) Itis worth while too when a range
of hypotonic solutions has been used to construct a  fragphty
curve by plotting on graph paper the percentage of hemolysts
in each tube agamnst the corresponding concentration of salt
solution In normal subjects an almost symmetncal curve of
sigmod shape1s obtained (Fig 20) Indisease however deviations
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Frc 21 AsFig 70 except that the observations on osmotic fragility
have been plotted on anithmetical probability paper
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from the normal t pe of curse are found the curves for instance
may have long tails  due to the presence of a small proportion
of sery fragile cells or intermedaate forms may be found The
taled type “of curse 1s commonly found in cases of hereditary
spherocytosis before sp]encctnmy (D'xcnc 1943)

Two other simple al ve of ding the results
quontitatively are avalable the data may be plotted on
probabihity paper (Hunter 1940 Parpart et ol 1947 Crawford
Cutbush and Volison 10,8) or increment hzmolysis curves
can be drawn (sce below) Both methods emphasize any hetero-
geneity in the osmotic fragihity of the cell population should this
be present  1f the obseryed amounts of hemoly sis are plotted on
the probability scale against 1ons of saline an almost
stmxght line can be drawn through the points in the ease of normal
blood there being shewness only where hxmolysis 15 becoming
almost complete (Fig 21) This method enables the MCF to
be read off with ease In disease  taled curves resultin varying
degrees of shewness at the other end of the probability plot as well
(Crawford et al 1853) (Fig 21)

Increment hxmolysts curves were drawn by Momighano-Lev:
and Bairat: (1935} Suess et al (1918) and by Bolton (1949) (Fig
22) With this method the differences n hremolysts between
adjacent tubes are plotted agamnst the corresponding saline
concentrations defimtely bimodal curves may be obtamned for
mstance dunng recovery from a hxmolytic episode  Emerson
and co worhers (1928) have used a modified increment hiemoly sis
plot in extensive studies on erythrocyte osmotic fraglity in here
ditary spherocytosts They plotted the increment of hmmolysis
on an anthmetical scale as ordinate against the corrected tomarty
as abscissa using a negative logarithmie seale By this means an
almost symmetrneal distnbution 13 obtained using normal blood

The relative cells and mature

erythroeytes has been s mb]cct of some controversy Stephens (1911)
thought that the reticulocytes of the dog were less fragile than mature
cells Cruz Hahn Bale and Balfour (IDH) however also working with
dogs reached the opposite conclusion Using erythrocytes tagged with
radioactive iron they concluded that cells newly dehivered to the
crculation were mathedly less resistant than other older cells and that
this dufference disappeared 1n 3—t days They also obtamed an indicition
that very old cells might be more resistant than usual Simon and
Topper {1957) have remvestigated the problem in man also using
radioactive 1ron as a label They concluded that two populations of
young cells can be separated on the basis of their osmotic fraglity the
majonty are more resistant but there 1s 1 addition a small fraction of
fragile cells After 4 months they found that most of the tagged cells
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were 11 the most fragile fraction Prankerd (1958) also using radioactive
wron reported that young cells were shghtly less fragile than old cells
and that the difference was sccentuated by previous mcubation of the
cells 1n their own plasma for 24 hours at 37 C

/
60
s0

40

¥1c 22 Increment hemolysis osmotte fragiity curves from
patients suffering from (a) sichle cell disease (x X
3) anwma_ ( )

jo] tary
spherocytosts (@— — —e) and (d) idiopathic acqured
hemolytic anemia (warm antibody type} (+————+)
Drawn from the same data as are Qlustrated 1n Fig 20

Osmotic Fragility after Incubation Recently certam
workers have estimated the osmotic fragility of the erythrocytes
after the blood has been meubated for 24 hours at 37° C  (Young
1947 Emerson Shen Ham and Castle 1947 Varad: 1951 Young
Izzo and Platzer 1951 Dacie et al 1953 Selwyn and Dacte
1954) Under these circumstances erythrocytes from patients
with | Y sp tost: Iy undergo a greater increase
m fragiity than do normal cells By this procedure 1t may be
possible to differentiate more clearly between patients with
hereditary spherocy tosis of the mildest degree and normal subjects
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100) Dacie and s co workers {1933) found In certamn

congenital non spherocy tie hwmoly tic anemtas that the fraglity

O HOWRS

%

8

40

40

20

""'\l'i-;;;-?,\

24 HOURS

©

Fic »3

@2 03 ©O4 O5 ©0s O©7 O©O8
% NaCi

© hours) and blood incubated for 2% hours at 37 C. (24 houl!)
The patients lul!ered from (a) hereditary spherocytosis
(4
anzma (Type x o) and (c) ﬁmmmry Hon
spherocytic mmo'nyne anerma (Type 11) {® .)
respectiely | The shaded areas represent the notmal

rught inerease by an abnormal amount as the result of incubation
despite the fact that the fregmility test carned out before incubation
gave a normal result (Fig 23} The changes following ineubation
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0 other types of hwermolytic anemia have been less thoroughly
studied but some observations are referred to later in the relevant
chapters The range of results which may be expected with normal
blood when tested by the author s method {Dacte 19.6) is grien
below (Table 3)

Table 3

Normal Range of Lrythrocyte Qsmatic F ra,iuty* After Incubaion
of the Blood for 24 hours at 37 ¢

/ Nakl f / Lysis
020 9o-100
030 8.~100
03 75-100
¢ 16 65~100
045 5o 00
0350 10~ 8>
085 15~ 70
060 0- 40
0 6o b~ 1
070 o 5
07, [

08, o

Medan cospuscular fra,ility (MCF) = 0 16.-0 5909 NaCl

* Based on observations made on 24 healthy adult men and .1 h althy
adult women
The tests were carried out at 20 € and at pII 74

The nature of the changes which cause duniushed resistance to
osmotie Jysis as the result of storage of whole blood or erythroryte
suspensions = Tiro hins been closely studied Jaffe and co workers
{19~} showed that the addition of varous nucleosides to meubited
ery ytes the cells to osmotic fremolysis  They
concluded that their observations support the hypothests that the
mmntenance of the structural integmty of the cell 1s dependent on the

d p ton and utthzation of energy by the eell

Autohemolysis
Yhen normal defib d blood 1s bated under stertle
conditions at 37° C lttle or no Ksis takes place in the first 48
hours thercafter autohzmolysis develops quite rapidly The
evact sequences of changes which precede lysts are not yet fully
known It 15 hnown howeser that if the glucose concentration
d the rate of b lysts 1s Iy marledly sloned

1S
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(Selwyn and Dacie 1954) Dacic (1941) 1n carly studics showed
that in cases of hereditary sphierocy tosis the rate of autohemolysis
was sigmfieantly increased and maght take plice at 5-10 times
the normalrate Hefound too that there was a general correlation
between the osmotic fragihty (of umncubated blood) and the
subsequent rate of Jysis on mncubation the most fraple samples
undergoing the most rapid lysis Blood from patients with equired
hemolytic anemia and spherocytosis may similarly undergo
relatively ramid autohemolysis (Dacte 10.0a)

These results have been \ d and ded
1n more elaborate studies by Selwyn and Dacie {1954) by Young
and his co-worhers (1906) and by Verloop and Bakher v Aardenne
{1958) (sec pp 100 and 132) The addition of glucose was found
to it hemolysis markedly 1n hereditary spherocytosis
slthough 1t did not restore the rate completely to normal 1n other
hzmolytie anzmias the effect of additional glucose was more
varable (sce pp 157 and 182)

Young Jzzo Altman and Swisher (1056) showed that mannose
and the nuelcostdes adenosine guanasme and mosine were also
effective 1n reducing the rate of hamolysis in heredstary sphero-
cytosis They also dealt in detml with techmeal factors and gave
normal ranges

Some of the author s own observations are summarized in Fig
24 which illustrates the effect of glucose on the autohaxmolysis
of normal blood and on the blood of various types of hereditary
hxmolytic anemua  The range of sutohTmolysis 1 health after
24 and 48 hours 1ncubation and the effect of glucose thereon
based on observations made on the blood of 31 adult men and
21 adult women are tabulated below (Table 4)

Table £
Normal Rang¢ of Aulohemolysis®
/ Lysis .
1 hours 48 houry

Without added | Vuith added | Without added | Waith added
lucose glucose glucose

00,05 004 041, 00304

* Bascd on observations made on 31 healthy adult men and @1 }ealth:
adult women Defibrinated blood was mcuhau:d)l'n 2wl volumes under eltu e
conditions at 87 C Lach test was carmed out in duplicate
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m other types of hemolytic anema have been less thoroughly
studied but some observations are referred to later i the releyant
chapters The range of results which may be expeeted with norral
blood when tested by the author s method {Dacze 10a6) 33 gven
below {Table 3)

Table 3

Narmal Range of Lrythroeyte Osmatie Fragiliy* After Incubation
of the Blood far 24 hours ot 37 €

/Nt J Lysis
020 2a-100
930 8a-100
033 73-100
610 6~100
045 55~ 9a
G50 40— 85
255 15- 18
08 0~ 40
06 0 10
00 o 5
070 I
085 0

Medizn corpuscular feagelity (MC1) = 0 460 5509, NaCl

* Based on observations made o 2o healthy adult men and 21 healthy
adult women
The tests were carsied out at 20 C asdatpli~4

The noture of the changes winch cause duminished resistance to
osmotic lysis as the resalt of storage of whole blood or erythrocyte
suspensions 1 titre has been closely studied Jaffe and co workers
(1807} showed that the addition of varions nucleosides to eubated
erythroeyt: t

o the cells 10 oamotse h by They
concluded thrt thewr observations support the hypothesss that the
mamntenance of the structural integrity of the cell 1s dependent on the

d prod; and of energy by the cell

Antohaemolysis
Vhen normal defib d blood 1s bated under stenie
conditng at 37 € bitle or no lysis takes place m the fiest 45
hours thereafter sutohemolysmis develops quite rapdly The
exact sequences of ehianges which precede lysis are not yet fully
Lnown Itis known however that if the glucose concentration
15 mamtaned the rate of hemolysis is ormally markedly slowed
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Spherocytosis 15 not the only ecause of an accelerated
spontaneous lysis of blood hept under stenle conditions n viro
In p g with heer _cl Is such as acetylphenyl
hydrazine the same phenomenon may be obseryed {see Chapter 15)
and this 1s also true of paroxysmal nocturnal hemoglobinuria
In the latter discase spontancous hamolysis win vilro 1s most
characteristic and oceurs rapidly major degrees of lysis often
being visible within an hour or so It 1s best observed in clotted
blood—hxmeglobtn will be scen to diffuse from the clot into the
surrounding serum—rather than 1n defibnnated blood or blood to
which anticoagulants have been added In defibninated blood
Iysis 1s largely inhubited by loss of carbon dioide and consequent
nse m pH and 1 1fin may
uthibit the hmoly tie reaction entirely

Crosby and Benyamen (199, 10,7) have described a further abnormal
bemolylic system lewding to inereased autohrmolysts This system
13 found 1n the blood of some patients with leukenua lymphomata or
ather disseminated neoplastic diseases 1t depends apparently upon an
abnormality in the pla ma which brings about hemolysts in the presence
of calum L way enhanced by aerating the
blood rasing its pH z glucose ing the
of calerum heating the serum at 60 C for 30 minutes resuspending the
ncubating cells after 10 hours 1ncubation or mcreasing the depth of
the meubating erythroeyte column €The effect of oxalate m whubiting
the abnormal hemolysis distinguishes thus system from that causing
imnereased autohmmolysis in hereditary spherocytosis Crosby and

(1927) d that an ery y I reaction was
involved and suggested that the neoplastic hamolytic system mught
be_ o perversion or intensification of a normal response to incubation )

Van Loghem Mendes de Leon and van der Ilart (190) have further
modified the autohmmolysis test so as to compare the hemolysts of
normal erythrocytes in normal serum with that in the patient 8 serum
They state that n this way a ytic factor of non
onigin may not tnfrequently be demonstrated 1n o vancty of hrmolytic
encrmias and occasionally o other diseases The signuficance of these
observations like those of Crosby and Benjamin (1947) 19 obscure they
certainly deserve further study

An d rate of h 1 thus may be due
to several causes amongst them spherocytosis either congemtal
or acquired the effects of certan chemucals and the abnormality
of p 1l nocturnal h lok The ph 18
clearly a nonspeeific one If hemolysis 1s accelerated the
observer 1s entitled to consider 1t as a valuable pointer to a
hzmolytic process but nothang more The hest remistance test
of Hegghn and Maier (1044)1s discussedin Chapter 16 in connection
with the d of 1 1P Lok

P
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The rate of autohemolysis 15 most convemently studied using
defibrinated blood However, the essential differences between the
behaviour of normal and pathological erythrocytes are not altered
m the presence of anticoagulants (Dacie 1941 Caroli e2 ol 1949)

JLvsis
WITH ADDED GLUCOSE

a8

OO0l 0025 005 OF 035 05 t0~ 25 50 10 25 50 100
Jursis
4BH  WITHOUT ADDED GLUCOSE

Tie 21 nﬁm of added glucose on autohrzmolysls in hereditary
non

nnd nogmal subjects
plot. represents the amount of lysis developed after

48 hours P meubation at 87 C with and wthout a0ded plucose
y before (19

patlents)

y after (1
 patients)

anEmi

Type I before splenectomy (11 patients)
a= anzma
_ Typel hter s sp]enectomy (3 patients)

anzma
= Type Tt Ytter tplenectomy (2 patients)
o+ == normal subjects ("1
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‘useful 1n hereditary spherocy tosis—where the mechanical framihty
may be mncreased although the osmotic fragihty test (before
mcubation) gives normal results 1n certamn cases of acquired or
secondary hxmolytic anxmia, and also 1n chrone hyperbiliru
binznua with normal hver function

SEROLOGICAL TESTS

In the acquired hemolytic anxmias the demonstration of
abnormal antibodics on the surface of the patient s erythrocytes
or 1n s serum has proved to be of great diagnostic importance
Only a bnef gencral account of the methods of demonstrating
the nntibodies will be undertaken at this stage Further details
arc gven in Chapter 9

The Direct Antiglobulin Reactlon (Coombs a Test)
When auto antibodies are playing a part 1n bnnging about
erythrocy te destruction 1n riro 1t 1s probable that the patients
washed erythrocytes will nearly always if not always be found
to be agglutinated by an anti human globulin serum s.e  the
direct antiglobulin (Coombs) test will be posittive  Thus test was
mtroduced by Coombs Vourant and Race (1945} as a method for
! Rh bod| The same prineiple had
been emplo)cd many years previously by Morescht (1908} who
demonstrated that erythrocytes sensitized with heterologous
sera could be agplutmated by antibodies formed agamnst the
heterologous protem  Tlis work however had been forgotten
The test as re introduced by Coombs Mourant and Race deteets
mcomplete antibodies wluch lack the property of causing direct
agglutination i tatro  If cells which have adsorbed tiis type of
antibody are washed 1 several changes of saline 5o as to free them
from surroundmg plnsma or serum then they will be found to
be d 1t ded 1 an anti human
globuhn serum (Coombs s scrum) Thus can be cons entently made
by mmmumnzing a rabbit against human serum (see Dacie 1926)
The anhglobulm test has pm\cd to be & very sensitive one 1t
1s capable of dies of many dufferent
specifieities 1ncluding those of acquired hxmolytic anema
The scnsm\'y of the method however creates mtfalls 1n
mterpretation ¥"The first thing that has to be sad 15 that the
antiglobulin test detects protein adsorbed to cells and that a
positive reaction does not necessarily mean that the cells are
coated with antibody protein There 13 for nstance ewidence
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Lysolecithin Fragility

The measurement of the resistance of human erythroey tes to solutions
of lysolecithin was used by Singer (1937 1910) and by Gripwal} (1938)
1n the investigation of cases of hemolytic anemm  Smger and Grpwall
found that whereas the{resistance to lysolecithin® was definitely

1 cases of y sph ytosis 1t was normal in sympto
matic types of hemolytic anzmra even though esmotic resistance was
diminished ) The test has not been widely applied The dimintshed
resistance of hereditary spherocytes was confirmed by Maer (1947)
who however observed reduced lysolecithin resistance 1n a patient
with splenic vemn thrombosis 1n whom osmotic fragiity was almost
normal Foy and Iondi (1943) found that the resistance to lysolecithin
of the erythrocytes of o patient suffering from blackwater fever was
diminished although the osmotic framlity was normal The sigmficance
of these observations 13 not known If the test reilly 13 capable of

jdxﬁerentmtmg clearly between hereditary and acquired spherocytes 1t
deserves to be more widely used

Mechanical Fragility

Normal erythrocytes are susceptible to mechamcal trauma

and may be readily lysed wn titro by shaking with glass beads
Increased susceptibthty to lysis has been observed mn certan
pathological states and if the test 1s performed quantitatively 1t
can be used 1n the nvestigation of hematological disorders (Shen
Castle and Flemmg 1944 Young Izzo and Platzer 1951 Dacie
et al 1953 Schaub and Maler 19.6)
/Spherocytes sichled cells and agglutinated corpuscles have
been shown to have an d ptibility to merk 1
trauma but poikilocy tes do not seem to be especially fragile unless
spherocytic The mechanical fragiity of incubated erythrocytes
15 increased more or less parallel to their osmotic fragihity (Matthes
1950 Young Izzo and Platzer 1951) Goldbloom Fischer
Reinhold and Hsia (1953) have reported that the mechamcal
fragility of the erythrocytes of newborn mfants 1s almost double
that of older children or adults Wagley and Lowe (1956) found
that the addition of choline esterase inhibrtors did not affect the
mechancal fragihty of human erythrocytes

The mechanical fragihity test although 1t p: di it
mformation secms hardly likely to be used as a routine labaratory
method The actual techmque needs careful standardization
and the fact that several different types of erythrocyte abnormality
lead to an 1 d ptibility to J; 1 trauma reduces
1ts diagnostic value Schaub and Marer {1958) with expenence
of aver 500 tests on patients with various diseases including blood
and Irver disorders concluded however that the test1s particularly
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amounts of human y globulin a feature which distingnshes them
from the reactions of most of the warm antibodies found in aute
immune acquired hemoly tie anemia (see Chapter 9)

In connection with positive reactions given by normnl cells it should
be pomnted out that slowly developing weak inatl
as a rule in well-diluted serum is not Wath
suspensions oh an opalescent tile this ks not asa rule evident to the naked
cyeundernt least 7 minutes and for practical purposes is usually ignored
Howerer the agplutination is probably real and appears to refresent
an interaction between globulin {of uncertain nature) normally adsorbed
to the erythrocyte surface and the antiglobulin serum

Boursnell Coombs and Rizk (1943) using antibocies tagged with
1] showed that the amount of lodine non specifically adsorbed might
exceed that adsorbed as the result of the speaille combination of
Rh positine cells and anti D antibedy sithough the latter reaction
alone gave e strongly positis e antiglobulin test. Stratton and Richardson
Jones (1955) hav e hown that diluted antiglobulin serum will agglutinate
normal erythrocytes 1n & capillary tube inclined at an angle of 4.
and that this agglutination can be gbolished by either first absorbing
the diluted serum with a large volume of normal eells or by adding
yglobulintoit They concluded that a globulin Like antigen is normally
present on the surface of normal erythrocytes It is presumably this

antigen  which 13 responsible for most of the = filse poutise
Teactions given by normal cells using the orthodox tile method of
carrying out the antiglobulin test

Stratton nnd Renton (18.;) have emphasized yet another possible
cause of false positive Thus 19 the of red
eells by siltca sol derived from glass This type of agglutination is most
commonly produced by using sodwm etrate solutions autoclaved m
glass It will of course produce agglutination of the cells in the saline

contral as well perhaps of the cells suspended in diluted antiglobuln
serum

Falsely negatune reactions may be due to thre'e/mmn causes
the nnfx’EfEBﬁ]frT—s‘emm may be relatively mmpotent and only
capable of d strongly d corpuscles the corpuscl

to be tested may have been insufficiently washed free from
surrounding plasma or serum and the antiglobulin serum may
have been used et an inapproprate dilution It 1s wrong to
suppose that the dilution of an antiglobulin serum which will
give an optimum reaction with say erythrocytes sensiized with
ant1 D will react equally well with corpuscles exposed to other
antibodies  Cold antibodies will under certain circumstances
affect erythrocytes so that they are agglutimated by antiglobulin
sera (see Chapter 9) The reaction then takes place best m lugh
concentrations of the serum and may fail to oceur in serum
diluted 1 1n 64 or 110128 which nevertheless m:

P 2y
cause of withant: D
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that cells damaged by eertan drugs or chemicals (Muithead
Groves and Bryan 1954 Jandl and Simmons 1957) or cells
which have adsorbed complement (Dacie Crookston and Christen
son 1957) are agglutinated by antiglobuln serum Using what
appear to be well absorbed sera posttive tests too may be obtamed
occasionally with blood samples from pattents suffering from a
variety of diseases or even from healthy subjects (see below) In
some of these mstances at least 1t seems probable that the cells are
not coated by antibody protein It cannot be assumed therefore
that a positive direct antiglobulin test ly ind: that
a pattent 18 suffering from auto ymmune hemolytic anemia vy’
\ One type of positive reaction 1s due to sensitization occurnng
wm vitro If for clotted or defit d normal blood 1s
allowed to stand 1n a refrigerator at 4° C and the antiglobulin test
1s subsequently carnied out on cells obtamed from the chilled blood
the reactton may be positive due to adsorption of incomplete
cold antibodies normally present 1n human sera (Dacte 1950b}
Cells obtained from chilled oxalated or heparinized blood are less
likely to give this type of positive reaction as the presence of
anticongulants mhibits sensitization
Sensitization by eold antibodies 1s however not the only cause

of unevpected positive antiglobulin reactions In some instances
the reaction will be found to be positive even if the possibility of
chilling ¢n 21tro has been excluded by collecting the patient s blood
directly 1nto saline warmed to 37,C The cause of this type of

non specifie reaction 1s obscure Yit 1s rare to get clearly positive
reactions with blood from a strictly healthy person they are
however not uncommon 1n a varlety of chronic diseases such as
h d arthritis d d Iupus erytt leuhzema
myelosclerosts sarcord and aplastic anzmia In some of these
patients 1t may be possible to prove by erythroeyte survival
studres that the life span of their erythrocytes 1s reduced but this
does not seem to be true of all Although abnormal amounts of
globulins are often found 1n the serum of these patients 1t does not
seem to be possible to correlate the incrdence of positry e reactions
with the presence of abnormal amounts of any particular tvpe of
globulm./In particular the reaction 1s usually negative 1n patients
with hepatic cirrhosis and multiple myeloma despite great increase
1n gamma globulins

The nonspecific reactions referred to in the preceding

paragraph are usually weak ones maximal 1 high concentrations

of a potent globulin serum  The are usually relatively

nsensitive to the addition to the antiglobulin serum of small
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and possibly vice versa  ‘The results obtuned by the albumin
method usually parallel those obtarned by the indireet antiglobubin
reaction

As will be referred to 1 later chapters patients suffering from
acquired hmmolyhc anxTmia nov. uncommonly develop 1mmune
150 antit il 2 These have to be taken
nto aceount 1n inv cshgnllng the patient s serum for the presence
of auto antibodies Morcover some of the auto antibodies
deseloped by patients have defimite speaifiaities I the detection
and accurate characterization of & patients antibodies 1t 1s
desirable to have avmlable thercfore a panel of normal blood
samples of known genotype with whuch to test lus serum or cluates
made from lus erythrocytes  An important prehimnary step s to

determine the patients own genotype before he recenves any
transfusions

Other Serological Tests

The most important test relesant to the diagnosis of hemolytie
anemia that has not yet been mentioned 13 the aadified serum
test (Ham s test) used in the diagnosis of paroxysmal nocturnal
hzmoglobmuria (PNH)  The mm of this simple test 1s to sce
whether the patients corpuscles undergo rapd hmmolysis at
87° € in normal serum aaidified to a pH between 65 and 70
Yhhen carned out with certain essential controls o positive test
appears to be speatfic for the PNH erythrocyte abnormahty

THE ESTIMATION OF THE LIFE SPAN Or
ERYTHROCYTES AS A METHOD OF INVESTIGATING
HAMOLYTIC ANXIMIAS

The quantitative messurement of erythroeyte life span has
proved to be of the greatest \nluc m the dmgnos:s uf hmmolyhc
anxmia and n the und g of the
hemolysis Although the imp of such has
been appreciated for a Iong time 1t IS only comparatively recently
that the y the 1! has been 1m
proved With the ndn:nt of lsotopes new mcthods have been
ntroduced

Two methods have proved to be particularly practicable and
useful Ashbys method of differential agglutination and the
tagmng of erythrocytes with radioactis e chromum (¥1Cr} Ashby s
method 13 now no longer widely used as compared with $1Cr but
m ats day (1910-53 approximately) 1t yielded most valuable




50 LanoraTory TEsTS

Tor this reason 1t 1s always wise to carry out the antiglobulin test
using a range of dilutions of the rabbit ant: human globulin
serum

Unexpected negative reactions are sometimes found m patients
who otherwise seem to be suffermng from hemolytic anema of
the auto antibody type It 1s concervable that in some of these
patients auto antibodies are being formed but they are of such
2 nature that the tests at present avalable fail to detect them
Esans and Weisers (1957) remarhable observation that in one
patient a rabbit antiglobuhn serum prepared against the patient
serum caused the agglutination of the patients erythrocytes
whilst other antiglobulin sera failed to do so may be quoted as
an example of the madequacy of routine methods of 1nvestigation
n & particular mstance Whether this observation provides the
explanation for other failures remarns to be seen

Detection of Antibodies 1n Patients Sera
Various methods are available and an outhne only will be
attempted here (Further details are given in Chapter 9)
Spontaneous auto agglutination oceurring at room temperature
or at 87° C 15 a pomnter to the presence of abnormal antibodies
Complete  (in saline agglutinating) auto antibodies may be
titrated usmg normal corpuscles of the same blood group as the
patient or normal group O corpuscles It 1s useful to carry out
such titrations at various temperatures between 4° C and 87° C
as most complete antibodies found 1n the sera of patients with
hemolytic anemia excluding 1mmune 1so antibodies are cold
ones
H ! bodres can be d: d 1n certain sera using either
normal corpuscles m patients sera acidified to between pH 65
and 7 0 (except with antibodies of the Donath Landstemer type
which react best 1n unacidified serum) or by the use of enzyme
treated mnormal erythrocytes or paroxysmal nocturnal hemo
globinunia (PNH) erythrocytes As the majonty of hemolytic
antibodies are cold ones sensitization should be carred out at
20°C aswellas 87 C
Ingomplet bodies can be d d 1n at least three ways by
> means of the mdirect antiglobulin {Coombs) test the sensttizations
bemg carried out usually at 87 C by the use of enzyme treated
corpuscles and by titration 1n an albummn medim rather than in
saline The first two techmques are particularly useful Both
should be carried out as the results obtamed are complementary
some antibodies being better detected by the enzyme techmque
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The gcncml accuracy of the rcsults of tl\csc early transfusion
has been ly in many centres

throu«hout the world It has been found too that in other
hereditary  hemolytic anemias  such as sichle cell  disease
hereditary elliptoey tosis and heredatary non spheroey tic hemelytic
Iunmmm also due apparently to intnnsic corpuscular defects and

m paroxysmal nocturnal hemoglobinuna normal corpuscles
survive normally in the patients whilst the patients corpuscles

O 20 40 60 BO 100 120 MO
DAYs AFTER TRANSFUSKN

Fic 2, Survival ol’ fonmal crythmcytes transfused to o patient
suffenng from hereditary non uphzmc)llc hzmolytic snemua
I1) {Case 1 o!D.zm etal 193)  The normal corpuscles
nere d:hmma!ed in 4 Lnear fashion and sunived well over
ya.

are more or less rapidly ehiminated when transfused to normal
Tecipients

In the disorders referred to in the preceding two paragraphs the
Tate of elmunahon of the normal corpuscles from the circulatton of

normal has been slow and umform

about 1% or a Little less of the corpuscles disappearing every day
When the results are plotted on graph paper the course of
elmnation 1s almost straight 3¢  lmear (Fig 25) This 1s
consistent with the 1dea that the hfe span of normal crythroq tes
13 comparatively constant and that el m the
1n health 15 a function of the age of the cells nlone (but sce below)
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nformation  Much information on the dexelopment of methods
for the study of erythroeyte Life span 1s given by Mollison (1956a
1959) and Strumia (1958)

~~ Ashby s Method

The differential agglutination method 1ntroduced by Ashby
(1619) as n means of studying the survival of the crythrocytes of
one human subject after transfusion into another consists of the
transft mto the 1 of the recy of erythrocytes
winch are compatible but which are nevertheless of a serologically
different group Tor example group O corpuscles might be
transfused to a group A or AB recipient and group ON corpuseles
mto a group OM or OMN recipient If blood taken from
the ye after transfusion 1s then pended 1 a potent
agglutinating serum active against the recipients cells—in the
examples quoted anti A or anti M respectively—then the un
agglutinated cells wil] be very largely those of the donor If hnown
dilutions of blood are made 1n the agglutinating serum and if the
procedure 1s carried out carefully and 1n a standard way then the
actual numbers of unagglutinated cells percu mm of blood may be
estimated quite accurately

Ashby s method was not widely applied until the Second
World War Then 1t was employed as a means of assessing the
relative value of anticoagulant solutions in the preservation of
blood (Molhison and Young 1940 1942) Dacie and Mollison (1943}

dified the techmque by d z the 1dea of centnfuging
the erythrocyte suspenstons 1n the agglutinating serum and thus
enhaneing agglutination  They apphed the method to the study
of s1¢ patients with hereditarv spherocvtosis 1n fis e of the patients
the transfused normat blood survived for a normal length of time =
1e 100-120 days 1n the sixth patient ehmination was complete
1n 60 days—this patient who was Rh negatne was subsequently
found to have been given inadiertently Rh posttive blood
The blood of one of these patients was transfused to a normal
recaipient In strlang contrast to the normal survival of normal
blood transfused to the patients this patients blood sursived
both before and after the pattent had undergone splenectomy
for only a short time sn the normal rectpient Loutit and Mollison
(1946) and Mollison (1947) reported observations on patients
suffertng from various types of acquired hemolytic anemia they
showed conclusively m complete contrast to the results obtained
1 hereditary spherocytosis that these latter patients might <
elimnate transfused normal erythrocytes extrcmely rapudly
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Berlin (1851) reported his more extensive survival studles  The curves
were practically Iinear in eight men but convex upwards in one man and
convex downwarda (curvilincar) fn another In nine women believed
tobe in pood henlth the curves were regularly step-wise there appeared
10 be o fall in the jnagglutinable count in the premenstrual period
compensated for at the time of menstruation by o diminished rate of
destruction  Iurley and Veisman (1004) illustrated two elimination
curves obtained In two heslthy male yecipients one was deDnitely
Slightly curvilinear the other posubly so Ladie Drown and Curtis
(1953) whao transfused six male recipients with blood from two donors
found that the blood of one of the doners was eliminated in a slightly
curvilinear fashion in two of the reciplents but not in the thurd  The
bl of the second donor however gave hinenr cures in each of the
Ahree recipaents up to about 100 days thereafter chimnation was
slowed gang nse ton tail

The cause of this departure from the expected lineanty is unknown
Mollison (1036a) thscussed three possibilities

(1) A flattening at the end of the cunve { taithng } would be expected
to be the natural consequence of variation around the mean of the hfe
span of the erythrocyte i (Thisisn ieal and bl
explanation almost impossible to prove by the differential agglutination
method ) (2} It scems hikely that in health a small population of short
lived cells may be produced This would produce curvature at the start
of the elimmntion cunne Thuis too has proved difficult to be certain
about using differential agglutination but #1Cr studies lend some support.
for the suggestion  (3) There may be even in health in some people
some true random destruction of erythrocytes irrespectne of their
age Ifzo the is unknown In recerving normal
donor blood the bility of minor
difficult to exclude altogether The data of Callender Powell and Witts
(1917) do not suggest that menstrual loss can be the sole explanation
of curvilinear elimination 1 women

The difficulties of exact nterp and the complextties
which result when attempts are made to analyse the form of
il curve h 1ly are 1ll d 1n the papers of
Brown et ol (1911) Callender Powell and Witts (194~) Dornhorst
(1921} Sheets Janney Hamulton and DeGowin (1951) Esans
Amatuzio and Ebert (1952) Eadie and Brown {19.3) DeGown
el al (1304) and Eadie Brown and Curtis (19.5)

Recording Results of Transfusion Studies There are
varous ways m which the data obtamed by means of a survival
study may be expressed the end point of elimmation or the kalf
hife (the time at which 50%, of the transfused erythrocytes have
been eliminated) may be recorded or the mean cell life caleulated

The end point of ehmmation 15 difficult to determine with
acenracy unless a very large transfusion has been giien  Howeser
when theplotof the elimination results takes the form of a straight
line 1t 13 permissible to extend this to eross the fime axis (abseissa)
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In the acquired hmmolyhc anemas not only 1s the rate of

on greatly d but the course of ehimnation 15
also different when plotted on graph paper the disappearance
of the corpuscles 1s at first rapid and then gradually slows (Fig 26)
This curvilinear type of elimination was first referred to as

L)
o
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Tie 26 Survivalcurves plotted on ordinary graph paper of normal
erythrocytes transfused to a patient (Case 13 of Dacte 1904)
suffermg from 1diopatlue acqured hemalytic anxmua (cold
antibody type) A — curve before splenectomy B = curve
after splenectomy

Tt 15 possible to caleulate the mean cell hfe from & knowledge
of the area under the ehmunation curve 1f hiemolysis 13 complete
1n 30 days or less (Dornhorst 1951)  Applying the caleulation
to Curve A

The total area == 2°7 square graph paper umts
Imitial height = 50 umts
Ared 5 5 umts
Herght
5 5 wuts on graph paper = 11 days

exponential by Brown Hayward Powell and Witts (1944) It
has generally been interpreted as bemg due to 2 random form of
destruction 1n which the age of the corpuscles 1s unimportant

The curve of eltrunation 1s probably not always strictly inear in

health Callender Powell and Witts (1947) for instance studied four
healthy women and observed shghtly curvilinear elmunation Later
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however that this method of caleulation 15 only appheable to
stnctly Linear elimmation curs es

‘When normal blood 15 transfused to a subject with an abnormal
hemoly tic mechamsm esther of two simple metlods ¢an be used
to caleulate the menn cell hfe If the elimination 1s occurnng
m 8 random fashion 1rrespective of the age of the donor s cells
the mean cell hfe can be ascertaned by plotting the numbers
of erythrocytes surviving on a loganthmic scale pgainst time on
o hnear seale A straight hine should fit the expenmental
observations and the mean eell hife can be obtained by dropping
a perpendicular to the time axis from the pownt where 3795 of the
transfused corpuscles remamn undestroyed (Domhorst 10.1)
(Fig 27) Alternatively where the rate of ehimmation 1s fast
enough for the cffect of ageing to be ummportant {¢g the
ehimination 15 completed n less than 30 days) the mean cell hfe
can be estimated by dividing the arca covered by the sunnal
curve drawn on ordinary anthmetical geaph paper by the imtial
height of the curve {Dornhorst 1941) (Fig .6) In patients in
whom the transfused cells are not ehminated within 80 days o
correction for agemng should be introduced This 1s most straply
accomphished by multiply ing the obser: ed estimates of per cent cell
survival by l:;(-)- ] where t= the time after transfusion st which
the estimate 1s made and 110 the mean cell hife span of normal
blood (Mollison 10.0a) The cotrected estimates are then plotted
on squared graph paper and the area under the curve between 0
and 110 days 1s then measured and divided by the tmtial height

‘When congenitally defectiv ¢ corpuscles are transfused to normal
recipients a different method of calculation has to be used
Mathematically it can be shown that the mean lfe span of &
population of erythrocytes of dafferent life expectanaes can be
obtained by reading off on graph paper the intercept made by the
tangent to the disappearance curve at zero time (Mills 1946
Dornhorst 19,1 Crosby and Akeroyd 1952) (Fig 28)

Modsfications of Ashby s Method
A sed 1

Instead ot 1ng the numbers of

Stats {1950) measured the height of the sedimented agglutinated cells

after the mixture of donor s end recipient s cells had been allowed to
stand 12 a sed t 2 cells

ube The of 4\
could be calculated from the height of the column of the sedimented

test has been evolved
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and to take this as representing the end pomnt Even so some
1naceuracy 1s nevitable as the termimnation of the ehmination plot
1s probably normally curved due to vanation mn the normal hfe
span of the cell population (Dornhorst 1951} A simple alternative
1s to determine the half life of the transfused corpuscles by reading

20

us  f2e
Oavs | Davs

T 20 30 40 SO 60 70 80 90 00 N0 no
OAYS AFTER  RANSFUSION

Fi¢ 27 Same patient as in Fig 26  Survival data plotted on
semuloganithmic paper A — before splenectomy B = after
splencctomy

Stratght lines have been fitted to the data and perpendiculars
dropped correspondung wnih the surwival of 97/ of the
cut the time aws at

the mean cell life (Dnrnharst 1921)
Mean cell hife (A) = ns dnys (& Fig 26)
Mean cell ife (B) = 26

from the graph of elimination the time at wluch 50% of the
transfused corpuscles have disapp d Itisp

however to caleulate the mean cell life if attempts ‘are made to
correlate rates of cell destruction with for mstance pigment
exeretion (Crosby and Akeroyd 1952) In health the mean cell
Tife 1s given approximately by the point at which a hne connecting
the experimental points cuts the time axis 1 ¢  the mean cell Iife
15 the same as the end pomnt of elimination It must be stressed
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with 15\ was ingested 1t was possible to ealeulate the mean hfe
span of the crythroey tes by analysis of the isotope concentration/
time curve of hremin (Shemun and Iittenburg 1047) A figure of
127 days for the Life span was obtained 1n one normal subject
London Shemun West and Ttttenburg (1949) subsequently studied
the 15\ coneentrationftime curves of hemin in patients suffering
from several different blood disorders In a patient with sichle

cell anemia the half hife of the erythroey tes was calculated to be
29 days and 1n a patient with pernicious anzmua the mean cell
life was estimated to be 8. davs before treatment and 129 days
nfkcrjrc'ntmcnt These results are of great interest and have the
adsantage of being studies of the patients own corpuseles in their
normal ensironment However the method needs complex and
expensive apparatus and matenals and the data for erythrocyte
sun 11al are not more accurate than ean be obtamed by the Ashby

or #ICr methods  On the other hand the 2*N method has the
advantage of berng eapable of providing at the same time valuable
mformation on bile prgment metabolism as well as on the hife

span of the erythrocy tes (London Yvest Shenun and Rittenberg

1950 Gray Neuberger and Sneath 1950)

Trythroeytes previously tagzed with ¥\ in one subject have been
transfused to another recipient (VWatson James et al 1957) This type
of also grves on the
of the tagged erythrocytes and the sppenrance of tagged stercobilin in
the feces In one expertment 33N was first observed in the frces of the
recipient seventy days after the Ingestion of ¥N\-contmming glycine
by the donor The concentration of *\ in the stercobilin reached its
peak on the 12°nd day

\/ Radloactive Iron {*'e) One or other of two 130topes of iron “*Fe
or ¥e has Leen used in determining the survival of erythrocvtes after

transfusion (Ross and Chapin 1013 Gibson etal 1017) The first step

1n the method 1s to give to the donor & small amount of radioactive
won usually ¥Te with a relatnvely short half hfe (47 days) This

m newly The
donor 13 blet and the reciprent transfused when a sufficient time has
elapsed for the donor s penpheral blood to have acquired the required
degree of 1sotope activity (the maximum concentration 1s attained about

21 days after the admimistration of the 1sotope) The dechine in the

radionctivity of the recipients blood can then be measured This

techninue suffers from the disadsantage that radioictive iron hberated
from destroyed transfused crythrocytes 15 more or less quantitatively

e utilzed for the synthesis of fresh hezmoglobin The method 1s thus

useless 1n determining the end point of elimination of the transfused

corpuscles 1 cases where compensatory erythropolesis is active On
the other hand 1t can give valuable results where lysis takes place

very rapidly e g i determining the ymmediate survival of stored blood
(Gibson et al  1947)
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cells using a calibration graph made for each agglutinating serum
This method can be applied mn exchange transfusions to determmne
approximately the proportion of )g s cells

A mmor modification of the Ashby method was mtroduced by Hurley
and VWeisman (19.3) and Hurley Wenman and Pasquanello (1944)
who deliberately used hremolytic ant1 A or anti B sera  They claimed
that the counting of the unaffected donor cells was facibtated by the
removal of the recipient s cells by Iysis rather than by agylutmation
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Fio 28 %Cr erythrocyte survival curves after correction [yt
chromum elution mn two patients with hereditary spherocytosis
The patients own cells were labelled and the mean cell hfe span
has been estimated by drawing & tangent to the matial stope of
the curve ‘The tangent euts the hase line at the mean cell hife
(Dornhorst 1951) m both cases this 13 approumately 12 days
"The night hand chart shows the effect of splenectomy {arrow and
vertical line)  The rate of hazmolysis was unaltered for about
3 days and then became approximately normal

An almost similar method was employed by Eadie Brown and Curtis
(1055) They used human ant1 A sera remnforced by sn equal olume of
gumnea pig serum as a source of complement Their work includes a
comparattve study of erythrocyte survival in normal recipients using
both the differsntial hemolysis and radioactrve chromium methods

Methods Employing Isotopes
Heavy Nitrogen (1*N) Shemn and Rittenburg (1045) using
glycine labelled with 18N demonstrated that the amino acid was
used 1n the formation of protoporphyrin from which hemoglobin
was derived  Later they were able to show that if glycine labelled



INTERPRETATION OF 31CR CLRVES 3

Sutherland and McCall 10.0 Hughes Jones and Mollison 1050)

2hg :em;m'l'hc in vivo technique is however unsatisfactory in practice

as only about 10 , of the injected chromium Is taken wp by the
ithrocytes

"’Dala on erythroeyte survival in rits and rabbits using $Cr havebeen

ypubli bed by Denchue and hers (10..) and by o

Schnerderman (1906) in dogs

100

8o

Percentoge Survivel

o 20 40 60 80 100
Days atter Tronstusion

Fi6 0 Companson of Cr erythroeyte survival curves corrected
for chromium elution (hall penod 64 days) with the usually
normal curve of the survival of transfused ery throcytes

(1) Curve B s derived from data obtamed by labeiling
erythrocytes in Tizo by the intravenous Injection of radicactive
sodum ¢hromate Curve C Is detived from the curve shown in

) 3W )
feproduced by permussion from Mollson (19 6 Fig 23)

Practical Interpretation of ¥1Cr Curves
Molltson (1046a) suggested that the simplest course to follow
until the cause of the mstial curvature of the *ICr curve m health
has been determined 1s to assume that the lincar slope represents
the true survinal The presence of 48-54%, of the $1Cr at 25 days
may be taken to indicate normal survisal  Only when the loss of
radioactivity 15 greater than this can increased hxmolysis be
postulated The next step 1s to cotrect the obscrved radioactivity
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observed radioactivity 1s corrected for chromm elution on the
above basis the curve m health is still not quite hinear on anthme
tical paper The early part 1s shghtly curved (Fig 30 reproduced
from Mollison (1956a))

The Imear part of the curve cuts the ordinate somewhere below
100%, according to Mollison and Veall (1955) at 94% This
suggests that loss of radiosctinity from the errculation (due to

100
sof \,
\
K] A
z 60 ’\
A SR
g 40 \'\
8
5 ~N
20|
o 0 46 60 8 100

Days after tnjection

F1o 29 Rate of dusappearance of Cr from the circalation in
11 normal subjects after the injection of the subjects own

erythrocytes labelled with  Cr
Reproduced by permussion from Mollison (1906 Fig 2.}

the combined effects of elution and hemolysis) normally oceurs

mn two phases an imtial relatively rapid phase lasting 2-8 days

and a subsequent slower phase The cause of the imtial loss of

radioactive chromium has been the subject of much discussion

but a wholly satisfactory explanation 1s still awaited (see Mollison

19562 Hughes Jones and Mollison 1956)
Erythrocytes have also been labelled with ‘l‘Cr II': 210 by m]eclu:g

1

the radionctive sodium t
note that the form of the ehmmation curve of radioactivity 1s the same

(%urespectne of whether the labelling 1s carried out en tiwo ot % Turo
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#Cr surtisal curves in acquired hemoly tie anemua bereditary
elliptocytosis and paroxysmal nocturnal haemoglobinuna are
illustrated in Fig 81

Fffect of Blood ¥ olume Changer on the Lttimation of
Lrythrocyte Surrival

The extra difficulty in the Interpretation of 31Cr survival cunes
when changes in erythrocyte volume plasma volume or both occur
during the course of the study has been stressed by Strumia and co-
workers {100,) Turnbull Hope and Verel (1057) and Birkeland (19.,8)

ermally when measuning biood radioactisaty it is sssumed that asthe
tagged cells disappear thelr place is taken by newly formed cells or
plasma so that the total blood volume is not altered If the total blood
“olume in fact dirunushes parallel with the disappearance of the tagged
cells of the rad; ty of the blood will
overestimate theie survival If on the other hand there is over
production of plasma so that the total blood volume increases the

lesel of ity will be 1y low and erythrocyte
survival will be underestimated )

Some workers have the y of
pached erythrocytes rather than that of whole blood but the accuracy
of this techmque depends too on the replacement of the tagzed eclls
by 8 similar volume of new cells  As Tumbull ope and Verel (1957}
potnt out in normal subjects or in patients who are similarly in s

steady state no corrections are necessary  Correction to the onginal
packed cell volume level enly increases accuracy if any subsequent
deviations are due to alterations in plasma solume alone for 1if
the erythrocyte volume falls and the plisma tolume Increases
correspondingly then correction to the otgnal packed cell solume will
introduce a large error When genuine erythrocyte solume changes
oceur and lead to changes in the total blood volume as in patients
recovering from blood loss or being treated for tron deficiency only a
Te estimation of the total blood volume using 1P or Evans blue dye can
provide data on which accurate compensation can be based

In tiro Counting afler the Imyection of $1Cr Labelled Erythrocytes
In the last few vears the esumation of the survnval of 81Cr
\/taggcd erythrocytes has been combined with 1n 11vo counting
using a scintillation counter over organs such as the spleen and
hver (horst Clatanoff and Scluling 195, Jandl et a! 1900
Motulsky Casserd and Giblett 1906 Jandl ef al 1906 Hughes
Jones and bzur 19,7 Harns McAhster and Prankerd 1927
Jandl Richardson Jones and Castle 1957 Schloesser et al
1957 Mollison and Hughes Jones 198 McGurdy and Rath
1958) Itisalready clear that this techmque 1s capable of indicating
which are the main Sites of hazmolysis in patients with hemolytie
snemia This information has a theoretical importance mn relation
DACTE 8 RENOL, ANEXUS—3
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for elution of chrommum bv plotting on semmloganthmie paper a

line Iimhing 50% radioactivity at 70 days to 100% radicactivity

at 0 days The experimental estimates are then each multiplied

by the appropriate fraction eg at 70 days by % and at 20
100

days by %o etc The corrected estimates can then be plotted on

semiloganthime paper If derived from a patient with acquired
hemolytie anemia the pomnts will probably fit a straight lme
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Fia 81 Cr erythrocyte survnal curves after correction for
chromium elution 1n patients with hereditary elliptocytosis
(HE Case 1 p 161) 1diopathic acjuired hzmolytic anzmia
(rarm antibody type) (AHA) aad parosysamal noetucnsl
N]

hzmoglobinuna (]
The patients own cells were labelled.

The mean cell hife then corresponds to the time at which there 1s
879, survival as already dhscussed (p 57) Ifthe data are denved
from a patient with a hereditary hemoly tic anzma the corrected
estimates should be plotted on anthmetcal paper and the tangent
to the mitial slope drawn (see p 57) This 1s also probably the
best thing to do n acquired hemolytic anemita if a straight line
will not fit the data when they are plotted on semilogarithmie
aper
P ’[l]‘he normal values for 5Cr remammng 1n the circulation from
1 to 44 days after mjection are given by Mollison (1956 p 189)
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MCr sunasal curves 1n acqured homolytic anema hereditary
elliptocytosis and paroxysmal nocturnsl hemoglobinuna are
illustrated 1n Fig 81

Fffect of Blood ¥ olume Changet on the I'stymation of
Lrythrocyte Survical

The extra difficnity in the interpreistion of 1Crsurvival cunves
when changes in erythrocvte solume plisma volume or both occur
during the course of the study has been stressed by Strumia and co-
workers (1005) Turnbull Iiope and Verel {19.57) and Birkeland (1008}

ormally when measunog bleod radsoetivity it is assumed that as the
tagged cells disappear their place is taken by newly formed cells or
plasma so that the total blood volume is not nitered If the total blood
~olume in fact, diminishes parallel with the disippearance of the tagged
cells he tad, the blood will
overestimate their survival If on the other hand there is over
production of plasma so that the total blood volume increases the

fevel of ty will be tow and erythrocyte
survival will be underestimated )

Some worhers have recommended measunng the radioictivity of
packed ervthrocytes rather than that of whole blood but the aceuracy
of this technique depends too on the replacement of the tagred cells
by a similar volume of new cells  As Turnbull Ilope and Verel {107)
point out in normal subjects or in patients who are similarly in a

steady state  no corrections are necessary  Correction to the onginal
packed cell volume level only increases accuracy If any subsequent
deviations are due to slterations in plasma volume salone for if
the erythrocyte volume falls and the plsma volume increases
correspondingly  then correction to the ongmal packed cell volame will
introduce a large error VWhen gepuine erythrocyte volume changes
occur and lead to changes 1n the total blood volume a3 in patients
recovering from blood 1653 or being treated for wron deficiency only o
re-estimation of the total blood yolume using 3P or Fvans blue dye can
provide data on which accurate compensation can be based

In wwo Counting after the Injection of $1Cr Labelled Erythrocytes
In the last few years the estimation of the survival of 51Cr
tagged erythrocytes has been combined with 1n vive counting
using a seintillation counter over organs such as the spleen and
liver (Korst Clatanoff and Schilling 1905 Jandl et af 1955
Motulsky Casserd and Giblett 19,6 Jandl 2 al 1956 Iughes
Jones and Szur 19,7 Harns McAblster and Prankerd 1957
Jandl Richardson Jones and Castle 1057 Schlocsser et al
1957 Mollison and Hughes Jones 1008 McCurdy and Rath
1958) Itisalready $I}ar that this technique 1s capable of mdicating
whuch are the main Sites of hazmoly sis in patients with hemoly tie
anzmia Ths nf has a th

DACTE & HEUOL, ANEMI4S Y

T 1n relation
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to the pathogenesis of the hzmolysis and a practical importance
in relation to the possibility of benefit from splenectomy (see
p 187) Detals are given later when the different types of
haemoly fic anzerma are described but in brief 3t can be ¥aid that
the results to date have shown that in disorders where splenectomy
1s hnown to be of chnical value there 15 2 marked uptake of radio
actrve chromum by the spleen as compared with the uptake of
chromium by the liver and conversely in disorders in which

COUNTS
FER MIN.
3000 HEART COUNTS EXCESS SPLEEN ¥ SPLEEN LIVER
COUN RATIO
)
o~
2000 —
"
0.
Faln)
1000 !m\‘ o + N
O .0 X
L p
) 10 20 o 10 20 o io 20
DAYS

Tic 32 Results of i vivo surface counting after the labellmg of
patients _erythrocytes with 51Cr  The figure shows the heart
counts the excess of spleen counts over the heart counts and
the ratio of the excess spleen counts to the excess of lier
counts (spleen liver ratio)

HA =a patient with idiopathic acquired hzmolytic
anema (warm antibody type) I1S = a patient with hereditary
=a normal subject PNH

1

. =
= a pattent with paroxy.

splenectomy has no favourable effect the uptake by the spleen
barely exceeds that of the Iiver

Typical observations 1n cases of hereditary spherocytosis auto
mmmune acquired hemolytic anema and paroxysmal nocturnal
hemoglobmuria are shown in Fig 82

Estimation of erythrocyte survival using 51Cr combined with
1m vivo surface counting has also been used with great success in
the mvestigation of mcompatibility due to1so antibodies (Mollison
and Cutbush 1955 Jandl Richardson Jones and Castle 1957
Cutbush and Mollison 1958 Mollison and Hughes Jones 1958)
The relevance of these data to the problems of haemolysis due to
auto antibodies 1s considered n Chapter 11
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for instance 1n h ytosis the hemoglobn itself 1s
normal and the abnormaht) scems ta dcpcnd on 3 subtle defect
n erythrocyte bol; These are

considered 1n more detail Jater when each type of disease 15 dealt
with separately

From the point of view of diagnosis the presence 1n a patient
suffering from hemolytic snzmia of an intnnste  erythrocyte
defect 1s indicated by the umimpaired survinal in the patient of
transfused normal corpuscles or by the uncqun ocal demonstration
s titro of an abnormality of the pahents corpuseles such as the
presence of an at 1 b or less speeifically by an
1ncreased tendency of the ery throcytes of the patient to undergo
Iysis or behave abnormally tn wviro under certain specified
conditions (sce Chapter 1 pp 30-17)

HEREDITARY SPHEROCYTOSIS

Synonyms La mucrocythémie {Vanlair and Masius 1871)
hereditare  chromscher Ikterus (Minhowshi 1900) L ictire
congemtal de 1adulte (Chauffard 1907) hamolytischer Ikterus
(Gansslen 10“2) konstitutionelle hamolyische Anamie (Spharo
(Nacgeln  1931)  acholune
,aundxce (Campbell 192026} spherocy tic 1cterus (hrumbhaar
1936) familial hamolytic anemia (Dace 1913) hereditary

pher 5 (C for Clanfi of N it 1950)

Of the synonyms referred to above hereditary spherocytosis
seerns the most apprapriate  The title refers to the inhented nature
of the disease as well as to a fundamental laboratory sign—
spherocytosis

History The first signufi to the | on
hereditary spherocy tosis appears to be that of Vanlair and Masius
who 1n 1871 gave a remarkably accurate description of the disease
under the title la microcythémie  They recogmized that some
of the erythrocytes of their patient were small and sphencal 1n
character and a Lttle more deeply coloured than norms! and
suggested that they were corpuscles on their way to destruction
{ globules atrophiques } and that excess hile pigment was derived
from them The 1llustration from therr paper s reproduced as
Fig 83 Vanlair and Masius s work has not recerved the reco,mtion
that it deserves

No other rotable contnbution was made for almost 20 years
Then 1n 1890 Walson gave an account to the Clmical Soclety of
London of six members of a family 1n whom  a condition 1n which




CHAPTER 2
THE CONGENITAL HEMOLYTIC ANAEMIAS

1 HEREDITARY SPHEROCYTOSIS

A FasmrLisz form of jaundice was first recogmzed by physicians
towards the end of the mmeteenth century (Murchison 1885
Wilson 1890 Wilson and Stanley 1893) Wilson and Stanley s
account was partreularly mmportant and undoubtedly referred to
hered ph tosis the spl ly the jaundice of the
shin and conjunctivae the pertodic attacks of deeper jaundice
associated with bihary eolic the inhented nature of the disease
1ts chronteity and the fact that 1t was compatible with a long tife—
all these features were well desenbed It was left to Le Gendre
(1897) and Hayem (1898} to show that this type of Jaundice was
acholuric with bile 1n the plasma but not n the urme In 1900
followed Minkowshts well known description of eight cases of
jaundice 1n three generations m this paper most of the sahent
chimical features of hereditary sph tosis were well deseribed

It 15 now reahzed that the disorder (hereditary spherocytosis)
so clearly described by Wilson and Stanley (1893) and by
Minhowsk: (1900) 1s but one of a sertes of distinet types of
congemital hemolytic disease In this and the followmng four
chapters descriptions will be given of five major types hereditary
spherocylosis  heredilary ellip hereditary non spherocyt
hemolytic anemia Med; anemia and sichle cell disease
and allied disorders  Other less clearly defined types exist and
these will also be briefly considered

All types of congemtal hemolytic anemia depend upon an
inhenited abnormality of the patients ervthrocytes the different
diseases being distingmshed by differences 1n the nature of the
erythrocyte abnormalties and mn the modes of mhentance In
each type the result of the abnormalities 1s that the life ‘§pan of
the patients corpuscles 1s shortened All grades of cellular defect
are found and this leads to marhed differences m the seventy of
the an®mra from which the patients suffer

The nature of the ery throcyte defects 15 m most nstances poorly
understood Tt 1s known however that in sichle cell disease the

lecules of b lobin are ab ] and that 1 Mediterranean
anzmia there 1s a defect 1n hemoglobm synthesis In other types as
82
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for mstance 1n hereditary spherocytosis the hxmoglobm atself 13
normal and the abnormality scems to depend on a subtle defect
m erythrocyte ol These fund 1 probl are
considered 1n more detail later when each type of disease 1s dealt
with separately

From the point of view of diagnosis the presence 1n a patient
suffering from hxmolytic anerma of an  intrinsic  ery throcyte
defect 18 indicated by the unimpatred survival 1n the patient of
transfused normal corpuscles or by the unequiy ocal demonstration
n tatro of an abnormality of the patient s corpuscles such as the
presence of an ab \§ lobin or less specifically by an
ncreased tendency of the erythrocytes of the patient to undergo
Iysis or behave sbnormally n witro under certmin specified
conditions {see Chapter 1 pp 30-47)

HEREDITARY SPHEROCYTOSIS

Synonyms La microcythémie (Vanlair and Masius 1871)
hereditare  chromischer Ihterns (Minkowsh: 1900) Lictére
congenital de 1adulte (Chauffard 1907) hamolytischer Ihterus
(Gansslen 19°2) konstitutionelle hamoly tische Anamie (Spharo-

y Kugelzell {Nacgelr  1931)  acholunc
Jaundice (Campbell, 1992-26) spherocy tic wterus (hrumbhaar
1936) farmhial hxmolytic anemia (Dacte 1943) hereditary
spherocy (Commuttee for Cl of N 1 1920)

Of the synonyms referred to above hereditary spherocylosis
seems the most appropriate  The title refers to the inherited nature
of the disease as well as to a fandamental laboratory sign—
spherocytosis

History The finst ! to the 1 on
hereditary spherocy tosis appears to be that of ¥ anlair and Masius
who in 1871 gave a remarhably accurate description of the disease
under the title la microcythémie  They recogmzed that some
of the erythrocytes of their patient were small and spherieal 1n
character and a httle more deeply coloured than normal and
suggested that they were corpuscles on therr way to destruction
( globules atrophiques ) and that excess bile pigment was denved
from them The illustration from their paper 15 reproduced as
Fag 83 Vanlair and Masius s work has not recerved the recogmtion
that 1t deserves

No other rotable contnbution was made for almost 20 years
Then 1n 1890 Walson gae an account to the Climical Society of
London of six members of s family 1n whom  a conditton 1n which
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an enlarged spleen accompanied by a sallow or subicteric com
plexion appears as an hereditary condition ' Next a further
and more detaled account was grven by Wilson and Stanley
(1893) and an®mia was recogmized as an important feature of the
disease  Sigmficantly they concluded that no doubt can be
entertained that the splenic disease 1s accountable for this  One
of the patients dred her spleen was examined and found to be
firm and dark red on section and mucroscopic sections showed
1t to be engorged with blood cells Death was considered to have
been  due to active hemolysis of splenic origm

A detaled account of Wilsons papers 1s given by Campbell
(1925-26) who exanuned the only survivor of Wilson s six patents
and d the d of hereditary spherocytosis

Wilson s deseriptions were followed 1n 1900 by the better known
report of Mmkowski Mnkowskis paper was soon followed
by those of Gilbert Castaigne and Lereboullet (1900) mn France
and by that of Barlow and Shaw (1902) in England Barlow and
Shaw recognized that their cases were probably simlar to those
of Wilson Their report 1s mteresting, m that they record the
presence of ulcers on the lower part of the leg in both their patients
In America hereditary spherocytosis was first described n detal
by Tileston and Grffin (1910) and by Thayer and Morns (1911}

The disease has since been reported from many parts of the
world and 1t now has a voluminous literature Reviews and
monographs include those of Tileston (1922) Gansslen Zipperlen
and Schuz (1925) Campbell (1925-26) Meulengracht (1922
1938) Bamatter (1932) Cheney and Cheney (1934) Gansslen
(1936) Vaughan (1936) Grpwall (1938) Dacie (1943) Young
Tzzo and Platzer (1951) and Young (1955b) While the majonty of
cases of hereditary sph tosts fi closely to a well
recognized pattern there 1s some evidence which suggests that
more than one type of the disorder may exust (seep 109) It would
perhaps be surprising 1f this were not so 1n view of what 1s now
known of other well known nhented blood diseases such as sichle
cell disease

CLINICAL FEATURES

Inheritance According to Meulengracht (1921) Plate (1913)

was the first to suggest that heredifary spheroceytosts. s was inherrted
as_a Mendel d Meul ht himself 1nvestigated

seven families 1n Stockholm He found that the healthy members
of the famibes did not transmut the disease and with one exception
that the disorder was always whertted through an affected parent
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Meul h d the exception to bseq
worhers hate confirmed the general truth of Meulengracht s
observations (Camplell and Varner 1025-26 Race 1042
Young Izzo and Platzer 1001 Abrams and Battle 1957}

The most recent Iarge scale detailed <tudy fs that of Race (1047) who
examined 181 members of 26 different families in which the dusetse hnd
occurred  Ile that the U folloved B
dommant pattern although there was a deficlency in the expected
number of affected siblings  Race attnibuted this to two factors an
unusually high miscarriige rate and infant mortality of affected com
pared with unaffected sibhings and varittion in penetrance leading to
mil and easily mmssed forms of the disense In four out of the 20
fanulies studied by Race both parents of an affected propositus were
appatently unaffected in three of the famities all of 16 other relatives
studied were also d Race that was o
possible but unlihely explanation and that the obscrvation gave

some support for an acquired form of the disease  Two of Race s
patients (with both parents unaffected) were studied by the author in
1038 m these at least there seemed good evidence that the disease
was congemtal—both propositi were small chitdren and the disease in
each was typteal n every way  If mutation 1s In fict improbable 1t
seems that imitation of penctrance in &  earrier parent is the more
Likely explanation It 1s well known for instance that the discase In an
active form may be transmutted by a parent who shows only mimimal
signs of the discase In the studics of both Tace (1017) and Young
1zz0 and Platzer (19,1) there was no deficiency in the expected numbers
of affected chillren of propositi although the number of affected
siblings was below expectations

Young (19..2) 1 & more recent tevie of his cases has reported that
out of 28 fanuhes with the disease there were fise in which the blood of
both parents of the prop could not be d d from
the osmotic fragility of the crythrocytes was even normal after 21
hours ncubation However in one family the blood of the maternal

showed shght sp ytosis and increascd osmotic fragility
after 24 hours wcubation and in nnother famly there were two
affected siblings % oung considered that 1n these famihies the expression
of the abnorma! gene was extremely fecble and that a true carrier state
for the genc of hereditary spherocytosis probably exists Iam (10.5)
1n discussing Young s paper reported that amongst ts families there
were four in which the blood of both parents appeared to be normal or
only doubtfully abnormal Significantly in one family in which the
mother of the propositus may have had the disease in a just detectable
form a maternal aunt had overt hereditary spherocytosis
An alternative explanation for some of the instances of sporadie
hereditary spherocytosis 13 that they may represent examples of an
atypieal type of congemital spherocytosis which dilfers perhaps in
:nhenmlr:;:e) as well as possibly 1n the nature of the erythrocyte defect
see p 100!

Y ocytosis has not yet been studied
a0 unequivocally homozygous state Dy analogy with hereditary
elliptocytosis and sickle cell disease 1t should then give rise to a severe
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hzmolytic anenua  Race (1042) has even suggested that the gene
a homozy gous state may be lethal In one of his families {No 26) two
probable heterozygotes who were first consinsmarried Two muscarriages
occurred and Race suggested that these may have been the homozy
gotes However Bernard Boiron and Estager (1952) have more recently
Teported studies on a family of 13 children all of whom suffered from
varymng degrees of anema Jaundice and splenomegaly The father was
also affected but the mother and her relatives were apparently normal
Bernard and lus colleagues considered that the most lilely explanation
for all 13 cluldren being affected was that therr father was homozygous
for hereditary spherocytosis Unfortunately this could not be proved
as clear evidence of Jaundice wis only found on the maternal side of hus

Race and Incidence Hereditary spherocytosis 15 an
abnormality probably not confined to any particular race How
ever 1t 1s certamly best known_as_a disease_affecting people of
_European origin - Jt.as rare i negroes but probably not as rare as
was at one time thought All the cases so far recorded in negroes
seem to have been discovered in America (Scherer and Cecil 1945
Goodman and Cates 1947 McCormach and Simon 1948 Butter
worth Kracke and Riser 1950 Esmond Qunn and Peters 1925)
Klme and Holman (1957) have recently reported six cases 1 one
family They stated that up to the time of therr report only 42
cases had been described 1n negroes and that these were confined
to 18 famulies The disease has been reported by Salah (1936} 1n
Egyptians and by Stranshy and Daws Lawas (1952) in the
Philipp Its_true incidence m_races_other than-European-1s
not_known In Brntan 1t cannot be considered a rare disease
In America Young (1955b) reported that he knew of 50 cases
{1n 28 farmilres) gst a largely ex European popul. of about
1000 000 1n upper New York State The low mortahty and the

Motulsky Huestis and Anderson (1906) have published a fascmating
study of hereditary spherocytosis in the deer mouse (Peromyscus) The
disorder 15 1 many ways similar to hereditary spherocytos:s ;m man It 18
hewever mhented as an autosomal recessive  Affected newborn mce are pale
and jaundiced adult ruce sre not anemic although the retieulocyte count 13
rased to 15 ( (about eight trmes normal) Erythrocyte osmotic fragiity 13
ncreased The spleen s entarged and was calculated to tontain about 24 times
as much blood as normal Cell survival stu lies gre results similar to those
obtained in an and the survival of the pathological erythrocytes was found
to be shorter 1n normal ammals than in affected amumals ~ After splencctomy
the reticulocyte count falls to almost normal levels and cell survival is also
almost normal

The affected animals were homozygotes and the heterozy gotes could not be
identified The ammals vaned 1n their degree of jaundice and that genetic
modifiers mu_ht be mvolved was suggested by the fact that af very jaundiced
mice were mated an inereased proportion of their progeny were deeply

Jaundiced
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execllent results of splencetomy suggest that with a steady
mutation rate the metdence of the disorder 15 likely to merease

Age and Sex The disease 15 not sex hnked Being congenital
1ts presence 1s most frequently dingnosed for the first time when
the patient1s e eluld or young adult  However there are numerous
exceptions to this and it 15 by no means uncommon for the
disorder to be unrccogmized n infancy and early clnldhood
Debré Lamy Sée and Schramech (1938) reporting on 20 cases
found that whereas the disease was diagnosed 1n each case before
the age of 14 1n only three patients had the diagnosis been made
before the age of 4 years  Exceptionally the dingnoss may be
made for the first time m an clderly subjeet attending hospital
{or some unrelted complaint or because one or mare of lus chuldren
haye been found to be affected  An extreme example of delayed
diagnosis 1s illnstrated by one of the family pedigrees published
by Race (104 Famly 9) The propositus of this famly was a
man aged 77 who was found to have a palpable spleen and slight
snzmua when ding hospital for bronct Subsequent].
two of hus children and a grandson were also found to be affected
they considered themselses to be healthy although in fact they
had the disease in a more severe form than had the propositus

On the other hand hereditary spherocy tosis hias been diagnosed
1 anfants at or within a few days of lurth (Hawhsley 1936
Conrad andSchmdt 1936 Macaulay 1901 Newns 19,1 Bernard
Bowron and Estager 1002 Roddy 1053 Shapiro Josephson
Rosengvaig and hauflman 1957 Stamey and Diamond 10,7
Burman 10.8) Usually thuis has been done when one of the
parents or a presious sibling has been known to be affected and
the disease has been particularly looked for In general the more
severe the disease the more likely 15 1t that the diagnosis will be
made at an early age

A

3 1 Ganssl

bnor Zipperlen and Schuz
(1025) and Gansslen (1936) stressed the pssociation between
hereditary spherocytosis and other_congemtal _abnormalities
Gansslen thus referred to Die hamolytische honstitution
(He particularly stressed the occurrence of Turmschadel (tower
\Ekull brachycephaly eye abn 1 polydactyly brachy
actyly and infantilism  Hansen and klen (1934) added other
abnormalities which they thought charactenstic such as arched
palate broad base of nose squmt and dental abnormalities and
rttn (1955) has more recently reviewed e long hist of eye abnorm

alities  Other authors such as Meulengracht (1938) Grpwall
(1938) and Debré and co workers (1938) have not seen associated
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abnormalittes with anything Like the frequency that Gansslen
and Hansen and Klen reported them Of Race s patients only
three had gross ted ab: hitre; genital absence of
ahandn one patient cervieal ribs i another and mental deficiency
m another Young (1955b) too reported only a low merdence of
assoclated abnormalities thickening of the vault of the shull m
one patient with retarded mental development and otosclerosts
i three members of another famly It seems hhely therefore
that 1n most familtes the mcidence of skeletal abnormalities 1s
not higher than 1n the general population Nor 1s there any
evidence for genetic inkage with sex the ABO and MN blood
groups abihty to taste phenylthiocatbamide ability to secrete
the ABO antigens mn saliva eye colour or ear lobe attachment
(Race 1942)

There are a few reports of the o of 168
X with hereditary spherocy (1922) !
two brothers and a sister with tower shull delicately formed bones and
y h {1923) two patients wmth signs of
hypogenitalism and mfantilism  More recently Falconer (1936) referred
£o & girl with signs of ovaran hypofunction and obesity and Debré
and hus colleagues (1938) to an y to d m
physical and sexnal development As mentioned on p 86 Bernard
Boron and Cstager (1952) described a farmly of 18 affected children
in mne out of the 13 cluldren there was clear evidence of phystcal and
mental retardation 1 four of them this amounted to true infantism
‘They all 1mp! d kably after

Under the term les syndromes neuro hemolytiques herédo
famuliaux  French authors (¢g  Portier Massonat Garre and Natter
1924) have referred to the of signs of d trve changes
1nt the ners ous system 1n eases of hereditary hemolytic disease mcluding
ditary spherocy and sickle cell disease The
exact sigmficance and frequency of the syndromes need further
defimtion

Symptoms and Physical Signs

Patients with_hereditary spherocytosis usually_present_wath.
jsundice, signs_of snwemin,_and_an enlarged spleen They may
give 1 addition a history suggestive of gallstones Occeasionally
they complam of jutractable leg ulcers As mentioned above
some patients mahe no complamt the disease beng discovered
acadentally 1n others one or more of the mam clinical features
may be absent

Jaundice The jaundice 1s charactenstically ackoluric the
direct Hiymans van den Bergh reaction 15 2lmost always negative
and the urine contains urcbilin but not hle The degree of
bilirubinerme varies usually the plasma level lies between I and




Jauanren B9

4 mg per 100 ml Occasionally despite other signs of active
hemolysis the plasma bilirubin level 18 within the normal range
te 08mg per 100 ml or less (hingand Wootton 1046) 1nsuch
cases the liver 1s presumably particularly efficient 1n excreting the
excess biirubin formed  Jaundice 15 usually not noticeable in
children in the first few years of hfe (Debré et al 1938) Asarule
1t1s not until an affected child has reached school age or adolescence
that jaundice nppears—the carly onsct in the large family of
Bernard Bowron and Estager (1942) 1s exceptional  Jaundice may
nevertheless be present 1 the neonatal penod and 1s commoner
than has been supposed {(Dawson 1931 Newns 1053 Roddy
1054 Stamey and Diamond 19.7 Burman 1938)

Occastonally deep jaundice develops 24-36 hours after birth
and this may even be d with L us For
instance an nfant deseribed by the stafl of St Chnstophers
Hospital Philadelplua (Roddy 1954) deseloped a serum lirubin
concentration of 266 mg per 100 m! on the 4th day nfter
birth  Exchange transfusion was earried out and 12 hours later

pl y recovery was pl An elder brother also became

ntensely Jaundiced 1n the neonatal period but did not recenve
an exchange transfuston There were signs of opisthotonos from
the 5th to 14th day and subsequently he showed some evidence
of mental retardation Bethe (1956) reported a further case the
infant whose serum Ialirubin rose to 25 4 mg per 100 ml was
treated by exchange transfusion

Stamey and Ditamond (19.7) have more recently reported that
twenty three out of 43 infants with hereditary spherocy tosis gave
a lustory of neonatal jaundice They also described four infants
with deep jaundice who were successfully exchange transfused
They point out the diliculty n d; hing neonatal hereditary
spherocy tosis from hemolytie disease of the newborn due to ABO
ncompatibility (see Chapter 17) and recommend that exchange
transfusion (repeated 1f necessary) should be carned out if the
bilirubin concentration 1n the serum exceeds 20 mg per 100 ml

Plasma bilirubin levels_greater than 4 mg _per 100 m] seem 1n
most,_Instancesto be due not so much to an exceptional rate of
hzmolysis as to the Iner bemng relatnely inefficient 1n excreting
bilirubin - Bile 1s oceastonally found in the urnine  This 1s usually
due to biliary obstruction resulting from pigment gallstones Less
commonly 1t 1s found 1n severe hremolytic cnises 1n the course of
which Irver damage sometimes develops Occastonally darkemng
of the urine due to the presence of excessise amounts of urobilin
or even bile pigment associated wath pale stools suggestsinfective
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hepatitis  This howeser does not seem necessanly to be the
explanation n some patients 1t 15 tempting to imagmne that
transtent episodes of this sort could be the result of sludging
of the bile 1n the liser canaheule However there scems kittle or
no positive evidence 1n fayour of this hypothess

In the senes of patients deseribed by Young Izzo and Flatzer
{1951) the pre operative bilirubn levels ranged from 06 to 57
mg per 100 ml the mean bilirubin level was 2 0 mg per 100 m!
(see also Table 5) More recently Young (1955b) has reported
a wider range (0 4-130 mg per 100 ml) with the mean stll
approximately 20 mg per 100 ml

Anzmia  Anemia m hereditary spherocytos:s is very vanable
mn degree 1t 1s unusual for 1t to be extremely severe not
uncommonly it 1s shight or even absent In most patients the
hamoglobin level Lies betwween 75 g and 14 g per 100 mI Asa
rule the rates of heemolysis and regeneration are suffictently stable
for each patient to maimntam a fanly steady hemoglobin level for
long periads

Mznor Crises It 15 charactenstic of the disease that from time
to time the anzma ncreases the patient may then complam of
abdominal pain and develop pyrexta  His jaundice may deepen
but 1t s often Itered O 1T d above the
stools may be pale and the urine dark  Vomsting 15 not uncommon
and the spleen may increase i size In children unexplamed
pyrexia and tachycardia with abdomnal pamn and vomrting
occurring at mtervals and not associated with obvious jaundice
mav be the presenting symptoms of the disease (Debré ef al
1988) After a few days or a week or 50 the evacerbation usually
passes off and the patient s hemoglobin will then nise to about
its usual level Minor enses such as these often follow mtercurrent
fections on other occasions there appears to be no obvious cause
Not infrequently the diagnosis m a mild case may be made for
the first time as the result of an mcrease 1 anemma following an
mfection The mechamsm of these mmor cmises seems to be
twofold some appear to be associated with an ncreased rate of
heemolysie others with temporary depression of erythropoiests
More serous crises occasionally develop these crses which
almostalwaysappear tobe due to a sudden failure m erythropotesis
are of special interest and will be dealt with 1n a later section

110)

(pSplenomegnly The spleen 1s prohably.inyamably_enlarged
and 1t s to find 1t impalpable—1t was s0 1n stx out of
the 29 patients of Young Izzo and Platzer (1951) In affected
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Lic 31 Severe Lilitert
ehrcmie ulceration of the
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Fic 3 Severe chrome ulceration of the left leg, of a [atient w th
tereditar, spherocsto s Male aged 43  (Rejroduced Iy
courte v of Dr \ Cilj n)
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children a palpable spleen seems to be a particnlarly constant sign
(Debré et ol 1038) 1t may mn fact be the only certamn physical
sign of the abnormality 1n & child or sibhing of 2 known pattent
Usually the lower edge of the spleen 1s palpable somew here between
the left costal margm and the level of the umbiicus In
consistency the spleen feels moderately firm oceasionally 1t 1s
tender on palpation It generally moves freely on respiration
and at operation 1t 1s usually free and not adherent The lustology
of the spleen 1s considered on p 114

Gallstones Many patients suffering from hereditary sphero
cytous develop gallstones (Cheney and Cheney 1931 Bates and
Drown 195°) They may be found even 1n children (Gairdner
1939) In the series of patients reviewed by Bates and Brown
{1952) gallstones were present 1n one out of 19 children less than
10 ycars of age and 1 39 out of 74 patients older than 10 years
of nge The stones are a potentral source of trouble and not
mfrequently lead directly or indircctly to the death of the patient
Sometimes the presence of the hemolytic anemia tself 15 first
discovered 1n a surgical ward the patient having been admitted
for surgieal of a 1 of 11 The
gallstones are of the pigment vanety and presumably develop
as the result of the increased concentration of bilirubin 1n the bile
If therr presence leads to cholecsystitis or cholangmtis stones of
mixed type contmming bile pigment and cholesterol may form

Mixed stones are radio opaque pure pigment stones are not

Leg Ulcers Intractable uleers of the leg not associated with
1arcose veins are & kable but rather b
of hereditary spherocytosis (Figs 34 and 35) They were recorded
as early as 1902 by Barlow and Shaw in a mother and her son
As a rule the ulcers heal quickly after splenectomy (Vaughan
1936 Leger and Orr 1940} They are usually found n the old or
middle aged patient Dedichen (1931-82) however reported
crural uleers in three young men (two of them brothers) aged 15
17 and 17 years respectively In each case the ulcers healed after
splenectomy Another examplena woman saged 20 was desertbed
by Taylor (1939) Ilere too the ulcer healed after splenectomy
The ulcers 1llustrated in Fig 34 had been present for 42 years
They healed within 6 weeks of splenectomy but recurred 18 years
later One of the uleers has since become malignant {Edwards
1955)

The ulcers are generally bilateral and nearly always start well
above the medial malleolus In severe cases they may extend
almost completely round the leg and also upwards for a
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considerable dsstance (Figs 84 and 85) They are guite mndolent
and are d with g wn of the ding skin.
In some patients an extensne indurated erythematous area
develops rather than actual uleeration (Bewnhauer and Grubn
1957} The presence of the uleers 15 not diagnostic of hereditary
spherocytosis for they are not uncommon m sichle cell disease
and may rarely be met with in other chronic diseases associated
with splenomegaly {Gendel 1948)

Blood Picture

Erythrocytes As already referred to (p 20) the erythrocytes
1n_hereditary_sphergcytosis, tend to be morg spherordal and less
disc Jike than normal corpuscles The mean diameter of the cells.
15 less than normal and their breadth (thickness) greater than
narmal the normal breoncavities are less marked It must be
emphasized that the extent of the cellular abnormality vanes
from case to case and that there 1s 1n addition a considerable
vanation 1n the degree of spherocytosis 1n the cell population of
any particular patient It seems probable that asthe. h Le:
mature they hecame rmare gnd more spheracytic, and that the
youngest cells (the reticulocytes) are the most dise hhe (leptocytic}
Nevertheless it has been shown that the reticulocytes in hereditary
spherocytosis although thin dises are less dise ke and have
smaller diameters than normal reticulocytes (Pauline 1049
Schrumpf 1956b) The contrast 1n size between the spherocytes
and the less densely stawnng more flattened cells some of which
are reticulocytes 15 shown in the stamed blood flm ilustrated
n Fig 37

The d of the sph of y spherocy
have been repeatedly studied Figures for mean cell diameter
{MCD} mean cell €hichness (MCT) and mean cell thickness
diameter ratio are to be found 1n papers by Vaughan and Geddard
{1934) Hawksley and Bailey (1934) Heilmeyer {1036) Hawksley
{1936) Vaughan (1927} Gnpwall (1838) Morgensen (1938) and
Young Izzo and Platzer (1951} In five personally studied cases
the average mean cell diameter {measured on dry films) was 6 4 p
{normal mean 7 2 ) and the mean cell thichness {ealeulated from
the MCD and MCV) was 26 u (normal mean 2 g) the average
thickness diameter ratic was 040 (normal mean 028) The
microeytosss {and also the mereased anisocytosisy can be weil
demonstrated if Pricc Jones curses are drawn (Fig 36) Harboe
and Sch pf (1955) have d d and carried out quantita
of spt tosis by the extent of

3 »

tive



Broop PrcTure 03
the shadows cast by erythrocy tes costed at an angle 1n racuo by
saporized gold

The menn corpuscular v olume 1s usually within the normal range
before splenectomy the mean salue in 42 of the writers cases
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was84 4cu g and the range 70to105¢cu p after splenectomy 1n 28

cases the mean was 85 9 cu p and the range 62 to 99 cu p {Table 5)
Spherocytosis can be d if  wet

blood are exarmned (Fiz 83) Grpwall (1938) and Damcshek

(1939) have drawn attention to the unusual rrregulanty of the

rouleaux which form in blood pk 'y theab
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cells not fitting together as regularly and as tightly as do normal
corpuscles

‘The_hemoglobin_content_of_spheroey tes_1s_normal  The
hrxmoglobin concentration is howeser shghtly above the normal
range (Table 5) (see later under Chemustry of Spherocyies p 108)
In stained films spherocytes appear as small relatively deeply
staining cells  As a rule there 1s no trace of central pallor (Fig 37)
Therr d vary derably the are usually
conspicuously rounded Therr size and stamnng 1s best appreciated
when they are compared 1n the same field of a blood film with the
larger less spherocy tie reticulocey tes whuch stain diffusely basophilie
with the Romanowsky dyes

Punetate basophtlia may be seen but this is nat usually conspicuous
instained films  Pappenheuner bodies and siderocytes are not normally
Ppresent 1n appreciable numbers unless splenectomy has been earried
out. Then they are continuously present but in very vanable numbers
(2-45% Douglas and Dacie 19053) The blood film reproduced as Fig

38 is exceptional in this patient, & mirl aged 22 years in addition to
duffuse punctate basophila and smafl basophulic dots the size of Pappen

heimer bodics about 5 , of the corpuscles contaned much larger
inclusions of irregulat shape 1-2  in diameter which stamed blue with
Romanowsky dyes These larger inclusions did not seem to contam
iron demonstrable by the Prussian blue resction  When the blood was
examined ¢ weeks after the had d

Reticulocytes In hereditary spherocytosis retrculocytes are
normally present in far larger numbers than m health the count
usually bemng between 59, and 20% The reticulocyte counts
of the author s cases (before splencctomy) are shown i Table 5
Usually the reticulocyte counts rematn at high levels throughout
the patients lives unless splenectomy 1s carried out Oceasionally
however for reasons which are at present obscure erythropotesis
1n the marrow may become greatly reduced or even completely

pended  The penpheral locyte count then falls to low
levels and the patients may quichly go mto an aplastic ensis
{see p 210)

Erithrob

e
Er N Bl 1

by are not present 1n
the penipheral blood of patients with hereditary spherocytosis
Small numbers however may be found when the reticulocyte

count 1s markedly rarsed partieularly if the patient 1s serously
anzmic

Blood Picture at Biurth

Microspherocytos:s scems to be less consprcuous at birth than n
later life {Ilawksley 1038 Shapro ef ol 1907) and as in hzmolytic
disease of the newborn the hmmoglobin Ievel and erythrocyte count
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may be normal at birth (Hawksley 1936 Stamey and Diamond 1027

Shapiro ef @l 1957) only to fall possibly to dangerously low levels
the first few wecks of Iife The post natal fall 1n count 15 presumably
associated with o fulure of bone marrow regeneration rather than due
to increased hemolysis  Further studies on thus powt are however

requred

Osmotle Fragility
Ever since the pioneer observations of Chauffard (1907) great
interest has been taken in the phenomenon_of_the ancreased
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Fic 89 Increment hemolysia osmotic fragihty curves derived
from tests earried out on'a patient with hereditary spherocytosts
before and after splenectomy  There 13 evidence for & double
population 1n the splenic vein blood with respect to osmotic
fragility and to a lesser extent in the penpheral blood before
splenectomy  The curve 13 almost exactly symmetncal after
splenectomy

osmotrefraplity_of the_ery throcytes_of hereditary spherocytosts
Indeed at one time an increase in framlty almost came to be

dered d 1c of hereditary sph ytosts  As already
explamed 1t 1s now recogmzed that this view was erroneous for
the d framhty depends upon spherocytosis which can be
due to several causes
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As discussed on p 37 the results of fraglity tests have been
generally reported exther by recording the concentrations of saline
whch (a) cause just detectable lysis and (b) complete Lyus or
more completely by recording the pereentage of hmwmolysis
caused by cach saline concentration used The results of o
quantitative test form a curve when plotted on graph paper
Alternstively nsreferred to on p 39 inerement hemolysis curves
con be deawn (Fig 39) These nre particularly useful i studying
patients with hereditary spherocytosis (see p 100)

A FRESH BLOQD BLOOD INCUBATED AT 37
N CH FOR 24Hr
o

AMAABAEAARARAY 404 4
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Fie 40 Tesults of temotic framity tests in 23 pahenls with
hereditary spherocvtosts  Left hand chart tesults with fresh
blood. Right hand chart resulta wth blood Incubated for
24 hours at 87 C

The saline concentrations causing 1/ (top thia horizontal
har) 0/ (tuck honzontal bar) and 100 / (bottom tlm
Fonzonta) bar) lys:s are recorded. 4 denotes > 1/ lyns

e upper and fower thin honzontal fines represent the
normal uppet Lemt for imtial (1 /) haemolysis and the normal
lower Limit for corplete (100 /) hwmolysis fespectively

"The two double horizontal lines repre ent the upper and lower
kimits for w0 7 haemolysls (MCT)

All grades of increase 1 osmotic fragility are found 1n hereditary
spherocytosis and in a small proportion of cases the curve falls
close to the upper imit of the normal range Gansslen Zipperlen

and Schuz (1820} reported that 10% of compensated ca.es had
DATE 3 AEXOL ANEIAS—4
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a normal osmotsc fragihty and of the panients studied by Young
(1955b) 25% had osmotic fragiities Within or near the normsl
range The results of tests carnied out on patients recently studied
by the author are shown m Fig 40

Dacie (1943) reporting on the curves obtamned with the blood from
24 patients suffermng from hereditary spherocytosis! noted certam
differences 1n the form of the curve in different patients The commonest
type of curve was a taled one with curves of this sort hemolysis

LYSIS

100

80+ N

60 °%D

-
401 \.,
20 \
NN
03 04 05 06 07 O8
% NaCl
Fic 41 Dnfferent types of osmotic fragility curves i hereditary
spherocytosis

N = pormal type curve T = taled carve D = diagonal
e

r
The shaded area represents the normal range

was first detected with saline of concentrations between 076% and
058 /, and only gradually mcreased 1 amount with dimmshing saline
concentration until a point was reached at which 10-20% of the erythro

cytes were lysed Beyond thus pomnt the curve became abruptly
steeper and of approximately the same shape as the curve of a normal
person The cell populations producing curves of this sort are clearly
heterogeneous and include small proportions of unusually fragile cells

In six patients  dragonal curves were recorded here hamolysis was
first p ble with saline varying between 0 80 4 and

1 It is probable in retrospect that one of these patlents was sulfering from
sequired hemolytic anzma
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068° and Increased fairly stenddy ns the concentration of saline was
reduced In five patients In whom the increase in fragility was alight
the shape of the cune was normal or almost normal and there were
only very small tails of fragile cells  Further experience has confirmed
the general truth of these observations but [t s clear that curves
intermediate {n tvpe between the extremes illustrated In Tig 41 occur
Tt seemns hikely that a patient retains his own charactenstic type of cunve
for Jong penods and that members of the same family more often than
not have the same type of curve (Tigs 42 and 44) There Is however
no close correlation between esther the initial or the median fragilities
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Fia 4 Osmotle fragility curves of three patients with hereditary
sphe; ais belonping to the same family (brother sister and
uncle) ~ The shaded area represents the normal range

and the patients erythrocyte counts although it s true that in general
those patients with the greatest Increnses in osmotic frapility are the
most severely affected climcally

‘Vaughan (1037) assocrated flatness of the fraqility curve with scute
hemolytic crises and severe anzmia  Tlus view recetved some support
from the data published by Dacie (1033) which indicated that patients
with normal type  fragility cutves tended 1o be less anzmic than
those with diagonal curves the patients with taded curves forming an
intermediate group

The studies of Bolton (1919) Emerson (1954) and Emerson Shen
Ham Fleming and Castle (10.6) have gone a long way to explain
the diferent types of curves which may be observed in hereditarvy
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a normal osmotic fragihty and of the patients studied by Young
(1955b) 259, had osmotic fraglities within or near the normal
range The results of tests carried out on patients recently studied
by the author are shown i Fig 40

Dacie (1943) reporting on the curves obtained with the blood from
24 patents fe from hereditary spl tosis! noted ecertamn
differences in the form of the curve i different patients The commonest
type of curve was a  taled one with curves of this sort hemolysis

L)
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Fic 41 Different types of osmotic fragility curves mn hereditary
spherocytosts
N = normal type curve T = taled curve D = dragonal

curve
The shaded area represents the normal range

was first detected With saline of concentrations between 076% and
058% and only gradually increased mn amount with diminishing salne
concentration until a pont was reached at which 10-20% of the erythro
cytes were lysed Beyond this pont the curie became abruptly
steeper and of approximately the same shape as the curve of 8 normal
person The cell populations producing curves of this sort are clearly
heterogeneous and wmelude small proportions of unusually fragile cells
In six patients diagonal curves were recorded here hxmolysis was
first p with saline 10ms varying between 0 80/ and

1 It 15 probable m retrospect that one of these patients was sulfering from
acquired hzmolytic anzmia
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subject did not undergo hxmolysis for 32 hours Dacie (1041)
reported obsersations on ten patients  Amounts of lysis varying
from traces to 5% lysis were obsersed after 24 hours incubation
and up to 50° lysis in 48 hours  With normal blood only traces
of Iy sis were to be scen after 24 hours and not more than 5%, after
43 hours 1ncubation 1t was also shown that 1n hereditary sphero-
cytosis the abnormally rapd spontancous lysis was a property
of defectine erythrocytes for lysis took place at an accelerated
rate 1n saline suspensions of cells 1n the absence of plasma and as
rapidly 1n normal plasma as in autogenous plasma lysis was
somewhat slowed in plasma or serum which had been previously
heated ot 56 C for 30 munutes A general correlation was noted
between rates of 1y si2 and the degree of increase 1n osmotie fragility
(before incubation) These observations have since been confirmed
and extended by Caroh Etévé Paraf and Robineau (1919)

Young Izzo and Platzer (1951) Young and Miller (19,3} Selwyn
and Dacie (1924) Selwyn (19.5) Young and co-workers (1956)
and Verloop and Baklkery \ardenne (19.8) Selwyn and Dacie
(1904) and Selwyn (1955) studied certain biochemtcal changes
associated with the hemoly sis and also the effect of glucose upon
it Several gz facts were blished The spl tes
of hereditary spherocytosts swell and take 1n sodium at the same
rate as normal corpuscles they lose potassium at o normal or
slightly aceelerated rate These changes are markedly slowed in
the presence of glucose as are the changes in normal corpuscles

Lysis 13 not correlated with swelling of the corpuscles as suggested
by Ham and Castle (19102 b) but rather with the rapidity of
ncrease 1 osmotic fragility on incubation Selwyn and Dacie
(1954) concluded tentatinely that in hereditary spherocytosis
Iys1s depended upon a defective cell membrane which underwent
a deg wresersible shrink more rapidly than normal

They olso showed that sgmficantly different patterns of
autohxmolysis were observed with the erythrocytes from other
hemolytic disorders and that whereas excess glucose markedly
retarded the hemolysis of the hereditary spherocyte this was
not Iy true of the sph tes of aut hzmolytic
snxmia or the rapidiy haxmolysing erythrocytes of certamn
cases of hereditary non spherocytic hemolytic anzmia (see

p 189)

Data illustrating the effect of glucose on autohemolysis 1n
hereditary spherocytosis hereditary non spherocvtic hemolytie
snrma and normal subjects are shown in Fig 24 {p 44) In
21 patients with hereditary spherocytosis the range of hemolysis
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spherocytosis  Both Bolton (1949) and Emerson and co workers {1954
1006) plotted their data as mcrement hmmolysis curves and showed that
before splenectomy the distnbution of sensitivity to osmotie hemolysts
of the erythrocytes in hereditary spherocytosis was often bunodal but
became and b after spl Crnerson and
co workers concluded that the tul  of very fragile cells Which may often
be d d d ¢! caping from the spleen after
having been made more fragile theremn (see also p 125)

Osmotic Fragility after Incubation for 24 Hours at 37 ©
( ‘Incubation Fragility ) Emerson Shen and Castle (1946)
Emerson Shen Ham and Castle (1947) Young (1947) Maser
(1950) and Varadi (1951) observed that the increase 1n osmotic
framlity resulting from incubation at 87° C was more marked m
hereditary spherocy tosis than m normal subjects Later Young
Izzo and Platzer (1951) published details of their observations on
17 patients before splenectomy and concluded that the mcubation
test was particularly useful mn detecting the shghtest grades
of abnormality In several instances the fragility of the blood
suspected to be abnormal was significantly greater after incubation
than that of normal controls whereas there had been no significant
difference before mcubation Curses illustrating the changes m &
typical case are shownin Fig 23 (p 41) While there 13 no doubt
as to the value and sensitivity of the incubation fragility ’
test 1 the authors view it has yet to be proved whether
1t will distingsh from normal the muldest examples of hereditary
spherocytosis Fven if 1t 15 admitted that the patient described
by Dacie Mollison Richardson Selwyn and Shaprro (1953)
whose erythrocytes reacted normally on incubation might not
have been suffening from hereditary spherocytosts it has to be
accepted that the incubation fragility test fuled to distinguish
from normal the blood of healthy parents of affected children
considered by Young (19552) and Ham (1955) on genetical grounds
to be carners of hereditary spherocytosis

The abnormally great mncrease 1 osmotic fragility which results
from the ncubation of the blood of patients with hereditary

pk ytosis 13 ted with an d rate of sp

hemolysts {Selwyn and Dacie 1954 Young Izzo Altman and
Swisher 1926) (see below)

p Lysis on I ion at 37° C (Autoh lysis)
Ham and Castle (19102 b) reported that when blood from
a patient with hemolytic Jaundice was incubated at 87°C
hemolysts oceurred after 12 hours although blood from a normal
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rate Young nnd eo-norkers confirmed that hremolysis was markedly
slowed in the presence of glucose and found that manhose adenosine

snosine and inosine were atso effective in retardainy hoemolysis
Acidifiention of the blood with Jactie feid to pil 68 also reduced
hrmolyss but to a lesser extent than did plucase  In two patients the
s3dition of plucose to blood actutily sccclerated hwemolysis before
splencctomy  nfter splenectomy  from which the patients derived
sinfang chnieal benefit glucose had a3 marked effect in reduting
autohrrmolysis as in typreal eases of hereditary spheroevtosts  The
reason for these discrepancies s unknown The present author has
made a simslar ohservation in three patients (sce p 109)

Although there 19 a wide variation between patients thereis npositive
correlation Detween the rnte of autohTmolyss and the esmotic Iramiity
after 23 hours Ineubation (¢ Nysis in 085 /1 NsCh (r=D o308
002> P> 001 before splenectomy 5 =0 81§° I =0 01 after
splenectomy (Fig 43) Soung and his colleagues (1906) yeported o
sunilar correlation and noted thal the correlation between sutohiemoly sis
and psmotic fraphity was closer with incubated cefls than with fresh cells

Mechaniceal Fragiiicy
Spherocytes were reported by Shen Castle and Fleming (104$)
Mazer {1020) and Matthes (1000} to be unusually sanilv Iysed by
mechameal trauma The most extensive data on this point are
tn be found 1n Soung Izzo mnd Pintzers (1901) paper Young
and tus collengues stuched 18 patients {before splencctomy) and
showed that the mechamcsl fragility of thewr ery throcytes was on
the average 4-5 times that of normal controls after incubation the
average mechameal fragmhty of the patients corpuscles was ebout
8 tunes that of the contrals % oung (1935b) pomted out that the
Vnormal or, slmest normal sprynal of hereditory spheroeyies affer
L Splenectomy {(sec p 121) suggests that obnarmal mechenical
{ ragility per se docs nat sigmficantly shorten erythrocyte hife span
m o

Serolopy

Boorman Dodd and Lovht (1915) and Loutit and Melhson
{1946) reported that the dmect antiglobulin (Coombs) test
was negative it patients wath hereditary spherocytoss  The
observations of most later worhers including those of the author
have confirmed this Young Tzzo and Platzer (1951) for example
reported negative results 1n 28 patients  Posstice resetions were
bowever teported by Smger and Motulshy (1910} Wnght
Dodd and Bouroncle (1949) and Wnpht Dodd Bouronele Dean
and Zollinger (1851) It 15 possible that some of these positive
reactions have been due to the use of an unswtable technique
However 1n a fow patients 1 hemolytic enses 1t scems probable
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at 48 hours without additional glucose was 7 5-17 5%! (mean =
28 5%) with glucose the range was 0 9-15 59, (mean=6 7%
18 patients) The results expectedinhealthare0 44 5% (without
glucose) and ¢ 03-0 4% (with glucose}

Young Izzo Altman and Swisher (1956 1958) have recently pubhshed
further extensive observations on autohzmolysis in hereditary sphero
cytosis In every case including 14 patients whose blood showed
mmmal spherocytosis and normal or almost normal osmonc fmgdxty
(before incubation) h. ded at an
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Fig 43 C between it ki lysis after

48 hours ncubation at 37 C) and osmotic fragility after
"4h urs incubation at 37 C (/ lysis in 0 8./ NaCl,

= pre splenectomy (21 patients) © = post splenectomy
Q= panents)

1 These data do not include observations made on two atypical (7
non hereditary} cases referred to on p_109 and on & patient wm: hereditary
spherocytoss” plus the nepbrotic syndrome and amyloid
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suggested a definite deficiency in the lipid content of hereditary sphero
cytes  Crosby {10.2) quoting the work of ¥ richson and co-workers
correlated thie hipld defimency with the reduced surface ares of the
epherocytes  1le supgested that {n the matumtion of the hereditary
spherocyte there was a disproportionately grreat foss of surface nrea
and f the ! the cellular surface

$ore recent work on the chemistry and aof the y
spherocyte is considered under Patho enesis of Ifereditary Spherocytons
{p 133)

Hamogiobln The hxmoglobin in hereditary spherocytons.is
genernlly considered 10 bepf thenorma adult vanety (1Ib Ajonly
except 1n early wfancy when the normal propottions of foetal
hzmoglobin (IIb F) ate present  Using a sensitive physico
chemieal method {combtaed alhalk denaturation and wltraviolet
spectrogtaphy (Beasen Elhis and Wiite 1956)) White Beaven
and Tlhs (unpubbshed obseryations) fuled to demonstrate b F
n mne patients with hereditary spherocs tons (chuldren and adults)
and eleven members of ther families

Recently howeirer an gbrormality in the hemogloin in heredstary
spherocytosis has been reported by Kreuer de \nes Ichet und Matoth
(1058) In moving boundary clectrorhoresis raising the temperature
ot lawering the jonic strength was found to cause twa camponents ot
hemoglobmn to scparate in the descending limb whereas with hemo-
£obin from norma} mbfccu only one component sepamated  The
phenomenon was noted in hereditary cliptocytosis and  atypicat
congemtal bremofytic avemia as well as in hereditary spherocytosis
Brever snd bis co workers suggested that 1t indieated @ weakening of
the forces which bound together the protem sub umts of the hemoglobin
molecule and that these forces might be concerned with the maintenance
of the integnty of the erythroeyte

Bile Pigment Metabolism in Hereditary Spherocytosis

The usual range of plasma ilirubin fevels . hereditary
spherocytosis has been referred to on p 89 Urobilinogen
excretion 1n the ficees 15 charactenstically increased and may be
many times the normal (Goldschoudt Pepper and Pearce 1915
Watson 1937 Barker 1938 Crosby and Akeroyd 195%)

Watson s (1937) data are the most extensive Ten of hus patients
suffered from hereditarv spherocvtoss  their excretion of
urobilinogen varied from 136 to 2 470 mg per day the avera,e
was approamately 900 mg (sbout s1x uimes normal) Barker
(1938) studied three patients therr daly excretion ranged from
500 fo 1087 mg  Watson made the pomnt that the exeretion of
urotilinogen 1a the unne 1s only shehtly to moderately rmsed in
uncomplicated cases n Ius patients the total daly excretion
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that antibody development leading to auto immumzation may
have been superimposed upon the orgnal congemtal disease
(Dameshek and Bloom Case 6 1948 Mendes de Leon 1952
Young and Miller 1953 Michel Bornemann and Thomas 1955)

Mendes de Leon (1902) and van Loghemn Mendes de Leon and van der
Hart (1855) 1n studies on the effect of incubation on normal corpuscles
suspended 1n patients sera reported that in many cases of hereditary
spherocytosis (50 4 of 22 cases) and in other types of hemolytic
anemia a hmzmolytic serum factor was present After splenectomy
the hemolytic activity of the serum was normal in eight out of nine
patients The of these ob has not yet been
elucidated

Erythrocyte Chemistry in Hereditary Spherocytosis

The few chemical observations avatable point to differences
between hereditary spherocy tes and normal corpuscles

Marzels (1936) concluded that the 1um and water con
of the erythrocytes were low 1n hereditary spherocytosis the sodium
concentrations were normal and the hzmoglobin concentration
wmcreased He pointed out that the hemoglobin and water concen
trations would have an imverse relationship and that the total cation

would be dependent on the water He
also pomnted out that as a small proportion of the cell water1s  bound
y the h the hugh h 1n spherocytes
would result m o higher proportion of the cell water bewng  how
Manuzels studied three patients before and after splenectomy the

1n the ery ytes fell by about 109’ after

operation and their water content increased shightly the potassium
concentrations and cell volumes rose skightly

Enchson Wilhams Hummel Lee and Macy (1937) studied the
erythrocytes of three children with hereditary spherocytosis (two after
splenectomy) 1n one patient before splenectomy they found the cell
potassium concentration to be high 1n the other two children examined
after splenectomy the concentrations were normal These observations
are at variance with those of Maizels (see also below)

Selwyn and Dacies (1954) work was based on ten patients and
has confirmed Mauzelss observations They found the hazmoglobin
concentration to be high mean 37 g range 3440 g per 100 ml cells
(normal range 32-36 g per 100 ml cells) the cell water to be low
range 65-89%, (normal range 69-725,) the cell sodium to be normal
range 8-12 m equiv [litre cells (normal range 8-12 m-equuv /litre cells)
and the cell potassium to be low_tange 7u-95 m equuy /hitre cells ( normal
range 100-114 m equiv jlitre cells) After splenectomy there was & shfy
towards the normal (The effect of mcubation on the chemustry of
spherocytes has already been referred to (p 101) }

Enckson and co worhers (1937) also studied the corpuscular Iipids
in certain cases of hemolytic anzmia In four patients with hereditary

pherocytosis the total Lipid ged 300 X 10~1t mg per cell and
three patients after splenectomy 330 X 10-1*mg percell These figures
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tuggcstcd a del\muz deficiency in the hpid content of hereditary sphero-
y (193.) quoting the work of T nckson and co-workers
‘mmk\!ed llnq lipid deﬂclcnc) \v{(h the reduced surface arca of the
Y that in the of the hereditary
lphﬂoq’te there wos & spmpomonntely great loss of surface nren
and presumably of the matenals that comprised the cellwlar surface
ore recent work on the cherustry and metabolism of the hereditary
lphemcyte is considered under Pathn,enesis of Heredilary Spherocytons
tp ¥

Hemoglobin The hemonlobin in hereditary spherocytosis s
generally ¢ considered o be of nLt.hunxm:\l nal adult s anety (Hb A)only
except 1n early nfancy when the normal proportions of foctal
bmmoglobm (!Ib F) nm present  Using a sensitive physico-

1 allal den and ultraviolet
spcc!mgmphy (Hea“en Ellis and White 1956)) White Beaven
and Ells (unpublished obscn ations) fmled to demonstrate Hb I
n nine patients with b y sph tosts {children and adults)
and eles en members of their families

Recently however an abnormality i the hmogtobin in hereditary

spherocytosis has been reported by Breuer de Vnies Pehet and Matoth
(1958) "In mowing boundary electrophoresis raising the temperature
or lowering the ionic strength was found to cause two components of
hxmoglobin to separate §n the desotnding limb  whereas with hzmo-
globin from normal subjects only one component separated The
phenomenon was noted in heredidary elliptocytoss and  atvpieal
congenital h:emnlyue anrmia as well as in hprcd"-nry syhcm—tosu
Treuer and his that it
the forces which bound together the protein sub-units of lht h:nmoglabln
molecule and that these forces rght be concerned with the maintenance
of the integnity of the erythrocyte

Bile Pigment Metabolism in Hereditary Spherocytosis

The usual range of plasma bihrubin levels m  hereditory
spherocytosts has been referred to on p 89 Urobilinogen
excretion 1n the faeces 13 charactenstically mcreased and may be
many times the normal (Goldschmidt Pepper and Pearce 1914
Watson 1937 Barker 1938 Crosby and Akerovd 1952)

Watson s (1937) datu are the most extensive  Ten of hus patients
suffered from rocytoss  ther tion of
urobilinogen vaned from laG to 247, mg per day the average
was approximately 900 mg (about six times normal}) Barker
(1938) studied three patients their daily exeretion ranged from
500 to 1087 mg  Watson made the point that the excretion of
urobilinogen m the unne 1s only slhightly to moderately rased in
uncomplicated cases 1n his patients the total daily exeretion
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ranged from 1 to 10 mg compared with the normal excretion of
08 mg When urobihnuna of marked degree oceurred this was
in Watson s view, nearly always due to complications such as
nfection severe anera infarction the effects of anwsthesa
or ¢ hemoly tic ensis —all of which affected the function of the
liver Inone jaundiced patient with marked urobilinuna however
none of these factors was app ly and 1t appeared
Iikely that Iiver function was concurrently disturbed at least in
respect of its power of excreting bile pigment

Erythrocyte Life Span in Hereditary Spherocytosis

Dacie and Mollison (1943) carmed out the first erythrocyte
survival experiments in hereditary spherocytosis Using the
Ashby method they found that the corpuscles of one patient were

pletely el d from the ! of a healthy
within 14 days When the experiment was repeated one year
after the patient had undergone splenectomy only 82% of the
patient s corpuscles were present 8 days after the transfusion
elimination being complete 1n 19 days

The recent introduction of the 5Cr method has permutted
measurement of the Iife span of the erythrocytes in the patient s
own cireulation which was not possible using the Ashby techmque
So far the published datt are not extensive Read Wilson and
Gardner (1954) reported *ICr half times of 11 12 14 and 18 days
(normal range 23-30 days) while Motulsky Giblett Coleman
Gabno and Finch (1925) mdicated that the rate of destruction
was usually 6-8 times normal Schloesser Korst Clatanoff and
Schiling {1957) have published data on four patients the pre
splenectomy 51 Crhalf times were10 11 11and 17 days respectively
(normal 80—42 days} and 1n one patient after splenectomy 29
days Hughes Jones and Szur (1957) 1n three chnically mild cases
reported mean cell life spans of 18 19 and 27 days respectively
Other patients more recently studied in the author s laboratory
had mean cell hfe spans of approumately 8 12 14 and 19 days
(Lewis Szur and Dacte (unpublished observations))

Schrumpf (1951) 1n a classic experniment and Emerson and
co workers (1956) have shown that 1f hereditary spherocytes are
transfused to a healthy recipient lacking a spleen their survival
1s virtually normal  The curve published by Emerson and his
co workersis however defimitely curvilinear and although a small
proportton of cells survived at least 120 days 50% appear to have
been eliminated 1n about 40 days

Schrumpf (1956a) in further experiments claimed that hereditary
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spherocytes were eliminated fmm the crculation faster by &
who had hered fosis {wi1th an mtact spleen)
than by a normal sub]ect Af!m' the recipient with hereditary
ad been d the surviial of transfused
h:redn.nry spherocy tes w as found to be normal Jundl Greenberg
Yonemoto and Castle (1956) and Schloesser and co workers (1857}
hase howerer made the contrary observation namely that the
erythrocy tes from a patient with hereditary spherocytosis survise
better when transfused to another patient with hereditary
spherocytosis than 1 a normal subject This could be mterpreted
as being due to the patient s spleen already engorged wath blood
being less able to filter off the transfused spherocytes than a
normal spleen The role of the spleen 15 considered 1n more detarl
on pp 134-138

VARIANTS OF HERLDITARY SPHEROCYTOSIS

Mild Forms of the Disease Gansslen Zipperlen and Schuz
(19°5) and Campbell and W arper (1925-26) were among the first
writers to stress the existence of very mild forms of the disease
As a result of studies myoluing about 170 patients Gansslen and
co worhers deseribed three mamn types of the disease a complefe
form s compensated form—385%, of the patients without anxma
5% with polyeythzmma 409, without jaundce 209, without
splenomegaly  10% without increased osmotic fragihty and a
mid form which they referred to as the lerchte hamolytische
honstitution  In this last group were placed healthy people
with perhaps shightly d degrees of amsocytosis of the
erythrocytes mmnor fragihty changes shght snd inconstant
hyperbilirubinzema but with no anema or splenomegaly Out of
€8 members of a family comprising 161 persons n three generations
Gansslen and Ius coll found ten completely healthy subjects
eleven with the complete disease thirty four mlh the compensated
disease and thirteen with the mild carrier form

Subsequent writers have tended to o\erlosk the pess\h\lxty
of the extremely mild forms deseribed b,
compensated cases have been well recogmzed On the other hand
the diagnosis of leichte hamoly tische honstitution  should not
be made unl:ss repeated careful stedies hate been carried out

ly as shghtly d amisocytosis 1s of frequent
oceurrence and small fragxhty changes are difficult to be certain
about The author now feels if the osmotic fraglity of the fresh
blood of a patient suspected of having hereditary spherocy tosis 1s
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strictly normal on repeated testing that the alternative diagnosis

of hereditary non spherocy tic hemoly tic anzmia 1s more likely to

be correct  He has not yet seen a patient of this type where the

presence of the disease mn an unmustakable form 1n another

member of the famly made the diagnosis of hereditary sphero-

;)c ]tosxs (with normal osmotic fraglity) virtually certain (sce
ow)

Of 28 patients investiated before splenectomy by the author
recent jears six had h lobin values ding 135
£ per 100 ml 1n three the munimum value was greater than 148 g
per 100 ml Six of the 28 patients had erythrocyte osmotie fragilities
(before 1ncubation) just outstde the normal range (Fig 40% In two
patients (Cases 8 and 9 of Dacie and co workers 1053) the results were
entirely normal  As 1t 13 debatable whether these two patients should
be pted as cases of b y sp ytosis they have been excluded
from consideration and are with other atypical cases discussed i
Chapter 4 (p 183) There 1s no close correlation between hemoglobin
levels and the extent of the increase 1n osmotic fragility—which may be
very defimitely abnormal despite a normal hemoglobmn  However as
mentioned earhier the most abnormal fragility curves are usually
associated with actrve and ly p d

The usefulness as diagnostic aids of studymng the rate of sutohemo-
lysis and the osmotic fraglity after 24 hours incubation st 37 C has
already been referred to (p 100) Young (19.53) mentioned for
instance seven patients from three famulies with normal or almost
normal osmotic fragiity before wcubation in whom the test gave
defiutely abnormal results after the blood had been tneubated In
the authors experience hotsever the measurement of the osmotie
fragility of incubated blood has been of more value tn excluding here
ditary spherocytosis as the diagnosss in a mild case of hemolytic anema
than 1n confirming the diagnosts

There 15 some evidence which suggests that muldness of the
disease may be a family charactenstic  For instance families
have been observed 1n which anwma has been shght and the
ncreases 1n osmotte fragilhity have been sumlar and minmal m
all of the affected members the fragihty curves bemg normal or
almost normal 1n shape (VWiedemann 1942 Discombe 1948
Young Izzo and Platzer 1951) It 5s not clear whether these
cases represent a shightly atypical genetically different type of
hereditary spherocy tosis or whether the umform mildness of the
disease 1s due to the influence of the unaffected parent on the
expressity of the gene The author described in the first edition
of thus book (Dacie 195¢ p 66) a famly of this type in which four
boys were affected with a mild form of the disease (Fig 44)

1 results 1t five patients are not recorded in the figure as no
obse‘lr'wh:uom were made after ineubsting the blood for 24 hours at 37 C.
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Atypleal Cases With Spherocytesls  As already mentioned
{p 83) enses of spparent hereditarv spheroeytosis i which
family studies g1y e shsolutely normal results are not rare Usually
the hematalogical and chmcal findings are ty pieol and a dingnosis
of hereditary spheroey tosss ean be made with confidenice Haweser
a small number of patients have been observed with both parents
appareatly normal who show abnormal hwematologicel fentures
{or react abnormally to spiepectomy)

Young and Ius colleagues have descnbed two groups of thus
type Young {195} mentioned three pobwents whose blood
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Fie $4  Osmotic fragility rurves of four brothers all suifenng from
hereditary sphe ls (Coves I~$ of Dacie 1054} The
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shaded arew teprescits the normal range

prcture although thought to he typieat of hereditary spheracytosts
before splenectomy hecame entsrely normal subsequently ¥t
seems wnprobable that such cases are vamants of herechtary
spherocytosis  Later Young angd his eo warkers {(10.0) described
two patients under the title  atypical (Group B) spherocytosis

whose disorder diffeved from the typiual hereditary type m that
the rate of autchemolyss of the patsents erythrocytes was not
reduced by the addition of glucose Cumously emough after
splenectomy the patients corpuscles behaved normsily i this
respect  ‘The present suthor has made simaiar observations i two
cluldren of duferent famsbies whose parents also were apparently
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normal as well as i an adult (with a posttive family history)
who had the nephrotic syndrome and amyloid disease 1n addition
to hereditary spherocytosis The sigmficance of these observations
15 not yet known They suggest that the biochemical abnormahty
i hereditary spherocytosis may not be uniform and support the
concept that more than one type of the disorder {with sphero
cytosis) exasts (see also p 133)

Hereditary Spherocy Combined wuath other Inherited Tras

Patients with hereditary elliptocytoss whose blood i addition shows
well marked spherocytosis have been observed As will be discussed
onp 164 there s reason to believe in most mstances at least that this
blood picture can be produced by hereditary elliptocytosis alone The
P of hereditary ptocy and detary spherocy m
the same family and the q of undoubted double
heterozygotes does not seem yet to have been reported Examples of
ditary sph b) with sichle cell trait have however
been deserbed  Both the patients mentioned by Smith and Conley
(1954) and de Torregrosa Ortiz and Vargas (1956) responded well to
splenectomy

Jonsson and Zetterstrom (1954) and Zetterstrom and Strindberg
(1958) have desenibed unusual cases of hemolytic anemia with sphero
cytosts i infancy which may possibly be vamants of hereditary
spherocytosis  Zetterstrom and Strndbergs two infants also had

topenia of the yocytic variety and sheletal or renal
abnormalities

The

of h 'y spherocy with p aneEma
13 suggested by the report of Ercoli (1954) Eight patients were studred
1n two generations Three of them had megsaloblasts mn therr bone
marrow six_had raised reticulocyte counts and the osmotic fragiity
was reported to be increased Price Jones curves showed both micro
cytes and macrocytes  Although the presence of neither disorder was
proved the of the kab. cannot be
excluded

Aplastic (Anzmic) Crises in Hereditary Spherocytosis

The occurrence of crises i the course of hereditary sphero
cytosis has been known for many years (Tileston 1922 Dawson
1931 Dameshek and Bloom 1948) They were described as

cnises de déglobulization by French writers in the early years
of this century More recently 1t has been recogmzed that cnises
may affect several members of the same famuly concurrently or
successively and that n most nstances an obyvious increase
1n hemolysis with deepening jaundice 1s not the cause of the
cnsis
Examples of epidemtc familial crises have been described
by Murray Lyon (1935) Scott (1935) Dedichen (1937) Dameshek
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(1941) Lyngar {(194°) Horne Lederer karkpatnch and Leys
{194.) L1 Voth and Osgood (19,0) Marson Meynell and Tabbush
{1050) Battle (1852) Ingham (1952) Margolis (19-3) Haase
(1924) Esmond Quinn and Peters (1955) Betke Debatin and
Sauthoff (19.5) Moorhouse and Mathewson (1950) Denny Bird
and Du\ al (1958) and Greig Metz Bradlow Theron and Mornis
(1958) It 1s noteworthy that Murray Lyon Scott Dameshek
and Lyngar all remarked on the low reticulocyte counts of their
patients ot the height of their enises when they were most anemic
Scott (1935) considered that erythropotesis was fathng to heep
pace with and D heh (1941) d that the
enisis nught desclop not only beeause of increased hamolysis but
also because of mhibition of the bone marrow due to unusual
spleme activity Dameshek also remarhed on the leucopenia
that was present at the time of the erises and suggested that this
mght be due to a splenic influence also  Lyngar (1942) concluded
that the ensis in the patients he studied was due to bone marrow
failure rather than to increased hemolysis  The fact that fuilure
of the bone marrow could lead to severe anemiz 1n a patient with
hzmolytic anemia had however been appreciated carlier than
this
Banti (1913b) made a distinction between haemoporetic and anhemo
potetic types of hemolytic anemia It seems probable however that
the patiént he described 83 having  anemia emohtica splenomegalica
had fn realtty ‘minor {of the Riett: Greppt

“Michel: variety)

Dawson (1931) without question dealt with hereditary spherocytosis
He did not refer to marrow aplasia but he was well aware of the
wmportance of the marrow 1n relation to how anemic a patient became
Te reported that one (elderly) subject with cholangitis had an erythro
cyte count of 3 0o millions per cu mm but only 06  reticulocytes he
remarked that this showed that there was but hittle fight left on the
part of the marrow

Pepper and Wise (1933) gave a detailed account of & boy of 18 years
almost cestamnly suffering from heredstary spherocytosis who became
febrile and severely anzmic Only  very occastonal  reticulocytes
were present 1n the peripheral blood and he was  far less yellow than
1 former attachs ~ Pepper ond Vise attributed the anemua and
reticulocytopenia to bone marrow failure and discussed whether the
attack was associated with an intercurrent infection The bone marrow
atself was unfortunately not studied

Detmled studies on the genests of crises i hereditary
spherocytosis have more recently been published by Owren
(1918) Dameshel and Bloom (1818) and Gasser (1850 1951)

]’ and 1t 15 now generally agreed that enses are almost always
brought about by marrow aplasia
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Owren deseribed the course of the crisis in six patients four of them
were members of the same famly all became 1l withm a few days
‘The other two pattents belonged to different families In each case the
patient suddenly developed pyrevia two patients had migors one of
them expenienced abdominal pamn with vomiting The pyrexia lasted
about 10 days the patients temperature returning to norms! st about
the same time as the reticul ppeared 1n the heral blood
The patients jaundice was observed to decrease as they became more
anemic whilst the size of their spleens remamned unaltered In all his
patients Owren found a severe reticulocytopera at the height of ther
cnises—the counts varied from 0 to 03% In addition there was

tocytop the total counts ranging from 760 to
2400 per cu mm and thrombocytopema with counts rangng from
80 000 to 160 000 per cu mm Bone marrow studies showed that the
peripheral pancytopema was a reflection of an acute hypoplasia of
the bone marrow particularly affecting erythropolesis

Dameshek and Bloom (1948) studied seven patients three of them
having been reported previously by Dameshek (1941) 1n these patients
the crisis was interpreted as being due to the combmation of a mark
e 1on of the ly 't with an arrest of maturation
of the developing ervthroblasts in the marrow The marrow mhibitron
was attributed to a pathologically hyperactive spleen Reticulocyto
penia was marked 1 six of the patients all suffering from major enises
and there were lesser degrees of topenta and thromb
pema In one patient (Case 7) reticulocytes were reported to be absent
from the peripheral blood for at least 5 days Marked spherocytosis
was a feature of the erses n all Dameshek and Bloom s patients
Serial bone marrow studies were carried out on one patient (Case 7)
Trom tius 1t appeared that at the height of the reficulocytoperua in the
penipheral blood there was a maturation arrest affecting erythropoiests
It1s possible though that the appearances were those of eatly recovery
of marrow function and that a puncture done earlier 1n the crists would
have shown marrow hypop! e e d spl 'y m
the heral blood can be as the direct consequence of

as the cell would become
creasmgly older and more spherocytic as time passed

Gasser (1950 1951) described the occurrence 1n children of aplas

tische Lry (akute Ery m the course
of various illnesses Gi 'y spherocy The sequence
of events 1s well illustrated mn his 1950 paper Like Owren he noted
the P of ret: tes and ery mn the bone
marrow the marhed ! P 10 the heral blood and the

rapid onset of anzmia  He also recorded an ncrease 1n osmotic fragility
and & {1l 1 serum bilirubin as the anzmia progressed

Laterstudies eg those of Emery and Lemmon (1924) White (1956)
and Greig and co workers (1958) have confirmed the correctness of the
coneeption of marraw aplesia  The aregenerative phase lasts as a rule
from 7 to 10 days or even 14days L and P
as observed by Owren (1948) Dameshel and Bloom (1918) and Sansone
(1855) donotalways the 2 and the patt f
response may vary even in the same family For instance of the two
cluldren reported by Haase (1924) who developed after




Parnorocy na
a guppal Infection one had 8 500 and the othier 40 600 leucocytes per
cu mm Stmlardy one of the patients referred to by Famond Quinn
ang Peters (19.5) who had 3 retrcvlocyte count of only 14§ had
48000 leucoeytes per ey mm  Samvone {104.) nated in his patient
who had Jeurcopetna and throtnbocs tapenis ns welt as retieulocytopenia
that rises in the granuloryte and platelet counts prereded the rise in
reticulocyte count

The cause or causes of an aplasiis emss have nat been
established The fact that several members of a famuly may be
affected sunultaneously o successsvely sugpests strongly that
wfections may_be precyptating factors  Whether the depression
of the bone marrow results from the direct action of & virus or
toxn or 1s brought sbout indirectly by some as yet unknown
mechansm 1s uncertain I certninly seems that eompensatory
erythrop n hereditary sph b 15 delcately possed
Gosser s obseryntions suggest that a temporary depresson of
erythraopatests 15 nat uncommon in ¢lnldren as a result of infectians
and wmtovsntions hanever it 1s only 1 hemolytie anems that
the results are semous

The role of mnereased hzmolysis i bangmg about cnses needs
recanstderation in the hght of the work referred o abore Clearly
excessive hremolysis alone 1s much less important than was at
one time thought and ths 1s possibly true of runor enises also
Farmstance it 55 snteresting to note that the tno pattents deseribed
by Denny Bird and DuVal (19,8} had both suffered from repeated
but less severe epsodes of weakness chulls fever abdommnal
pun nouses and yormting which e a more severe form were
shawn ta be the nccompaniments of aplastie crises

PATHOLOGY

Bone Marraw The bone marrow 13 characterstically hyper
plastie  fat cells are absent partwlly or completely from the
marrow of the fiat bones (Fig 14 p 27) and red marow 15 found
1 areas m the long bones normally fatty In children hyperplasis
of the marrow sometimes leads to widemng of the diploe of
the shull and radiologreal appearances rather snmlar to those
seen i sevete Cooley s anmma {Calley 1897) The marrow
hyperplasia 15 due to prohif of the bl n severely
anmmie papents they may be the predominant masrow cell
Morphiologrestl pthrop 1 Hy normobl n
type the deseloping cells beng vormal i sme  Mitotie fgures
are d i number Megalabl change 15 extremely rare
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but has been observed for example by Dasidson (1952) m 8
pregnant patient and m an elderly subject by Matthews (1954
unpubbshed observations) In both the above instances the
megaloblastic change was the result of defictency of folic amd
not of By, (see also p 29) It seems quite clear that normally
1n the otherwise healthy subject erythropoiesis can be mamtamed
at many fimes the ncrmal rate for many years without any
defi y of factors develop:

Ettramedullary erythropolesxs has been obsened from time
to time Paravertebral masses contmning bone marrow were
described by Dawson (1931) Bamatter (1932) and Hartfall and
Stewart (1933) masses i the costovertebral angles by Gleave
(1936) and paravertebral subpleural nodules by Turnbull
(1936) The meidence of intrathoracic bone marrow  tumours
m hemolytie anema luding hereditary sph tosis has
recently been reviewed by Paraf Decrox and Carolt {1957) who
deseribe a further example 1n a patient with a chrome hemolytic
anzma of doubtful type

Spleen The spleen 1s always enlarged but the enlargement
15 rarely extreme The largest spleens are found in the most
severely affected patients After excision the spleen of an adult
patient 18 usually found to weigh between 500 and 2000 g
According to Wiland and Smmth (1956) the spleen averages five
times the normal weight for the patient s age Infarcts are not
usually found and adhesions 1f present are rarely extensive The
vessels at the splentc hilum are not conspicuously large On
section the spleen 1s charactenstically a dark plum colour firm
to the touch and looks as 1f 1t were deeply congested with blood
the vessels and fibrous trabeculze and Malpighian bodies are

not usually lly the app are
charactcmhc (Vaquez and Aubertmn 1908 Guizzett: 1912
Meul ht 1922 Th 1932 Turnbull

1936 I\lemperer 1938 Waland and Smith 1956) The Malpighian
bodies are usually normal in size but are widely separated by a pulp
filled with blood Most of the erythrocytes are pached n the pulp
cords 1n contrast the sinuses are often empty and may be Lined

by T almost cuboid: dothelial cells (Fig 45) There
1s usually no mncrease 1n collagen although there > may be a shght
inerease 1 argyrophil lin fibres M.

erythrocytes are not easily found but there 15 usunHya moderate
amount of hmmosxdenn prcscnt 1n phagocytie cells or as a diffuse

tildh

are rare m d but are
frequently seen 1 older subjects (Wiland and Smith 1936)
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but has been observed for example by Davidson {1952} n a
pregnant patient and i an elderly subject by Matthews (1954
unpublished observations) In both the above instances the
megaloblastic change was the result of deficiency of folic acid
not of By, (see 2lso p 29) It seems quite clear that normally
1 the otherwise healthy subject ervthropotesis can be mamtained
at many times the normal rate for many years without any
defi of essential h: D factors developing
Extramedullary erythropotesis has been observed from time
to time TParavertebral masses contaming bone marrow were
deseribed by Dawson (1931) Bamatter (1932) and Hartfall and
Stewart (1933) masses m the costovertebral angles by Gleave
(1936) and paravertebral subpleural nodules by Turnbull
(1936) The merdence of mtrathoracic bone marrow tumours
m hemolytir anema luding hereditary spk tosis has
recently been reviewed by Paraf Decroix and Carol (1957) who
describe a further example 1n a patient with a chrome hzmolytie
anemia of doubtful type
Spleen The spleen 15 always enlarged but the enlargement
15 rarely extreme The largest spleens are found in the most
severely affected patients After excision the spleen of an adult
patient 15 usually found to weigh between 500 and 2000 g
According to Wiland and Smuth (1956) the spleen averages five
tumes the normal weight for the patent s age Infarcts are rot
usually found and adhestons if present are rarely extensive The
vessels at the splemic hilum are not consprcuously large On
section the spleen 1s charactenistically a dark plum colour firm
to the touch and looks as 1f it were deeply congested with blood
the vessels and fibrous trabecule and Malpighan bodies are
not ususlly M, lly the app are
characteristic {Vaquez and Aubertin 1508 Guzzett: 1912
PP 1920 Meul wcht 1922 Th 1932 Turnbull
1936 Klemperer 1938 Wiland and Stmth 1956) The Malpighian
bodies are usnally normal in size but are widely separated by a pulp
filled with blood@ Most of the erythrocytes are pached in the pulp
cords 1n contrast the sinuses are often empty and may be lined
by )8 almost cuboidal endothelial cells (Fig 45) There
15 usually no increase 1n collagen although there may be a slight
ncrease in argyrophil reticulin fibres Macrophages containg
erythrocytes are not easily found but there 15 usually a moderate
amount of hemostdern present m phagocytic cells or as a diffuse
p tion Siderotic les are rare m childhood but are
frequently seen 1n older subjects (Wiland and Smth 1950}
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According to Wiland and Smuth foer of ery thropotesis are commonly
found but this has not been the present author s expenence

‘The exact location in hife of the erythrocytes in the spleen of hereditary
spherocytosts has been s subject of controversy The relatively empty
sipuses seen in histologieal preparations of spleens removed at operation
are presumably filled with blood in life The question is whether or
to what degree the extreme congestion confined to the pulp is an
artefact hnuwely (1836) claimed as a result of direct 1nspection of the
spleens of anwsthetized small animals that all the blood was contained
in life in the siuses and that its presence 1n the pulp in fixed sections
was due to agonal changes Iausely s conclusions were disputed by
Machenzie Whipple and W (1940) usinga similar
Howerer Gnpwall (1018) in reporting a study on patients with here
ditary spherocytons claimed that scetions of small pieces of two spleens
remoted at the time of operation and rapidly fixed showed the sinuses
to be well filled with blood and not compressed by an overloaded
pulp (sce also p 13o under Pathogenesis)

‘The prevailing view at the present time scems to be that the great
bulk of the blood 1s 1n fact 1n the pulp cords of the spleen during hfe

Other Organs The changes in other organs as revealed by
studies on fatal eases are less charactentstic  There 15 often a
moderate amount of hremosiderosts of the Iner but myelod
metaplasia 15 seldom seen  Guant cell hepatstis  has been
observed 1n a fatal case 1n infancy (Bain Wang and Misamk
1957) The frequency of pigment gallstones has already been
mentioned There 18 a vanable amount of iron 1n the Lidney
(Turnbull 1936) The mueroscopical appearances of sections of
a crural uleer were desentbed by Turnbull (1936) as those of chrome
inflammation

Benhauver and Gruhn (1907) reported on a skin biopsy of an
erythematous (? pre ulcerative) area as showing hyahmzation of
collagen fibres in the dermus endartentis and focal aggregates of
histrocytes macrophages and lymphocytes

DIFFERENTIAL DIAGNOSIS

The most important diagnostic features of hereditary sphero-
cytosts are as follows 1t1s a congenital hzmoly tic disease 1nhented
a5 a Mendehan dommant the gene for which has a very van
able p the fi 1 ab lity resides i the
erythrocytes spherocytosis and increased osmotic fragility are

h Ith not d normal erythrocytes
survive well after transfusion the results of splenectomy are
excellent (see later) No disease presents a picture quite Like this
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and when all the signs are present diagnosis 1s simple  Difficulty
arses o the muild or atypreal case for mstance when the disease
appears not to be congenital when the farmly history 1s negatine
when the osmotic fragility 15 normal and when the morphology
of the erythrocy tes 1s unusual or when the patient 1s seen for the
first time 1n an aplastic cnisis Most of these points have already
been dealt with The fact that the patient 15 an elderly subject
should not be allowed to weigh too heavily aganst the diagnosis
of hereditary spherocytosis examination of relatives may reveal
the disease in an unmistakable form Nor should the absence of
a positive family history be deemed too important 1n an obviously
congenital case if the rest of the picture 1s typical As mentioned
on page 85 1n some instances it seems probable that the disease
may exist m a relative in such a mild form that its certamn
Tecognition 1s impossible by present methods alternatively, there
15 the less Iikely possibility of & new mutation

It 1s undoubtedly true that lly the erythrocy te osmotic
fragihity may fall almost possibly even quite within the normal
range This may lead to confusion between two distinet diseases
rmuld hered ph tosts and hereditary non sph tie
hzemolytic anemia 1f too much mmportance 1s given to the results
of the fragihity test alone In these cases 1t 1s important to
investigate as many relatives of the patient as possible
Fortunately study of the effects of incubation at 37° C on osmotic
framlity and of the rate of autohzmolysis may also help greatly
1n differentiation (see p 189)

TREATMENT OF HEREDITARY SPHEROCYTOSIS

Splenectomy
The late results of spl y 1n hereditary sph tosis are
almost umformly excellent Gansslen (1922) reported that mne
out of ten p. ts were 1 d—the one failure was &

patient who died of a post operative portal vemn thrombosis
Thompson (1936) reported umform and permanent rehef 1n
18 patients and Cowan {1936) the same good results 1n 20 patients
More recently Velch and Dameshek (1950) reported that every
one of their 38 patients exp d plete climcal

Edwards {1951) obtained excellent results 1n 24 out of 25 patients
__the one failure 1s discussed later (p 118) and Young Izzo and
Platzer (1951) reported complete remissions n 16 patients Twenty
eight patients studied by the author have undergone splenectomy
all have done well




SPLEVECTOMY 17

According to Dawson (1031) the first successful splenectomy in
hereditary spherocytosis was catried out unmumgly by Spencer Wells
in 1887 llls patient was a woman aged 27 who had had attacks of
jaundice since @ years of age  She had an nbdominal tumour which was
thought to be a fibroid this however turned out to be & very large
spleen. Dawson reported that the osmatic fragility of her erythrocytes
seas still increased when he examined her blood about 40 years Iater
Chinically she was then in good health  Her son underwent choleeystec
tomy and splenectomy at the age of 14 his crythrocytes also were
reported by Dawson to be frapile

Splenectomy does not seem to have been performed sgain with benefit
to the patient until Micheli s ( lﬂll)sumu m an acquired mse mmumgd
other to cai
England at o discussion nt the Royal Soc::ty of l\ledlclne early in
1013 several successful operations were referred to (Wynter 1012-13)
By 1072 Tileston was able to write 1n the congemital type of hemo-
Iytic jaundice a permanent cure may be predicted 03 the result of
splenectomy

for It 1s now g 1ly agreed that
the spleen should be removed from any patient suffenng from
typical hereditary spherocytosis who 1s continuously anzmic or
has a chinical degree of Jaundice or who gives a history of an
aplastic ensis  The results of the operation are so good and the
direct operatine mortality nowadays so low that the operation
should be carried out 1n all patients except in the completely
d and fr The spleen has been remov ed
succas!'ully m ml‘ancy (Conrad and Schm(dt 1916) even 1n the
neonatal period (to avert kernicterus) (Roddy 1924) this should
certainly be done if anzmna 13 so severe that repeated transfusions
are essential The operation should however be postponed
to later m childhood 1if possible Glenn Cornell Smuth and
Schulman (1953) recommended 8—4 years as the most suitable
age for splenectomy and Young (19.5b) 4-5 years Splenectomy
in very young children should certainly be avoided if at all possible
for there 15 a growing reahzatxon that mfants whose spleens have
been removed are probably mo: f than
older children and adults (see p 1"9) Howc\er the possibility
of post operative infections should not in the author's view be
taken to forbid splenectomy too strongly 1n the first year of hfe
if the degree of hzmolysis is such that repeated transfusions ate
required
Leaving aside the problem of an increased nsk of infections
after splenectomy—which may possibly apply also to older children
and adults to a small degree there are good reasons for carrying
out splenectomy 1n later childhood for the longer hemolysis 1s
allowed to continue the greater are the chances of the occurrence
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of pot 1y serious plications such as aplastic enises or
gallstone formation to say nothing of the possibility of retardation
of growth and general vague 1ll health as the result of chrome
anzmia (see p 88) If gallstones are present they should be
removed at the time of splenectomy 1t at all possible

Splenectomy has been carried out at the time of an aplastic crists

{Denny Birdand DuVal 1958 Greigelal 1928) There s no evidence
however that the operation accelerates recovery Of the two patients
of Denny Bird and DuVal one was splenectomized the other was not
Splenectomy was carried out on the 6th day of the crists and was
immediately followed by a fall i serum biirubin  The reticulocyte
count did not however start to rise until 5 days later The pattern of
the disease was the same 1n both patients and did not seem to
mfluenced by splenectomy The patient of Greig and his co warkers
was splenectomized on the 11th day of the crisis There was 2 prompt
nise i Jeucocyte and platelet counts but the reticulocyte count did not
Tise until the 14th day when on the basis of experience 1n other cases
mmprovement would have been exps d 1rrespectiv )
On the whole the author feels that 1t 1s preferable to treat erises by blood
transfusions repeated if necessary and to postpone splenectomy until
the ;:one marrow has recovered and the patient s chueal condition 1s
goo

Failure of Splenectomy Accounts have been pubhshed
from time to time of patients reputed to suffer from hereditary
spherocytosts 1n whom splenectomy has been a fmlure In
retrospect 1t 15 often extremely difficult to hnow exactly from
what the patients were suffering In most cases the diagnosis
was probably hereditary non spherocytic hzmolytic anzmia or
acquired hemolytic anemma 1n only a very few nstances was the
patient probably suffering from hereditary spherocytosis Some
of the more interesting reports are referred to briefly below

(a) Pahents probably suffering from hereditary non spherocytic
hemolytic anemias It 1s now kuown that there are other congemtal
and hereditary hemolytic diseases which differ fundamentally from

ditary sp! n but which have been confused
with 1t m the past Probably the commonest type of atypical
hereditary hemolytic anemia for which splenectomy has been carried
out 1s the non spherocytic type (see p 185) Dacie and colleagues
(1903) described for mstance four patients all of whom had had thewr
spleens removed without benefit It 1s probable too that the patients
who failed to respond to splencctomy desertbed by Ldwards (1901) and
Lemarre Loeper and Moschoutis (19,2) belonged to this group

(b) Patents suffering from acquired hamolytie an@mia ~ As has
already been mentioned the blood picture m acquired hazmolytic
anmmia of the auto antibody type may be very sumlar to that in
hereditary spherocytosis In particular “spherocytosis may be a well
marked feature of the acquired discase It is difficult too mn some
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cases to ruish with between the ps by study of the

histology of thelr spleens (Dacte 1043) The patients described by

Citron {102°) haznelson {10.4) Gripwall (1938) Thompson (1039) and
ively ny nof to

Dacie {1983 Case 8) respectively
appear in retrospect to be acquired cases

‘Thompson 8 patient was 8 young woman suffenng from jaundice
of bref duration and consilerable wntensity  Anrmus subsided
after splenectomy only to reappear again after a few days  The patient
died 8 months Iter severely anxmic and with a reticulocyte count of

4 t necropsy many accessory spleens measuring 1-8 cm in
diameter were found in the left upper quadrant of the abdomen
There was no mention of any famuly history of hrmolytic ancmia
and nlthough the presence of mecessory spleens perhaps provided an
explanation for the relapse (if the patient was in fact sulfering from
hereditary spherocytosis) the acute onset and extreme scventy of
the discase the very y 1mp t following
and the lack of a family history all point to the diagnosts of acquired
hemolytic anema.

AVest Watson and Y oung a case (1938) was nssocinted with an ovanan
cyst its removal resulted in dramatic improsement~splenectomy
had previously proved ineffective (see Chapter 14)

(c) Pahents poswibly sufferin, from true hereditary spherocytosis
Although some writers (¢ ¢ McLaughlin 1012 Young 1947) mention
that the presence of aceessory spleens may oceasionally be o reason for
splenectomy failing to result in climeal cure there are very few wholly
satisfactory reports of this in the hterature

McLaughlin {1942) mentioned a patient who relapsed 2 years after
splenectomy and died 5 years later At nceropsy large hyperplastic
lymph nodes 1-3 cm in diameter were found 1n the abdomen
McLaughlin remarked that this was by no means as frequent a cause
of as overlooked ry spleens  The d of this

case is far from clear

Curtis and Movitz (1016) slso teported a possible example Their
patient was & child aged 4 years who underwent eplencctomy n 1033
for an arute hxmolytic epsode There was sud to be a family history
of hemolylic anemia but no details were given The patient sas well
for 4} years following operation Then anrmia and retculocytosis
returned Laparotomy was carried out and two small accessory spleens
were removed. Gradial recovery ensued and the chuld was reported
to be well . yeors later Again the exact diagnosis is obscure
There was no mention of spherocytosis on the other hand highly
phagoeytic clasmatocytes were teported to be engorged with erythro-
cytes mn supravitally stained preparations of the spleen and splenunculi
—a most unusual finding m hereditary spherocytosis

Stoble (1947) reported a lughly unusual case in which splenectomy
resulted apparently in sceding of the pentaneum with spleen fragments
with the later of 1l and
recrudescence of the patient s anermia  Although this report makes no
mention of osmatic fraglity studies reticulocyte counts or spherocytosis
and no family study was undertaken (except for the fact that it 13
recorded that the patient s sister and mother had galistones) it seems
notunhkely that the paticnt fering from y spherocy
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of potentially serious comphcations such as aplastic cnses or
gallstone formation to say nothing of the possibility of retardation
of growth and general vague 1ll health as the result of chrome
anzmia (see p 88) If gallstones are present they should be
removed at the time of splencctomy 1t at all possible

Splenectomy has been carned out at the time of an aplastic ensis
(Denny Burdand DuVal 1928 Gresgetal 1808) There 1s no evidence
however that the operation accelerates recovery Of the two patients
of Denny Bird and DuVal one was splenectomized the other was not
Splenectomy was carried out on the Gth day of the crisis and was
mmmediately followed by a fall m scrum bilirubin  The reticalocyte
count did not however start to nise until 5 days later The pattern of
the disease was the same 1n both patients and did not seem to be
mfluenced by splenectomy Tlie patient of Greig and his co workers
was splenectormized on the 11th day of the crisis There was a prompt
nise 1 leucacyte and platelet counts but the reticulocyte count did not
rise until the 14th day when on the basis of experience m other cases
improvement would have been expected irespective of splenectomy
On the whole the author feels that 1t 1s preferable to treat crises by blood
transfusions repeated 1f necessary and to postpone splencctomy until
the bone marrow has recovered and the patient s clinical condition s
good

Fairlure of Splenectomy Accounts have been published
from time to time of patients reputed to suffer from heredttary
spherocytosis 1 whom splenectomy has been a fallure In
retrospect 1t 1s often extremely difficult to know exactly from
what the patients were suffering In most cases the diagnosis
was probably hereditary non spherocytic hemolytic anema or
acquired hzemolytic anzmia 1n only a very few instances was the
patient probably suffering from hereditary spherocytosis Some
of the more interesting reports are referred to briefly below

{a) Patients probably suffering from hereditary non spherocyhc
heemolyhic anemias It 1s now known that there are other congemtal
and hereditary hemolytic diseases which dilfer fundamentally from
hereditary spherocytosis 1n pathogenests but which have been confused
with 1t 1 the past Probably the commonest type of atypical
hereditary hemolytic anzma for which splenectom) has been carned
out 13 the non spherocytic type (see p 185) Dacie and colleagues
(1923) deseribed for mstance” four patients all of whom had had their
spleens Temoved without benefit It 1s probable too that the patients
who farled to respond to splenectomy described by Edwards (1951) and
Lemaire Loeper and Moschoutis (1922) belonged to this group

(b) Patients suffering_ from acquired hemolytic anemia s has
already been mentioned” the blood picture m acquired hmmolytic
anzmia of the auto antibody type may be very sumiar to that n
hereditary spherocytowis  In particular “spherocytosis may be a well
marked feature of the acquired disease It 1s difficult too n some
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never be withheld from a seniously anzmuc patient on the ground
that a harmful reaction might occur The transfuston 15 much
more hkely to be Iife saving than otherwise (Dameshek 1941)
As already d blood {1 1sthe of choice
for patients in aplastic cnises

Sterord Therapy

Sterold therapy seems to have no place in the practieal minngement
of patients with hereditary spherocytosts except perhaps in the very
rare event of a combmation of auto-immune hTmolytic anzmia with
hereditary spherocytosis

Colman and Finch (1900) have howeser shown that if very large
doses of steroids are mven hamolysis may be sigmificantly reduced
Three patients were given 400 mg of cortisone daily for 15 days and
onc pattent 20 mg of ACTH intrnvenously over an 8 hour pertod for
15 days An increase 1 the circulating erythrocyte volume resulted
and the freal urobilinogen output fell to about one half the control
value Tn one patient the survval of MCr wggea erythrocytes was

to be counts fell

dunng and rad stud hed rate of
erythropotests  Colman and Finch concluded that cortisone probably
reduced the rate of hemolysis by mterfering with the sphering
activity of the spleen The limuted benefit following the large doses of
steroids given to these patients the rebound phenomena following therr
withdrawal and the dangers attendant on steroid theripy do not
encourage the writer to recommend this form of treatment

THE EFFECTS OF SPLENEGCTOMY
It has already been mentioned that climeal cure 15 the almost
invanable 1f not the invariable result of splenectomy 1n hereditary
spherocytosis Nevertheless hxmatolomeal signs of the disease
persist and very interesting changes takc place at thc time of

operation and during conval The \{ 1 changes
will be dealt with first and the genern\ cﬂ'ects of sp\enectom)
particularly the of 7

will be considered later

Hwematological Changes

Erythrocyte Life Span after Splenectomy It 13 generally
thought that the erythroeytes in hereditary spherocvtosts have a
normal or almost normal Dife span when the patients spleen
has been removed (Schrumpf 1951 1956 Emerson et al
1956) 'The shight increases above the normal of both reticulocy te
count and serum bilirubin level which are occasionally found
{p 94) suggest however that this may not always be true
Unfortunately few actual measurements of erythrocyte life span
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Doan (1849) referred to a patient diagnosed as suffering from
congemtal hemolytic jaundice who underwent splencctomy for a
hemolytic ensis A complete remssion followed which lasted for 4
years Later hzmolytic anerma reappeared Laparotomy revealed three
small accessory spleens weighing 1 all not more than 5g Sections
showed many highly phagocytic tes laden with eryth
The patient slowly improved following the removal of the spleens and
1t was not until 7 months later that the reticulocyte count fell to
normal In this account there 1s no mention of a positive family hustory
In retrospect 1t seems difficult to exclude the posstbility that this
patient s disorder was acquured and not congemtal

A possible example of relapse after splenectomy 1n which accessory
spleens were not present was reported by Freund (1932 Case1) Treund s
patient was a hoy aged 10 years who was said to have been always
Jaundiced Blood tests showed microcytos:s and a very great increase
1 osmotie fragility There was no obvious famuly lstory but the
erythrocyte osmotic fragiity of hus mother was reported to be shghtly
increased Splenectomy was carrted out after a temporary remisston
hzmolysis agamn became actrve At necropsy the most conspicuous
finding was the great engorgement of the liver with blood.

More recently Loeb Seaman and Moore (1952) published what
appears to be a genwne mstance of relapse after splenectomy mn true
hereditary spherocytosts In their patient a small prece of adherent
spleen was known to have been left behind at the original splenectomy
The patient did well for 7 years then he relapsed Radiography with
the 01d of Thorotrast demonstrated a radio opaque shadow 2 cm 1o
diameter in the region of the spleen ‘This was thought to represent
hypertrophted splenic tissue derrved from the fragment left behind at
the ongnal operation

Tinally Edwards (1850) reported finding a spleen of about normal
size and shape n the region of the porta hepatis when operatmng to
remove a gallstone from a patient who underwent splenectomy for

q 1 Y Sp) Y years p Edwards
(personal commumeatton) adds that there was some evidence of hemo
lysis of moderate degree at the time of the second operation

Blood Transfusion

It has 1n the past been stated that transfuston m hamolyti
jaundice 1s likely to result 1n severe reactions (¢ g Dawson 1931)
It 1s not clear whether this apphes to hereditary spherocytosis
In the authors limted experience 1t has not proved to be so
In some of the recorded examples of transfusion reactions 1t 1s
likely that immune 150 antibodies were present other patients
may have been suffering from acquired hemolytic anzmia  As
normal corpuscles survive well 1n the recipient after transfusion
there seems no resson why transfuston reactions should occur with
undue frequency It 1s possible however that serious reactions
may deselop 1n patients in severe erises 1f so 1t must be admutted
that their cause 1s quite obscure Transfusion should however
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fragle ervthrocytes in the pempheral blood previousty present in
small numbers and responsible for the tail of the fropility curve was
found to hnve incrensed by the time the operation had been completed
and to increase still further duting the next 24 hours (2ig 48} The
Incrense at Lthe time of operation was thought to be due to manipulition
and compression of the spleen foraing very fragile corpuscles into the
general cireulstion  The further Increase in fragiity which developed
within the next 24 hours was attnbuted to a progressive increase in
the spherocytosls of these already markedly fragile cells It was pounted
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volume renculocyte count and osmotic fragmlity &5 the result
of splencetomy 10 two patients with hereditary spherocytosis
(Redrawn frot Dacic (1043} T'igs 8 and 4}

out that before splenectomy such sery fragle cells would almost
certainly hate been removed from the greneral circulation by the spleen
Quantitative curves at 24 hours alter operation showed no appreciable
alterstionn the pomnt of mitial lysis {the sakme concentration causing
1/ lyus) By the third day after splencetomy a reduction 1n median
corpuscular fragility (MCF) wwas evident and the point of tmitial fraglity
hiad shifted & little towards the normal indicating & disappenrance of
the most fragile cells  During the latter half of the first weel. the MCF
of all the patients mosed back towards the pre operative level the
tadls of the curves having by then largely disappeared Dy the tenth
day the shape of the curves was generally of the normal almost vertical
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after splenectomy have so far been made but the data already
available support the view that while this may be normal m most
mstances it 15 significantly impaired although easily compensated
in others (Motulshy Giblett, et al 1955)

Changes in Erythrocyte Count and Hemoglobin Detailed
studies of the changes in erythrocyte counts and hzmoglobm
levels during and diately sfter spl y were made by
Doan Curtis and Wiseman (1935) and Sharpe MeLaughln and
Cunningham (1939)

Sharpe McLaughlin and Cunmingham carried out senal blood counts
at short intervals on eight patients and found that on an average the
erythrocyte counts rose by about 900 000 cells per cu mm 1n the early
stages of the operation whilst the spleen was bemng handled prior to
its actual removal The increase m erythrocyte count continued but
not so sharply for 1-2 hours after removal of the spleen and then
gradually ded the count b close to the pre operative level
at about 48 hours after operation Thereafter a gradual mise took
place the counts reaching 5 000 000 cells per eu mm 1n about a month
One patient had 2 transient polycythemua the erythrocyte count
bewng 7 200 000 cells per cu mm 8 months after splenectomy Sharpe
MeLaughlin and Cunmngham made the additional point that the nises
1 erythrocyte counts at the time of operation did not occur to anything
like the same extent 1n  atypreal hemolytic anema Presumably
the relatively great nise in the counts in typical hereditary spherocytosis
15 the qL of the d: degree of tion of the
spleen in that disease  Sharpe and lus co workers also reported dramatic

'y n I yte counts mavimal in 48 hours the
nises were much less marhed in their atypical cases The sequence of
events 1 two of the present anthor s cases of hereditary spherocytosis
15 dlustrated 10 Fig 47

It 1s generally agreed that the late results of splenectomy are
excellent and that the patients ery throeyte counts and heemoglobin
levels remain within the normal range for the rest of their hves
The author s own data are summanzed 1n Table 5 (p 94)

Osmotic Fragility after Splenectomy The effect of
splenectomy on erythrocyte osmotic fragility has been repeatedly
studied Most authors have reported a moderate increase 1o
resistance after operation but rarely a return to normal The
early lLiterature was reviewed by Meulengracht (1922) and some
additional observations were referred to by Dacie (1943) More
recently Young Izzo and Platzer (1951) Emerson (1954) and
Emerson and co worhers (1956) have pubhshed additional data

Dacie (1943) studied osmotic fragility changes 1n detal In seven
patients he observed transient mcreases in fragility 24 hours after opera
tion 1 two out of three patients exsmuned the proportion of markedly
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type with the median frambity at about the pre-operative level The
ettrves remained at about this level therealter

The regular loss of the tals of framle cells after splencctomy suggests
that before operation the tails are produced by erythrocyfes which
at one time trapped in the spleen and made more spherocytic have
escaped again into the peripheral circulation Loss of the tails of fragility
curves after splencctomy was alsa reported by Waugh and Lamontagne
(1940) 1n one case nnd fmore recently by Young Izzo and Platzer (1951)
and Emerson and co-worhers {1904 1906)

In patients with slight to moderate increases i osmotic fragihity and
whose fragihty curves are more nearly normal in shape little or no
reduction 1n imitinl fragility may result from splenectomy Indeed the
tendency seems to be for the initial frazhity to be shghtly increased
In Tig 19 are shown the changes resulting from splenectomy n 14
patients recently studied by the author The results have been plotted
from left to nght in descending order of framlity the first five results
demonstrate loss of tails of very fragile cells the last four show shight
ot moderate increascs The MCF s did not change greatly in eight
patients there were shight to moderate increases  The mean MCE before
splenectomy was 0 481 / \aCl (16 observations) and sfter splencctomy
0483° NaCl {22 cbservations)y

Young Izzo and Platzer (1901) in sddition to studying the effect
ot splencctomy on the osmotic framlity of fresh blood also recorded
rmechamcal framties and the csmotic fraglity of incubated blood after
splenectomy The results of both types of tests remained abnormal
After splencetomy the mechanical fragility of fresh and incubated blood
was shghtly less than in patients before splenectomy but the increase
1n osmotic framlity on incubation was slightly greater m the splenectom

zed with the non patients They also recorded
transient increases tic framhity of blood 1

following splenectomy 1n one well studied case The present author's
data indieate that after splenectomy the increase 1n osmotic fragility
x;osulhng from 1ncubation 3s usaally greater than before (Tigs 43 and

)

The careful and detailed studies of Emerson and his colleagues
(1804 1006) have done much to explain these earlier obseryvations
They have utilized the mcrement hxmolysis plot method of recording
results of osmotic fragility tests (see Fig 2° p 40) These plots show
that tailed curves give nise to a bimodal distribution of the osmotic
fragility of the erythrocyte population and that after splenectomy
with loss of the tail of the curves the increment hemoly sis plot becomes
symmetnical and unumoda (Fig 39 p 96) Therr studies carmied out
on blood from the splemie vem and the spleen pulp confirmed that such
blood has a far higher proportion of highly framle cells than has the
penpheral blood and they concluded that the spieen has a predilection
for cells with an osmotic fragility greater than 0 5, NaCl and that such
cells are sequestrated and made more fragile in the spleen (see also
P 136) The remaval of fragile cells by the spleen and the subsequent
escape of o few of them having becen made much more fragie
was considered to be the explanation for the long talled curves so

1¢ of many pre osmotic fraglity curves After
splenectomy the distnibution of osmotic fragility of the erythrocyte
population 15 restored to 1ts basic symmetnical pattern within 2 weeks
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ete ) (Fig 46) This hhe the loss of the tails of fragile cells i
osmotic fragility curves can be sttnbuted to the absence from the
arculation of erythrocytes previously trapped in the spleen and
made more fraple thereliy

As after splenectomy in normal subjects or in people suffering
from other diseases HerrellJolly bodies begn to appear in the
penpheral circulation a day or so after splencetomy  thereafter
they may be found in small numbers for the rest of the paticat s
We Target cells obsemed in normal subjeets and others after
splenectomy  however are not usuafly recogmizable in post
splenectomy films of the blood of patients with hereditary
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spherocytosis—presumably this change 15 prevented by the
persisting tendency to spherocytosis  Siderocytes oceur after
splenectomy in 1anable numbers m the penpheral blood (245,
mean 10%, Douglas and Dacie 1953) One patient of Douglas
and Dacies senes was espeatally interesting for large numbers
of siderocy tes app d as a transient pt nthe penipheral
blood shortly after splenectomy  Vosthin 8 few weehs they had
practically disappeared  Another feature of post splencrtomy
blood 15 an increased tendency for the erythrocytes to appear
crenated instamed dned Glms (Fig 46} Thas eemsto be commonty
foundafter spl P { the reason for the operation

Reticulocyte Counts siter Splenectomy 1t 1s genesally
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Emerson and his colleagues (1054 10.6) confirmed the presence dunng
the first day or two after sph of sub b ly
fragile cells which they attributed as did Dacte (1943) to manipulation
and compression of the spleen during 1ts removal

Complete restoration of osmotic fragility to within the normal range
a3 the result of splenectomy i patients whose blood previously was
abnormally fragle suggests that the patient was not 1n fact suffermg
from hereditary spherocytosis ¥ oung (105.a) has reported three such
patients (all with negative farmily histories but otherwise apparently
suffering from the typical disease) whose erythrocyte osmotic fragiity
returned to normal within one year of splenectomy  All three pattents
responded well clmically and therr anemia was cured It 1s uncertan
how such cases should be classified

Antol sis after Spl Selwyn and Dacie

(1954) reported that the mean rate of autohxmolysis at 48
hours was more than halved m four patients with hereditary
spherocy tosis after splenectomy Y oung and Ius colleagues (1956)
however found no significant alterations The author s more recent
observations appear to confirm the original data of Selwyn and
Dacte The mean lysis at 48 hours (without added glucose) 1n 21
patients before splenectomy was 28 5%, range 7 5-47 59, while
that of 12 patients after splenectomy was 14 6% range 4 6-43%
(Fig 43 p 102)

The 1 between t L at 48 hours and osmotic
lysis m 0 85 4 NaCl at 24 hours persists after splenectomy (r=0 8142
P<001) As already mentioned the osmotic fragility (at 24 hours)
18 generally distinetly greater than before splenectomy (Fig 43 p 102)

The changes 1n o small series of eight patients studied both before
and after splenectomy are shown 1n 1ig 50 YVhereas sutohzmolysis
at 48 hours is sigmficantly reduced 1n srx patients osmotie framhty
(% lysis 1n 0 8,9 NaCl) 18 mereased 1n six patients These trends are
responsible for the almost complete separation of the tiwo series of data
shownn Fag 43

It 15 not known for certain why the relationship betneen auto-
hemolysis and the osmotic lysis in 0 85% NaCl of incubated erythrocytes
13 altered as the result of Before sp two

of cells are normal  spl -ytes and markedly
spherocytic cells which have escaped from the spleen Posstbly 1t 19
the latter type of cell which undergoes such marked autohmmolysis
before splenectomy The ncreased osmotic fragiity on mncubation
following splenectomy 1s perhaps due to the arculation of cells which
formerly would have been tahen out of eirculation by the spleen

Morphology of the Erythrocytes after Splenectomy Itis
generally agreed that the microcytosis and spherocytosis persist
after splenectomy but that there 15 some return towards the
normal as the result of the loss of the most marhedly spherocytic
cells (Hawksley 1936 Vaughan 1937 Meulengracht 1938
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Leucoeyte Counts afler Splenccdomy
Atwolute or relative fymyhiocytoss has been reparted by Cdnnslen
(1936) and Otmer Mongn and Caf (19 1
that thas was temarkable in view of the Jarge amount of lymphatic
tissue removed Bt operation  ‘This reaction s however not confined
to hereditary sphierorstosis A tendcney to neutropenia with relative
or abmolute lymphocytoss and monocy tosis seem ta be the usual results
of splenectomy carned out for a vanety of causes or even for traumatic
Tupture {Singer Miller and Dameshieh 1951 Tk and Ravner 10.0)

General Effects of Splenectomy

Splenectomy 13 1nvanably followed by smprovement 1n general
well being  Adult patients usually feet entirely normal and appear
to be so except for perhaps traces of jaundice in n small minonty
of patients Children who oceasionally appear to bLe retarded
erther mentally or phiysically can be expected to deselop normally
subsequently (Bernard Botron and Estager 100.)

Possible Decreased Resistance to Infectlon Although there
were & few reports in the terature of tuberculosis developing
after splenectomy for hereditary spheroeytosis e g Bechman and
Jaderholm 1931-37) the possibibity that the infection had any
thing to do with the remor al of the spleen per sz has been generally
discounted Ifoweser the whole subject of 8 possible 1nereased
pronencess to infection after splenectomy  parhiculardy 1 nfonts
was recently reapened by the publication of hing and Shumacher
{19.2) In reviewing the results of 100 splenectomics they found
that five of the patients had developed severe infections
subsequently  All five were infants less than 6 months of age
probably suffenng from hereditary spherocytosis four of them

ar he
fifth died of an illness thought to be septicerma  Seyveral other
papers have since been published on the d of mnf
following splenectomy and as the subject 1s an important one
they are considered brnefly below

Walter and Chaflin {1005) teviened the results of 7o splenectomics
Hereditary spherocytosis was the diagnosis in 37 patients of wiuch ten
were under 7 months of age  No serous wfections were encountered
m a follow up extending from 10 menths to 13 vears

Gof tein and Gellis (19,6) an the other hand concluded that there
probably was a postive cortelation between senous snfechions and
splenccfomy _although the maidence of infectt n did not seem to be as
hugh as the figures of King and Shumacker (105°) had suggested The
Tesults of £2 splenectomies carried out for congenital hrmolytic anxmias
were reviewed ten of the patients were infants less than 6 months of age
ani seventeen were under 1 year none suffered from serions mfections

D TES BYNOL Axevie—
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believed that reticulocyte counts fall to normal after splenectomy
1 patients with hereditary spherocytosis Young Izzo and
Platzer (1951) reported an average of 0 859, reticulocytes witha
range from 0 2 to 219, 1n twelve patients all exammed a year or
more after splenectomy There are however a few records of
reticulocy te counts remaining shghtly raised Dacie (1943) found
that in s1x of twelie patients examuned between 3 months and
G years after splenectomy the counts ranged from 15 to 369%
The counts 1n 82 patients are recorded 1n Table 5(p 91) the mean
count was 1 3% and 1n four patients the count exceeded 2 5%
Counts exceeding 2 5%, hase also been reported by Gnpwall (1938)
Thompson (1939} and Smger Miller and Dameshek (1941) It 1s
fair to say however that great care in counting 15 necessary after
splenectomy for 1t 1s difficult to differentiate with certainty cells
contamning very small of reticulo fil matenal
from siderocy tes contamning Pappenheimer bodies which also stan
with bnlliant eresyl blue

Bile Pigment Metabol after Spl y The plasma

hrubin con 1on falls it ly within a few dags of
splenectomy Whether or not the level falls to within the normal
range m every case 1s not quite clear Meulengracht (1938)
mentioned early reports of muld recurrences of jaundice after
operation and Singer Miller and Dameshek (1941) gave values
between 09 and T 1 mg 1n four patients More recently Edwards
(1951) reported levels between 08 and 17 mg per 100 ml m
twelve patients On the other hand Young Izzo and Platzer
(1951) found strictly normal values (0 1 to 0 8 mg per 100 ml ) n
12 patients one or more years after splenectomy The authors
own obsertations on 18 patients after splenectomy ranged between
03 and 18 mg with a mean (0 68 mg ) towards the upper hmt
of the normal range (Table 5)

There are few relevant observations on the fecal excretion of ure
il after G Pepper and Pearce (1915)
found that the output of pigment fell after splenectomy to about
one tenth of its previous level becomng very close to the normal
Eppinger (19.0) reported a decrease i excretion after splenectomy to
one quarter of the pre sp! level but the e stall d
abose the normal  More recently Watson (1937) reported values within
the normal range in four patents after splenectomy In one patent
a figure of 616 mg per day was observed 15 days after operation
however the putput was normal (8> mg ) 2 months fater  Barher (1938)
reported normal figures 1n three patients after splenectomy and Singer
Anller and Dameshek (1941) subnormal values for the hzmolytic
index 1n three patients after splenectomy and a normal value in one

patient.
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sufficient 1 1tself to bnng about hmmolysis by the normal
hzmolytic processes of the body Trosier (1010) complieated the
sssue by attnbutin, the erythrocyte framhity to the fixation on
the corpuscles of hmmol)sms Bant: (1013a) elaborated this
concept stll further und postulated that the spleen was an
source of b

The view that hmmol)su depended upon a primary abnormality
of the erythrocytes has had many adherents (e g Naegeh 1931
Haden 1934 Thompson 1936 Vaughan 1936 Gripwall 1938
etc) Meulengracht (1938) on the other hand after careful
werghing of the evidence f: d 2 hyp d of
the spleen as the pnmary and d ] factor D hek
and Schwartzs (1938) expeniments with hemolytic immune
sera resuscnaled Troisier s 1dea of erythrocyte damage due to

As will be d d later D: heh and Schwartz
were nght in regard to acquired haxmolytic anemta but weong
about the hereditary type

In the last 15 years fresh evidence has been accumulated which
1s strongly n favour of the hypothesis of an mtnnsic corpuscular
defect This evidence has been both direct and indirect
transfusion experiments provided direct evidence for the intrinsic
nature of the corpuscular defect by showing that the corpuscles
of the patient underwent rapid hzmolysis 1n a pormal recipient
and ndirect evidence by demonstrating that normal corpuscles
survived normally n patients suffering from hereditary sphero-
cytosis Dacie and VMollisons (1943) expenments moreoser
showed conclusively {o) that normal erythrocytes iwere not
destroyed by the enlarged spleen of hereditary spherocytosts and
{b) that spherocytes were destroyed by normal spleens This work
since confirmed by many other workers indicated that the
enlargement of the spleen was secondary rather than pnmary and
that 1t was acting as a destroyer of abnormal corpuscles

The Nature of the Corpuscular Defect The fact that
spherocytosis 1s a progressive process has already been remarked
upon As the corpuscle cn‘culates 1t probably becomes more

with a p ly surface area It now

seems certam that ﬂns ‘process s greatly accelerated when blood 1s

stagnant within the spleen The high hemoglobin concentration

of the spherocyte its shightly dimimnished potasstum content and 1ts

{Jﬂsslb‘y low surface ipowd content have also been mentioned
104)

The demonstration of icreased corpuscular osmotic fragihty

titro was never a satisfactory explanation for Iysis en vico for
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1 a 3 year follow up period One older patient of the rematning forty
five died however of pneumocoecal memngitis and one nfant (not
having congemtal hemolytic anemia) out of a total of 17 infants
splencctomized 1n the first year of life died of tracheobronchitis Single
additronnl examples of fatal post operative infections 1 infants with
hereditary spherocytosts were reported by Newns (1951) Whate (19a6)
and Robinson (1057)

Recent reviews include those of Smth Erlandson Schulman and
Stern (1957) Huntley (1958) and Burman (1958) Smuth and his

colleagues referred to serzous as mlg
children and adolescents 13 months to 17 years of age The majonty
of were of chiefly I acute

bemgn pemcarditis (1n Cooley s an®mia patients) and septicemia
Young cluldren did not seem to be particularly susceptible but the
authors contrast the occurrence of post operative infections occurring
fourteen of 50 splenectomized children at a time when 225 splenectormes
were carried out mn adults with only one subsequent sertous infection

Huntley (1958) reported that of 46 infants and children followed up
after splenectomy seven developed serious infections five were infants
under 1 year of age However none of the 12 cluldren with hereditary
spherocytosis were among them and Huntley makes the pomt that
splenectomy 15 hazardous chiefly 1n patients whose basie disease renders
them susceptible to infection

The accounts reviened above certainly do not give a clear
picture of the med of infe after spl y nor of
the age at which they are most hikely There are no controls and
the follow up periods vary from series to series It would seem
wise however not to carrv out splenectomy in infants with
hereditary spherocytosis unless there are strong indications for
the operation but 1t has to be adnutted that the report of Jung
and Shumacker (1952) 1s the only one pointing strongly to infants
1 the first year of lfe as being particularly susceptible to
mfection

PATHOGENESIS OF HEREDITARY SPHEROCCYTOSIS

From the very first most writers have Iinked the presence of
excesstve hemolysis with an abnormality of the patient s erythro
cytes Vanlawr and Masius (1871} for instance quite correctly
suggested that the mcrocytes they observed were sentle
ery throcy tes on the way to destruction ( globules atrophiques )
and compared the mierocytosts with that caused by heating blood
Chauffard s (1907) discovery of the mcrease 1 osmotic fragihity
(and Ius rediscovery of the muerocytosis) led to the concept of

fragiité globulare as the cause of the heemolysis an tuzo
Widal and Iis associates (Widal and Plulibert 1907) believed that
the abnormal corpuscular fragihty was the primary factor and
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Ciblett et al 195, Tabechan Altman and Young 1956
Prankerd 1907 1059)

Prankerd Altman and Young (1954 19.5) demonstrated when blood
from patients with hereditary spherocvtosis was incubated with radio
active phosphorus (¥P) that although the uptake of *I was normal
more inorganic phosphate was formed relative to 2 3-diglycerophos
phate (2 3 DPG) and adenosme tniphosphate (ATP) These Ssbormal
1ties persisted after splenectomy and in mast cases but not all were
found to be largely abolished and the partition of 3P restored to normal
by wcubation with adenosine Y oting {10v0a) 1n 8 later report stated
that the addition of adenosine restored the phosphiorous metabolism
ta normal 1n eighteen out of -6 patients The data of Motulsky Giblett
and their eolleagues {10,.) are in lin¢ with those of Prankerd and Y oung
and co workers They too found that the total 2P uptake and glyco
Iytic rate of the bereditary spherocyte were normal and that the

metabolic lesion  of the cells was reversible by excess glucose and
adenosine

Bertles (1607) found by measurements i tatro that the rate of sodium
transport across the surface of hereditary sp was
generally considerably increased The transport rates of three patients
each of whom had normal parents were the lonest of the ten pamnu
studied and this Bertles with the hyp

(that the term hereditary sphemcytos-s m\ ers more than one genehcnll)

The exact abnormahty or ab \f mn the hered
spherocyte hate not yet becn defined Tabechian Altman and
Young (1926) found that the cells were unusually sensitive to the
action of flzonde in inhibiting orthophosphate exchange and
suggested that the magnesium dependent enzymes enolase and
ATPase are defective Prankerd (1957 1959) concluded that the
metabolie block might involie phosphofructokinase or enolase

The sigmficance of these facts 1s not yet clear Somewhat
sumilar but not 1dentical ab \| have been d il
with the erythrocytes of patients with auto immune hemolytic
anzmia and myeloid metaplasia (myelosclerosis)  Only 1n
hereditary spherocytosis however does adenosine exert a
fasourable effect (Young 1955b) Presumably 1n hereditary
spherocy fosts the essential genetrcally controlled lesion 1s basically
a relative slowness in the rate of formation of ATP and/or other
organic phosphorus compounds Pranherd Altman and Young
(1995) even d that an adequate rate of 1on of
ATP thus ensunng  an adequate avadability of energy rich
phosphate bonds  was necessary for the maintenance of the
biconcave shape of the erythroeyte It has already been mentioned
that\there 1s evidence that the lesion may not be the same 1n all
cases of cltnical hereditary spherocytosns)
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there neser seemed any likelihood that the tonieity of the plasma
would be dimimshed m any organ of the body sufficiently to
cause osmotic hemolvsis The observations of Ham and Castle
(1940a b) and of Dacie (1941) on the rypid spontaneous hemolysts
of spherocytes were particularly sigmificant for they provided

the first satisfactory d ration of an ab to
lysis 2n 1iro which mught be applicable to conditions tn 110
The subseq d ration of the d sensttivity of

spherocy tes to mechantecal trauma was less significant for 1n the
absence of the spleen spherocytes clearly withstand the wear and
tear of circulation very well indeed as the clinical results of
splenectomy demonstrate
Selwyn and Dacie (1954) and Selwyn (1955) showed that the
cation changes wiich occur when spherocy tes are mncubated
2itro m serum are not grossly abnormal and do not seem to be
correlated with or responsble for the rapid Iysis They constdered
that this was more Ithely to be the consequence of a membrane
defect which led to a relatnely rapid irreversible contraction of
the surface of the cell The rapidly progressiye increase i osmotic
fragility on mcubation was attrnibuted to the unusual degree of
cell membrane contraction The nature of the corpuscular defeet
was not eluerdated but 1t was demonstrated 1n contrast to other
types of congemtal hzmolvtic anmmia that glucose utilization
was normal tn titro and that the addition of excess glucose reduced
the rate of autohemolysis substantially although not to within
the normal range
Young and his colleagues (Young 19002 b Young efal 1926
1958) extended these observations Studymng autohazmolysis
they found that the addition of either glucose or mannose to
defibrinated blood markedly reduced the hazmolysis of hereditary
spherocytes while pyruvate had no effect Sodium fluoride and
10doacetate 1nhibrtors of glycolysis nullified the effect of glucose
Adenosine guanosine and mosine substantially reduce hemolysis
and according to Young and his colleagues (1908) they are more
effectrve than glucose It was concluded that adenosme and
guanosine reduced hemolysis by providing substrates whieh
could be metaboltzed for continuing glycoly sts -
 More recently the use of 1sotopte and chrsmatogmphul:
hiques has d ed p pected biock
lities 1n the hereditary spt J,te which seem likely to
be the basts of the reduced ife span 1n tewo and rapid autohemolysis
wn witro (Prankerd Altman and Young 1954 1905 Prankerd
1955 Motulshy Gabrio Burkhart and Fich 1055 Motulsky
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fragihty of the erythrocvtes 15 increased 1 some way by their
passage through the spleen There 1s evidence wlich suggests
that the erculation of blood through the spleen in hereditary
spheroeytosis 1s slow (sce below) It scems likely that the slowness
of the crrculation 1s of major pathogenetic importance for the
changes which occur 1n blood 1ncubated at 37° C tn vitro and
which cventually lead to hzmolysis may well take place 1n tiro
i blood stagnant 1n the spleen

‘The evidence for the stagnation of blood withm the spleen in here
ditary spherocy 15 However 1nspecth
of a section of a spleen with 1ts pulp cords typically grossly engorged
with blood (Fig 40} leads to the conclusion that there 1s o much blood
present that 1t would be impossible for it all to escape quichly from the
spleen pulp into the relatnvely small venous channels  Support for this
view was obtained by the suthor when he found that it took far longer
to wash the spleens from patients With hereditary spherocytosis {ree
from blood by saline perfusion through the splenic artery than in
comparable experiments carried out with control spleens  This scemed
Iikely to be due to the fact that the spleen 1n hereditary spherocytosis
contared so much more blood initally Dacie (1933) however found
that large oval fow] cells were able to pass through the spleen (1n small
numbers) as rapidly as through normal spleens and concluded that
there was no anatomical block to the circulation through the spleen
1 hereditary spherocytosis It seemed Iikely nevertheless that much
of the pulp was a  backwater outside the mam current of the blood
stream

// Further direct confirmation of the hemolytic action of the
spleen in hereditary spherocy tosts has mare recently been provided
by the observatton that radioactivity can be detected in relativelv
large amounts by surface counting over the spleen within a few
days of labeling the patients erythrocytes with radiosctive
chromwm (Jandl et a! 19,6 Hughes Jones and Szur 1957
Schloesser et al 1057 Fig 32 p 66)

The above mentioned obseryations to say nothing of the indirect
evidence of the good elinieal results of splenectomy unquestionably
point to the spleen as a most important factor in the pathogenesis
of hereditary spherocytosis It seems too highly probable that
the congestion and stagnation of blood within the spleen are
closely linked to the mechanism of splenic hemolysis If this 1s
conceded there nevertheless still remains the problem as to exactly
how the congestion 1s brought about and how stagnation within
the spleen leads to the destruction of the erythrocytes It has to
be borne mn mind that splemc congestion 1s also very frequently
found 11 other types of hemolytic anemuas as well as mn hereditary
spherocytosis Thus congestion With blood may be the most
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The Hxmolytic Action of the Spleen “Direct evidence for
the hemolytic activity of the spleen 1s provided by observations
on the bilirubin content of spletitc vein blood Values considerably
higher than 1n the peripheral blood have been found (see Gripwall
1938 and Fig 51) Simularly the osmotic fragility of blood from
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Fio 51 Osmotic fragihty measurcments and serum bilirubin
concentrations (B) on peripheral and spleme vein blood samples
from eight patients with hereditary spherocytosis

he splenue vein samples were taken from the exeised spleen
as s00n 23 possible after exasion
Open rectangles represent penipheral blood samples hatched

rectangles represent splenic vern samples the cross hatched
sample was obtained from the spleen pulp  (See also Fig 39)

the splemc vems or more particularly from the spleen pulp has
been found to be greater than that of blood taken from the
peripheral arculation (MacAdam and Shiskhin 1922-28 Campbell
and Warner 1925-26 Gripwall 1938 Young Platzer Ervin and
Izzo 1951 Weisman Hurley Harmis and Ham 1953 Emerson
1954 Weisman Ham Hinz and Hams 1955 Emerson ef ol

1956) (Fig 51) There can be no doubt therefore that the osmotre
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1ysis in a sodium chlonde solution exceeding 0 »% tn concentration
were particularly sensitive to trapping in the spleen

The last pomnt to be considered 1s the way m which the spleen
brings about erythrocy te destruction  As compared with spleens
removed from patients with acquired hemoly tie anemia ervthro
phagocytosis 1s not conspicuous 1t seems likely to the author * and
to Young Platzer Frun and Fzzo (19.1) and Emerson and
co worhers (106) thatIysis of the stagnant blood takes place by
the mechanisms which produce lysis of incubated blood sn tttro
As already mentioned this cannot be satisfactonly explaned by
the accumulation of osmotseally nctive metabolites which cause
swelling and eventually osmotic Iysis Nor docs 1t scem likely
that the ly sis can be explained by an accumulation in the stagnant
blood of potentially hemolytic substances such as lysolecithin
(Coipwall 1938 dhracus 1039) or other tissue Iysins  (see
{Ponder 1851) to which hereditary spherocytes are possibly
peculiarly sensitne  Attempts to demonstrate an mnereased forma
tion of lysolecythun mn spleen blood have been unsuccessful
(Singer 1941) Yt scems mosch}.ely that the lysis1s the consequence
of the defectrne int X of the sph yte (see
v 133) which although umimportant in relation to the cells
survival in the circulating blood brings about irrey ersible damage
and eventual lysis 1f and when the cell 1s trapped in the spleen

How trapping of sphemcy tes in the spleen pulp brings about
lysis 1s not clearly known Stagnation of blood 1n the spleen pulp
and the hamoconcentration which results from the filtering action
of the spleen probably reduce sigmftcantly the amounts of meta

glucose lable to individual

erythrocytes It may well be that under these conditions the
hereditary spherocyte because of its genetically deterrmuned

metabohc handmsps (Young 1955b) cannut maintain sufficient
3

energy p 1 shape and the integnty
of 1ts surface Increased spherocytcsxs and ultimate lysis are the
result The pt of rapid h I m titro 1

probably brought about 1n a strmlar way

To sum up recent work suggests that the excessive rate of
hzmolysis in hereditary spheroeytosis 1s due fupdamentally to
the production of ery throcytes with a genetically deterrmned defect
in mtracellular metabolsm The exact nature and extent of the
metabolic defect(s) have not yet been fully demonstrated
Morphologically the erythrocytes m hereditary spherocytosss are
best described as microspherocytes cells smaller in diameter
but thicker than normal erythrocytes These microspherocytes
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strihang  pathol 1 change n acquired hremolytic anemia
{Dameshek and Schwartz 1910) (see also Chapter 11) 1tis also
characteristically found after the admmstration of hamolytic
sera or posons to laboratorv ammals (Bant: 19133 Eppinger
1920) It scems likely that the congestion 15 due to the spleens
remarhable property of filtering off from the blood stream damaged
or 1bnormal corpuscles irrespective of whether the damage 1s due
to the effects of immune antibodies hemoly tic poisons or whether
the erjthrocytes are in ly ab 1 ‘as in hereditary
spherocy tosis

Recently 1t has been shown experimentally by differential

agglutination that the spherocytes of hereditary spherocytosis
are more easily trapped m the spleen than are normal corpuscles
(Emerson Shen and Castle 1946 Emerson et al 1947 Young
1947 Young etal 1901 Weismanetal 19,3 1955) Youngand
lus colleagues (1931) perfused sn vitro with a yuxture of normal
ervthrocytes and hereditary spheroeytes freshly removed spleens
from three r with thrombocytopeme purpura and found
that the spherocytes were selectively remos ed from the perfusate
Weisman and hus colleagues (1955) carried out a sumilar experiment
snuzee Thev transfused a patient sufl from thrombocytop:
purpura with hereditary spherocytosis blood shortly before the
recipient underwent splenectomy 499 of the blood obtamed
from the spleen after operation was identified as hereditary
spherocy tosts (donor) blood compared with 3% m the general
arreulation  The donor blood from the spleen had had 1ts osmotic
fraghity marhedly mncreased and Weisman and his colleagues
pointed aut that this was further evidence that the normal spleen
isableto condition spherocy tes after filtermy them off from the
arculation

\/ The problem as to how the congestion 1n the spleen 15 brought
about has not been solved Various hypotheses have however
been put forward Klemperer (1938) sug, d that the p
of abnormal corpuscles reflexly imtiated arteral vasodilatation
and Whipple (1941) postulated that the stagnation was due to

vthe abnormal shape of the corpuscles te the spherocytosis
Whipple considered that whereas normal discardal cells probably
could circulate through the spleen without difficulty spherocytes
because of ther shape mght find 1t diflicult to traverse the
shit hike stomata leading from the pulp into the splemc sinuses
This I pothests s attractive but difficult to confirm or refute It
assumes that the erythrocytes lie mostly n the pulp duning hfe
Emerson and co workers (1956) luded that cells und
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Iysis 1n a sodtumn chlonide solution exceeding 0 o%, tn concentration
were particulatly sensitve to trapping in the spleen

The Iast point to be considered 1s the way 10 which the spleen
brings about erythrocyte destruction  As compared wath spleens
remoted from patients with acquired hemolytic anzmia en thro
phagocytos:s 1s not conspicuons It seems Iikels to the suthof and
to Young Platzer Ervin and Izzo (1941) and Emerson and
co-worhers (1826) that lysis of the stagnant blood takes place by
the mechamsms which produce Iisis of incubated blood 11 titro
As alreads mentioned this cannot be satisfactonly explained by
the of os {ly active bolites which cause
swelling and eventually osmotic lysis  N\or does 1t seem likely
that the Iysis can be explained by an accumulation in the stagnant
blood of potentially hmmolytic substances such as Iysolecittun
(Cnpwall 1933 Fahraeus 193J) or other tissue lysins  (see
(Ponder 1901) to which hereditary spherocytes are possibly
peculiarly sensitive  Attempts to demonstrate an increased forma
tion of lysolecthin in spletn blood have been unsuccessful
(Singer 1941) It scems most Likely umt the lysisis the consequence
of the d of the spl te (see
p 133) which although ummportant 1n relation to the cells
survisalin the circulating blood brings about irreversible damage
and eventual lysis if and when the cell 1s trapped in the spleen

How trapping of spherocytes in the spleen pulp bnngs about
lyvsis 15 not clearly known “Stagnation of blood in the spleen pulp
and the hzmoconcentration which results from the filtenng action
of the spleen probably reduce significantly the amounts of meta
bolizable substrate including glucose available to individual
erythrocytes It may well be that under these conditions the
hereditary spherocyte hbecause of its genetically-determined
metabolic handxcaps (Xoung mssb) cannct mamtain suffient

energy 1 shape and the integnty
of 1ts surface Increascd sphemcytos:s and ultimate lysis are the
vesult The of rapd h ysis i cairo 13

probably bmunht about 1n a similar way

To sum up recent work suggests that the excessne rate of
hamolysis i hereditary spherocytnsu 15 due fupdamentally to
the production of ery throcytes with a genetically ~determined defect
n ntracellular metabolism  The exact nature and extent of the
metabolic defect(s) have not yet been fully demonstrated
“Morphologically the erythrocytes in hereditary spherocytosis are
best desenbed as microspherocytes cells smaller 1n diameter
but thicker than normal erythrocytes These microspherocytes
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strihing pathologieal change acquired  h®molytic anzma
(Dameshek and Schwartz 1940) (sce also Chapter 11) 1t 1s also
characteristically found after the admimistration of hemolytic
sera or posons to laboratory ammals (Banti 1913a Eppinger
1920) It seemus likely that the congestion 1s due to the spleens
remarkable property of filterng off from the blood stream damaged
or abnormal corpuscles srrespective of whether the damage 15 due
to the effects of :immune antibodies hemoly tic porsons or whether
the erythrocytes are mherently abnormal as in hereditary
spherocytosis

Recently 1t has been shown experimentally by differentral

agglutination that the spherocytes of hereditary spherocytosis
are more eastly trapped in the spleen than are normal corpuscles
{Emerson Shen and Castle 1946 Emerson ef ol 1947 Young
1947 Young etal 1951 Weismanetal 1903 1955} Young and
hus colleagues (1951) perfused en vitro with a muxture of normal
erythrocytes and hereditary spherocytes freshly removed spleens
from three patients with thrombocytopeme purpura and found
that the spherocy tes were selectrvely removed from the perfusate
‘Weisman and his colleagues (1955) carrted out a stmular expermment
wnzio They transfused a patient suffering from thrombocy topente
purpura with hereditary spherocytosis blood shortly before the
reciptent underwent splenectomy 49% of the blood obtaned
from the spleen after operatton was identified as hereditary
spherocytosis (donor) blood compared with 3% in the general
arrculation  The donor blood from the spleen had had 1ts osmotic
fragility markedly ncreased and Weisman and his colleagues
pointed out that tiis was further evidence that the normal spleen
1sableto condition spherocytes after filtering them off from the
crreulation

* The problem as to how the congestion m the spleen 15 brought
about has not been solved Various hypotheses have however
been put forward Klemperer (1938) suggested that the presence
of abnormal corpuscles reflexly nitiated arteral vasodilatation
and Whipple (1941) postulated that the stagnation was due to

vthe abnormal shape of the corpuscles :e the spherocytosts
Whipple considered that whereas normal discodal cells probably
could circulate through the spleen without difficulty spheroeytes
because of therr shape might find 1t difficult to traverse the
sht Iike stomats leading from the pulp nto the splemec sinuses
This hypothess 1s attractive but difficult to confirm or refute It
assumes that the erythrocy tes hie mostly m the pulp dunag bie
Emerson and co workers (1926) concluded that cells undergoing
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Iysis in a sodium chlonde solutron exceeding 0 5% 1n concentration
were particularly sensitive to trapping m the spleen

The last point to be considered 1s the way in which the spleen
brings about erythroeyte destruction  As compared with spleens
removed from patients with asequired hemolytic anermia eryvthro
phagocy tosts 1s not conspicuous It seems likely to the autbor and
to Young Platzer Ervn and Izzo (1901) and Emerson and
co workers (1956) that lysis of the stagnant blood takes place by
the mechanisms which produce lysis of mcubated blood 11 1tro
As glready mentioned this cannot be satisfactorily explamed by
the ! of My nctise bohtes which cause
sweling and cventually osmotic lysis  Nor does 1t scem likely
that the lysis can be explained by an accumulation in the stagnant
blood of potentially hemolytic substances such as lysoleeithin
(Gnpwall 1938 Fahracus 1939) or other tissue lysins  (see
{Ponder 1951) to which hercditary spherocytes are possibly
peculiarly sensitive  Attempts to demonstrate an increased forma
tion of ly solac#hm 1 spleen bLlood have been unsuccessful
{Singer 1941) It seems most Likely that the 1y sis15 the consequence
of the defective 11 L of the spherocyte (see
p 133) which although ummportant in relation to the cells
survival in the cireulating blood bnings about irreversible damage
and eventual lysis 1f and when the cell 1s trapped 1n the spleen

How trapping of spherocytes 1n the spleen pulp brings about
lysis 1s not clearly known ¥Stagnation of blood m the spleen pulp
and the hzmoconcentration which results from the filterng action
of the spleen probably reduce ly the of meta
bolizable substrate including glucose available to ndivdual
erythrocytes It may well be that under these conditions the
hereditary spherocyte because of 1ts genetically determined
metabolic handicaps (Young 1955b} cannot maintaim suffictent
energy production to maintaints discoidal shape and the integnty
of 1ts surface Increased spherocytosis and ultimate lysis are the
result The ph of raprd ) 2} wm gire 1s
probably brought about mn a similar way

To sum up recent work suggests that the excessne rate of
h n hereditary spherocytosis 1s due fupd Ly to
the production of erythrocytes with a genetically determned defect
n ntracellular metabohsm The exact nature and extent of the
metabolie defect(s) have not yet been fully demonstrated
Morphologically the erythrocytes in hereditary spherocytosis are
best deseribed as microspherocytes cells smaller 1 diameter
but thicker than normal erythrocytes These microspherocy tes
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perhaps because of ther abnormal shape are selectively filtered
off from the circulation by the spleen There they undergo further
sphering and ultimate lysis probably because their metabolic
defects become of critical importance under conditions of
circulatory st Spl tomy curesthed, 1 Mty and
the rate of in vivo hemolysis becomes normal or almost normal
The fund 1 bioch 1 and morphological ab lities of
the patient’s erythrocytes are nevertheless not signtficantly
affected they are however of no chimeal importance once the
spleen has been removed
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CHAPTER 3

THE CONGENITAL HEAMVOLYTIC ANAMIAS
2 HEREDITARY ELLIPTOCYTOSIS

Tue presence of elliptical ery throcy tes 1n man was first deseribed
by Dresbach 1n 1904 i the blood of a mulatto Since then the
condition has been observed 1n many races throughout the world
and 1t now has an extensine hterature (sce Wyandt Bancroft
and Winship 1941 Penfold and Lipscomb 1913 Bernard
Dugas and Cotlenko 1923 Wolman and Ozge 1957 Baurle
and Reissner 1958) Bishop (1914) observed elliptocytes in the
blood of two siblings belonging to the same farmly and it s
now known that the nbnormnhty (heredltary elliptocytosist) is

d ditary elliptocytosis
15 not known for certain lt 1s uncommon but not rare  Wyandt
Bancroft and Winship (1941) excluding the large fanuly they were
studying found two additional cases 1n 7 000 examunations and
concluded that the frequency m the general population mn the
Umited States was about 4 per 10 000

Hercdxtary ell:ptocytosns llkc hercd:tary spherocytosts 1s
but, unlke hereditary
spherocytosns signs of overt hmmolysls are found mn a small

minonty of cases only It 1s in fact only recently that cases
associated with hemolytic anxzrmia have been at all widely
recogmzed and even 1n the 1910 s some wnters £g Wyandt
Bancroft and Winship (1941) and Hedenstedt (1947) concluded
that theje was no direct relationship between elliptoeytosis and
anxmaf It 15 now howm er gencral]y agreed (hat xt/v; possible
to dnde eases of b Y nto three!
those with no signs of hzmolys:s those with compensated
hemolysis and those with non compensated hzmolysis
The relatise frequency of the three catagories 1s not yet known
The madence of major or minor degrees of hemolysis seems to
vary from family to famly Penfold and Lipscomb (1943) in
Oval ™ at one time frequently used seems now to have been
generally superseded by elliptocytosis  which more correctly describes the

hape of the corpuscles.  Hereditary Ovalocytosts o7 however the term
mutt,

by th the of
Cels and s of the Biood snd. Blood fornung Organ! (1950)
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Youne L E Prarzce R T' Erviy D M and Izzo M J (1951)
Hereditary sp'nerocytosls II Observations on the role of the

spleen  Blood 6 109
and B (1958)  Sp

Pl Yy wtl ypoplastic thrombo
cytopema and malformations  Acta pediat (Uppsala) 47 14




MorrnoLoGy oF FrtterocaTts 153

first time beconie manifest as the result of an intercurrent infection
Rarely the disorder leads to severc anwnua in nfancy (eg
Case 1% of Dacie Mollison Richardson Selwyn and Shupu‘u
1953 Lapton 19,0) Gallst are a not
and chronic leg uleers as in hereditary spherocy tosis have been
reported (Motulshy Singer Crosby and Smith 1944 Ducla
Soarcs and Parreirn 19.8) Tower shull and other skeletal
abnormalities have oceasionally been observed (Bernard Dugas
and Cotlenko 19.3)

The spleen 15 usually palpable in patients who present with
clear signs of increased hemolysis i elliptocytosis trait 1t 1s
not palpable and probably not enlarged

Blood Picture in Hereditary Elliptocytosis

Morphology of Llliptocytes! The degree of elliptocytosis
varies not only from subject to subject but also within the cell
population of any particular person (Figs 50-61 63-66) Usually
up to 909, of the cells are affected some being markedly elongated
others merely oval

Poilalocytes mucrocytes and cell fragments are nconsprcuous
except m patients in whom there1s evidence of increased hemoly sis
There 15 however no clear relationship between the degree
of elliptocytosss and the presence or sbsence of hamolysis

Alicrospherocytes are commonly found m small numbers 1n
patients with active hemolysis lethough they are not necessarily
present They are usually oval in contour not round as in
hereditary spherocytosis (¢ g Figs 59 and 64)

‘The nucleated precursors of elliptocy tes are round and reticulo
cytes are also round or at any rate consprcuously less elliptical
than adult corpuscles) {Florman and Wintrobe 1938) The
elliptocytosis 1s not fully evident at birth but increases to a
maxtmum by about the end of thc third month (Hunter 1932-33
Helz and Venten 1941)

Ellptocytes have been classnﬁed on the basis of diameter
measurements (¢ g by Gunther 1978 Lambrecht 1938 Guasch
and Rachs 1949 Zm and Leubner 1951) and the distinction
between hereditary elliptocytosis and normal blood which may
contamn up to 10-15% of definitely elliptic cells has been carefully
deﬁned (Florman and “mtrobe 1938 Hedenstedt 1947) (see

p 165) In elliptocytosis
trait the ery throcyte cmmts are usually vutlun the normal range

Although superf cially resembling the oval erythrocytes of the Camehda
the two types of cell differ markedly 1n their reactions 1n titro (Jung 19 7)



152 HerepiTsRY ELLiPTOCYTOSIS

reviewing 400 cases of elliptocytosis reported m the hterature
concluded that mn 129, of them there had been signs of mcreased
haemolysis The probability 1s that the percentage would have
been higher if erythrocyte Iife span measurements had been carned
out

Inheritance of Hereditary Elliptocytosis Inhentance
follows the Mendehan dominant pattern (Wyandt Baneroft and
Winship 1941)%nd the gene or genes for elliptocy tosis appear to
be located 1n sdme famulies at least on the same chromosome as
that carrying the gene(s) for the Rh blood group system)(Goodall
Hendry Lawler and Stephen 1953 DMarshall Bird Hailey and
Beckner 1954 Morton 1956) The expression of the gene for
elliptocytosis appears to vary widely as is shown by vamation
from case to case i the degree to which the erythrocytes are
elliptocytic and also by the extent to which the morphological
abnormality 1s assoctated with increased hamolysis As already
m d the p of hzemolysts often appears to be a famuly
charactenistic (¢ g Cases 1-8 p 161) Whether an additional
abnormal gene 1s mvolved 1n such cases 1s not yet hnown It
seems equally probable that hereditary elliptocytosis in its varous
chineal forms 1s determined by a sertes of abnormal allelic genes
(¢f the at 1 hemoglobm synd y

The vast majonty of subjects with hereditary elliptocytosts
appear to be heterozygous for the gene for elhptocytosis even if
they present with signs of excessive hemolysis Nevertheless a
few probable homozygotes have been reported This mteresting
group of patients who had severe hemoly tic anemia are referred
to 1n more detail on p 161

CLINICAL AND HZAMATOLOGICAL FEATURES OF
HEREDITARY ELLIPTOCYTOSIS

Symptoms and Signs As already mentioned hereditary
elliptocytosis exists usually as 2 harmless and symptomless trait
(elliptocy tosis trait) discovered perhaps as the result of a routine
blood test On the other hand the presence of mncreased hemolysis
Jeads to a vanety of signs and symptoms according to its seventy
The clinteal d are 1n fact ind hable from those
of hereditary spherocytosts ~Anemia may be severe or 1
compensated cases absent Most patients will however be found
to be mildly to moderately anemic and to be shghtly jaundiced
from time to time In some e¢g the patient deseribed in the
first edition of this book (p 99) overt hemolysts may for the
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Counts above the normal have however occasionally been
reported  Stephens and Tatelbaum (1934-85) stated for instance
that the counts of the affected nembers of a famly averaged
6470000 per cu mm despite the fact that thewr hemoglobin
levels were normal

The mean cell volume (MCV) 1s usually normal or slghtly
above normal and the mean cell hemoglobin (MCH) and hemo
globin  concentration (MCHC) are also usually normal (see
Table ¢)

The reticulocyte count may be expected to be normal m
elliptocytosis trait or shghtly raised i non anemic patients wath
fully compensated hzmolysis In patients with overt hemolstic
anzmra the counts may reach 20% or even higher

Hemoglobin in Hereditary Elliptocytosis All workers
agree that hereditary elliptocytosts 1s not associated with the

{ presence of an abnormal lok Feetal b lobin too
1s usually absent except 1n the neonatal period Winte Beaven
and Ellis (1959) for mstance found a definite increase m Hb F
(15%) 1 only one of twelve patients studied Ducla Soares
and Parreira (1958) have however reported larger amounts
(3 1-6 0%) 1n three members of 2 farmly who were exceptionally
severely anxrme (for hereditary elliptocytosts) As referred to on
P 167,fthere are well authenticated reports of the co eustence
of heretitary elliptocytosis and Hb S or HbC the same
mdividual The effects do not seem to be summated,

Osmotic Fragility Studies on osmotic fragihity have given
varnable results In elliptocy tosis trait the results seem invariably
to be normal 1n the presence of heemolysis osmotic fragihty may
or may not be increased The authors own observations are
illustrated mn Fig 52 The effect of mcubation at 37 C for 24
hours has seldom been studted The authors data suggest that
1 patients whose osmotic fragility 1s increased before incubation
(and 1n whose films oval microspherocytes can be seen) the effect
of incubation will be similar to that in hereditary spherocytosis
1¢ hemolysis will take place in 0 85% NaCl ItiscJear however
that unlike 1n hereditary spherocytosis the osmotic fragility after
incubation may not be mcreased above the normal despite the
presence of asert hemolysis wn 1o (Fig 52 Family A (Mrs

A

Mechanical Tragility Few observations hatve been made
but where spherocytes or schistocytes are present mereased
mechanucal fragihty can be expected (eg Case 11 of Dacie
etal 1953)
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considerably as i hereditary spherocytosis These data are
shown in Table 7

Table 7
Autaheemolysis wn Hereditary 1 Hiplocytosi
, Hemolyu
Tamul; 24 hr 4 hr 48 hr. 48 hr
? (Vo adled |(With adled | (No adde | | (W 1th added
glico o) glucose) | glucose) glucose)
I Mres La 03 n1 29 10
\Ir Lo (teasty ot 01 3. o8
nDm 1. 11 3-0 17a
Mrs I (trait) <01 17
€ BAt(Casel) 11 03 0 17
JA (Lase ™ 27 10 0. 61
AMrs At (Cave 3) 04 oz to 0z
D Hw 11 o2 09 08
Mrs M (trast) 01 i 02
1 Mrs Hi* o8 08 -8 11
Gh o 01 32 04
Mrs R (trut) 01 <01 11 01
G Mrs Bt 04 02, 50 10
Normal ringe 00,0a 0-04 LU 0030

After splenectomy
+ Mean values (mo e than one observation available)

Erythrocyte Life Span in Hereditary Elliptocytosis
It now seems probable that while the life span of elliptocytes
ty‘normal or only a little subnormal in the ellptocytosis trait
4ll grades of shortening may be encountered m patients with
elliptocytosis and hzmolytic anemia Some of the more important
observations ate reviewed below

The earliest reports were based on experments 1n which blood
0 normal o
films or wet preparations

type suggested that the

was
the ell ptocytes subsequently looked for in dned
of the reciprents blood Obsersations of this
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Autohmolysis  Selwyn and Dacie {195%) reported some
preliminary studies 1n all except one patient (Case 11 of Dacie
et al 1953) autohemolysis at 48 hours (no added glucose) was
normal irrespective of whether there was evidence of increased
hamolysis tn 1o It was noted however that the addition of

%
N;::l FRESH BLOCD BLOOD INCUBATED AT 37°C
FOR 24Hr
094 A BC DEFG A B CDEFG
4 3
08 H
l- %
074 r ( mMOnin °
o6 . so%
o5 A I
i i
04 i i 0%
o] ||H | n
¥
oz oy WV o
7T Tor o ———100%
oK
¥16 o. The results of osmotic fragiity tests carried out on the
Blood of 14 patients with hereditary elliptocytosis
Left hand chart freshblood  Right handchart the same blood
tested after incubation for 24 hours at 37
A B C D E FandGrefer to different famulies T represents
the elliptocy tosss trait the other patients suffered from various
degrees of anzmia and inereased hemolysis (see also Table 6)
and | denotes > I 7 or < 100 Iysis respectively (see
also Fag 40) * After splenectomy
glucose farled 1n some to h hemol to the

extent expected The author has since studied several further
patients with hereditary elliptocytosis and hemolytic anxma
Four of them had increased osmotic fragthty before and after
incubation (Fig 52 FamilesC D and G) and as might be expected
this was associated with marked or moderate increases in
autohzmolysts The addition of glucose reduced hxmolysis
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The erythrocyte osmotic framhty was normal but except for this
and the presence of the elliptocytes the hrmatological findings and the
patient s symptoms and physical signs were sud to be typical of
congenital heemolytic anemit

Grregorzewsh: {1033) descnibed o faruly 1n which the erythrocytes
of 14 persons were eliptic  Six of them were muldlv anzmic and
gwe o history of being shightly jaundiced from tme to time  their
erythrocyte osmotic fragilities were reported to be increased

asan {1938) deserbed two most T )
anemia with ovalocytoss (elliptocytoss) ‘The first patient was a white
boy of 13 years who had expenenced five attacks of anemia in
the preceding 8 years A large proportion (80 /) of his erythrocytes
were oval theit osmotte framlity was normal His mother was not
anemic but 1n her blood film there were many oval cells Ihis fathers
blood was normal but three children of a paternal aunt had died of
an undiagnosed severe anzmuia 1t scemed s if the patient s father
rmught have been carrymng a latent trait for anemua  whieh in hus son
converted o harmless elliptocytic trait into overt hamolytic anxmia
Mason s Case 4 was remarkable in that many of the elliptocytes were
deformed and had tail hike processes The patient s spleen had been
removed 14 years previously this probably had somethung to do with
the morpholomeal pecuhanties (see I'ig 61'and p 166)

mbrecht (1938) observed two instances of anemit with jaundice

and di osmotie e that cases of
elliptocytosts might be separated into active (hemolytie) compensated
and Ihtent forms

Gaffin and Wathins (1939) studied three patients m one famuly who
sulfered from slight to ancms T n v
were present in therr blood films  Their serum bilirubin concentrations
were increased (2210 2 9 mg per 100 m! ) and the erythrocyte osmotic
framlities were also shightly increased

Penfold and Lipscomb (1043) described elliptocytosis assoctated with
Five of ther patients were

Y
Jaundiced two had palpable spleens

Holst Larsen s (1947) observations were remarkable especially for the
vanable intensity of the erythrocyte abnormality in his patients
Unmustakable hemolytic anemia was present in three branches of a
single family the elliptocytes being admned with and seemmgly
merging nto small and
m the more anzmic patients

Lendval (1949) briefly described the meidence of severe anema m
three brothers and sisters The patents were cousins typical ellipto-
cytosis was transmutted from the maternal side on the paternal side
T4 brothers and ststers died probably of hemolytic anemia  This seems
to be another example of the effect of the inhertance of traits for
congemital anzmia from both sides of a family resulting 1n severe
anemia 1n children of the next generation (¢f Mason 1938)

Dacre and s co workers {1023) deseribed a remarkable mstance of
severe hemolytie anxmia 1n a child who belonged to a family hnown
to carry the elliptocytic trait The child was admitted into hospital
when only 10 days old_suffening from a rapidly increasing anzmia  He
was transfused and kept alive for the next 6 months on blood
transfasions  Splenectomy was then carmned out with immediate

shape: yies
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survival of the elliptocytes was considerably shorter than normal
(Vischer 1938-39 hirkegaard and Larsen 1942) Later Hedenstedt
reported that elliptic cells had an average half Ife of 131 days and
that they disappeared from the recipient s eirculation 1n an exponential
manner Tonick (1948) who transfused the blood of a healthy non
anemic blood donor 90% of whose erythrocytes were elliptical mto
arecipient recovering from a recent blood loss found on the other hand
using the Ashby method that the donor blood survived normally
e 100-110 days

Berhin and Hedenstedt s (1902) report cast doubt on the validity of
attempting to deduce the survival of elliptocytes by actually counting
the proportion of elliptic to normal cells 1n the recipient s eireulation
Berhn and Hedenstedt found that counts carrted out on the same blood
by the Ashby method gave a much longer half life and they concluded
that elliptocytes might be transformed into rounded corpuscles i a
normal environment This rather unexpected conclusion has not been
substantiated by later work Motulsky and his colleagues (1924)
repeated Berlin and Hedenstedt s expertment using the blood of three
different donors Roughly simtlar results were obtamned by both the
visual and Ashby methods In two of the experiments the survival of
the transfused elliptocytes was normal that of the corpuscles of the
third donor who on other grounds was thought to be suffering from
well hemolysis was a plete 1

The survival of elliptocytes has more recently been studied 1n
the patients own eirculation by the radioactiv e chrormum method
Josephs and Avery (1955) reported a 5ICr half time of 16 days n
an anemic child with elliptocytosis while Avery (1956) found
the survival to be normal m an infant with elliptocytos:s and
hemoglobm C trait and moderately 1mpaired 1n a siblmg with
elliptocytosis only who presented other evidence of excess
haemolvsis McBryde Hewlett and VWeisman (1956) reported a
dimunished survryal (51Cr half trme 18 5 days) 1n an anzmic negro
aged 53 years considered to have hereditary elliptocytosis and
Blackburn Jordan Lytle Swan and Tudhope (1958) observed
51Cr half times of 45 days and 24 days before and after
splenectomy respectively 1n 2 man of 67

Data on three of the author s patientswhose erythrocy te survival
has been measured by the SICr method are given in Table 6

Case Reports of Hereditary Elliptocytosis with Hzmolytic
Anzemia
Some of the more interesting andfor historic reports on
hereditary elliptocytosts i which heemolysis was a conspicuous
feature are summanized below

One of the first reported cases of overt hemolytic anemia assoclated
with elliptocytosis seems to be that of Hymans van den Bergh (1928)
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benefit Thereafter erythrocyte regeneration kept pace with hemolysis
{Fig 53) Post splenectomy blood films were remarkable for the
marked sanation 1n erythrocyte size and for the presence of numerous
extremely small sph ytes and fr of rregular
shape (Tig 54) Erythrocyte osmotic and mechanical fragilities were
marhedly increased The blood of the child s father was normal but
that of s mother and of a brother contamed many oval or shghtly

TT T T T S X
M
drh g [ 2R J)/‘ Vo
x
&0 18 %
X
x et
50 Is % ERYTHROCYTES
x
s 12
x
HAEMOGLOBIN
;0 of «
X |
20 6
o 3
2 3 a4 7 & & 10

5 6
MONTHS
FiG .3 Changes 1 the erythrocyte count and hamoglobm
concentration of the blood of D Hi  {Case 11 of Dacie ¢f ol
1953) who underwent splenectomy when 6 months old for an
unusual type of hereditary elliptocytosis (see also Figs 54 5
and Family B Table 6)
T = transfusion S = splenectomy

elliptic cells (Iig 52) Nerther his mother nor brother was anzmic
The severe degree of the anzma of the affected child 15 unexplaued
there was no obvious history of an®rua on the father s side of the
faml;

* Mo}re recent reports include those of Dacie (1924) Motulsky and
co-workers (1954) Wilson and Long (19.0) Letman (1900) Lipton
(1955) Josephs and Avery (1920) Avery (1926) Ducla Soares and
Parreira (1908) and Blackburn and co-workers (1928) The erythrocyte
Iife span studies carried out on some of these patients have already been

referred to (p 158}
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‘The patient described by Dacie (1004) was interesting on several
counts first the mode of ontet which was a rapidly progressive
anemia asa of ia 1n & woman of 3o
and secondly because there was cleat evi lenee of anrmia and hzmolysis
but onlv & moderate degree of elliptocytosts (Table 6 and 11z +6) and
normal erthrocyte osmotic framhty and autohemolysis (kig o2 and

able =)

The patient s father and her two sons had the elliptocytoss trait
the degree of elliptocytoss was however slight and the erythrocytes
were mostly oval rather than elliptical The father s blood w1 parti
cularly interesting 1t might not have been recognized as abnormal
except for the fact that elliptocytosis was being carefully looked for
(g 57}

Patients Probably Homo~ygous for Hereditary I liptocitosts

As already indicated family studies have suggested that nearly all
the patients who have been reported as having hereditary elliptocytosts
with hemalytic anzmea even of a severe grade have been heterozy gous
for the gene(s) for elliptooytosis Neyertheless nt least two probable
homozygotes have been deseribed (Wyandt Bancroft and Winship
1911 Lipton 10.5)

Wyandt Bancroft and Winships patient was found amonmst a
targe family of which 86 members had clliptocytosis trut  Of these
anly the suspected homozygote was anemie or showed any syms of
mncreased haemolysis The affected patient was a child whose blood
contained both elliptocytes and small spherical microcytes The blood
of both of lus parents contained typical elliptical erythrocytes but
neither was anemice It seems probable therefore that the child inherited
@ grene for elliptocytons from both parents and that although o single
gene for elliptocytosis produced {in the family) a benign morphological
abnormality only the presence of two genes resulted in a severe
hzmolvuic anzmia

The history of Lipton s patient aninfant 13 aiso extremely interesting
As both patients were first cousins and had the elliptocytosts trait it
scemed probable that the infant was homozygous for elliptocytosis Tt
w1s it

irth and e e \ly anz
After peniodic transfusions splenectomy was carmed out when the cluld
was ~ months old o were required The
mfant s blood film was for the tes present
after_splencetomy fragmentation anl budding Was conspretous
of Fig »1)
Case Reports Hereditary Lilip with Hamolytic Anema

Cases 1-3 Brief details of a farmuly 1n which three members have
hereditary elliptocytosis are givenbelow The patients were iny estigated
by the author through the courtesy of Dr Allan Birch They contrast
sharply with the patient reported previously (Dacie 1924 Case 8) m
that therr erythrocytes vere lly much more abi
and their osrotie framlities and rates of autohzmolysts abnormal alse

The propositus (B A ) was a girl aged 18 who gave a history of 4
months jaundice and tiredness and also of dysmenorthora and scanty
periods “Fler younger sister (J.A ) aged 14 hal also had attacks of

IR REXOL AN FXIAS—O
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Jeundice intermittently since the age of 9 years Examunation of B A
tevealed a shightly jaundiced anmemic young woman whose spleen was
palpable 6 em below the costal margm The blood counts of the two
sisters and thewr mother are recorded in Tible 6 (Family C)

photomicrographs of their blood films are shown i Figs 5860 The
erythrocyte osmotic fragility of the two girls was shghtly but definitely
mereased (Fig 52) but that of their mother was normal  After
neunbation at 37 C for 24 hours the osmotic fraglity of the blood of
the two gurls fell Just outside the normal range but no lysis took place
mn 085% NaCl (I'g 52) the mother s corpuscles behaved normally
Autohmolysis of the girls blood at 48 hours was markedly 1ncreased
and that of the mothers blood shghtly increased (Tsble 7) The
markedly increased autohzmolysis was an unexpected finding in view
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Fic €2 Results of * Cr erythrocyte survival studies carned out on
Case1 The radoactivity over the heart spleen and hver has
been measured by m vivo surface counting  The charts show
a sgmficant take up of chromuwm by the spleen and a fising
spleen lver ratio (¢f Fig 32)

of the fact that the wncrease 1n osmotre fragility following incubation
was only shghtly greater than normal (¢f hereditary spherocytosts
102
P The survival of the ervthrocytes of BA were measured 1 her own
circulation using #1Cr  The mean cell hfe span was calculated to be
14 days Surface counting demonstrated a marked take up of chromum
by the spleen (Fig 62) simular to that seen in hereditary spherocytosis
The hematological data on several other patients (with hzmolytic
anzma and chmeal evidence of increased hamolysis) investizated by
the author are summarized in Tables ¢ and 7 and in Tig 52 DBy way
of contrast the data on relatives of the propositus (with elliptocytosis
but without clmical evidence of excess haemolysis) have been inclnded
Photomicrographs of the blood films of some of these patients are
Mlustrated 1 Figs 61 and 63-G6 They make a contrasted series and
the n erytl 'y between families
Tigs 55and 66 show that subjects with elliptocytosis trait tend to have
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jaundice mtermittently since the age of 9 years Exammation of B A
revealed a slightly Jaundiced anmmic young woman whose spleen was
palpable 6 cmbelow the costal margin  The blood counts of the two
sisters and thewr mother are recorded in Table 6 (Famuly C)
photomicrographs of their blood films are shown 1n Figs 58-60 The
erythrocyte osmotic fragiity of the two girls was slightly but defintely
mereased (Fig 52) but that of therr mother was normal After
mcubation at 37 C for 24 hours the osmotic fraglity of the blood of
the two girls fell just outside the normal range but no lysis took place
m 085% NaCl (Fig 52) the mother s corpuscles behaved normally
Autohxemolysis of the girls blood at 48 hours was markedly increased
and that of the :nolhers blood shightly mcreased)(Ta‘ble 7) The

was an (Pt finding m view
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Fio 62 Results of ¥ Cr erythrocy te survival studies carried out on
Case'1 The radioactivity over the heart spleen and hiver has
been measured by i v1vo surface countmg The charts show
a sigmificant take up of chromium by the spleen and a msmng
spleen Irver ratio (¢f Fig 32)

of the fact that the mncrease m osmotte fragihty following mcubation
was only slightly greater than normal (¢f hereditary spherocytosis
p 102)

‘The survival of the erythrocytes of B A were measured 1n her own
curculation using $Cr  The mean cell Iife span was caleulated to be
14 days Surface counting demonstrated 2 marked tahe up of chromtum
by the spleen (Fig 62) simular to that seen mn hereditary spherocytosis

The hematological data on several other patients (with hemolytic
anemia and chinrcal evid of d hemolysis) tigated by
the author are summarized in Tables 6 and 7 and mn Fig 52 By way
of contrast the data on relatives of the propositus (with elliptocytosis
But without climeal evidence of excess hzemolysis) have been ncluded
‘Photormcrographs of the blood films of some of these patients are
Mlustrated in Figs 61 and 63-G6 They make a contrasted senies and
dlustrate the varation in erythrocyte morphology between families
Tigs 55 and 66 show that subjects with elliptocytosis trait tend tohave
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less abnormal blood Alms than have their relatlyes with elliptocytosis
and hiemolytic anzmia

Classification and Path is of Hereditary Elliptocytosis
with Hemolytic Anemia

As already mndicated 1t 15 now generally agreed that hereditary
elliptocytosis 15 n the majonty of instances a harmless trait
(Mason 1038 Turhegaord and Larsen 194 DTenfold and
Lipscomb 1913 Guasch and Rawchs 1919 Votulsky et ol
192t cte) Iow isit then that in a minonty of enses a harmless
trait an which excessne hemolysis 15 absent or mummal
and easly P d  becomes ted into an active
uncompensated hremolytic anemia?
f The possibility that excessive hremolysis only occurs when the
gene for elliptocytosis 1s present in the homozy gous form 1s not
supported by the facts/ Only in the reports of Wyandt Bancroft
and YWanship (1941) and Lipton (19.5) have both parents of a
severely affected ehild been shown to be carriers of the elliptocy tosts
trait It scems instead that the expressivity of the gene or genes for
elliptocy tosis may be markedly modified 1n other ways than by the
gam of an additional similar gene and that varying grades of
ncreased hemolysis are the result of this modification  As already
mentioned 1t 1s remarhable that although overt hzmolytic
anmmia 15 unusual when present several members of a family
may be similarly affected (see Case Reports p 159) This suggests
that there are at least ‘fwo types of hereditary cliptoeytosis a
bemgn typical form not associated with hemolytie anmmia
(unless 10 the homozy gous state (Wyandt Bancroft and Winship
1941)} and a rarer type or types often associated with different
grades of hemolytic anemia The morphological and other
hematological dilferences between patients with active heemolytic
anxzmia which have already been mentioned are certainly in
fasour of the hypothesis that moreYhan one type of hereditary
elliptocy tic hemoly tic anmmia  exist but until the fundamental
defect of the erythrocy tes can be defined 1t may prave mmpossible
to determine whether the differences are quantitative or
qualitative

It 1s not possible to correlate the degree of elliptocy tosis with
the presence or absence of hemolysis {On the one hand a marked
degree of elliptocy tosis 1s not necessanly accompanied by signs
of hemolysis and anmmia_on the other hand overt hamolytic
anemia as in Case 5 of Dacie (1924) may he assocated with
only a moderate degree of elllptucytosns)}lowev er as has already
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been mentioned within a single famuly the blood film of a subject
with the elliptocy tosss trat 1s usually less abnormal than that of
o relative who presents with signs of hemolysis  kurthermore
1f bizarre shaped cells are present and if there are many round
or elliptic spherocyte o greater or lesser degree of hemolisis
can be expected

It does not appear to be hikely that the presence of spherocy tes
{and increased osmotie frag ihity ) necessarily indieates an admixture
with the hereditary spherocy tosis trmt ({1t seems more probable
that spherocy tosis and microcytosis are one result of an mereased
expressivaty of the gene for elhiptocy tosis) Thas 15 well shown by
Holst Larsen s (19147) patients by Case 11/0f Dacie and co workers
{1953) and by the pitients of Wyandt Baneroft and Winship
(1041) and Lipton (1955) who were probably homozygous for
elliptocytosis Honever as already mentioned an wmcreased rate
of hremoly s15 15 not necessarily associated with microspherocy tosis
and increased osmotie fraglits

Possible Biochemrcal Abnormalities w Elliplocytoses
There seems little reason to doubt that the abnormality 1m shape 1
not the sole erythrocyte sbnormilty in hereditary elbiptocytosis In
patients in whom there 1s increased hemalysts ot least 1t seems hikely

that the erythrocytes have a biochemucal defect analogous ta that of
b b T howeser the hypothetical

4
ahnnrrm\myrur abnormaliies have as yet not been defined Selwyn
and Dacie (10.4) studied two patients with hemolytic ancma_as well
as two carners of the elliptocytosis trmt  The erythrocytes of one of

the patients with hzmolytic anema hiad an abnormally low potassium
content and alth h ded at the normal rate

three of the patients the sddition of glucose wasless effective mreducing
hemolysis than with normal blood and most nstances of hereditary
spherocytosis Table 7 shows that the effect of glucose sarled from
farmly to famuly In Tamdy C the tapid autolremolysts and the effect
of glucose on 1t were indistinguishnble from that in typical hereditary

spherpeytoms

Role of the Spleen The favourable results of splencctomy

{sec p 166) sug est that some types of elliptocytes at feast are
peculiarly sensitis e to the hmmols tic action of the spleen Sections
of spleens removed at operation show congestion of the pulp and

1t seems probable that the mechamsm of hemolysis 15 analogous
to that in hereditary spherocytosss It does not seem lihely that
the sequestration of elliptocytes m the spleen can be entircly
expluned on thewr abnormal shape m view of the fact that o

¢ lmarked degree of elliptocytosis 1s apparently compatible with o
pormal erythroyte hife span  The sequestration must be due to
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some more Subtle 1 brochemical abnormality the nature of which
15 as yet unknown

Differential Diagnosis

In most eases the recogmtion of hereditary elliptocyto 1s
presents no dificulties  The blood film 13 usually charactenstic
and a family study clinches the diagnosis Osal cells and
elliptocytes are of course found m many blood diseases and
may be patticularly numerous 1n sron dcﬁcxcnc) anema and
my butmm distinetion to hereditary elliptoey tosts
1t 1s most unusual to find as many as 80-90°, of the cells affected
and acquired elliptocy tosis 1s usually also associated with a much
greater degree of porthalocytosis than 1s the congental discase

The degree of shape change may however be muld m hereditary
clhiptocytosis (see Figs 56 and 63) and if a munor degree of
elhptocytosis 15 mssocrated with hxmolysis the dilferentiation
from hereditary non spherocytic haxmolytic anemia can be
diffiecult 4 famuly study may prove helpful in such cases The
distinction 1s 1mportant because of the benefit to be expected
from splenectomy 1n true hereditary zlhptocytusls

Some cases of may be fused with h
elliptocytosis The presence of more porhtlocytes target cellx
and obvious hypochromia are ponts in favour of thalassemia
Here  agam a family study hclps Another source of confusion 1s
1ron d sed on hereditary elliptocytosts (Josephs
and Avery 1905 Avery 1006) In such cases the elliptocytosis
persists after adequate 1ron therapy

Treatment of Heredmtary Elliptocytosis with Hemolytic
Anzmia

Blood Ir There 15 p 11y no information on
the survival of normal erythroeytes after transfusion to patients
suffening from hereditary elliptocytosis but what evidence there
15 suggests that normal corpuscles survise for the normal length
of time In Case 11 of Dacie and co workers (1953) the survisal
of transfused blood was proved to be normal the child being
hterally kept alive by transfusion The same was true of Lipton s
(1920} patient who was probabl for ¢ll
Transfusion can therefore be conﬁdcntly rccommendcd as a
palliative measure 1n the severely aneme patieat

Splenectomy There are bv now a good many reports in the
literature on the effects of splenectomy mn hereditary elhiptocytosis
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and Crosby (1907) tllustrated (their Fig =) the histolomcal sppearance
of the spleen of one case of hereditary ovalocytosts and remarhed onits
similanty to that of hereditary spherocytosis The spleen pulp of Case
11 of Dicie and co-warhers (1953} was moderately congested with
blood the sinuses on the other hand were relatively empty  Blackburn
and lus colleagues (1908) deseribed the spleen of their patient which
weighed 437 g as having moderate eongestion of the pulp with marhed
of the 1 cells which Iined the pulp spaces

They also found evidence of erythrophagoeytoss
“These findngs support the 1dea that in many patients at least with
hereditary elliptocytosis and hrmolytic ancmia there 15 an unusual
degree of erythrocyte sequestration 1n the spleen pulp  As in hereditary
spherocytosts thus probably explains the beneficial result of splenectomy

Hereditary Elliptocytosis in Association with other Traits

It has already been mentioned that microspherocvtosis and
ncreased osmotic fragility may be obseried 1n some patients
suffening from hereditary elliptocvtosis with hemolytic anzmia
In none of the case reports so far recorded does there seem
howeser to have been conclusive evidence based on famuly
studies of the presence of the tratt of hereditary spheroc) tosss m
addition to that of hereditary elliptocytosis The early reports of
the assocation of elliptocytosis with the sichle eell trait (Pollock
and Dameshek 1934 Fadem 1939) are ikewmise inconclusive

Recently however Vandepitte and Lows (1925) hase reported
two familtes from the Congo 1n which both traits were conclusiiely
demonstrated The two genes segregated independently

The propositus of Vandepitte and Lows s first family probably had
homozy gous sichle-cell disease plus elliptocytosis the father had Hb-S
trait and the mother Hb S trait plus markedly elliptical erythrocytes—
she was sightly anxmic The elliptical cells and  bictenocytes ¥/
{very elongated cells) sichled as readuly as did round cells Of other
children 1n the family one was normal another had ¥b S trast plus
elliptocytosis trait and another elliptocytosis trait alone The mother s

sister had elliptocytosis trait  The propositus of the second family had
Hb S trat and and o anerms

A} and Lows cal that the of 11b S and
elliptocytosis trarts should not be uncommon n the Congo There 15
a 2> neidence of Hb-S trait and they suggested that the frequency
of the elltptocytosis trait 1s 1 1n .00 the combination should therefore
have an mncidence of 112 1000 Vandepitte and Lows concluded that
the Hb-S trait does not accentuate the chimcal effects of a single gene
for elliptocvtosts and rice Tersa

The combmnation of elliptocytosis with Hb-‘é has also been
conclusively proved by family studies (Avery 1926) The father
of the propositus had the elliptocytosis trait and the mother Hb C
trait Two of their children had both traits in combination  They
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with hemolysis  Most of the patients seem to have benefited but
unfortunately 1n most instances only scanty detals are given

Himans van den Bergh (1928) reported that the jaundice of his
patient recede Mason (1938) recorded the blood count of a patrent
{h1s Case 4) spk 14 years p: as 4 230 000 erythro
cytes per cu mm_and 72% hemoglobin

Guffin and Vathins (1939} described good results in two cases after
splenectomy with improvement 1n anzmiz reduction in Jaundree and
less evidence of than before Holst Larsen
(1947) mentioned the effect of splenectomy 1n two severely affected
patients Although a substantial nse 1n hemoglobin and loss of jaundice
followed the operation the degree of elliptocytosis and spherocytosis
was unaffected

Lendval (1949) reported 1mprovement after splenectomy and stated
that whereas during a hemolytic phase (before splenectomy) erythro-
cyte Wi d after only normal Y
were present Another successful result was reported by Harrier and
s colleagues (1922) Wilson and Long (1923 1925) reported the
presence of heemolytic anzema and ovalocytos:s in two elderly patients
(a brother and lus sister) Splenectomy catried out on one of them
resulted in cure of the anzmia and leucopema After operation an
increased number of elliptical cells triangular cells and spherocytic
microcytes was found n blood films

‘The patient described as Case 11 by Dacte and co worhers (1923)
ii[:rwed strrkang benefit from splefnectomy before operation the child s

e d ded on after

2 erythrocyte

more than kept pace with destruction (Tig 53) VWhether patients whose
erythrocytes have an ncreased osmotic fragiity do better after
splenectomy than those with normal fraglity remains to be scen

Liptons (19»5) patient an infant thought to be a homozygote
sumtlarly benefited striangly from splenectomy Letmans (195)
patient” an adult aged 41 was well for many years subsequently The
adult patient of Blackburn and his co workers (1958) also benefited
from splenectomy one year after operation hus hemoglobin was 16 ¢
per 100 m!

Blood Picture after Splenectomy

A striking feature 15 the nereased number of micro elliptocytes and/
or hizarre shaped cells which errculate (Lapton 195 Letman 1905
Wilson and Long 1925 Figs 54 and 61) Fragmentation appears to
be taking place It scems hhely that the bizarre blood prcture which
results from splenectomy 1s due to the mncreased hfe span of the
erythrocytes There s probably a tendency for time expired elliptocytes
to undergo and for the o late for an
unduly long period as the result of the removal of the filtering action
of the spleen (see Wil on and Long 1955 Lipton 1905}

Splente Histology  Few reports are available - Lipton (1920) described
the spleen (6o g ) of his patient_an infant a5 engorged with blood and

s having congested siusoids The spleen of Wilson and Long 5 (1905)
pattent weighed 640 g its pulp was congested and dilated and there
was some reticular hyperplasia  fibrosis and siderosis Rappaport
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were anamic 1 one howeser the erythrocyte life span was
shown to be normal and the other responded fo treatment with
iron

A few interesting examples are on record of other tvpes of blood
disease occurring in assocration with the trait for hereditary
elhptocytosis the patient of Bang and Georg (1947) for mnstance
may have suffered from paroxysmal nocturnal hemo. lobmuna
and that of Druez (1852) from an scquired hremolytic anema
of the auto immune type
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CHAPTER 4

THE CONGENITAL HEMOLYTIC ANEMIAS

3 HEREDITARYNON SPHEROCYTICHAMOLYTIC
ANAMIA “ATYPICAL AND UNCLASSIFIED
TYPES “ERYTHROPOIETIC PORPHYRIA” AND

CONGENITAL HEINZ-BODY ANZEMIA

Iy this chapter will be considered certain types of congenital
hemolytic anemia which differ mn several important respects
from hereditary spherocytosts but with which they are nevertheless
often confused There are several such disorders and in most of
them splenectomy 1s not followed by permanent chimical cure
Morphologically with the exception of some atypical cases and
the rare congemtal Heinz body anzmia the blood prcture does
not as a rule present any striking features The red cells tend to
be shightly macrocytic most are round 1n contour but sometimes
elliptocvtes and pothilocytes are present in moderate numbers
and basophilia may P ph tes are
charactenistically not present or oply present ra very small
numbers and osmotic fragihity 1s typically not necreased

The disorders are rare but probably not as rare as the relatisely
few reports in the literature would suggest Hereditary mon .,
spheroeytre hemolytic anemiy, of which there are At Jeast twd
vaneties ( Types I and II  (Selwyn and Dacie 1901)) 15 ritost
frequently met with This will be discussed first then some
atypical unclassified types and finally congenital hxmoalytic
anzmia assoctated with porphyma ( erythropoietie porphyna )
and congenital Hemnz body anzmua,

Hereditary Non Spherocytic Hemolytic Anemia
Case Reports 1n the Laterature

Baty (1930) described s severe hemolytic anemia in a bov aged 3
years which seems in retrospect hkely to be an example of hereditary
non spherocytic hamolytic anemia although the family history was
negative Osmotie fragihity was normal pnd splenectomy did not Tesult
1n clueal cure Jaundice and anwerma persisted and reticulocyte counts
between 20 and 90/ were recorded after splenectomy The spleen
was deep red in colour histological sectns showed empty stnuses zn
increase 1 fibros:s of the and v b

m
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During and shortly after this hxmolytic epiode the survival of
transfused normal corpuscles was impaived Later transfused normal
corpuseles survived normally

Another patient sulfering from an apparently congenital hemolytic
anemia was described by Fembery and Watson (1951) The patient
was o negro his eight brothers and sisters and his two children
appeared to be unaffected  15is nnerma was normochromic and shghtly
macrocytic and a striking feature of lus blood film was the large
number of stippled cells present @ motic framlity before and after
incubation at 37 C vas normal and tests for sickling were rcpmtull&
nematine A spleme aspiration was carmied out smears showed fewer
stippled cells than 1n the peripheral blood Femberg and Watson
concluded that the spleen was either destroying the stippled cells or
sfting out  the inclusions fram the stippled cells Thus disorder
seems to be very sumilar to that affecting the second of Haden s families

Tolliay (1031) described a family 1n which at least four members
suffered from a non spherocy ytie anzmia
stippling of the erythrocytes was conspicuous 1n three of the patients

ne pattent was studied in considerable detall mechameal fragiity
was found to be shghtly mnereased and the patient s erythrocytes were
reported to undergo more rapid autchemolysis both at 4 C and at
37 C when suspended in stertle 1sotome salme than did normal
corpuscles In plasma howeter the rate of autohzmolysts was normal

Lipton Gi and (1943) d bed the chnical and
hematological data in two sisters who probably suffered from &
hereditary non spherocytic hemolytic anemia  The early results of
splenectomy carried out on the older child were encouraging although
anemic he managed to compensate for hxmolysis after operation
without transfusions bemng necessary

Dacie Mollson Richardson Selwyn and Shapiro (19.3) described
four patients with non spherocytic hemolytic anzmia
belonging to different fambes all had undergone splencctomy without
their anemia being alleviated

Case 1 & woman aged 20 years had had her spleen removed 1 early

Tler erythrocy (after were mostly
macrocytes rounded 1n contour and nearly all contained Pappenheuner
bodies (Fig 69) Osmotic fragility was shightly dimmished Hemolysis
1 tiwe was evidently greatly accelerated for her reticulocyte count
constantly excceded 60, The normal survival of transfused normat
corpuseles 13 shown in 1ig 67 A notable feature was that her blood
underwent spontaneous hxmolysis 1 tifro ot more than ten times the
normal rate (see p 182 Case No 14)

Case 2 was a boy aged 7 years whose spleen had been removed 6
months without substantiall, the course of lus
disease His eryihrocytes (after splenectomy) were mostly rounded
i contour and shghtly maerocytic Osmotic framlity was slightly
nereased

Case 3 & boy aged 17 had undergone splenectomy when 14 years
of age without the operation influencing the course of his disease
Before splenectomy many of his erythrocytes were macrocytes some
were shghtly oval m shape In addition occasional pear shaped

ikilocytes and small were present After
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Thompeon (1939) referred briefly to three fumhes uffening from
hereditary hemolytic anxmma with normal erythrocyte osmotic
fragil He that had been carried out i
several of the patients without smprovement

Haden (1947) descnibed two families one American and the other
Hunganan affected with a new type of hereditary hemolytic
Jaundice In the first farmly three members of tio generations were
affected n the second family four members of three generations In
both famulies the anxma was macrocytie 1 type osmotic fragilities
were normal and there was no spherocytosts Splenectomy was carned
out on one patient but this did not alter the course of the duesse
IHaden s description indicates that although both famlies were affected
by a nonspherocytic hemolytic anzrma there were mportant
differences 1n the type of anema in the two famlies A notable feature
of the anzerma affecting the first family was the rapidity of autohemoly sis
wn vitro m the second famly the most notable feature was the string
punctate basophilia of the erythrocytes

Crosby s (1950) report deait with a large Amenican family of mixed
English “and French d m which a ly mild chronie
normoeytic hzmolytic anzmia was found in seven (possibly in mmne)
out of 86 members Brachyphalangia was also found but this was not
necessanly associated with anerma  One patient was investigated 1
detail Splenectomy was carried out but nithout benefit to his angmia
Morphologically his erythrocytes were biconcave discs occasional cells
were oval or talled a very few were spherocytes or target eells
The erythrocyte mechanical fragility was normal but autohzmolysis
on b was 1 d additional It
was the presence of porphobilinogen n his urne on several occasions
—he had however no defimite symptoms or clinical signs of porphyria
It 15 also 1nteresting to note that all the anznuc members of the family
belonged to blood group A

Kaplan and Zuelzer (1950a) found a hemolytic anemta in three out
of the six children of a famly of French Canadan extractton Each child
suffered from a moderately severe and shghtly macroeytic anenul
There were no target cells or spherocytes but about half of the corpuscles
were slightly or moderately oval The osmotic and mechanical fragdities
were normal Splenectomy was not carried out It 1s posstble that the
children mherited the dnease from their mother as about 15% of her
corpuscles were shghtly oval and she was mildly anzmic However
the mother s reticulocyte count was within the normal range As the
degree of ovality of the patients erythrocytes was far less than m
typrcal hereditary elliptocytosis Eapian and Zuelzer did not consider
that there was any relationship between the anemia from which the
patients were suffering and hereditary elliptocytosis

Kaplan and Zuelzer {1900b) m another publication reported obsersa
tions on two further children of Italian and American ongin who also
were affected with non spheroeytic hemolytic anzmia  Their ancmia
was normocytic 1n type and there were occastonal mcrospherocytes
the osmotic resistance was however increased Splenectomy resulted
1n shight tmprovement only The elder of the two children developed
 transient acute hzmolytic episode with marked microspherocytosis
and g P due to the fc of auto
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splenectomy target cells were conspreuous (Fig 75) Osmotic fragility
was normal before splenectomy and shghtly diminished afterwards
He was admitted into hospital 1n February 1957 when aged 2. for
reassessment Hs hemoglobin was stable at about 7 4 g per 100 ml

the reticulocyte count vaned between 45 and 87% The platelet
count was 1 040 000 per cu mm The mean erythrocyte life span was
citlmated to be 65 days ("!Cr method) Unfortunately durmg this

Y

he died suddenly from a pul Post mortem

m3) <———120 DAYS:

p——
I l l I I BILIRUBIN
1.al

Fic 67 Hematological changes following a large blood transfuson
given to a patient suffering from hereditary non spherocytic
hemolytic anemra (Type II) (Case 1 of Dacie efal 193)

- N

. @ = the total erythrocyte count © o
=the count of donors erythrocytes € -———— @ = the
reciptent s count x———-x = the absolute reticulocyte

examunation showed n addition to massive embolization of the main
pulmonary arteres a hyperplastic bone marrow enlargement of
the hiver (2460 g ) and some enlargement of the lymph nodes Mo
splenunculs were found Histolomeal examuation’ showed marhed
hemosiderosts of the Inver and certan lymph nodes The Jupifer cells
of the Iiver were not particularly conspicuous and most of the iron was
n the parenchyma cells Heavy deposits of hemosidern were also
demonstrable m the cells hinmng the 2nd convoluted tubules of the
ladney The bone marrow was patciuly hyperplastic and erythropoiests
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was it Exy tosis 1n amounts was not
seen in any of the tissues examned

Case 4 a gl aged 13 years had had her splecn removed 6 years
o ly ding ot 8 rapud rate  Yer
erythrocytes (after splenectomy) were mostly macrocytes with a round
contour T 1es This case seemed
to be nimost identical with Case 1 More tecently 13 years after
splenectomy this patient & mean erythrocyte life span was estimated by
the $1Cr method to be only about 5 days—the reticulocyte count at this
tune was approximately 70 /

Dacie and co-worhers {1903) also deseribed o fifth patient (Case 5)
sulering from & non s ¥ ytic anemia s
spleen had not been removed at the time of their report He was a
boy aged 15 years only moderately anzmic but alwavs visibly jaundiced
with n serum bilirubin level usually n the regon of 4-5 mg per 100
ml His erythrocytes were shghtly macrocytic with a definite tendency
to elliptocytosis (Fig 68) IDis mother appeared to have the trait in
a very mud form

Further details of this patient can now be given a3 chnieally obvious
Jaundice was continuously present it was thought advisable to carry
out splenectomy even though the chances of any marked improvement
seemed temote The spleen was moderately enlarged it was found
to weigh 260 g when allowed to empty itself of blood (about twice
the normal weight for the patients age) Histological examnation
sbowed less conpestion With blood than 1n herediary spheroeytosis
(fig ~6) The Malpighian bodies were rormal in size the pulp
cords were ly and numbers of
erythrocytes ‘The littoral cells of the sinuses were conspicuous and
1ron containg pigment was present i moderate amounts

No substantial benefit resulted from removal of the spleen The
hzemoglobin level ranged between 113 and 127 ¢ per 100 ml during
the first year after operation and the reticulocyte count varied between
47end 74/ as with pre opt levels and
reticulocyte counts of 110-115 g and 4-86% respectively On the
other hand the serum bilirubwn level was shghtly lower averaging
27 mg per 100 ml between 3 and 12 months after operation compared
with a pre operative average figure of 4 4 mg per 100 ml When last
examined 4 years after splenectomy the hemoglobin was 131 g per
100 mt  the reticulocyte count was 60,/ and serum bilirubin 1 5 mg
per 100 m! He reported that he felt fit

More recently a fair number of additional cases have been reported
The more imteresting of these are referred to below

Nelson s (1921) patient was a gl aged 7 years who had been midly
jaundiced since birth  She had a mongoloid facies and an . ray of the
skull showed thickening of the diploe and vertieal stz The spleen was
removed 1t was cellular due to an increase n reticulum cells but not.
congested with blood The child appeared to derive some benefit from

I the recorded levels before bemng
28-74 g per 100 m! and duning the first 4 years after operation
84-101 g per 100 mt Cortrsone 1n large doses (150 mg daly 17 g
in 16 days} appeared to raise the reticulocyte leucocyte and platelet
counts but did not alter the erythrocyte count or bilirubin level




Tic ™0  Photomicrograph of a blood film of 4 patient suffermg
from hereditary non spheroeytic hemolytic antmi (Type I)
{Case 10 Table 9) Some of the cells are oval or elliptical in
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Fi6 71 I hotomcrogt iph of a blood film of a patient suffering from
hereditary  non spterocytic hamolytic  antmm  (Type 1)
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studics on a French Canadian family The proposit1 were two sisters
They underwent splenectomy when aged 4 jears and 2} yeafs
respectinely and both appeared to derive some benefit In all 13
meinbers of the family were examined Of four stblings of the patients
one had splenomegaly and a mild hemolytic gnemia_and three lesser
degrees of splenomegaly Their mother and five siblings (out of nine
examned) also had palpable spleens but were not anemic Snuley and
Ins co-workers conclided that the snrma was inhented a9 a Mendelian
dominant but that the gene had vanable penetrance and was on the
whole of low expressivity
The two children desctibed by Brafield and Reef {1007) had been
anemte and jaundiced since birth  Osmotic frambity was normal and
autohxmoly sis studics suggested that they were Type T cases (see later)
The family history was negatine but the father (who was not anzmic
and had & normal reticulocyte count) had a serum biirubin Jevel of
12-15 mg per 100 ml The erythrocytes of f paternal aunt too
were thought to gine an ab result 1n B0 ysis test
Splencetomy produced partial remussion m both chuldren {see p 186)
Pinkerton (10.7) desembed two families with different types of
vy non spherocy anemia  In the first family
there were at least five alfected members in three generations they
appear to be suffering from Type I non spherocytic hemolytic anemia
The second family consisted of two male siblings only DBoth had a
mild anrema by marhed osts of the
erythrocytes and the presence of fragmented forms The reticulocvie
counts were relatively low A a
at the normal rate but neither the addition of plucose nor adenosine
uced this to the normal extent Pinkerton concluded that
a3 well as swere factors in the pathogenesis
of the anema affectin,, hus second famly
de Gruchy Crawford and Morton (1908) have more recently reported
on four cases though to be Type IF non-spherocytic hemolytic anemia
Three of the patients were known to be anemic as infants Al were
submitted to splenectomy one was thought to be shghtly mmproved
thereby  Post-operatively ther reticulocyte counts ranged from 30
t0 60/ After incubation the osmotic framlty was mncreased fo an
abnormal extent the rate of sutohzmolysis was alse mcreased and this
was not dumshed by the addition of glucose
Other cases descnibed 1n recent years include those of Blaser Cretin
snd Stampfi (1950) Gasser (19>8) and hahler Sundermann and
S hubothe (19,8}

The author has studied eleven further patients with hereditary
non spherocytic hemolytic anemia (eight families) n addition
to the five patients described by Dacie and co workers {1923)
One patient was reported as Case 6 by Dacie (1954) The clinieal
histories of the others are not particularly noteworthy the

i I data are di below and 1n Tables 8 and 9

As has been mentioned there 1s Teason to beheve that there are

at least two types of hereditary non spherocytic hemolytic
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The case reported by Bruton Crosby and Motulsky (1904) was an
mfant At birth severe hemolytie disease of the newborn seemed the
probable diagnosis (hiemoglobin 69 g per 100ml) However thiswas
not confirmed serologically and the an®ma returned after transfusion
No ab 1 h bins were d d by
5 at 10 months d to be of no value The childs
mother was subsequently found to have a mild non spherocytic
hzmolytic anema with hemoglobin 112 g per 100 ml  and 629,
retieulocytes Motulsky Crosby and Rippaport (1954) descnbed four
cases (including the infant and his mother already reported by Bruton
Crosby and Motulsky (1954)) and reviewed the literature

Hennemann (1925) described a young woman aged 20 years who
had been anzmuc since infancy Splenectomn was carred out when
she was 10 years of age but apparently without sigmficant benefit
She had a mongoloid facies and X ray of her shull showed tower shull
and vertical strie  Her erythrocytes were rounded macrocytes and
osmotic frality normal with fresh blood became markedly increased
on 1ncubation Spontaneous hemolysis was noted after 24 hours at
87 C The reticulocyte count was very ugh ramgng from 25 to 97/
A sister died aged 8 months of a blood disease  Hennemann s case
seems 1dentical with Cases 1 and 4 of Dacie and Ius colleagues (1923)
1e 1t appears to be an example of the rare Type II hereditary non
spherocytic hemolytic anemiz {see p 190)

Samt’ and Hunt (1955) described a 3% year old woman who had

p without app benefit when 2 years of age
When she was 15 ytars old cholecystectomy for pigment gall stones
was curied out  She died of cardiac failure and hemochromatos:s
however as she had recerved not more than 11 litres of blood 1n her
Iifetime Saint and Hunt considered that this factor alone would not
explam the very large amount of ron throughout her tissues Increased
ahmentary absorption possibly as the result of the chrome anzmia
appeared to have taken place According to de Gruchy (1958) this
patient also was suffering from the Type II disease

Krivit Snmth Marvin Read and Good (1956) deseribed two infants
both of whom became severely anemue soon after birth In each case
famly studies were negative The survival of normal erythrocytes as
estimated by the *!Cr method was subnormal 1n both children but not
as short as the children s erythrocytes m therr own circulations A
Iaparotom) was carried out 1n one of the cluldren who had undergone
splenectomy at 9 months and an accessory spleen weighmg 117 g was
removed However no benefit resulted although the dimimished survival
of normal d cells had d that an e factor
mght have been contributing to the hemolysis This chald also recerv ed
large doses of cortisone and ACTH sufficient to produce Cushings
syndrome without benefit to her anxmia

Horsfall 5 (1956) patient a boy aged 6 years was one of three affected
children His history 1s remarkable for the development of an aplastic
ensis with the hzmoglobin falling to 33 g per 100 ml and the
reticulocyte count to 01% Splenectomy had been carried out at 7
months of age Recovery followed transfusion According ta de Gruchy

1958) this 33 also a Type II case
¢ Sam{ley Dempsey Villeneuse and Campbell (19.6) described extensive
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anemia dating back to eatly infancy Severe hremolytic disease
of the newborn 1s sometimes simulated (see haplan and Zuelzer
lﬂa()b Brur,on Cmsb) nnd \Iotulsk) w;; Gasser 1908)

d Brachyy was reported
by Cmsb) (1950) n tl\e famuly he studied but this was not
necessanly asssociated with the presence of hmolytic anemia
A lotd facies and thick of the cramal bounes with
widening of the diploe and perhaps vertieal stnie on \ ray
exarmination of the skull seem not to be uncommon {¢ 2 haplan
and Zuelzer 1920a Nelson 1904 Hennemann 1955) The
changes appear similar to those seen 1n Mediterranean anznua
and presumably have s similor cause {see p 218)

Symptoms As mentioned eathier anemia and jaundice
usually date from birth and in the worst affected cases the infant
may appear to be suffering from h:emolytlc - disease of the newborn
The spleen 1s often but not invanably palpable Pigments gall
stones may occur (Samntand Hunt 1955 de Gruchy 10.:8)

The degree of hemolysis ranges from a seventy which leads
to severe anxmia repeated to a degree
easilly compensated for by the patient The climcal grade of
Jaundice varies too n some patients {eg Casc 5 of Dac:e
et al 1953)1t may be the d
spherocytosis most patients tend to stabilize !hexr hmmoglobm
concentrations at a particular personal lesel—that of Case 1 of
Dacie and co workers {1953) remamed at 7-8 g per 100 ml
almost unchanged for more than 10 years despite a very rapid
rate of hzmolysis and a reticulocyte count of 50-709%, Other
patients suffer from occasional episodes of more sertous anzmia
(mmor crises) At least one patient who had undergone
splenectomy (Horsfall 1906) suffered from an aplastic cnsis

Blood Picture in Hereditary Non Spherocytic Hemolytic
Anzmia

Most of the erythrocytes are rounded macroeytes and there 15
shight to moderate amisocytosis In the two Type I cases
investigated by the author the erythrocytes were conspicuously
rounded (Fig 60) in Type I cases a mmonty of the cells
may be distinetly ovalor elliptic (Figs 68 and 70 ¢f Fig 71) but the
degree of elliptocytosis and the frequency of mﬂrkcdly elliptical
cells are much less than in typwal hereditary elliptocytosis
An occastonal taled porlulocyte may be present but pucro-
cytes and cell fragments are usually absent Spherocytic cells
are also typieally absent but they may be present 1 very
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anema Typel the type—possibly not h
and Type II the rarer type of which Cases 1 and 4 of Dacie and
o worhers (1953) were the prototypes and of which the patients
of Baty (1930) Hennemann (1955) Sant and Hunt (1955)
Horsfall (1956) and de Gruchy Crawford and Morton (198) are
also probable examples Cases 2 8 and 5 of Dacie and ¢o workers
(1953) were the prototy pes of Type I Most of the other cases in
the hiterature which have been mentioned abave also are probably
examples of Type I

In the followmng section an attempt will be made to summanze
the chimieal and h logical findings of h /‘ y non sphero
cytic heemoly tic anzmia  Types I and IT canfiot be distinguished
chimeally with any certainty

Clinical Features of Hereditary Non Spherocytic Heemolytic
Anzmia

Inheritance The available evidence suggests that hereditary
non spherocytic hemolytic anemra 1s mhernited as a Mendelian
dommant If so the penetrance of the gene clearly vames
considerably (eg Smuley et al 1956) Not infrequently foo
both parents of an affected child appear normal (see below)
Mutation seems an unbhely explanation 1n such cases as more
than one stbling may be affected (¢ 2 Dacieetal 1953 Motulsky
Crosby and Rappaport 1904 Case 4) When the cases described
1 the hterature reviewed above and the authors personally
studied cases are considered together 1t will be found that m
only seven out of 85 famulies was a parent of the propositus proved
by an unequivocal history and lab y tests to be suffe
from the same disease as his or her child 1n five other famulies
one parent may have been very muildiy affected (¢ g Cases 8 and
5 of Dacie ¢t al 1953) More than one sibhng was affected 1n 18
out of the 35 families

Both sexes are affected and there 1s no evidence that hereditary
non spherocytic hzmolytic anemia s more common in any
particular racial group An association with group A was pointed
out by Crosby (1950) The three anzmic members of the large
family studied by Smuley and co workers (1956) were also group
A but splenomegaly (without an®mia) m other members of this
fammly did not seem to be confined to any particular ABO or Rh
group This possible association with group A needs further

tud,

i Age of onset Most of the published case reports have dealt
with children who have usually giien a history of jaundice or
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small b Polyct 15 gnizabl ding to the
height of the reticulocyte count and in some patients punctate
basoplulia may be found Target cells may be conspicuous after
splenectomy (Fig 75)

Srderocy tes were present m s ery large numbers after splenectomy
1n the author s two Type II cases (Fig 69) The reticulocy te count
1s usually substantially raised and may be extremely high (Table
8) Nucleated erythrocytes are often present i small numbers
i the more anemic patients The MCV ranges from the normal
level to very high values the mean for the authors 12 Type I
cases (not splenectormzed) was 100 cu g and for the two Type
I cases 181 cu g The hemoglobin concentration vanes from
very low levels (28 ¢ Nelson (1924)) to slmost normal The
mean mummum 3alues of the author s patients was 16 g lower
than m Ius seres of patients with hereditary spherocy tosis (Tables
5 and 8) The MCHC 1s normal or slghtly lowered (Table 8)
The serum bilirubin concentration usually lies between a normal
level and 5 mg per 100 ml

The leucocyte and platelet counts are usually normal (before
splenectomy)

Osmotic Fragility Before wncubahion Osmotic fragility 1»
characteristically normal However n five out of 15 patents
studied by the author there were small tails of fragie cells
(Iig 72) Evenso the median fragility (MCF) of these patients
was not mereased (¢f hereditary spherocytosis m which if the
fragihity 15 increased at all thuis 1s reflected mn an merease I
median fragihty)

After wncubation at 37 C for 24 hours In the two Type u
cases there was a substantial increase n fragihity (1e merked
Iysis in 0 85% NaCl and a definite ncrease n MCF (Fig 72) In
five other patients (Type I) there were small tatls of unusually
fragile cells (1 & Iysisan 0 8% NaCl) but mn three of these patients
and 1 several others the curve as a whole was shifted to the
resistant side 1n none was there a general shift towards ncreased
fragility

Autoheemolysis The results of studies in fifteen cases ar¢
shown i Table 9 These data include those previously pubhs}xcd
by Dacie and co workers (1953) and Selwyn and Dacie (1904)
In the Type II cases sutohzmoly sis was marhed]y mereased both
at 24 hours and 48 hours and the addition of glucose mcreased
rather than diminished lysis In the remaimmung Type I cases
autohzmolysis was normal or only slightly increased and the
addition of glucose reduced hzmolysis substantially but usually
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Iess than with normal erythrocytes Abnormal autohwemolysis
has also been reported by Motulshv Crosby and Rappaport
(1954) and Brafield and Reef (1957) The differences between
Type 1 nnd Typc 11 cases n respect of osmotic fragiity and

d and d with the findings
in h:redltan spheroc}(osn m Table 10 (sce also Fig 40 p 97)

FRESH BLOOD BLOOD INCUBATED AT 37 &
A FOR 24H
N;i‘_ «€«——TYPE T——> TYPED] «——TYPE I——> TYPEIL
4
o l n 00 I ;
o7 1]
Il i
ot 50%
051
o o H
] Ve bee v [X) %
OH

FIc 7. Tle tesults of osmotic framlty tests carned out on
15 patients suff g from hereditary non-spherocytic hamolytic

snwmia

Left hand chart _results with fresh blood. R At hand chart
results with blood incubated for 23 hours at 87 C. See also
fegends to Figs 40 and 5°

Mechanical Fragility This has usually been reported as
normal or shghtly mnereased Increased mechanical fraghty has
been observed more frequently after incubation (Dacie et af
1923 Motulshy Crosby and Rappaport 1904 Hennemann
1925 Smuley et al 1906)

Abnormal Hemoglobins In all the cases so far studied the
hemoglobin has been reported as bemng of the normal type
Feetal hemoglobin has been detected mn addition m the blood of
infants but not apparently 1n excessive amounts

White Beaven and Ells (1909) have by now measured the
feetal haemoglobm content in 17 cases of different types of
anemia 1n only one was

an sbrormal atmant (2%) detected
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Table
4 lysis in Non
Hoemolytic Anc‘:mla i ¥
/ Hemolysis
24T 24 hr 48 hr 48 hr
C;;;’nf‘;; (Noadded  (Withadded | (Noadded  (Withadded
glucose) glucose) ghicose) glucose)
Type I Cases
1 0T* 08 02 41 o7
2 GS <01 01 07 0.
GS* 02 01 16 05
3 AMe 07 04 a5 25
1 VW 06 oz 13 09
5 ILYT 09 025 59 21
6 MrsP 08 03 24 11
7 JD a9 03 24 69
8 AF* 24 09 30 19
9 CYt 06 oz 40 08
10 RFY 07 045 47 30
11 SM 18 13 50 41
1. AW 08 10 10 30
18 CF 08 07 30 20
Type IT Cases
14 MC*t 53 [§] 40 46
15 JM* 54 74 3z 3
Normal Range| 00505 004 0445 00304

= After splencetomy
} Mean values (more than one obscryation available)
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own errculation  hnivit and his co workers (1956) obtamed *:Cr half
times of 0 days and 8 days respectryely 1nauto transfusion experiments
earned out on two children

Suryival studies of erythrocy tes n their own environment have been
carried out mn five of the author s patients using $1Cr (Lew1s Szur and
Dacte 10.9) The mean cell hife spans were estimated to be o 65
12 24 and 25 days respectively (see Fig 73) The two extremely short
survival times were obtmned 1n Case 3 (Type I 65 days) and Case 4
(Type II 5 days) of Dacie and co workers (10,3) The remmning patients
were cases

Treatment of Hereditary Non Spherocytic Hemolytic
Anzmia

Blood Transfusion As there 15 good evidence that transfused
normal erythrocytes survive well in the circulation of patients
with hereditary non spherocytic hemolytie anmua transfusion
15 o ratronal and most useful method of treatment In some
patients transfusion at intervals may be essential to maintan
hfe most patients fortunately usually manage to mantain an
equilibnium between ery throcy te destruction and preduction and
achieve hemoglobin levels of 7.0 g per 100 ml or more  Such
patients are best not transfused

Steroids There 15 no evidence that treatment with ACTH
or corhisone 1s of any value Nelson (1954) for instance gave
150 mg of cortisone daily for 8 days to a gl 8 years of age he
noted that the platelet leucocyte and reticulocyte counts increased
but the total erythrocyte count and bilirubin Ievels were unaltered
Rnvt and co workers (19.6) treated a girl aged 6 years with
cortisone and ACTH for 13 weehs Well marhed Cushing type
changes resulted but hxmolysis persisted unchanged DBrafield
and Reef (1957) simlarly gave cortisone 1n 100 mg daily doses
to an infant aged about 1 year but sathout any clear benefit

Splenectomy There 1s no doubt that splenectomy 15 much less
effective 1 reducing | l} than n b y spherocytosts
or hereditary elliptocytosis Indeed patients often do not come
to be diagnosed as sullerng from hereditary non spherocytic
hemolytic anemia until splenectomy has been proved to be a
faillure Some authors have concluded that the operation 1s
probably contra indicated (Motulsky Crosby and Rappaport
1954} However there are a number of reports in the literature
which suggest that lmuted improvement sometimes follows
splenectomy As this 15 a most 1mportant point some of these
case reports will be mentioned 1n detail

The ehild described by Lipton Grossman and Richmond (1953) was

amproved by sple she stabilized her hemoglobin
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Serology There 15 no evidence that the hemolytic process
18 normally 1n any way ted with auto antibody
In particular the antiglobuln test 1s nmegative kaplan and
Zuelzer s (1950b) patient (Case 3) 1n whom a warm auto agglutima
was demonstrated 1n a hemolytic cnisis 1s clearly exceptional

Erythrocyte Life-Span The survival of normal erythrocytes
transfused to patients with hereditary non spherocytic hemolytic
anemta 1s ty pically normal (Dacie et al  1953) {see Fig 67 p 174)
The survival of patients corpuscles has been estimated m a normal

%
SURVIVAL
100

801
TYPE IT

60

h
v

)
0

T v r T
O {0 20 30 O 110 20
DAYS
Fig 73 Ct erythrocyte survival curves after correction for
elution of chrommum in two patients with hereditary non
sptl;elliu(d:yﬂc hemolytic anemia  The patients own cells were
labelle
The Type I case = Case § (Table 9] mean cell Iife 12 days
'he Type IT case = Case 15 (Table ) mean cell ife 5 days
See also legend to Fig 28 (p 58)

environment by the Ashby method or m their own curculations
after tagging the cells with 51Cr Both methods as 15 to be
expected, have d rated a marked mmp nt of survrval

Crosby (1920) reported that the erythrocytes of his patient when
d'toa health were

y " 1n12days and haplan
and Zuelzer (1950b) teported that 50 4, of the erythrocytes were
eliminated 1n 10 davs and 80 / elumnated 1 14 days in two patients

pectvely Motulsky Crosby and (1954) also reported
observations on two pattents Normal erythrocytes survived normally
mn both The cells of one pattent had a mean Dife span of 13 davs in &
healthy recipient and those of the other patient were estimated using
the 51Cr method to hive a mean life span of 17 days i the patients
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author s patients (Type I} have been studied 1n this way  The
pattern was the same 1n all of them there was no evidence of any
excessiy e accumulation of chromuim in the spleen and the spleen
Iner ratio remmned obstinately ot zero (Fig 74 ¢f Figs 82 and
€2 pp 66 and 162) Splenectomy has not been carned out in
the above mentioned patients and there has been no opportunity
of putting to the test the prediction that the operation would be
of little or no benefit to them Surface counting should certanly
be carried out 1f technically fensible whenever splenectomy is
contemplated Recently Motulshy Casserd Giblett Broun and

COUNTS

PER MIN

3000 HEART COUNTS EXCESS SPLEEN ¥ SPLEEN LIVER
COUNTS RATIO

2000 2

]

DAYS

Y16 74 Results of in vivo surface counting after the Labelling with

T rocvtes of & patient with hereditary non

spherocytic_hzmolytic anzmia (Type I) (Case 9 Table 9)
The figure shows the Lieart counts the excess of spleen counts
over the heart connts and the ratio of the excess spleen counts
to the excess hver counts (spleen hver ratio) There 13 no
& gnificant uptake of ¢l romium by the spleen

Finch {1958) have also reported that they failed 1n two prtients
with hereditary non spherocytic hzmolytic anemia to detect
any splemic uptake of SICr by 1n "o counting

Splenectomy has a simular effect on the blood picture as 1
other hemoly tic disorders 2¢ there1s a tendency to leucocytosis
and often marked th bocytosis  siderocy and
Howell Jolly bodies and occasional normoblasts are found mn the
creulating blood and there 15 sometimes marhed target cell
formation  Schistocytes and markedly distorted cells may be
found 1n films 1 small numbers
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level at 8-D g per 100 ml after operation and needed no more
transfusions Before operation she hnd been transfused at 2-4 week
ggf:n als Her spleen was large (for a child aged 5} years) as it weighed
g

Nelson s (19.4) patient was also a little girl (aged 7 years) Refore
splenectomy the hxxmoglobin ranged from 28-7 4 g per 100 ml over
8 4 month period dunng the first 4 years after splenectomy 1t ranged
between 84 and 101 g per 100 ml

The patient d bed as Case 3 by Motulsky Crosby and Rt p
(1954) showed only a shght improvement in hrmoglobmn level after
splenectomy 1e 2 mse from 124 g to 135 g per 100 m! 2} months
after The fecal € however d
significantly—from 1 230 mg to 720 mg per 24 hours (means of 23
and 33 observations respectively)

Two of the patients of Smiley and co workers {1956) underwent

l oth were to have benefited and thew
hemoglobms stabihized at 10-11 g afterwards In one patient the
urotnlinogen excretion 1n the feces was dummished after splenectomy
(two 4 day collections) In one of the children it was also demonstrated
that whereas before splenectomy the survival of normal erythrocytes
was moderately shortened {half hfe 32 days) after splenectomy this
becime normal An ext ular of h: i) m
addition to an ntrnsic erythrocyte defect was postulated

Knvit and co workers (1856) have also reported that the survival of
normal erythrocytes transfused to tiwo patients (children aged 6 an
8 years respectively) was shghtly impured One of these chuldren was

by d to by

p u p it was only y

Splenectomy was carrred out on the infants reported by Brafield and

TReef (1957) when thev were 9 months and 2 months old respectively

‘Whereas transfusions were essential before splenectomy after operatron

both children ged to achieve b: with globin levels
of about 10-12 5 g per 100 ml

The above mentioned reports are shghtly encouraging They
certainly suggest that the spleen 15 one of the sites where hzzmolysis
takes place and that a certam degree of improvement may
often be expected after its removal In most cases however
improvement seems likely to be shght and not necessarly well
sustamned Nevertheless wm a child who requires repeated
transfusions it would seem reasonable to der sp! y
seriously However in patients capable of attaimng equilibnum
at hemoglobin levels of 8 g per 100 ml or more the operation
hardly seems justifiable 1n view of the nishs of subsequent infection
{Horsfall 1956) and venous tk b and pul y embol
(Dacie et al 1903 Case 3 see p 174)

Selection of Patients for Splenectomy The recent mtto
duction of 1n vivo surface counting after taggmng a patients
erythrocytes with S1Cr (see p 65) provides a possible means of
assessing the importance of the spleen 1 hemolysis  Three of the




B5e a1 hotomcrogras hof 811 sod fim of u § i nt mffening fror
heseditary b n 11 _roevtic rm e anmia (Type §) (Gase 3
of Deeetal W T)ilase s Takl 9 1 fenectomn 1ol been
cume font § vearn 1 vim by W hoontod o ta gt et
nre con § wetson

&?’x"’é mr t“ e >

"
ﬂp....aa.s.\v 5
L ¢ Elotom e prghofaset £ 18 ofsjannt

uft o, from ¥ orcdtasy 1 n [F oeste Taumobhi ¢ anemia
(Mype f (fae of Dr  ral B3 N plenplpis
motl atelv com, t 1 withifomd i nt not lo u«- 4 wrec 1arme
ter teoft editars wphe oevto s (S F o 4 )



188 Nox Senerocytic HEMOLYTIC ANZMIA

Histology of the Spleen

There 13 general agreement that the spleen 1n hereditary non
spherocytic hemolytte anemia differs considerably m histology from
that of hereditary spherocytosis there 15 as a rule much less congestion
of the pulp more reticulum cell hyperpl. and more ext! lary
erythropotesss There are however mdividual vamations Whether
these vaniations are reflections of distinet disorders 15 as yet uncertam

Lipton Grossman and Richmond (1903) studied a spleen (weight
330 g ) removed from a child aged 51 years the pulp was ncreased in
extent and 1t contained considerable numbers of erythrocvies It 1s
1nteresting to note in view of the pulp congestion that this cluld (and
a sister) responded relatively well to splenectomy

Nelson (1954) reported that the spleen pulp of hus patient was cellular
but not congested with blood The Irttoral cells of the siuses were
conspicuous and there was an 1ncrease m the number of reticulum cells
1n the pulp but no obvious evidence of erythrophagocytosis

ky Crosby and paport (1904) bed the
of the spleen m three cases The findings were sumular 1n each ncreased
cellulanity of the pulp cords due to the presence of lymphocytes
monoecytes and macrophages but not to erythrocytes distinct sinuses
with the littoral eells not particularly conspicuous erease of retieuln
fibres and excess heemosiderm

Smley and co workers (1956) studied two spleens (weight 240 g and
300 g ) removed from children aged 4 and 2} years respectively ‘The
general pattern was normal the pulp was not congested erythrophago
cytosis and extramedullary hemopozests could be seen and there wasan
merease in reticulin fibres

A photomicrograph of the spleen of one of the authors patents
(Dacie et @l 1953 Case 5 see p 175) 1s illustrated n Fig 76

Classification and Pathogenesis of Hereditary
Non Spherocytic Hemolytic Anzmia

Classification  As already indieated hereditary non sphero
cytic hemolytic anemia can be separated on haematological
grounds nto at least two distinct disease entities Climeally
howeser no such separation scems possible The majonty of the
patients belong to a fairly homogenous group termed Type Lby
Selwyn and Dacie (1954) These patients have round to elliptic
erythrocytes with minor degrees of anisocy tosis and poikilocytosts
The osmotic fragihty of fresh blood 1s normal but there is

to ak v 1 r after mcubation
autohzmolysis rates are within the normal range or only slightly
nereased The Type II_cases hate Tounded macrocytes and
there 1s Little poiktlocy tosis the osmotie fragihty of fresh blood‘
1s normal but this mcreases markedly on incubation and the rate}
of autohzmolysis 1s strthingly increased (see below and Table 10}
Another possible difference between the two groups bes in the
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reticulocyte counts ze 1n the bone marrow responses In the
two Type II patients studied by the author the reticulocyte
counts have been very high indeed (mean 569%) as was that of
Hennemann s (1955) (? Ty pe II) patient whose erythrocytes were
also reported to have undergone rapid autohmmolysis The
reticulocyte counts of the four patients of de Gruchy Crawford
and Morton (1958) (thought to be Type II} ranged between
30 9% and 60 % Counts as high as these do not seem to have been
reported m Type I patxents&lt seems posstble that the regenerative
capacity of the bone marrow 1s less good in Type I patients) It
does not seem Iihely that the differences 1n reticulocy te counts can
be explaned solely on the seventy of hemolysis in the Type IT
patients If the stimulus to erythropowesis 1s quantitatively
related to the hemoglobin concentration n the peripheral blood
then the reticulocyte counts of Cases 3 and 4 of Dacte and his
colleagues (1953) should have been about the same Actually
Case 4 with a mean cell hife span of 5 days regularly had counts
exceceding 50% while Case 3 with a mean cell life span almost
as short (6 5 days) had counts of only 5-9%,

The patients described as having mcreased punctate basophilia
may belong to a separate group (¢g the patients of Haden
(1947 2nd family) Feinberg and Watson (1951) and hmwit
et al (1956 Case 1) Those in whom erythrocyte morphelogy 1s
grossly abnormal (e g, Case 10 of Dacie ef al (1953)} scem also
hkely to be representative of rare distinct entities (see p 198)

Pathogenesis Very httle 1s known of the nature of the
erythrocyte defects in hemolytic anemuas of the type now beng
considered or how the defects shorten the lifespan of the
corpuscles #n vio It 1s cerfain however that the mechanism of
hemolysis differs from that of hereditary spherocytosis 1
partmular,(a rapd rate of ery throcy te destructton 1s not dependent
upon the presence of a spleen as is shown by the fact that
splenectomy 1s of httle therapeutic value }

Some hight was thrown on the problem by the studies of Selwyn
and Dacie (1954) As =lrcady mentioned 1t was found possible
to separate the patients into two groups by means of studies
an vifro  On incubation the cell volume and cation changes of
the Group I cases were sumilar to those of normal corpuscles as
was the increase i osmotic fragility on ncubation and the rate of
autohemolysis However a definite abnormality was demon
strable for when glucose was added to the blood the rate of
autohzmolysis was diminished by less than the normal amount
Further data on Group I patients are grven in Table 9
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The erythrocytes of the Croup II patients bebaied quite
differently from those of Group I Dunng incubation the
potassium losses were much greater than normal and the cation
and ccll volume changes were unaffected bv the addition of
glucose  Autohxmolysis was markedly ncreased 19 both the
patients studied and this was simularhy unaffected by glucose
Further expenments indicated that the erythrocstes of these
patients were unable to utihze glucose at the normsl rate—the
observed utilization was only 20% and 30% respectisely of the
ealculated amounts These obsersations demonstrated that the
erythrocy tes of the two groups of non spherocytie eases and the
erythrocytes of hereditary spherocytosis all behase differently
on mcubation s yitro  The essential nature of the corpuscular
defects could not however be determimed

Vetabolic Studies  Several patients have more recently been
studied by techmiques similar to those which haie demonstrated
& metabolic defect m hereditary spherocy tosis {see p 133)

Motulsky Gabno Burkhardt and Finch (1900) mentioned that
although the 7P uptake and glycolytic rates of mature erythrocvtes
were normal in p ytie Iytic ancmia bed 1ntra
cellular distuibution of phosphorylated intermediates was detected
m several cases 1 partrcular they mentioped that increases 1n
23 diphosphogly cerate (2 3 DPG) were found Prankerd (19.7) gave
brief biochemcal data on four patients The results in one patient were
normal the others showed fects 12 low
(ATP) and 23 DP(- deficient glucose consumption and decreased
%P-orthophosphate exchange

de Gruchy Crawford and Morton (1958) have reported briefly on the
results obtamned in four (Type IT) patients ATP was decreased but the
total organic phosphate was marhedly mcreased probably due to an
tnerease in 23 DPG - Similar studies on the erythrocytes 1n hereditary
spherocytosis gave a markedly different pattern of results ATP was

found also to reduce the rate of 1n vitro autohzmolysis although glucose
failed to do this

Further studies correlated with the clinical and hrmatologieal
findings are clearly needed but there seems no reason to question
the view that the essential defect in the erythrocytes of hereditary
non spheroeytic hemolytic anzmia 15 a biochemical one involving the
glycolytic mechanusm R et

DMifferential Diagnosis
The hereditary non spherocytic hamoly tic an;
are not as a rule difficult to diag he foll d
have to be considered hwmolytic disease of the newbomn
hereditary spherocytosis with normal osmotic framhty
hereditary elliptocytosis Mediterranean gnema famihal non
hzmolytic jaundice 1 hyperbilirub )
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Hemolytie Disease of the Newborn In cases of apparent
hzmolytic disease of the mewborn with negatine serologcal
findings hereditary non spherocytic hemolytic anxmua should
be thought of The blood pietures may be 1dentical The future
progress of the child will of course decide the 1ssue

Hereditary Spherocytosis with Normal Osmotic Fragility

As already mentioned (p 108) the author is coming round to the
View that most cases of hereditary spherocytosis with normal
osmotic fragiity are probably not examples of hereditary
spherocytosis at all  Autohxmolysis and osmotic fragility
estimation after wncubation should allow clear cut differentiation
between non spherocytic hzmolytie anema and the mldest
cases of true heredrtary spherocytosss Companison of the blood
pictures should also help rounded normocytes and mucrocytes
with few ovalocytes and poikilocytes bemng charactenstic of
hereditary spherocytosis

Hereditary Elhiptocytosts  The distinction between hereditary
cliptocytosts with overt heemolysis and non spherocy tic hemolytic
anemia can usually bc made simply on morphological grounds
In the former the majonty of erythrocytes are consprcuously
elliptic or oval 1n the latter only a punomty of the cells are
ellipic  Occastonally however the distinction 1s dafficult (f
Figs 68 and 70 with Figs 55 and 57) and it 15 possible that
certain apparent Type I non spherocytic cases showing mimor
degrees of elliptocytosis are m fact vamants of hereditary
elliptocytosts Family studies may help in the differentiation

Vediterrancan An@ma (Thalassenua) There should be hitle
confusion with Mediterranean anemia In thalassems major
the blood picture 15 quite distinet and large amounts of feetal
hzmoglobin are present In thal minor hy poct of
the erythrocytes 1s more marked than in the hereditary non
spherocytic hemolytic anemias and the degree of amsoporhilocy to
sts 1s generally greater In addition there 15 usually less eyidence
of hemolysts and the reticulocyte counts are lower mn thalissem?
mmor Famuly studies are also of great help

Famihal Non Hemolytic Jaundice According to Motulshy
Crosby and Rappaport (1954) familial non hemoly tic Jaundice
15 a syndrome brought about by several mechamsms but
they believe that some patients diagnosed as constitutional
hyperhlirubinzma may have in fact been suffering from non
spherocytic haemolytic disease Normally however confuston
should not anse but 1t 15 obtious that clear evidence of hemolysts
should be sought for 1n a patient with a hereditary jaundice before
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assuming that the jaundice 15 due to excessive hemolysis and
vice tersa On the other hand there are patients really suffering
from excessive haxmolysis 1n whom jJaundice 15 unusually
conspieuous (e g Case » of Dacie ef al 1958) Such patients
possibly have (? constitutional) hepatie dysfunction in addstion
to defectine erythrocytes (sec also p 89)

MISCELLANEOUS TYPES OI' ATYPICAL
CONGENITAL HZEMOLYTIC ANZEMIA
In the following section certan rare types of congemital
hemolytic anzemia which do not fit eastly 1nto any of the categories
so far mentioned will be briefly discussed They are tentatnely
grouped as follows

V1 Cases Resemblin,, Hereditary Spherocytosts but wath “ormal Osmotic
Fragility and @ Normal or Almost Normal Rate of Autohamolysis
Cases 6-9 of Dacie and s co workers (1903) are believed to belong
1o this group Case 6 has been re mvestigated several times between
19,2 and 1928  On each occasion the osmotic fragility before and after
incubation has been clearly normal and the rate of sutohwmolysis
normal or onhy just above normal (hemolyss at 18 hours 22— 6/
01-10/ with added glucose) Ihs clnical condition 15 unchanged he
13 not anzmic elthough shhtly jaundiced and the reticuloeyte count has
remamed at about 6/ His red cells are normocvtic (MCY 90 cu. i
MCD 70 ) and round I contour they look shghtly spheroeytic
(Fig 717)
v 2 Cases Resemblin, Ifereditary Spherocytosis  Osmotwe Frogiity
Increased but Bload Pucture Atypical
A curious type of erythrocyte fragmentation ( pincered cells) was
observed by Dacie and co-workers (1923) in o patient (Case 7) with an
hereditary hxmolytic anemua behieved to belong to the preceding
eategory _ A further patient showing the same phenomenon has recently
been studied In this mstance however there was in addition unequi
vocal microspherocytoss and mereased osmotic fragility both before and
after incubation (Tig "8)

8 Cases without Spherocytoss but with Bi.arre Blood Piclures

In Fig =0 13 illustrated the blood film of & remarkable case The
owner of the film a young man of 19 years was described by Dacie
and co workers (1903) as having & macrocytic  type of congemital
hxmolytic anerma He then gave a 4 years lustory of continuous
jaundice In addition be complained of small indolent ulcers on his
shuns and above his ankles  His 1 y
and varied considerably 1 size and shape Therr osmotic fragility was
normal or shghtly diminished No defimte evidence of a familial
mcidence conld be established

Splenectomy was carmed out but without mmproving his anzmia
His jaundice” however was slightly lessened After operation his
erythrocytes becatne even more macrocytic (MCD 93 p) An unusual
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Hamolytie Discase of the Newborn In cases of apparent
hemolytic disease of the newborn with negative serological
findings hereditary non spheroeytic hemolytic anemia should
be thought of The blood pictures may be identical The future
progress of the child will of course decrde the issue

“Hereditary Spherocytosss with Normal Osmotic Fragihty
As already mentioned (p 108) the author 1s comng round to the
vlew that most cases of hereditary spherocytosis with normal
osmotic fragibty are probably not examples of hereditary
spherocytosis at all  Autohemolysis and osmotic fragiity
estimation after incubation should allow clear cut differentration
between non spherocytic hemolytic anemua and the muldest
cases of true hereditary spherocytosis Comparwson of the blood
pictures should also help rounded normocytes and microcytes
with few ovaloeytes and poikiloeytes bemg characteristic of
hereditary spherocytosis

Hereditary Ellplocytosis The distinction between hereditary
elliptocytosis with overt heemolysis and non spherocy tic hemolvtic
anemia can usually be made stmply on morphological grounds
In the former the majonty of erythrocytes are conspicuously
elliptic or oval n the latter only a minonty of the cells are
ellipic  Oceasionally however the distinction 1s difficult (o
Figs 68 and 70 with Figs 55 and 57) and 1t 1s possible that
certain apparent Type I non spherocytic cases showing minor
degrees of elliptocytosts are mn fact vamants of hereditary
elliptocy tosis  Famly studies may help 1n the differentration

Wediterranean Aniemua (Thalasserma) There should be little
confuston with Mediterranean anema In thalassemrt major
the blood picture 15 quite distmnct and large amounts of feetal
hzmoglobm are present In thal munor hypoct of
the erythrocytes is more marked than in the hereditary non
spherocvtic hemolytic anemmas and the degree of antsopotkilocyto
sis 1s generally greater In addition there 1s usually less evidence
of hemolysts and the reticulocy te counts are lower 1n thalassTma
minor Family studies are also of great help

Famiial Non Hemolytic Jaundice According to Motulshy
Crosby and Rappaport (1954) famihal non hemolytic jaundice
1s & syndrome brought sbout by several mechamsms but
they believe that some patients diagnosed as constitutional
hyperhlirubinemia may have in fact been suffening from non
spherocy tic hemolytic disease  Normally however confusion
should not arse but 1t 1s obvious that clear evidence of heemolysts
should be sought for in a patient with a hereditary jaundice hefore
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P and
the unusual degree of macrocytos:s and porhilocytosts in the peripheral
blood suggested that the dwmunished life span of the erythrocytes was
secondary to sotne unusual defect 1n erythropoiesis

The type of macrocytse anzma described above 13 bebeved o be
rare Tt s possihle that the patients deseribed by Fancoru (1949} and
Veeehw and Tropeano {(1047) were suffersng from a somewhat similar
disorder  Splenectomy was mneffective 1n Fanconts patient

In Fig 80 15 iffustrated the blood film of another unusual case of
congemtal bemolytic anzima The patient was a female wifant aged
o months The film shows a moderate depree of amsopoikilocytosis
with Y vies and cell f ‘The osmotsc
fragiity was normal both before and after meubation No sbrormal
hxmogiobing were present  The blood of both parents was normat

feature m the bone marraw was the presence of qunte large numbers of
1 3 eryt The ph 3 erythrabl

Congenital Hoemolytic Ancemia Associated with Porphyre
(Erythropoletic Porphyria)

There are a small number of recorded instances of hemolytic
anwma associated with congemtal porphyna (eg de Manal
and Pons 1934 Aldnch Hswlinson Crmstem and Wstson
1951 Gray and Neuberger 31852 Schrmud Schwartz and Watson
1054 Schmid Schwartz and Sundberg 1955 Rosentbal Lapton
and Asrow 1955 Varad:i 1958 Stich 1958)

Splenectomy was carmed out in de Marval and Ponss patient
Following operation hemolysis was greatly reduced and the photo
sensitrvaty of the skin beeame loss marked The patient of Alisich and
tus associates swas 4 little il aged 4 years  Her spleen was also remored
Pefore the operation she was sesercly anzrme her erythrocytes were
shghtly macrocytie some were said to be small and spherocytic snd

curious granulation  was noted m the cwculating erythrocytes and
1 the normoblasts m the moarrow  Follawing splenectomy her anemid
disappeared aad so did the photasensitivity The authors attnbuted
thus to a reduction 1n the synthess of porphyrins asxgcn]ated W'ut &he

mn ery 1 of the ¥
process  Splenectomy was afso earried out on Gray and Neuberget 8
panient (an adult) n this mstance however nesther the blood picture
Tor the photosensstivity was fas curably affec

Schumd  Schwartz and Watson (1054} wm the course of discussing
the perphyrin content of the hone marrow and huer in vanous forrs
of porphyrta referred to two patients with  erythrapoietic porphyna
who underwent splencctomy in both the excretion of parphyriy

hed and ph Sehnud and

was
Sundberg (1955) Teported on the bone marrow findings m five casc:n:ér

hi pedic h an nuclear
:x"x);tk;gpo ialibies blast porphynns  They
also yemewed the hterature Thirty four cases’ of erythropaietic

hyria were secepted as genuing of these sixteen were reported to
32?2 l)lr:;mo?ytlc snzms and most of the remander sere known to be

anxEane
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Varadi s (1928) patient was a female infant aged 4} months whose
presenting symploms and signs were paflor the passage of red unne
end splenomegaly  Statming defects 1 the nucler of normoblasts were
noted and in about 10°/ of the cells fine needle-like structures (? erystals
of porphyrins) were visible Some of the polychromatic cells in the
penpheral blood mmilarly showed fne needle like structures when
staned by Romanowsky dyes Varads also illustrates (s Fig 12)
the marked fluorescence 1 ultraviolet light of the nucler of manjy of the
nfant snormoblasts Splenectom) was followed by a marked duminution
n the rate of b lysis The of p avity was also
ol ted Varady n the gencrally beneficial
effect of splenectomy that the hremolytic process 1 orgnally — confined
toa selective elmination of porpliynin laden cells by the splecn and that

hypersplenism deselops later

Stich (19.8) also described a severely affected infant who benefited
markedly from splencctomy

G ital I tic A fa A d with Heinz
Body Formation

Congenttal hemolytic anemia associated with marked Heinz
body formation oceurs 1n two forms as a transient (although
sometimes fatal) disorder of the neonatal period predomnantly
affecting premature infants and as a very rare disorder persisting
mto Iater childhood Some at least of the cases of the first group
appear to have been due to the admrmistration of too large doses
kof vitamin K For this reason they will be considered in Chapter
15 The latter group of cases arc dealt with below They are
y almost certamnly caused by a congemtal defect of the erythrocytes

Congenital Heinz Body Anecmia

Very few patients have as yet been studied none adequately before
splenectomy  The first available report 15 that of Cathie (100 )

The affected child was born 5 weeks prematurely and had always
been pale and jaundiced Ie was first investigated m hospital when
16 months of age ILs hemoglobin »as 7 g per 100 ml and there
were 37 / of reticulocytes Erythrocyte osmotic fragility was increased
Hzmolvtic anzmia was d and 1n June
1948 after a preliminary blood transfuston Four months later the
child was readmutted with a recurrence of anzmia the reticulocyte
count beang 759/

In January 1950 manv of hus corpuscles were found to contam large
Hemz bodies and Romanowsky stamed blood films showed almost
exactly the same abnormalities as did films of the suthors patient
{Dacie 1954 Fig 92) who was suffening from acetylphenylhydrazine
por oning (after splenectomy) Many of the corpuscles were crenated
and shrunken and some of these contained recogmzable palely baso
philic structutes of the size of Hemz bodies Punciate basophiia and
diffuse polychromasia were strikang features and Pappenheimer bodies
were numerous No cause for the development of the Hemz bodies
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Fic 81 Photomicrograph of a blood film of 2 child suffering from

congenital Hemz body anamia  There 1s marked ba ophilic

stippling and some of the smaller crenated cells contamn visible
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Three months after spl 48/ of AF sery
Yiens bodies Nomanowsky stamed films showed numerous Pappen
hermer bodies and cells with diffuse punctate basophilia were infrequent
although present Tieinz bodies were just visible 1n many of the cells
a4 clear nreas surrounded with darher staming nms There was no
undue tendency to cell contraction or crenation Ilie erythrocytes of
the other (non splenectoruzed) aflected members of the famaly did not
contwin Heinz bodics

The other patient hindly referred to me by Dr T Hemsted is &
man aged 43 who had 18 years
He guve a history of penodic sttacks of Jaundice and splenomegaly
mnce childhood ~ After splenectotny 37~10  of his erythrocytes were
found to contam large Heinz bodies (Tig 82) He was slightly snemic
{bemoglobin 13 1-13 4 g per 100 ml ) and there were 3—u  of reticulo
cytes Osmoticfragmihty wasnormal Many of the erythrocvtes contained
Pappenheimer bodies but there was no punctate basophilia A small
proportion of the Heinz bodies Were Just visible but there were no
pathologically contracted cells present

The two cases of Heinz body anemia just referred to do not easily
fit mto any known category They seem however to provide a link
between the severe congenital Hetnz body anmmmias of early eldhood
and some cases of Type I hereditary non spheroevtic hemolytic anemia
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could be found The child was hept under striet observation but the
Heinz bodies did not disappear and 1t seemed 1mpossible that he was
tahmng or bemng given any noxious chemeal or drug

InTig 81isillustrated the photomerograph of 2 blood film of another
child suffering from probably the same disorder as that of Cathies
patient  After splenectomy the blood pictures were 1dentical
Approximately 44% of the erythrocytes contained large Heinz bodies

Romanowsky stamed film made before splenectomy was avadable
for comparison Marked polychromasia was present and occastonal
cells showed punctate basophilia A few small contracted cells with
moderately smooth outhines were present Heinz bodies were not visible
and 1t 15 not known whether they were present before the spleen was
removed After splenectomy nearly every cell showed some degree of
punctate basophilia and small contracted crenated cells i whch the
outhines of Hemz bodies could be easily seen were conspicuous

A sumilar case was reported by Allison (1957) Enzyme studses on this
child s erythrocytes revealed high values for choltnesterase and glyoxa
lase with the tosis present but the catalase content
was less than one third of control specimens Allison concluded that
the low catalase activity was a 10n of defective ery
metabohsm

Three more patients probably suffering from the same disorder have
been studied m Amenca Schmud Williams and Clemens (19.8) gave
an account of 2 32 year old man and s son both of whom had
undergone splenectomy The father had a reticulocyte count of 40-70%
and the son 20-40%  The mean cell Iife spans were 8 and 15 days
Tespectively No ab were Dble and the
erythrocyte catalase was apparently normal The erythrocytes were
as one { y two) Hemz like bodies
Both patients excreted dark brown urine but the pigment could not be
1dentified Tests for bihrubin biliverd b h
pentdyopent hemochromogen indican melanin and hom
gave negative results

The patient described by Lange and Akeroy d (1958) was 2 14 year old
female hnown to be anzmuc since the age of 2} years She also had
petit mal Splenectomy was carried out when she was 4} years old
WWhen re exammed 10 vears later 14% of the erythrocytes contamed
meluston bodies up to 2 p 1n diameter The urine of this patient also
contamed an unusual dark prgment which Lange and Akeroyd suggested
may belong to the bilfuscin and mesobihifusem group It should be
added that 1n Lange and Akeroyd s opinton the inclusion bodies were
not Heinz bodies but represented 2 new  form of incluston  They abo
reported that prelmmary studres indcated that there was a possible
defect 1n the glutathione content of the patient s erythrocytes

Large numbers of Heinz bodies have been observed by the author in
two further cases of congemtal non spherocytic hzmolyhic anema
(after splenectomy)

One patient AT (Case 8 Table 9) was a grl aged 11 a member of
a famy landly referred to the author by Dr Lows Steingold The
child s mother (Case 6 Table 9) and two ssters were also affected
Only AF had undergone splenectomy and the famly appeared to
suffering from typical Type 1 non spherocytic harimolytic anzmia

porp
ogentisic aad
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In 1038 Wh:pp]e and Bradford mtmduced thc descnpme
terms an disease  or th
anmmia {not disease) and thalasseemua are hoth now widely used
particularly the latter because of the ease with which it may be
qualified with the words major or mrnor (see below)

Cooley WWitwer and Lee (1927) ot first considered that they wete
dealing with a famuhal anzma of hemolytic type Later they
considered that the anmmia was prmanly due to a metabolic
disturbance and hhkened the defective erythropolesis to attempts
to make bricks without straw (Cooley and Lee 1932) As
already mentioned 1t 15 now realized that both mechamisms pre
operative and that the hemolysis 1s secondary to and probably
less unp than defective ! Nevertheless Itahan
authors m particular have referred to patients in whom hemolysis
has seemed to be 8 dormnant feature as suffening from tten
emoliticr con to della bul In Italy this
type of anema has come to be known as hmmolyhc anemta of the

Riett: Greppt Micheli  type (Rietti 1946 Marmont and
Biancht 1948 Chint and Valer1 1949 de Mure and Leonardl
1950)

Inheritance Itisnow \i & that Med n
anzra exists m two main grades of seventy (Valentme and Neel
1944) thalasszrmia ‘major (Cooley s anzmia) a serious disorder
which 1s usually fatal m childhood and thalassemia mnor
(target cell amema or target oval cell syndrome (Dameshek
1940 1943) n less semous and not fatal disorder More recently
Astaldi Tolentino and Sacchetti (1951) referred to the nuldest
form of the disease as thalassemia nfintma  and  types

intermediate between the major and minor disorders have been
described (Sturgeon Itano and Bergren 1955} It 1s also now
realized that the presence i the same subject of a gene for
thalasseemia as well as a gene for an abnormal hazmoglobin can
give nse to a whole senes of interesting cimeal syndromes These
are dealt with in Chapter 6

Camnopetros (1936 1938) was the first to report that both
parents of a child suffering from severe Mediterranean anzmia
although they might appear healthy had erythrocytes which were
abnormally resistant to hemolysis by hypotome sakne He
corvectly concluded that this was a sign of = Jatent form of the
disease  This important observation was confirmed by Panoff
(1936} and Angelim (1937) Angelim for instance reported that
almost all the available relatives of the six patients he studied
were carners of the trait




CHAPTER 5

THE CONGENITAL HZEMOLYTIC ANZAMIAS

4 MEDITERRANEAN ANAZMIA (THALASSAMIA)
AND ALLIED DISORDERS

In this chapter will be described certam congenttal anemas
due prmanly to defective hemoglobm synthesis This leads to
the formation of erythrocytes very low m hemoglobin content
and usually very vanable 1n size and shape The hfe span of the
most defectrve of these corpuscles 1s considerably reduced For
this reason m Mediterranean anmzma the most frequently
encountered ancma of this group excessive hemolysis may be
correctly regarded as playing a part in the causation of the
patient s anzmia

MEDITERRANEAN ANZEMIA

Synonyms Cooley s anemia (Kato and Downe} 1933)
erythroblastic anemia (Cooley and Lee 1932) Mediterranean
disease—thalassmmia (Whipple and Bradford 1936) target cell
anemia (Dameshek 1940) famihal microcytic anemia (Strauss
Daland and Fox 1941) Riettr Grepp Micheli anemia (see
Marmont and Branchr 1948) Mediterranean hemopathie sy ndrome
(Chim and Valer1 1949) hereditary leptocytoss (Commuttee for
Clanification of Ne 1 ete” 1950) Hemopathic Mediter
ranean syndrome (de Muro and Leonard: 1920)

History The first descriptions of Mediterranean an®@mia as &
distinct entity were those of Cooley and Lee (1920) and Cooley
Witwer and Lee (1927) who described a number of children
suffering from splenomegaly with anemia and peculiar bone
changes  Later the eponym Cooley s anema was widely
used m descriptions of the disease It 15 now realzed that both
serious and benign forms of the disease are comparatri ely
commonly found chiefly 1n people of Mediterranean origttt and m
the Far East On the Contnent the disorder has been extensiely
studied particularly 1n Ttaly and it has now a large hierature
(sce Lehndorfl 1936 Chim and Valer: 1949 Astaldi Tolentino
and Sacchetti 1951)

200
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distinct from the two other known loci concerned with narmal and
abnormal haemoglobin formation  Allson (18..) suggested TAT as a
posstble designatian £¢ the abrormal gene TA¥ beng the normal allele
Thus the genotype of & heterozy gote would be wnitten Th¥/T/? nnd &
homozy gote TAT/TAT Neel (10.8) accepted this nomenclature but
remarked that the gene symbol 774 rather than ZA¥ scemed to be
preferred by most workers i the field

The abnormal gene for thalasszmia exists at high frequency m
certan VMediterrancan populations  Neel and Valentine (1045) who

v endemic @ sporadic 3 non microcythaemic
thalassaemia

FiG 83 Map showmg the distribut on of Med terranean anemia i
the Old World  Redrawn from Lehmann (19.9b) _ (For a note
on non microcythaeme  thalassemua see p 268 )

studied 1n America a population orgmating from South Italy and
Sielly found that ayproxumately 4, had thalassemia mmor In
certam remons I Italy particularly tn the Po delta Calabria Pugha
and i Sietly the ncidence reaches almost 10, (Susestroni and Branco
1099) while Banton (1851) found evidence of thalessemua mmnor m
appro<imately 20 / of mere than 500 Turkish and Greeh Cyprot
children 1n a small mountain village the meidenc  even reached 50 /
With such high meidences 1t 13 not clear how the gene persists
Presumably a state of balanced polymarphism 15 brought about by
environmental or other factors with the thalassmmia heterozygotes
being at an advantage It 13 possible that two such factors are an
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In America Athinson (1939) and Wintrobe and hus colleagues
(1940} were sumularly the first to recognize that Cooley § anemia
(as seen m the United States) existed 1n a Iess severe nhenitable
form

Atlunson studied two young adults aged 20 and 17 Although the
blood counts of the parents were considered to be normal a marked
mcrease i erythrocyte osmotie resistance was demonstrated  Vintrobe
and s colleagues reported 1 detail the findings n 14 patients belonging
to three families of Italian parentage They found and described nearly
all the signs which are now recogmzed to be charactenstic of thalassemiz
munor In a posteript they mentioned that they had been able to
d similar ab m the blood of both parents of a
child with typieal Cooley s anzmia These studtes were confirmed and
elaborated by Smith (1942) and Dameshek (1943) 1n Amertca by Rohr
(1943) 1n Switzerland and by Itahan workers (see Chim and Valeri
1948} and 1t 1s now realized that studies on the blood of parents of
children affected with Cooley s anema wll almost mvartably reveal
minor but defimte hematologieal abnormalities on both stdes of the
family Riett1 (1946) reviewed earlier Italan publications on the
Rietts Greppt Micheli anerma—his own cases were first reported m
1925—and equates them with those described by Wintrobe and hu
colleagues There seems little reason now to doubt that cases of the
50 called Rietts Greppt Michel type are in fact forms of thalasserma
nunor

It 15 now generally agreed that the severe major form of the
disease represents the homozygous state of a partially dommant
autosomal gene and that the minor and minmma forms represent
the heterozygous condition (Valentine and Neel 1944 Smith
1948 Chim and Valer1 1949 Astald: Tolentino and Saccheth
1951a Banton 1951 Ludwin Limentam and Damesheh 185”
Bianco et al 1952 Zuelzer Neel and Robinson 1956 Neel
1956-57) Many family studies have been carried out  Silvestrom
Bianco and Vallisnert (1949) for mstance studied 110 stbships

Microcythemia  (thalassemua mmor or mumma} Was
demonstrable 1n nearly all of the 220 parents 1n only four were
the signs doubtful or negative

Zuelzer, Neel and Robinson (1956) also mentioned that rarely
one parent of a child with obvious Cooley s anemia might show
no signs of thalassemia minor and postulated a failure of expresstot
of the gene They added that in three such families near relatives
of the normal parent had unequinocal thalassemua mmnof
(Sumlar occurrences hate been descmbed n hereditary
spheracytosts see p 85)

The genetics of thalassmma have been recently discussed by Neel
(1056-57) The abnormal gene for thalassema 13 found at a locus
—_—
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1954 Pouya 199) 1n omental Jews (Schueber 194w Dresfuss 1000
Matoth Shamir and Freundich 1900) mn negroes (Schwartz and
Mason 1049 Banhs and Scott 1903 Schwartz and Hariz 1955
Nomns Hanson and Loeffler 19.6) and i Thas (Minmch et al 1955
Na \skorn 1920}

CLINICAL AND HEMATOLOGICAL FEATURES
OF MEDITERRANEAN ANZEMIA

Thal, ia Major ( 8 State) or
Cooley s Anzemia

The disease 15 usually diagnosed 1n the first year of Life anzmia
often becoming marked withun 2 few weeks of birth  Pallor s the
predomunant sign and this 15 accompanied by swelling of the
abdomen due to splenomegaly and to a lesser extent to enlargement
of the Iiver  Overt jaundice 1s unusual  Purpura and lymph node
enlargement do not as a rule occur Bouts of pyrexia are not
imfrequent  As 1n sickle-cell disease bone tenderness may be
present (Smith et al  1925a) As the chuld grows widening of the
eranial bone diploe may lead to enlargement of the skull and often
to a mongoloid appearance Growth as a whole 13 often retarded
and this may lead to dwarfism (de Muro and Leonardi 1920)
The spleen may become greatly enlarged

Radiological examumation of the child s bones typically reveals
thinming of the cortieal compact bone and resorption of trabeculz
Rarely spontaneous fractures occur (Ray Basu and Chatterjea
1956) The outer table of the shull may become extremely thin
and the diploe greatly widened Charactenstic perpendicular
strie often appear between the inner and outer tables (Cooley
Witwer and Lee 19-7 Baty Blackfan and Diamond 1932 Caffey
1937 1951 1957) Intractable ulcers of the leg occasionally occur
(Estes Farber and Stickney 1948 March Schlyen and Schwartz
195> Cooper and Walker 1954 Pascher and heen 1907) Pascher
and heen suggested that ulceration results from a combination of
the effect of stasis long continued anemia trauma and some as
yet unknown factor All the patients they reviewed iere
adolescents or adults {ages 13-32 years) Gall stones have been
recorded (Curnin and Lieberman 1951 Smuth and Morgenthau
1951)

Astaldi Tolentino and Sacchetts (1951a) referred to three grades of
thalagserma major {1) a severe form causing senous anzmia eatly n
infancy and often resulting in death tn the first year (2) a shghtly less
severe form of the disease usually first becomung mamfest 1n the second
half of the first year the chuld olten surviving until school age and (3)
anulder form usually diagnosed 1 the second year of life and compatible
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increased fertility and a reduced susceptibility to malama (Neel
1956-57 Carcasst Ceppelim and Pitzus 1957)

Banton (1951) Ludwin Limentam and Dameshek (1952) and Vulpis
(1955) failed to demonstrate any linkage between the gene for
Mediterranean anzmia and those for the ABO and Rh blood groups
and eye colour

Racial Incid Thal 15 usually dered to affect
prncipally people Living in the Central and Eastern Mediterranean
area Thus the disease 1s common m Italians Sardrians Steilians
Greehs (see Fessas 1909b) and Cypriots but 1t also exsts elsewhere
m the Mediterranean 1slands and Iittoral eg 1n Turhs and
Eti Turks {Aksoy Ikin Mourant and Lehmann 1958 Alksoy,
1959) In recent years however there has been an increasing
awareness of the presence of Mediterranean anemia in many
countries throughout the world and 1n many races (Silver 1950
March Schlyen and Schwartz 1952) (Fig 88) Particularly 15
this true of the Far East (Brumpt 1955) Whether this madence
represents a spread of the gene throughout the world as the result
of ancient and modern migrations of Mediterranean peoples the
Mediterranean area being the site of the ongial focus or whether
there have been several foct of origin 1s uncertain  Brumpt (1903)
suggested that the disease may m fact have onginated in China
and suggested Smémie as an alternafive to ‘thalassémie’
It 1s also uncertain as to whether or not thalassema 15
homogeneous The probability 1s that closely allied disorders
exist This 1s discussed on p 227

Some of the more important descriptions of thalassemia’ 1
non Mediterranean populations are histed below In most mnstances
1t 1s difficult to exclude the possibility of remote Mediterranean
ancestors Most of the published refer to thal 2
minor

Cases have been described 1n persons of Enghsh or Scottish ancestry
(Bywaters 1918 Israels Suderman and Hoogstraten 1955 Isracls
and Turner 195s Havard Lehmann and Bodley Scott 1909) and the
author 15 aware of several other {unpublished) famihes Irving 1n London
and the Home Counties 1n Bantu hving 1n the Belgian Congo (Styns
and Charles 1956) 1n Bulgarians (Panoff 1936) 1n Burmese (Perabo
1854) 1n Ceylonese (de Silva Jonxis and Wickramasin he 1929) 18
Chinese (Foster 1910 DeMarsh 1050) in Chinese Canadmns (Sidoo
Coady Morgan Dean and Perry 1956) in I'iltpimos (Lazar 196
m Ge s (Herl: “Muller and 1051 Pmbilla 1901
Middlebrook 1906) n Indins (Hindus and Sikhs) (Napter Shorten
and Das Gupta 1930 Dhayagude 1944 Ganguli and Lahini 100v
Sidoo ¢ al 1956 Chatterjea 1909) in Indonesians (Lie Injo Luan
Eng and Tjay 1955 Lie Injo Luan Eng 19,9) n Irsmans (huyhen
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with survival until adult Iife  Bone lesions were particularly eonspicuous
1n patients belonging to the second and thurd groups

The Iiterature dealing with the occurrence of thalasszmia major
patients surviving until adult hfe was reviewed by March Schlyen and
Schwart- (1952) who added two more cases of thewr own  Fessas (1929a)
gives further details of adult patients seen in Greece apparently
homozygous for thalassermia whose illness was of intermechate
chmical severity

Blood Picture Anmmua 1s generally severe the erythrocyte
count lymg as a rule between 1 000 000 and 3 000 000 cells per
cu mm The cells vary greatly m size and shape both microcytes
and macrocytes being present and many are unusually flattened
(Baty Blackfan and Diamond 1932 Bradford and Dye 1936)
In stamned films the appearances are those of severe hemoglobm
deficiency and most but not all of the corpuscles stan palely
{Tig 85) Some cells appear as rings of hemoglobm with httle
or no stamng m the mddle other cells are target cells stll
others are mere fi gular 1 t th stam as
a rule relatively densely Normoblasts are almost invamably
present the greatest numbers being found i the most severely
affected cases Some of the normoblasts are early forms i others
the nucleus 1s pyhnotic and the cytoplasm apparently ripened

e degree of polych and punctate basophila 1
usually seen The retrculacyte count 1s usually abote normal an
may reach 10% or even more Bradford and Dye recorded the
mean corpuscular diameter (MCD) m eight patients as ranging
from 58 to 7 4 After splenectomy 1n two patients the MCD was
greater than normal 80-88 y and 7 5-7 7 p respectively

The leucocyte count 1s usually raised and may even exceed
25000 cells per cu mm A small percentage of myelocytes 13
commonly found The platelet count 15 generally norm:

Data obtamned from a child aged 3 years suffering from the
disease m 1ts typical form and from the child s parents are given
1n Table 11

Osmotic Fragiity of tfl;e Erythrocytes This 15 charactenstically
abnormal The resistalice to hemolysis of the majomty of the
patient s corpuscles 13 meréased but there majy be i additron 8
small percentage of abnormally fragile cells (Baty Blackfan and
Diamond 1932) (Fig 84) Hemolysis 1s often incomplete 1t
0 2% saltne and sometimes even 1n 0 1%, saline

The changes resulting from the incubation at 37 C of the blood
of a patient with severe Meditcrranean anzmia were studied by
Selwyn (1953) He found (a) that the rate of autohazmolysts was
at the upper lumt of normal (0 8% at 24 hours and 3 3% at 48
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hours} {b) that the cell volume & hed rastend of

as1s normal {e} that the loss of potassium from the corpuscles was
greater than normal, and (d) that the er) throcy te osmotic fraghity
was marhedly diminished rather than mereased as the resuit of
the 24 hours mncubation Thus there 15 some evidence that the
Mediterranean anemia  erythrocyte behaves abnormally on
mncubaton as well as being morphalogieslly abnormal

Mechanieal I'ragility  There 1s same doubt as to whether ths 5s
normal or abnormal in thalassenua major  According to Toleatmo

o
1ysis
00 3——-\..“_8
B8O
604
40

20

Q ot 02 o3 04 o5 o6 =24
% NoCt
Fro 84 Erythrocyte osmotic fragisty curves of the blood of s chuld

suffertng frotn  eevere an®
MAJOL) X =~ - = » and of his parents both of whom were
carssets of the Mediterranean gneraza trait  (thalassemia
xinma) @ o The shaded area
sepresents the narmal range

(31951) mechamesl fragitity 1s normal or even shghtly dimsmished
Chatterjea Ghosh Ray and Das Gupta {190} and Das Gupts snd
co-worhers {(1928) however have reported shght mereases w Cooley's
anzmma and normal findings 1 Cooley s teait {thalassera minor)

The bane marrow findengs in thalassemia are descnbed onp 212

Thalnssemia Minor and Minimn (Heterozygous State}

The symptoms produccd by the disease n the heterozygous
state are far less senous than 1n homozy gotes and most patients
are capsble of leading moderately active lives (Mintrobe et al
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1940 Strauss Daland and Fox 1941 Dameshek 1013) In the
rldest cases there may be no complaints attnbutable to the
disease although h 1 1 e reveals defimte
abnormahities (thalasserma minima or the microcyterma  of
Silvestrom and Bianco (1046)) In the less fortunate patients the
disease results m chrome anemta of mild to moderate degree and
m these cases vague tiredness and dyspncea on exertion are
common complants (thalassemia munor) In some patients
chrome jaundice of acholurie type 1s a feature (Riett: Greppr
Micheli disease of Italian authors) The spleen 15 generally
palpable 1n the moderately severely affected patient and uleers of
the leg and gall stones hay ¢ been observed (Marmont and Bianchi
1948) N ray studies may reveal some degree of osteoporosis and
certamn physical stigmata such as broadening of the nose and
prominence of the cheek bones may also be present

Oceaswonally patients heterozy gous for the thalassemia gene may be
quite seriously 11l and moderately severely ancemic ¢ £ thew hzmoglobin
may be as low a8 7 5 ¢ per 100 ml Zuclzer Neel and Robinson (1956)
poimted out that the use of the word minor to describe such cases
15 probably 8 misnomer Some of these intermediate _cases (Sturgeon
Itano and Bergren 100.) may be combmations of thalassemia with
eg E but this does not seem to
be the explanation in every case Chmically a severe thalassmemia
mnor may approach bemgn I
major 1n seventy In the present author s opimion there 1s much to
be said for using the term thalassenita minor to describe patients who
are heterozygous for thalasszmta and who hate the disease 1n & chmcally
sigmificant degree and to Teserve the term thalassemia trait (or
mimma) for who are entirely symptom free
but who have rthel such
as microcytosis and increased osmotic resistance The two groups 1n
practice merge one into the other

Blood Picture Most patients have a rld to moderate anemia
with the hemoglobin level not usually reduced below 10 g per
100 m! Iowever inthe mumma state the hemoglobm level 1s
usually normal Erythrocyte counts are less reduced often they
are within the normal range not infrequently they exceed
€000 000 cells per cu mm (Wintrobe et al 1940 etc ) (Table 11)
Twenty two out of 80 cases reported by Hanlon and Bayrd (1956)
had counts exceeding 5 000 000 cells per cu mm_ The proportion
of reticulocytes 1s generally above normal but seldom exceeds 59,
(Srmth 1943 Valentine and Neel 1944 1948 Hanlon and Bayrd
1956) Valentme and Neel (1948) studied 82 affected subjects and
compared the findings with those of the normal members of the
famly groups They found that the differences between affected
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Schwartz, 1024) but this 1s not necessanly so (Crosby and Sacks 1949
Chanarin  Dacie and Mollin 1929) Fessas (1959a) sumilarly refers
briefly to two patients (adults with thalassemua major of intermediate
seventy) who responded dramatically to folic acad and also mentions
that aplastic crises are common during intercurrent mfections 1n adult
tients
P Folio acid deficiency leads to the blood film of o patient with
thelaseeran munor becorung more than usually brzarre al
macrocytes (Fiz 88) increased poikdocytosis fragmentation and
multisegmented neutrophils together form  suggestive picture It
is important to recognize such cases as marrow falure due to this cause
may result 1n_a emsis in & patient whose anemia 18 normally well
t (The of change 1n the marrow
is however less easy than in the absence of thalassemu. Typical
megaloblasts may not be visible Erythropoiesis however becomes
more immature 1n type and giant myelocytes may be present {of
Figs 89 and 60)

Biochemical Findings
Tobin T Ab, 1k Tob

are typreslly not
present in Vediterranean anemia of either the major or minor
vaneties The abnormal persistance of IIb F 1s however a
charactenstic feature, This 1s discussed in detail on p 223

Engthrocyte Porphynins  Sturgeon Chen and Bergren (1958) have
recently reported on their findings 1 seven patients with thalassema
major and ten with thalassemia munor In the major disease the

of T and were greatly
Increased and that of protoporphyrin was Just at the upper Lt of the
normal range In minor the swere normal

Sturgeon Chen and Bergren powt out however that similar hugh

of hynn m may be found m

other types of hemolytic anzma assoctated with a rarsed reticulocyte
unt

Serum Bilirubin  This 18 usually withi the range 1-3 mg per 100 m!
1n thalasszemia major 1n thalassemia mnor or numma the concentration
13 ustally normal but may be raised 1n cases of the Ruett: Greppr Michelt
type

Serum Iron The concentration 15 charactenstically higher than
normal in thalassemia major and may be normal or slightly higher than
normal in thalassemia minor (Cartwright ctal 1938) the 1ron binding
capacity of the serum may be fully saturated 1n the major form of
the disease (Smith Sisson_Floyd and Siegal 1950) Serum copper levels
are normal or mncreased (Cartwnght et al 1948)

7 Plasma_Haomn, n  Thia has been estimated by Crosby and
Dameshek (1951) and Das Gupta Chatteryea Ray and Ghosh (1920)
In 23 patients with thalassema munor Crosby and Dameshek found
that the plasma hzmoglobin was normal (1-3 mg per 100 ml ) m three
out of four patients with severe ‘Mediterranean anxma {probably
thalassemia major) it was elevated (12-60 mg per 100 ml) while 1
the fourth patient the level was normal before splenectomy but rose to
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and non affected siblings was well established from childhood
onwards On the whole affected femles were more anmue than
affected males

Erythrocyle Morphology Defimte abnormahties 1n erythrocyte
morphology are probably always to be found if sought for even m
patients without anzmia or where there 15 erythrocytosis The
erythrocytes vary more than normally m size The MCV 15 usually
well below normal (Smth 1943 Valentine and Neel 1944 1948
Hemnle and Read 1948 Daland and Strauss 1948 Gerald and
Diamond 1958a) The MCD on the other hand 15 generally
within the normal range (Mooney 1952) the presence of some
macrocytes balancing the effect of numbers of muerocytes
Characteristically the mean cell thickness (MCT) 1s considerably
reduced (leptocytosis) (Dameshek 1910 Wintrobe e ol 1940
Smuth 1948)

The erythrocytes stain palely with Romanowshy dves thisis
mostly due to therr dimmushed thickness as the hemoglobm
concentration es a rule 15 only slightly reduced and may be normal
(Smith 1943 Valentine and Neel 1944 Daland and Strauss
1948 Hemle and Read 1948 Gerald and Dramond 1928a) A
1ing type of stammng (Wintrobe ef al 1940) 1s charactenstic in
some cases target cells are present (Figs 86 and §7) but not usually
m the large b d with the p of Hi C Often
many of the erythrocytes are moderately oval i shape (Dameshek
1910) Punctate philia 15 P {Wintrobe
etal 1940 Stmth 1048 Riettr 1950 Mooney 1952 Hanlon and
Bayrd 1956) On the whole the morphological changes ae far less
severe and the erythrocytes are more umiform 1n appearance than
m the major form of the disease On the other band the
abnormalities are relatively severe in relation to the mildness of
the anzma that may be present. Normoblasts and myelocyles
are not usually present in the pertpheral blood

Osmotic Fragihty Ch tically the to hyp
saline 1s markedly mereased and this 1s found to be present to some
extent even 1n the absence of gnemia (Srmth 1943 Valentme and
Neel 1944 Mooney 1852 Gatto and Valentino 1953 Hanlon

and Bayrd 1956) (Fig 84)

A Complication of Thalassemia Manor Seere
Ancemia due to Folic 4cid Deficiency
Tolic acid defictency has been recently recognized as a rare
com;fxccnatcxon of thalassemia (see Chanarin Dacie and Mol 199)
Pregnancy may be an important contributory factor (Goldberg and
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25 mg per 100 ml after splenectomy Das Gupta and lus colleagues
reported essentially similar findings 13 patients with the Cooley trait
had values of © 64 3 mg per 100 ml aund 22 patients with Cooley s
anema values of 4 8-56 5 mg per 100 ml ~Substantially simlar
figures based on a larger series of patients were given by Das Gupta
and his co workers (1958)

Serum Protewns There were studied using paper electrophoresis
by Allamams (1855) in 86 children with Cooley s anemia 1n 11 infants
less than 23 months old the patterns were almost normal 1n older
children albumin was decreased (on an average by 529%) and y globulin
increased (on an average by 30%) there were mmnor reductions 1n the
concentrations of @; «, and g globulins and the floceulation tests often
gave abnormal results

Increases in the plasma and corpuscular hptds and phospholipids
were described by Erichson and co workers {(1937) and Schwarz Tiene
Corda and Careddu {1903} the latter authors also reporting low levels
of free and combined cholesterol Recently Choremus Zannos and
Bast: (1927) have reported finding 1n 20 infants and children with
Cooley s anemra that the output of amuno acids m the umne was
markedly ncreased The sigmficance and cause of this abnormality
are obscure

U

14 E. This 15 d and as m p
anemia 1t 15 probable that not all the fecal urobilinogen is derived
from erythrocytes which have circulated in the blood stream
Sturgeon and Finch (19.7) observed excretions of 400~600 mg per day
1 three chuldren wluch were about ten times the anticipated amount

Pathology

Bone Marrow in Thalass;erma  The bone marrow 1s
hyperplastic the degree of hyperplasia varymg directly with the
severity of the anmmia The hyperplasia 1s the result of active
erythropotesis and 1n severe cases the erythroid myelod ratio
may exceed umty Erythroporesis 1s typteally normoblastic
There 15 a tendency for the developing normoblasts to be smaller
than normal (micronormoblasts) (g 90) this 1s mostly due to
diminution 1n the amount of cytoplasm and 1s most marked m the
most ripened cells Detailed measurements are given by Astaldl
Tolentmo and Sacchettt (1951a) In thalassmmia major the
P of basophil bl 1s often unusually high
n thal minor polych 1c and pyhnotic normoblasts
predommate  Astald: and Tolentino (1952) claimed that 1n the
most serious cases of thalassemia major there was some delay 10
the enucleation of the orthock 1c normoblasts  Megalobl
change as the result of folic acid deficiency has already been
referred to as rather a rare event (Fig 89)

In severe cases hemoglobin may appear to be formed 1 a
patchy fashion 1n the cy toplasm of the developing normoblasts
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areas of hhe | lobin bemng persed between
remnants of the primitive basophilic cytoplasm {Tig 91) This
guves Tise to an appearance of rather coarse and irregular punctate
basophilia

In strlung contrast to the finding 1 simple wron defictency
siderotic granules are present 1n the marrow normoblasts {Douglas
and Dacie 193) Typically they are more numerous and larger
than in health (Fig 92)

Other Organs Spleen The spleen 15 usually markedly
enlarged Sections show exti dull b P
and a thickened reticulum Devistion from the normal 1s far less
marked m thalassermia mnor than in the major disease The
amount of 1ron present depends upon the number of times 1f any
the patient has receved blood transfusions In the absence of a
history of transfusions only relatively small amounts of iron are
present 1n the spleen

Luer The ron content of the liver 1s moderately increased
even i the absence of transfusions and the same 1s apparently
true of the 1ron content of the hidneys heart pancreas and lymph
nodes ete (Whipple and Bradford 1936 Astald: Tolentino and
Sacchett1 1951)

More recent papers giving detailed husto pathological findings mclude
those of Sansone Rosso Zumin and Salomone (194) and Fornara and
Genes: (1904) Howell and Wyatt (1903) and Elbs Schulman and
Smuth (19.4) reported careful studies on patients who had developed
fibrosis of the liver and other organs and they discussed the relationship
between their findings and those of diopathic hxmochromatosis and
transfusional siderosis There appeared to be no correlation between
fibrosis  siderosis and the degree and chromicity of the anemia In
some cases the amount of wron present exceeded that which could be
aceounted for by transfusion and it seemed probable that the amount
absorbed from the gastro intestinal tract mught have been unusually
large (possibly due to the chrome anema}

As m other anzrias dullacy foct of
erythropotesis are sometimes found ‘These foct may even mve rise to
symptoms for instance Gatto Terrana and Biondi (19,1} reported
that an epidural mass of matrow caused compression of the spinal cord
m one of their patients

D of Anzmia

Thalassemia Major The disease 1s diagnosed from s
consideration of the cliueal and hematological data and from
family studies The rather vanable chnical form of the major
disease has already been referred to (p 200) In the most
severe type affecting infants with many pnimutive erythroblasts
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(which are absent in iron defictency) the response to treatment
with iron and the results of fanuly studies are usually decisive
1n diagnosis

The presence of ecasily detectable amounts of foetal
hemoglobin 15 1n favour of thalasszmia minor and against the
diagnosis of wron deficiency Howeser the presence of foetal
hmmoglohm should not 1n the nbsencc of other supporhng
evidence be taken as
anerma According to recent observations (see p 267) fectal
hemoglobin oceasionally persists mto adult Ife without bemng
gssociated with any other hmmatological abnormalty Its
persistence appears to be controlled by an abnormal gene whuch 1s
probably distinct from that of typical thalasszmia Small amounts
of feetal hemoglobin have also been detected although rarely 1n
other types of hereditary hemolytic anzmua ¢ g 1in hereditary
elliptocytosis (p 154)

Recently use had been made of starch block electrophoresis 1n
the differentiation of thalassemia from other conditions The A,
component of hemoglobin {Kunkel and Wallemus 1955) s
apparently present m charactenstically high concentrations 1n
thalasserua nunor (hunkel Ceppeluimt Muller Eberhard and
Wolf 1957 Gerald and Diamond 1908a Josephsen ef al  1958)
(see also p 226) In 1ron deficiency anxmia the Hb A, content
1s lower than normal (Josephson et al 1928)

As already mentioned patients with the muldest forms of

may have lly high crythrocyte counts This
type of blood picture may be confused with other forms of
polyeythema In thalassemia mummn the hemoglobin levels
will be found to be normal or subnormal the erythrocytes
hypochromue and microcytic and the leucocyte and platelet
counts normal Similarly blood contarning many conspicuously
oval or elliptrcal erythrocytes may be confused with that of
hereditary elliptocytosis In the latter disorder the degree of
elliptocytosis 1s usually more pronounced and regular and the
number of cells affected by the change as a rule much greater
than m thalasserma  The cells m true elliptocytusis are
normochromic not hypochromic and have a normal not reduced
MCV and pokilocytosis 1s much less conspicuous than in
Mediterranean anzemia

Tr of Me. A i
Nothing has yet been found that will produce a sustained
favourable effect on erythropotesis Iron therapy erther by mouth
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in the peripheral blood confusion with erythremic myelosis (di
Gughelmo s disease) may amse However m the latter disorder
myeloblasts will probably be found 1n quite large numbers 1 the
peripheral blood—these are usually absent in Mediterranean
anemia  The erythrocytes foo will not be conspicuously
hypochromic  Knowledge of the family history and of the blood
prcture 1n relatives also helps mn arrving at the correct diagnosis
In the less severe forms occurring n childhood the chmeal
history blood pieture and other hmmatologieal findings are
generally charactenstie and there should be no real difficulty 1
I(i}agnosxs The same applies to the few patients who reach adult
e
Electrophoretic studies of the patients hemoglobin play an
essential part mn the duf 1on of Medit anema
from the hemoglobmopathies and muxed syndromes such as
Hb S/thalasserma ete As already mentioned abnormal hemo
globms are not found n pure thalassemia although a Ihigh
concentration of feetal h globin (Hb F)1s ch tenistic (p 224)
Thalassemia major can be distingwshed from severe iron
deficiency anemia by the more severe changes m the erythrocytes
m the former disease by the presence of large amounts of Hb F
1n thalassemia major by study of the serum iron lesel or iron
content of the bone marrow—Ilow 1n rron deficiency anemia high
m thalassemia and by the fact that the patient suffermng from
thalasswerma fails to benefit from mntenstve treatment with wron
Thalassemia Minor and Minima Here the separation from
1ron defictency anemia 1s less easy  On clinical grounds the factes
of the patient hus history the degree of enlargement of the spleen
and the possible slight jaundice all point away from iron deficiency
as the cause of the anema It may be difficult to decide on the
blood picture alone hy pochromasia anisocytosis and the presence
of oval cells and elliptocytes target cells and punctate basophihia
—charactenistic features of thalasseemia minor may all be found
in true 1ron deficiency anmma to a greater or lesser degree The
same applies toncreased ery throcy te osmotic resistance  However
1t 15 probably true that the numbers of target cells and cells
showmg punctatc basophilia are less hikely to be as high and the
d tion 15 osmotte 15 less likely to be as severe
(Reimann and Arkun 1955) i simple 1ron deficiency anema a8
compared with Mediterranean anzrmia  Once agan hnowledge
of the serumiron level and bone marrow content of wron—in

particular  the presence in the cytoplasm of normoblasts 1n
hal, of les of wron di ble by Perls s reaction
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transfusions to attempt to rase the hemoglobm much sbove
10 g per 100 ml

Splenectomy The spleen has often been removed and untl
recently the general consensus of opinton seems to have been that
this ordinanly makes little difference to the course of the disease
1t 15 interesting to recall however the views of Penberthy and
Cooley {1930) They stated The organ becomes solarge however
that 1t seems worthwhile to remove 1t there 1s no particular
change 1 the anemia after the operation  We have felt so far as
our cases are concerncd that the patients were more comfortable
and Iived somewhat longer after splencctomy than we would have

pected without the op ‘We have op d on fis e patients
e believe that it 1s worth domg

It 1s now realized that splenectomy 1s hkely to be of most
benefit 1n patients 1 whom haemolysis 1s marhed (Govan 1916
Chin1 and Valen 1949 Lichtman ¢f o 1933 Gatto and Lo
Jacono 1953 MMinmchetal 1934 Glennetal 1924 Smuthetal
19252 Greppr and di Guglielmo 1920 Reemtsma and Elliott
1956 Clement and Taffel 1930 Rapaport Rely and Carpenter
1927 Matnzer and O Connor 1908)

Lichtman and co-workers observed n children suffenng from
[ mia major who had received repeated transfusions that it was
quite common for the to be requrred at frequent
intervals if the patients hemoglobin levels were to be mamtamed
They studied by means of the Ashby method the fate of the blood
transfused to seven children and found a shortened survival in each case
1n six of them the half Life of the transfused cells swas reduced to between
5 and 9 days and 1n the seventh chuld it was 3 days This sugpested
a h of cell However
no abnormal antibodies the presence of which might hase explamed
these findings could be identified Splenectomy was carned out m
five of the patients in four of them the v olumes of blood required to be
transfused after splenectomy were reduced to 19 21 28 and 36 /
respectrvely of the volumes nccessary before splenectomy It was
concluded that a good case could be made out for removal of the spleen
when transfusion studies indicated an abnormal rate of erythrocyte
destruction. This seemed hkely to occur most commonly 1 patients
1n whom the spleen was greatly enlarged

The observations and conclustons of Lichtman and co-worhers have
been largely confitmed in other centres ‘The best results have been
obtamied m older cluldren with large spleens 1 whom there was
evidence of subnormal survival of transfused normal erythrocytes or
other evidence of such as I or
thrombocytopenmia

Glenn and eo-workers (1924) and Smuth and co-workers (19202}
Teported on the results of splenectomy 1n nne cases of thalasszmua.
All the patients had b levels sub and
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or ntravenously 13 useless and may be dangerous—indeed
the serum iron concentration 1s usually rased and the storage
organs of the body also contain an exeess of won  All the vitamm
preparations that have been tried seem to be valueless ! It 1s
possible that cobalt may be of shght value Berh Burchenal and
Castle (1949) reported rather doubtful improvement 1n one pattent
and other nstances of possible benefit have been referred to by
Wiessbecher (1921) Muratore (1951) and Heilmeyer Muller and
Schubothe (1951) Virds (1952) on the other hand did not observe
any mmprovement 1n six children given 20 mg of cobaltons
chloride orally for 10-20 days Its use can hardly be recommended
with any enthusiasm

Blood Transfusion This has no fundemental effect on the
course of the discase However normal erythrocytes survave
normally m uncompheated Mediterranean anemia and for this
Teason great temporary benefit can be expected to result from
tr Hamulton Sheets and DeG: 1950 Frontah and
Stegagno 1901 Murano 1955) The improvement i general
well being 1s strihing the temper of the child improves growth
takes place more normally bone pains are alleviated and I a
chud receving regular transfusions the X ray evidence of an
abnormal bony pattern becomes less marked

Repeated transfusions will 1n time lead to marked siderosts
but this 1n the author s opinion should not be used as an argument
agamnst periodic transfusron in patients i whom without
transfusion the degree of anmma leads to serious symptoms
Frumin Waldman and Mornis (1952) referred to a child who died
aged 10 years having recerved over 76 litres of blood since birth
At necropsy there were all the signs of exogenous haemochromatoss
with early active portal errrhosts of the liver (see also Howell and
Wyatt (1953) and Ellis Schulman and Smuth (1954)) Fortunately
however most affected cluldren manage to accommodate
themsely es remarhably well to hemoglobin levels even as low as
5g per100ml 1f this 1sso they are best left untransfused

Careful studies have been carried out on the eflect that
transfusion has on the formation of erythrocytes by the recipient
As anemia 15 corrected the output of erythrocytes diminishes
This can be demonstrated by the techmque of differential
agglutnation and by using the presence of foetal hmoglobm s
a marker of the patients own corpuscles (Smuth et al 1950b
Murano 1955) Because transfusion has an inhibitory effect on
erythropotests 1t 1s probably unwise n a child receising repeated

1 With the possible exception of folic acid 1a rare instances (see p 211)
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transfusions to attempt to raise the hemoglobm much above
10 g per 100 ml

Splenectomy 'The spleen has often been removed and until
recently the general conscnsus of opinion scems to have been that
this ordinanly mokes httle difference to the course of the disease
It 1s intcresting to recall however the views of Penberthy and
Cooley (193,) Theystated The organ becomessolarge however
that 1t seems worthwhile to remove 1t there 15 no partieular
change mn the anerma after the operation We have felt so far as
our cases are concerned that the patients were more comfortable
and Iived somewhat longer after splenectorny than we would have

pected without the of Wehaveop d on five patients
Ve believe that it 1s worth doing

It 1s now realzed that splenectomy 1s lihely to be of most
benefit 1n patients in whom hamolysis 1s marked (Govan 1946
Chimt and Valen 1945 Lichtman et al 1953 Gatto and Lo
Jacono 1903 Minmich etal 1954 Glennetal 1904 Smith et al
19052 Greppr and di Guglielmo 1905 Reemtsma and Elhott
1956 Clement and Taffel 1955 Rapaport Reilly and Carpenter
1957 Mainzer and O Connor 1908)

Lichtman and co worhers observed m children suffering from
thalasseerma major who had received repeated transfusions that it was
quite common for the transfusions to be required at increasingly frequent
mntervals if the patients hrmoglobin levels were to be mamtained
They studied by means of the Ashby method the fate of the blood
transfused to seven children and found a shortened survival in each case
10 51X of them the half life of the transfused cells was reduced to between
5 and 9 days and n the seventh chuld 1t was 3> days This suggested
a of eell However
no abnormal antibodies the presence of which might have explained
these findings could be 1dentified Splenectomy was carned out 1n
five of the patients 1n four of them the volumes of blood required to be
transfused after splenectomy were reduced to 10 21 28 and 36 /
tespectively of the volumes necessarv before splenectomy It was
concluded that a good case could be made out for removal of the spleen
when transfusion studies indieated an abnormal rate of erythroe;
destruction This seemed likely to occur most commonly 1n patients
10 whom the spleen was greatly enlarged

The observations and conclusions of Lichtman and co-workers have
been largely confirmed in other centres The best results have been
obtamed m older cluldren with large spleens in whom there was

evidence of survival of normal or
other evidence of hy such as I or
thromboeytopema

Glenn and co workers (1951) and Srmth and co worhers (19a5a)
reported on the results of splenectomy I mine cases of thalassemia
All the patients had 1mproved hazmoglobin levels subsequently and
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or mtravenously 15 useless and may be dangerous—imndeed,
the serum wron concentration 13 usually rased and the storage
organs of the body also contain an excess of ron Al the vitamm
preparations that have been tried seem to be valueless! It is
possible that cobalt may be of slight value Berk Burchensl and
Castle (1949) reported rather doubtful improvement 1n one patient
and other mstances of possible benefit have been referred to by
Wiessbecher (1951) Muratore (1951) and Helmeyer Muller and
Schubothe (19,1) Vardrs (1952) on the other hand did not observe
any improvement 1n six children given 20 mg of cobaltous
chloride orally for 10-20 days Its use can hardly be recommended
with any enthusiasm

Blood Transfusion This has no fundamental effect on the
course of the disease However normal erythrocytes survive
normally m uncomplicated Mediterranean anzmia and for ths
reason great temporary benefit can be expected to result from
transfusion (Hamilton Sheets and DeGowin 1950 Frontal and
Stegagno 1951 Murano 1955) The improvement mn general
well being 15 striking the temper of the child 1mproves growth
takes place more normally bone pams are alleviated and 1n a
child receiving regular transfusions the X ray evidence of an
abnormal bony pattern becomes less marked

Repeated transfusions will 1 time lead to marhed siderosis
but thss 1n the author s opinton should not be used as an argument
against periodic transfusion n patients m whom without
transfusion the degree of anzmia leads to serious symptoms
Frumin Waldman and Morns (1952) referred to a child who died
aged 10 years having recerved over 76 hitres of blood since bith
At necropsy there were all the signs of exogenous heemochromatosts
with early active portal eirrhosis of the liver (see also Howell and
Wyatt (2903) and Ells Schulman and Smith (1954)) Fortunately
however most affected children manage to accommodate
themselves remarhably well to hemoglobin levels even as low as
5g per 100 ml 1f thisisso they are best left untransfused

Careful studies have been carried out on the effect that
transfusion has on the formation of erythrocytes by the recipent
As anemua 1s corrected the output of erythroevtes dummishes
This can be demonstrated by the techmque of differentsal
agglutimation and by using the presence of feetal heemoglobin as
a marker of the pahents own corpuscles (Smuth et af 1955b
Murano 1955) Because transfusion has an ihibitory effect on
erythropolests 1t 1s probably unwise 1n a child recerving repeated

 With the possible exception of folic acid m rare instances (see p 211)
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charactenstic of the disease In all except the muldest type of the
disease hemoglobim formation 15 madequate and the patient fails
to mamntam a normal hremoaglobin level despite the hyperplasia
of his ery thropoietic tissue

Crosby and Aheroyd (19 ) estimated m the three cases they studied
that the hrmoglobin production amounted to only 0 18-0 30 g per
hg per day 03 compared wath the normal maximum of 0 6-0 G, g
per hg per day Norns Ilanson and Loefller {1946) used ¥Te m
studying an adult negro with moderately severe Mediterranean anemia
and Tound a rapid plasma clearance but poor mcorporation of the iron
m erythrocytes Sturgeon ond Tinch (1057) m elaborate 1sotope
studses on four children with clinteally severe or intermedinte Cooley s
anema concluded that the dehvery of erythrocytes was reduced to
50 /, of the normal i the mildly anemic patient and in the severely
aneme patient to as httle as 1% of the normal They considered
that the defect was not m total hemoglobin synthesis but in the
fabrication of eirculating erythrocytes Bailey and Prankerd (18.8)
1n somewhat sirmlar studtes on two paticnts concluded that although
erythrocyte production per umt volume of marrow was reduced total
production might be greater than normal because of the expanded
marrow volume Their data showed that radioactive tron appeared m
the penipheral blood at about twice the normal rate

Further studies using radwactive tron have been more recently
reported Larnza and co workers (1408) nvestizated eight patients with
Cocley s antmua and three with Riettt Greppt Michels anzmia  Both
groups of patents handled ntravenously admumstered $*Fe i a
similar way  the plasma clearance times were rapid and more iron than
normal was taken up by the hiver The output of ©*Fe tagged cells
from the marrow was markedly subnormal and slow the peak output
being delayed to the 4-Gth day

Ecandson Schulman Stern and Smuth (19.8) studied ten children
all suffermg fram Cooley s anwmia Erythrocyte production was
calculated to be from 2 2 1o € 1 times the normal 1e it did not reach
that attained in patients with most other types of hemolytic anerma
They stressed that an individual patient s degree of anxmia depended
on lus personal balance between ery and hemol.

Erythrocyte Destruction In addition to the dyshemoporesis
there 15 evidence that the rate of erythrocyte destruction 1s
increased m thalasserma major although usually normal mn
thalasseemia minor

haplan and Zuelzer (19.0) transfused intq normal recipients the
blood from three patients with Severe or moderately severe
Mediterranean anerma ani followed the survival of the transfused
erythrocytes by the Ashby method Between 25 / and w0 / of the

cells from the n 20-30
days later however the slope of elrmination ran roughly parallel to
the expected rate of elrnation of normal corpuscles aplan and
Zuelzer also transfused the erythrocytes from three women carrying
the Mediterrancan trait into normal recipients The patients were
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all needed less blood post operatively than before ‘The Iongest follow up
was 51 months One patient died of cncephalitis 14 months after
operation and four prtients developed pencarditis of obscure ongin
from which however they recovered (see also p 180)

Reemtsma and Elliott (1956) reported on the follow up of a relatrvely
large series of 20 patients who were followed from 6 to 2. years or untd
death Thirteen of them underwent splenectomy As mentioned
previously the best results were obtuned 1n the older patients or m
those 1n whom there were signs of hypersplemsm  The results 1n
children less than 4 years of age were generally disappornting  All the
patients who were recerving had d hed
after operation but the duration of the favourable response was vanable
and there seemed to be o tendency to relapse  Six of the splenectomized
patients died within the next 10 years but there were no post operative
deaths or serious complications

More recently Mmnzer and O Connor (1958) have reported the
Tesults of splenectomy in 15 patients ranging 1n age from 18 months to
16 years ‘There was no immediate post operative mortality and m five
of eleven patients who were followed up for a relatively long penod
(4-8 years) the requirement of blood for transfusion appeared to be
definitelv decreased te to less than 50° of the pre operative figures
Mamnzer and O Connor mentioned that one patient developed
pneumococcal meningitis  post operatnely and that two others
expernenced pathologieal fractures

Splenectomy therefore scems to have a defimite but restricted
place in the treatment of thalassemin major However 1t does not
1mprove ery thropoiesis and should perhaps only be undertahen if
there1s definite evidence n a child recerving repeated transfusions
of an abnormal rate of destruction of the transfused erythrocytes
or 1if there are other signs of hypersplenism

Marked erythroblastemia the presence of many siderocytes
an mqrease 1n erythrocyte amso porlilocytosis and an increase
m the number of target cells may be expected to follow
splenectomy Whipple and Bradford (1936) found that the mean
erythrocyte diameter was mercased and the erythroeyte thichness
decreased after the spleen had been removed Erythrocyte
osmotic resistance 15 still further increased

Pathogenesis of Mediterranean An®mmia

/ Impaired Erythropoiesis There 1s httle doubt but that
Meditcrranean anemia 1s caused by a genetreally determmed
defect of erythrocyte formation As a result abnormal ’thuL
s shapen erythrocytes of low hemoglobin content are p
which 1}:1 severe cases at leaSt probably survive for an unusually
short time an the circulation  Bone marrow hy pertrophy follows
as a consequence of chronic anzma and this 1n time often leads
to the sbnormalities of the shull and other bones which are 50
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destruction of short i ed cells {although acearding to Vullo and Tunich
{1928) in this respect it Is less active than @ normal spleen) This is fn
sccord with the slight to moderate chnical improvement which may
follow splenectomy particularly when the spleen 1s greatly cnlarged
Studies of the survival of normal erythrocytes in patients with Cooley s
anxmi have mostly given normal results However shortened
survival has been noticed (McLlifresh Sharpstein and Akabane 19.5
Smith e al  1905a) and it 13 10 these patients who possibly have
! that may be b fal (see p 217)

Mechanism of Hiemolysis Whipple and Bradford (1936)
recognized that the erythrocytes in Mediterranean anxzmia
appeared to undergo f) 10n tn itro 1y readily
Tins phenomenon has often been commented on subsequently

Aarmont and Branchi (1018) in descnbing three cases of the
Riett: Grepp: Michel type reported some detailed observations They
found that the was Iy marked 1n tal
preparations stamed with brilliant cresyl blue ~ under these conditions

dumb bell erythrocytes appeanng as two spheres of haxmoglobm
united by a colourless membrane scemed to represent a stage in the
fragmentation process Similar cells could al o be found m films of
peripherat blood allowed to dry immediately after collection  According
to Marmont and Biancln only in anamia 13 erythrocyte
fragmentation so striking It 1s mteresting to note however that they
add that m severe simple iron defictency anemia the mtensity of
fragmentation may be almost as great Zmtl {10.3) and Perosa and
Dell Aquita (1955) have reported analogous observations Perosa and
Dell \quila kept citrated thalassemuc blood at 42 € and found after
56 hours an degree of and
hemolysis

‘/ 1t the erythrocytes disintegrate 1 trvo in the penpheral blood to a
mathed extent in Mediterranean anzmua the plasma hemoglobin
concentration yould be expected to be abnormally high  This has i
fact been found (sce p 211) The cause of the abnormal fragmentation
18 not known It 1s presumably the consequence of defective
erythropoiesis

Nature of the Defect in Erythropolesis The exact nature
of the defect of erythrocy te formation has not yet been determned
Bone marrow studies show that as the normoblasts grow they
develop into unusually small cells which are particularly deficient
n cytoplasm The changes are reminmscent of those produced by
simple wron deficlency and there seems Iittle doubt that part at
least of the fundamental defect of Mo anemia 1s a
failure of the proper and sufficient synthesis of hemoglobin m the
presence of apparently fully adequate amounts of wron It 18
possible that the sbnormalities of erythrocyte morphology are
maerely the consequence of this
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chinteally well having erythrocyte counts of between 4 600 000 and
5 300 000 cells per cu mm and hemoglobn levels of between 10 and
115 g per 100 ml The survisal of their corpiseles in normal Tecipients
was normal The fact that mn the severely affected cases some of the
cells appeared to be reltisely rapidly destroyed while other cells were
destroyed at about the normal rate indicates a marked sanabilty
within the population of erythrocytes in respect of the defect leading
to rapid lysis An examination of o blood film of a severely affected
patient certamly shows that there 13 abo great variabiity m
morphology  haplan and Zuelzer thought that the most deformed
cells were probably ehminated first but concluded that porkulocytosis
per se was not d with rapid

Hamilton Sheets and DeGowin (1940) also reported on the survival
of NMediterranetn anxma blood The crythrocytes of a subject with
thalassxmia mununa survised nommally when transfused to & normal
recipient but the survival of the corpuscles of o patient with a more
severe form of the trait was shightly impaired (elimnation complete
within 84 days)

I'rontali and Stegagno (1921) transfused the blood of two cluldren
severely affected with Cooley s anzma into reeipients suffering from
mild anema not considered to be hamolytic in ongin - Using the Ashby
method they found that the elimmation of the transfused cells was
complete in 12 and 19 days respectisely Frontal (19.4) reported the
results of further expertments I'he hife span of the erythrocytes of five
patients with t] major was d to be from 18-20 to
50-"0 days while that of five symptomless thalasseemma trait carners
was found to be normal

\ore recently studies have been carnted out using ¥Cr  Sturgeon
and Finch (1947} studied three patients and found 5:Cr half times of
10 9 and 7 days respectnely corresponding with a calculated rate of
destruction of 7-10 times the normal Bailey and Prankerd (1928)
studied two adults and found evidence of two populations of cells one
population had a mean hife span of only a few day s and the other a mean
Iufe span of about 30 days (¢f haplan and Zuelzer 1950) The short
hved cells appeared to be destroyed n the spleen

ullo and Funioh (19,8) transfused the Cr tagged erythrocytes of
seven children with thalisszmia nto a vartety of reciprents In the
patients themselves the #!Cr half times were 9-22 days (normal 25-32
days) In four instances 1t was possible to transfuse normal recipients
(with spleens) alse m each case the sutvival of the patient s erythrocytes
was less 1n the normal subject than 1n the patient s own cireulation
In three further experiments the patent s cells nere divided between
the patient and o splenectomized but otherwise henlthy subject the
rates of elmnation were about the same 1n each patr of reciprents

Lrlandson and co workers (1958) have also published extensive data
The $1Cr half times 1n ten children with thalassemia major were 6 419 5
days (equivalent to mean cell ife spans of 10 3-19 days) The shortened
survival in this senes could not be correlated erther with the JIb F
content of the cells or with the degtee of an@ma present

Role of the Spleen

As yust referred to Bailey and Pranherd (1928) by in vivo counting
with ¥Cr concluded that the spleen was an mmportant organ 1o the
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allustrations also show that some of the erythrocytes are honeycombed
with vacuoles In o later paper Bessts Alaglle and Breton Gorws
(1948) mentioned 10 additton to the iron contaming granules (ferratin
or micelles ferrugineuses ) and the vacuoles the occurrence of masses
of amorphous mterial (of unhnown nature) and of denser spherules
which they belteve may be the I \S positive material

Tishkoff (19,8) provided quintitative data on the excessive amounts
of stromal (non bin) 1ron in the erythrocyte In
labelling experiments using $Fe 1t could be cleatly shown that more
1ron was actually present tn cell stroma than in the hemoglobin the cells
contamed

The studies d 1n the p ding P phs and the
fact that the bone marrow forms ery throcy tes of low hemoglobin
content although the parent erythroblasts contain an excess of
1ron contaimng granules visible by ordinary mucroscop)y strongly
support the hypothesis that hem n
Med nemia Ul they do not provide
evidence as to how and why this happens It 1s clearly a problem
which can only be solved by hochemucal techmques A step
towards a solution has been provided by the recent elaborate
study of Bannerman Grinstein and Moore (1809) They measured
the mcorporation of [2 CJglycine and #Fe by the immature cell
population of penipheral blood samples from mmne patients with
thalassermia major seven of whom had undergone splenectomy
Although the results varied widely between the samples the hem
synthetic activity was generally low when related to the numbers
of mmmature cells present However the thalassemia samples
showed a brisk incorporation of [Clprotoporphyrin into hem
and the incorporation of #Fe into hem 1n a thalassermia sample
was greatly increased by the addition of free protoporphyrn
No abnormality in globin synthesis could be demonstrated and 1t
was tentatively luded that hem hesis was dn two
ways (1) the rate of protoporphyrin synthesis was abnormally

slow and (2) there was a partial block m the combination of
protoporphyrnn and iron

1ok sthesis 15 d

Hemoglobin in Mediterranean An®mia

As already mdicated an important difference between
Mediterranean anznua and iron deficiency anzmua lies mn the fact
that a relatrvely large amount of the hemoglobin 1n thalassemia
major 13 of the feetal (Hb F) type The first relevant obsersations
were made by Veccho (1946 1948) and Putignago and Fiore
Donat1 (1948) who showed that the rate of alkal denaturation
was slowed This work was soon confirmed and other pomnts of
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However certun features suggest that a defect mn hemoglobin
synthesis may not be the whole extent of the abnormalty of
erythropotesis T'or example the abnormalities in the erythrocytes m
thalasszmia major are more severe than are seen i simple 1ron defictency
anemmz 1 severe cases too there may be an actual defect i the
maturation of normoblasts (Hamilton and Fowler 1801 Astaldl
Tolentio and Sacchetty 19.1b  Astald: and Tolentino 1952) On the
other hand 1t can be argued that the remarkable changes in erythrocyte
morphology and behaviour are all the rtesult of a deficiency of
hxzmoglobin synthesis and hence of erythroblast cytoplasm that 13
more severe than 1s ever seen n simple iron deficiency It 1 true too
that in the minor and mimma vaneties the changes in the peripheral
bfood and 1n the bone marrow are stmilar to and difficult to distinguish
from those produced by sumple iron deficiency Even so the degree
of punctate basophiha and target cell formation 13 usually greater
than in 1ron deficienc;

From the morphological pomnt of view there are therefore some

between anzema and iron deficiency anemia
which do not scem to be entirely explained on quantitative differences
1n the seventy of the of lob ‘There are
moreover some other which are probably of path

signmificance  For instance patients may be encountered 1 Whom
joundice of apparently hemolytic type 1s 8 marked feature (the
Rrett1 Greppt Micheli anema) Whether or not the unusual tendency
to hemolysis and jaundice 1s the result of other genetic mftuences n
addition to that produced by the gene for Mediterranean anzmia s
unknown at present

‘urther d. of ab ) er P was
provided by Astaldi Rondanell; delli and (1951} who
demonstrated by means of the periodic acid Schiff (PAS) rejm‘twn :;ln

N 1 bt m the

otemn or
eytoplasm of erythroblasts m 20 cases of thalasszmia major Erther
pink staining granules or less often a diffuse pink colouration was
observed No reaction was disceruble with normal bone marrow cells
nor with the marrow of ten cases of thalassemia munor A positrve
reaction was however obtamed i o single patient with leukzma
This work has been confirmed by Chatterjea and co workers (1926) and
by Greig and Metz (1957) 1ts sigmficance 1s unknown Greig and
Metz however reported positive results i thalassemia mnor as well
as 1n thalassemma magor and also weak positive reactions 1n two patients
with hereditary spherocytosis and one with paroxysmal nocturnal
hemoglobinuria  Strongly positive results were also obtaned m two
patients sulfering from erythremic myelosis

‘Another approach has been by way of electron microscopy Hoffman

Yvolman Hiller and Parpart (1956) studied the ultrastructure of
erythrocyte ghosts 1n this way and found that althongh the surface
texture of thatassmmia mmor cells seemed to be normal that of
thalassemia major cells was abnormally coarse Bessis and Dreton
Gorus (1957) demonstrated 1n the erythrocytes m Cooley s anemia
also by means of the electron microscope # gross excess of mmute
dense 1ron -anules h the cytop
or 1n masses The masses of granules correspond with the stderotic
granules visible by ordinary microscopy Therr remarkably fine
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50% of the patients and the remainder have from 1-4%, Fessas s
(1959a) figures are stmilar there 15 usually less than 3% of Hb T’
and often a normal content six out of 50 pattents had Hb ¥
contents of 879 Some data jllustrating how the Hb F content
of blood mav be caleulated are shown in Fig 93

The persistence of Hb F beyond the neonatal period 1n the
erythrocytes n Mediterranean anzmia and in sichle cell disease

00

E

% UNCHANGED HAEMOGLOBIN ON LOG SCAL

03080 TIME IN SECONDS
Fio 93 Denaturation rates of hemo,lobin by alkal
A HbSirait No Hb-F Present (a normal result)
B Mediterranean anma (thalsssenua major) 12 / of Ib F
C. Hb S disease (chuld aged 1 year) 21/ of Hb.F

D Cord bload from ¢ normal infant 747 of HH F  (From White
and Beaven 19 4)

1s of great interest The reason for its persistence 13 however
abscure.ﬁhch (1952) made the interesting suggestion that 1t was
he block to the synthesis of normal adult hemoglobin which led
to the persistence of the feetal type rather than that the gene
mfluenced Hb F formation 1n a positive way This 1dea seems
generally to have been accepted
Recently a second.iormal type of adult hemoglobun (A,) has
been recogmzed (hunkel and Wallemus 1905) Hb A, 15 normally
present only n small quantities its mobiity on paper
‘DACIE B REMOL ANENLLE—S



224 MEDITERRANEAN ANAEMIA

similanty between HbF and Mediterranean anemia alkalt
resistant hemoglobm have been established (Liquom 191
Singer Chernoff and Singer 1951 Rich, 1952 Chernoff 1953,
Roche et al 1923 Itano 1957, White and Beaven 1959)

It seems hkely that the alkal )i n
anzemya erythrocytes 1s 1n fact 1dentical wath Hb F - Liquor: (1901) m
addition to observing the d to alkal
also found that the crystal form of the hzmoglobin of one patient
Tesembled that of human Hb T' as described by Jope and O Brien (1949)
rather than that of human adult Jope (1949) d
a signuficant dufference 1n the form and position of the tryptophane
notch 1n the ultraviolet absorption spectrum of Hb F as compared with
the normal adult type In thalassmima major evactly the same
difference 1s discermible (Liquor1 1921 Beaven and White 1923}

Chernoff (1953) showed that there was a very close relationship
between the amounts of foetal type hemoglobin 1n vartous types of
pathological erythrocytes as estimated by alkali denaturation and the

as d by an 1 method using a serum
prepared agamst Hb F obtained from cord blood

Huisman Prins and van der Schaaf (1936) found that the ammno acid
composition solubility and behaviour on chromatography of the alkalt
resistant hemoglobin of Cooley s anemia and normal Hb F were the
same and de Marco and Trasart: (1957) obtamed identical data on
erystallization and for amino acid composttion

There 3s thus an impressive array of evidence m favour of the
absolute identity of the alkah h lobn 1n thall
and Hb F Nevertheless 1t has to be added that Dernen (1959)
states that 1if the two haxmoglobmns are subjected to moving
boundary electrophoresis at pH 65 and 1ome strength 0018,
totally duffe ! are obt: d

Many g ve ts of alkalt
i thalassemia have by now been carred out In thalassemia
major Hb F 15 usually present 1n very large amounts and values
of 50-90% are usual (Cutillo and Romagnoh 1953 Penalt
Turco and Lovisctto 1954) However percentages as low as 20%
or even less have been observed mn patients who appear to be
genunely homozy gous for the thalassemia gene (Choremis Zannos
and Dentalis 1955 Sturgeon Itano and Bergren 1955 White
and Beaven 1959) and 1t seems generally to be agreed that the
proportion of Hb I present cannot be correlated with the chmeal
sevenity of the disease (¢ g Penatt et ol 1955 Sturgeon Ttano
and Bergren 1955 Fessas 1959a)

In thal runor the of Hb F present are always
small According to Beaven and White (1959) who have used
several sensitive methods of estimation none 1s detectable i about

h Tob
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content exceeded 4 5% 79 were normal or borderine The results
In thalasszmis major were variable ranging from subnormal levels to
133/ There appeared to be no correlation between the hemoglobin
level and the ITb A, content

SYNDROMES PROBABLY ALLIED TO
MEDITERRANEAN ANZEMIA
1 Sex linked Anzemia of Cooley and Rundles and Falls
{ Pseudothalasszmia )

In recent years a small number of family studies have been
reported of a hereditary hypochromrc anemia which appears to be
distinet from Mediterranean anzmia  Subjeets of svarymng
nationalities have been affected As m Mediterranean snema
the essential defect seems to be a failure of the synthesis of
hzmoglobin  whether or to what degree excess hzmolysis 1s
important 1s uncertain It seems hikely that the majonty of these
reports deal with the same disorder which has been vanously
named (see references)  Pseudothalassema  (Gelpr and Ende
1958} 1s the only short title which has been suggested The disorder
1s remarkable in appeanng to affect mn 2 severe form only males
The first deseriptions available are those of Cooley (1945) and
Rundles and Falls (1946) and as an slternatine title to

pseudothal. the ep one Sex linhed anzmia of
Cooley and Rundles and Falls rmght be appropriate but for the
fact that it 15 too long and associates Cooley with tro superfictally
sumular but apparently distinct types of hereditary anemia The
title  Anzmta hypoch d h hered; of
Heillmeyer and co worhers (1928) while appropnate also suffers
by being too long and 13 too stiff Malassenet (1908) in a Tecent
review refers to anémie hypochrome hypersidérémique  This
title however fals to indicate the hereditary nature of the
disorder

As already mentioned the first description was that of Cooley (1945)
who under the title A severe type of hereditary anemia with
elliptocytosis reported the incidence of an unusual type of anzmia in
two brothers They were members of a family m which for five
generations back on the mother s side 19 out of 29 males had suffered
from severe anzmia Sixteen of them had died ten mn therr first year
Neither the boys mother nor any other female relative was affected

he erythrocytes were markedly hypochromuc and more than
50/ of the cells were oval or ellrptical 1n shape No target cells were
present  Osmotic fraglity sturhes showed an inereased span of
Tesistance there were a few fragle cells but on the whole resistance
was increased One boy underwent splencctomy but without defimte
improvement
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electrophoresis 1s similar to that of HbE and it 1s best
demonstrated by starch bloch electrophoresis  Kunkel and
Wallemus found increased levels of the new component mn
thalassemia minor—its presence was probably the cause of the
abnormal electrophoretic pattern which had been noted by
Humble Anderson and White (1954) and Smger and co workers
{1954) 1n single eascs  More recent studies have confirmed these
observations (Manmone ¢t ! 1906 Kunkel ef al 1907 Crowley
et gl 1957 Carcasss Ceppelim and Simscalco 1957 Mannone
and Bernascont 1908 Gerald and Diamond 1908a Josephson
et ol 1958 Fessas 19.9a)

Kunkel and co workers (18.7) found the A, component to be present
m the blood of eich of 300 adults (mean concentration 2 54 * 0 35%
of the total h lobin present) In thal mnor higher values
were obtamed (mean 511 + 136%) They made the point that i its
virtual absence at birth the findings with Hb A, parallel those with
HbS HbCand Hb & Normal values for Hb A, were found m the
Ppresence of single or double genes for Hb S suggesting that the gene for
Hb 4,15 at a different locus The concentration of Hb A, was found to
be low 1n thalasseemia major Kunhel and hus colleagues suggested that
the mse 1n the Hb A, level m thalassema minor 1s equivalent to the
nise 1n Hb C or Hb S when heterozy gosity for Hb C or Hb § 1s combined
with the presence of a single gene for thalassemia

Carcasst Ceppelim and Simscaleo (1947) d the Hb A,
content of the blood of 78 patients with thalassemia mumma with that
of 157 normal subjects The mean values were 5 19 + 0 8% and 233
4 039 respectively In a few patients 2 raised Hb A content was
the only abnormality detected In contrast there were also a few
undoubted earriers of the thalassemia gene whose FIb A, contents were
normal some of the latter group were iron defictent

Gerald and Diamond {1908a) studied srx thalasserme famthes As
expected the parents of children with thalassemra major all showed an
increase n the concentration of the A, component as well as
microcytosts ¥ ere d to be mn b
concentration of HD A, between different farmilies although the
concentrations within families were sumlar Gerald and Diamond
stressed the value of the measurement of Hb A, and mean corpuscular
volume 1n the diagnosts of thalassemia trart

The data of Josephson and ls co workers (1058) were essentrally
stmilae Thirty two patients with thalass®emia intermedia  muor
or mumma were studied 1n each case the Hb A, content exceeded
35% the upper hmit of normal Two children with Cooley s anama
were also investigated and contraty to the results of hunhel ‘o\nd hus
co workers (1957) abnormally igh vahues for IIb A, (337 and
94 /) were found Josephson and hus colleagues failed to find any
correlation between the seventy of the disease and the content of

he

Hb A,
ch;as (1959a) reported on 51 patients with thalassemia mier and
twenty with thalassemia major 1 90% of the minor cases the Hb A,
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Rundles and Falls (1940) described two further Amertcan families
Probably sullermg from the same disorder The first family was of
German Scottish and English onigin m this family there were two
relatively severely affected muales and five muildly affected females
The sccond famuly was of I nglish Dutch and Swiss stoch two bays
were severely affected and there were six mildly affected fernales The
most obvious blood abnormalities in the ymld {carrier condition) were
smsocytosis and the presence of some hypochromic elliptocytes and
pothilocytes In the seyerely anemic males the intensity of the $ anation
in erythrocyte size and shape and staining closely simulated that found
1n Mediterranean anemia of a compatable degree of anema One of
the patients underwent splenectomy without benefit Inclusion bodies
(s1derotic granules) were noticed 1n his erythrocvtes after the operation

More recent reports describing patients who probably have suffered
from the same or a closely related disorder are summanzed below All
the descriptions refer to males

Mulls and Lueia (1019) desenibed the oceurrence in @ man aged 27 of
German  Insh and Irench descent of a refractory hypochromic
microcytic anemia  Numerous siderocytes were noticed m hus
erythrocytes after splenectomy His anmnua was considered to be
distinct from thalassemua 1t was attributed to a defect in the ability
of the hemoparetic system to utilize sron  The patzent s half brother
had an 1dentical condition and coarse siderotie granules were noted
his normoblasts Ife also underwent splenectomy Both brothers
ultimately died of anemia_cardiac farlure and multiple thromboses

More recently Garby Sjolm and Vahlquist (1957) have desenbed
detaled studies on o boy sged 15 years suffermg from a chronie
tefractory hypochromie anamyma Other members of Ius family were
probably also affected Thalassemia was excluded as the diagnoss
on the grounds that the spleen was not palpable despite severe
anemia  The feetal hemoglobin concentration was verv low (0 7%) and
the lLife span of the patients erythrocytes was normal Disturbec
hem lism was d as the probable cause of the anerma

Lukl Viedermann and Barborfh (1928) described the incidence of
& thalasserma hke condition n five pdult male patients {of Czech
ongin) which was associated with h@Emochromatosis demonstrated
by hver biopsy or at necropsy The hamatological findings were
considered to Be almost tdentical with those of thalasserma and 12
support of this view the authors mnstanced the leptocytosis (buttg:

ery’ the ery Y osmotic
hy persidennznua and what they considered to be identical bone marrow
changes including positive Iotchlass (PAS) reactions Anemia
as severe with the hemoglobin concentration in one patient faling
as low as 82 g per 100 ml Abnormal hemoglobins were not
demonstrated and the Ib F content was only shightly raised (3 8-6 9 /o)
The MCV varied from 62 to 89 eu u MCHC from 22 to 279, and MSD
from 69 to 73 p  The highest reticulocyte count recorded was %,
Twwo of the patients died and the third was being kept alne by bl

transfusions An extensive famuly study resenled that the potients
were probably not homozygotes for an abnormal gene and that the
disorder was severe only 1 males but could be transmitted by females
who mught be muldly affected {exactly asin the famuly study of Rundles

and Falls (1946)
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Heilmeyer and his co-workers (1048) reported sinular studies on a
84 year old man and hus brother also suffering from a hypochromic
anemua refractory to treatment  Siderotic granules 1n the erythroblasts
were unusually large and numerous The absence of cwidence of
inereased hemolysis_ absence of target cells and the normal mean cell
diameter were thought to differentiate the disorder from thalassemia
However neither patient was particularly anemic (hxmoglobins 10 4
and 108 ¢ per 100 ml_respectively)

Gelpr and Ende (19.8) described two brothers of Swi s Laglish stock
aged 33 and 39 years respeetively  Their mother and a sister may have
had the disorder 1n & muld form The more severely affected of the
patients was submitted to splenectomv  Berefit wos short hved and
subsequently he suffered from recurrent phlchitis The platelet count
ranged between 2 to 3 millions per et mm There was some evidence
of excess hermolysis_the $1Cr half time of the patient s cells was 19} days
(that of normal cell 1n the pateent was 32 diys) The hife span of
the brother s erythrocytes was normal (he was less anemic hemoglobin
10 g per 100 inl) Seril Iner biopsies 1n the more severely affected
patient the ! it of
and ultimately glucose tolerance tests gat e dibetic type curves

As mentioned 1n the first edition of this book (Dacie 190 p 130}
the author has made some observations on a famly hving Fondon
who almost certamly suffer from the same type of  sex hnked
anerma  as 15 deseribed 1 the reports mentioned above
Pre splencetomy and post splenectomy blood films of the most scverely
affected patient {a young man) and of hts mother are illustrated
Figs 91-96 Since then another patient (also & young man) has been
studied who presented with an identical blood picture (after
splenectomy}

In many respects the above disorder simulates Mediterranean
anema However there are some differences of which the most
important 15 clearly the mode of inhentance (the gene being

| dommant but only achieving full expression mn males) If this
mode of inhertance can be confirmed in other families the
separation of sex linked anemia  from WMediterranean anzmia
can be considered as proved The blood pictures of the two
conditions are similar if not 1dentical Howesver 1t 1s possible that
the number and size of siderotic granules 1 developing
erythroblasts may prove to be greater it sex linked anema
than in Mediterranean anema (¢f Tigs 97,and 97) Further
study on this pomt 1s required Another Po S/nbl) distinguishing
pomt 1s the relatively low or even normal levels of Hb Fin  sex
linked anema (It can however be argued that low levels of
Hb F may also be found 1n clinically severe thalassmmia mnor
with comparable degrees of anemia )

Not only 15 the marrow on greatly mereased m  sex hnked
anemia  but there 1s also a general tendency to the deposttion
lcf won throughout the body particularly in the hver It does not
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present 1 heterozygous form with normal hemoglobin has an effect
on erythropotesis which is closer to that of thalassxma than the other
hzmoglobinopathies

3 Other as yet Unclassified Syndromes
As described on p 267 there have been several reports which suggest
that an abnormal gene exists whose effect 13 to permit the peraistence
into adult bfe of relatively large smounts of feetal hemoglobin  Its
presence 15 however not mssociated with anemma or any other
This disorder is thus easily

sepatable from Mediterranean anemin

Cabannes Raffi and Bomenu (1027) have reported another mteresting
abnormality the presence I several members of a family sulfermg
from & congenital hamolytic anemia of cxcessive amounts of Iib A,
{14-27 ;) amounts far higher than are wsually found n thalassermy
sunor  Cabannes and his . d that the 1n
this famuly also belongs to the thalassmmia group rather than to the
group of abnormal hremaglobinopathies

Other patients whose blood pictures have shown unusual features
eg macroeytosis and o high colour mdex hase been descnbed by
Gasser (1001) and Schaeffer (1004) The exact status of these cases
( thalasszmua of the Fancont Patrass: type ) 1s obscure The same 13
true of the two children described by Debler (1939-30) as suffening
from a familial hypochromic hemolytic anzma with mereased osmotic
frapility and who responded well to splenectomy  Perhaps this disorder
belongs to the group referred to by Quattrin (1850) asan Intermediate
type of constitutional hemolytic jaundice due he beheved to the
mtermarriage betwcen carrers of the traits for hereditary spherocytosis
Tiett Greppt Michel anzmia or hereditary eliptocytosis

The famihal congenital chronte hemolytic anemia of Stransky and
Regala (104¢) 13 now hnown to belong to the Hb L syndromes
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scem likely that this can be wholly accounted for by 1ron given
1m the form of transfused blood It 1s uncertan whether the excess
wron 1s derived from the mcreased absorption of therapeutically

admmistered 1ron or of won m foodstuffs as the result stmply of
a state of wnwrma persisting for years or whether there 1s an
mereased avidity for absorbing iron unconnected with anzmia
It 15 clear h that(h h osis figures p tly
mreportsol sex linked anemia Jc g thos¢ of Lull Wiedermann
and Barborfk (1958) and Gelpt and Ende (1958))

Treatment Splencetomy 1s madvisable The anema is not
significantly affccted and  post operatine thrombophlebitis 15
apparently a frequent and serious complication ¢ g 1 the two
patients of Mills and Lucra (1949) and the patient of Gelpr and
Ende (1958) Thrombophlet and pul 3y embolism alse
led to the death of one of the patients studied by the author

Pyndoxine has been used repeatedly n refractory anzmta of
obscure onigin and although most patien*s do not respond there
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2 The Lepore Trat

Gerald and Diamond (19.8b) have recently described an nfant of
Italian parents who was thought to be homozygous for thalasserma
but who on further investig 1tion was shown to be a double heterozy gote
for thalwssemia (mmhenited from his father) and Lepore hemoglobin
(mhented from his mother) (Lepore hemoglobm can apparently onlv
be clearly separated from Hb \ by starch block electrophoress b
then mgrates between Hb A and Hb A, at the same speed as Hb §
Tt does not cause sickhing)

Lepore hemoglobin was demonstrated mn several members of the
mothers family (10-12% of abnormal hemoglobim) Its presence
was assoctated with a blood picture resembling that of thalassemua
minor there was hittle or no anzmma but some target cells could be seen
m films and there was a moderate degree of amsocytoss and
porkatocytosts The MCY was between 71 and 76 cu p the MCHC was
normal (32-81%) The mnfant propostius (heterozy jous for thalassema
and the Lepore trut) was severely anzme (hxmoglobin 57 g Pe;'_
100 ml}) 1ts blood film resembled that of thalassemia major Ths0 :’/
its hemoglobin was Hb T' ,% was Lepore hemoglobin and 12
HI0 A+ | and Diamond pomated out that Lepore hzmoglobm by gving

gse to a clintcal syndrome with mild anemra and microcytosis when
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CHAPTER 6

THE HEREDITARY HAMOGLOBINOPATHIES

SICKLE-CELL DISEASE AND ALLIED
SYINDROMES

History In 1910 Hernich published an article entitled  Pecular
elongated and sichle shaped red blood corpuscles mn a case of
severe anemia 1n which were desenbed many of the more
charactenstic hzmatological and chnieal findings of what was
later referred to as sickle cell anermua  Although sichle cells were
well lustrated by Hernck the development of sichling 15 ruro
was not described until 1915 when Emmel studying the blood of
a patient whose chnical hustory was reported by Cook and Mever
(1915) noticed that long sharp projections formed from the
erythrocytes when sealed preparations of blood were allowed to
stand undisturbed at room temperature for several days In 1817
Emmel published a full descniption of his obserations on the
development of sichled forms he also reported that identical
changes tool place when the blood of the patients father was
sumlarly cultured 1n vitro Mason (1922) 1ntroduced the term

sickle cell anerma and suggested that the disease might be
conﬁned tothe negrorace In 10"3 Huck showed that the sichling

was d and an snalysis of his
data by Taliaferro and Huck (1923) indicated that the inhentance
was probably controlled by a single non sex hinked abnormal gene
acting 8s & Mendehan domunant Out of 23 children 1 a single
family born of matings between presumed heterozygotes and
normal subjects eleven were normal eleven showed stichling and
one was untested

Full chnieal accounts soon followed Sydenstnckers (1974)
paper 15 particularly noteworthy active and latent phases
of the disease were recognized and the anzmia was attributed to
excessive blood destruction secondary to the sichling phenomenon
The blood changes were described 1n detail The previous 3 ear
Sydenstricker Mulhenin and Houseal (1923) had desenibed the
post mortem findings in two cases They also tested the blood of

a large number of white and negro subjects for sichling and
243
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The literature on the abnormal hemoglobing 1s now mst m
extent In 1941 Margolies Iisted 344 ma
Teview on sichle cell anemia Since then however muny hundreds
more papers have been published Important reviews covering
the clinieal genetical and chemical aspects of this new knowledge
include those of Pauling (19.3-54) Itano (1955 19,6 19.7)
White and Beaven (1004) Snger (1051 1905) ChernofT (1955)
Alhison (1926b) Lehmann (1956 1907 1909a) Zuelzer Neel and
Robinson (1946) Wastson (1906) Itano Bergren and Sturgeon
(1956) Gatto (1956) Smith {1907) Neel (1907) Huisman (1958)
Ingram (19.9) and Beaven and Gratzer (1959)

The alphabetical nomenclature of the recently discovered
hemoglohins has fortunately become standardized and generally
accepted and 1n this Chapter I shall adhere to the suggestions
contamed 1n a comparatiely recent publication (1957) of the
Dntlsh Colomal ]\chlcnl Rescarch Committee They descnbc a

d of

m which the

normal adult h:zmog]ohm (IIb A) 15 partly or wholly suppressed
and 1s partly or wholly replaced by one or more hemoglobin
vanants which may include feetal type hemoglobin (Hb F) The
term disease 1s used to refer to any morbid condition produced
by one or two haxmoglobin wmants n the absence of Hb A
C of one ab lobin with Hb A give nise to
traits which with the possible exception of sichle cell trait (Hb S
trait) have no clinical effects (see p 251)

The short notation recommended by a Working Party of the
Colomial Medical Research Commuttee s as follows for an abnormal
hmmoglobm (eg HbC) m homoz) gous state Hb C disease for

of two {eg HbC plus
}Ib D) Hb C/Hb D disease (hypothetxca.l) or of one hmmoglobm
(eg Hb C) and th Hb Cjth
of an abnormal hzxmoglobin (e g Hb C) wath normal hamoglobin
are written sumply as Hb C trait ete

The Commuttee appears to prefer the term  sickle cell trait
for Hb Strait although using the notation Hb C trut and Hb D
trait ete In the present worh however Ishalluse HbS asa
convement short notation for hmmoglobin S and also Hb S
trait  Hb 8 disease and Hb S/Hb C disease for sickle cell trmt
sichle cell disease and sichle cell/Hb C disease respectively

In this Chapter the chimeal S}ndmmes essociated with the
presence of the various abi will be d
first Next details will be given of the at 1hemoglobins
and finally the pathogenesis and treatment of the chnieal
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concluded that sickle cell anema was a familial disease which
only affected the negro race

Subsequent discoveries of great sigmficance nclude those of
Hahn and Gillespie (1927) who showed that sichling developed
as the result™T afall'in*the partial pressure of oxygen and the
more recent work of Pauling Itano Singer and Wells (1949) who
demonstrated that the sichhng phenomenon was associated with
the presence of an abnormal form of hzmoglobn (hxmoglobm S
or Hb S) The work of Pauling and his collaborators has been the
starting point of much recent work of major importance In
particular at least 14 further types of abnormal adult hemoglobin
n addition to sickle cell hemoglobin have been discovered and
o whole range of new clinical syndromes have been recogmzed

The Abnormal Hmemoglobins The new’ hzmoglobins
have been named alphabetically 1n order of discovery However
hemoglobin S (Hb S) 15 used to describe sichle cell hzemoglobin
rather than I globm B and h globin F (Hb F) 1s retained
for feetal hemoglobin  Normal adult hemoglobin 1s referred to as
hzmoglobin A (Hb A)

Hzmoglobin C (Hb €) was described by Itano and Neel in 1950
and hzxmoglobin D (Hb D) by Itano m 1951 Hemoglobm E
(Hb E) was described independently 1n 1953 by Chernoff Minmch
and Chongchareonsuk and by Itano Bergren and Sturgeon and
hazmoglobm G (Hb G) by Edington and Lehmann (1954b)  Since
1954 hzmoglobms H I J K L N O P and Q have been
discovered and the hst does not yet seem to be complete (see
p 200}

U 1y the 1 system of
seems at present to be brealing down Trst 3t1s possible that all the
available letters may soon be used up! Secondly it has happened that
the same letter has been allotted to more than one type of hxmoglobm
as the result of new discoveries being made more or less sunultaneously
1n different parts of the world Toavord thisand toprevent 2 hemoglobmn
bemng labelled ns & new one when mn reality 1t 1s the same as another
recently deseribed vamiety several worhers have tentatively labelled
thewwr new hemoglobins according to where the hemoglobn was
found eg  Galveston (Schneider and Haggard 1927) Barts
(Ager gnd Lehmann 1958) and Norfolh (Ager Lehmann and Vella
1958)zAger Lehmann and Vella (1858) have suggested that it may be
useful *as a temporary measure to separate the abnormal hemoglobins
intoseveralmaimn groups according to their general type of electrophoretic
/ mobility and to label the hemoglobins within each group numerically
or by small letters eg Group Ior C (those types shich migrate the
glowest at pII 8 6) Group IT or § Group III or G Group IV or A
Group V or J and Group VI or I (the group which migrate the fas!cst)}
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(1951) Lsted thirteen instances mostly m Greeks Itahans and
Stcihans but added that ancestral negro blood can be suspected
Margolies {1921) who referred to 30 cases and Plachta and Speer
(1942} sumlarly concluded that ancestral admixture with negro
blood was the most hikelv explanation

Present knowledge 1s summanzed in Fig 98 Hb S 1s found all
over tropical Afmea although not equally distnbuted amongst
the African races—the maximum mnedence of the Hb S trait 1s
about 40%, It s also found to some extent in hmited loct 1 the
countries bordening on the Vediterranean 1n the Middle East and
in India (see Lehmann 1956 1956-57 19593 Neel 19.7)

The relative incidence of the b S trait 1n didferent populations was
comprehenasely reviewed by Mourant (1824) More recent reviews on
the distribution of Hb S in Africa include those of Allison (1956¢)
Neel (1957) and Vandepitte (1809)

hmann and Cutbush (192.) were the first to find Hb S in India (in
certain pnmitive hull tnibes (Y eddoids) ) Subsequently Hb § tratt and
Hb S disease were identified in other places ;n India and Assam (see
Shukla and Solanki 19,8 Shukla Solanki and Parande 1938
Chatterjea 1929) Chorerms and co-workers (1901} found that the Hb S
trait was relatively frequent 1n certain locahities in Greece (see also
Fessas 19590) and 1n Turkey Aksoy (1900 1906) deseribed a relatively
Tugh incidence of Hb S tratt (13 3/) and g0 Hb S disease 1n an
1solated Ett Turk community (sce slso Aksoy 1909) Cabannes and
co workers (1006) and Portier Cabannes and Duzer (1959) have provided
data on the occurrence of Hb-S (and other abnormal hemoglobrns) in
North Afriea

Whether th forthe Hb Straith
1n the different ethme groups referred to above or has spread to each
group from a common ancestor 1s an unsettled and intriguing problem
(\eel 1953) Lehmann (1003) suggested that the Hb S trait was not an
essentially negroid feature he considered that the trait had probably
entered Africa from the north east According to Lehmann {1826-57
1920b) Veddord races peopled Arabia n neolthic tunes spreading
south mto Africa and India later perhaps carrying the gene for Hb S
with them (Fig 99)

he presence of Kb S in Amenca 13 by contrast a relatively recent
event 1t was undoubtedly brought to the West Indies (Jeluffe Stuart
and Wills 1954) and to North Amernica first in the 17th eentury by the
amportation of negro slaves from Vest Afnica The present ineadence 1n
the negro population 1n the Uruted States 15 8-9 / or almost 1 / of the
entire population (Schnerder 1926 Levin 1958)

I e of H: lobin § The that the
sickle cell phenomenon might be mhented was first hinted at by
Emmel (1917) who observed that the blood of the father of a
Ppatient suffering from sickle cell anzzmea sichled 11 mitro  In 1923
as has already been mentioned Huck and Talaferro showed that
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syndromes will be discussed  Sichle cell anerua (Hb S disease)
recerves the fullest treatment 1t 1s the most serious of all the
hzmoglobmopathies and has been the most fully studied

SICKLE CELL TRAIT AND SICKLE CELL DISEASE

Synonyms Sickle cell trat Hb S trait sichlemua (Cooley and
Lec 1926) sichlerma trait (Commuttee for Clamfication of
Nomenclature, 1950) Sickle cell disease sickle cell anerma (Mason,
1922) drepanocytic anemia (Hahn 1928) meniscoeytic anemia

wl

Y16 98 The distnbution of b S 1n the Old World  (Only areas
where sickling has been found repeatedly have been marhed
with one esception—the remarkable _observation of sickling
m Bihar cooltes working 10 Assam ) Redrawn from Lebmann

(19 9b)

(Graham and McCarty 1930) sichlerma (Commuttee for Clanfication
of Nomenclature 1950)

Geographical Distribution of Hemoglobin S Much work
has been done 1 recent years on the inaidence and geographieal
distnibution of Hb §

As already mentioned the early work in America suggested that
the Hb S trait was entirely confined to the blood of negroes
Later, howeter doubts arose and Mason (1938) accepted as
authentic reports of sichling m white families without any
reasonable suspicion of admixture with negro blood W introbe
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time to time for no reason madrep 1
Valuable large scale famly studies carried out mn the Belgan
Congo by the Lambotte Legrands (19,0-51 1952 1955a) and by
Vandepitte (1951) provided further valuable evidence in support
of the hypoﬂ\csls of Neel and Beet As Wﬂl be dtscnbed later the

S as d by mHbS
trant and Hb S discase are also stmngly In fav our of the hypothesis
that the trait represents the heterozygous state and the disease
the homozy gous state of an abnormal gene

ytie

The gene for Hb S 1s generally considered to be an allele of normal
adult hemoglobin (HbA) 1Ib C and Hb D are probably further
alleles at the same Jocus IIzmoglobin G and the gene for thalassemia
are appatently not alleles of I1b A or of each other The genes controlling
Temoglobin formation thus occupy at least three loci (Schwartz ef af
1007 Neel 1907 1008 19 9 Zuelzer 10.7) No linkages between the
gme for 1b S nnd the genes responsible for the blood groups or other

inherited have been (Meel
Schull and Shapiro 1952)

As will be desenbed later sickle cell disease (sickle cell anzmia)
18 a sertous disorder with a high mortality minfancy and cluldren
How 15 1t therefore that the gene for Hb S 15 so widespread 1f the
homozygotes so often die before reaching matunty? This has been
the subject of much debate and speculation and it now seems to
be generally agreed that the high mcidence of the Hb S gene i
some parts of the world 1s brought about b} a state of balanced

h with the b having a positive
sun nval value over the normal nnd abnormal homozygotes The
alternative possibility that the Hb S gene could be mamtained by
fresh mutations appears to be highly improbable 1t would imply &
rate of mutation many times greater than other known mutation
tates (Allison 19042 b ¢ Vandepitte 1954 J and C Lambotte
Legrand 1955 Vandepitte Zuelzer Neel and Colaert 1905 Neel
1957 1959)

As wll be discussed m the following section 1t 1s now widely
agreed that a relative resistance to P falciparum malara has been
a most 1mportant mechamsm mn bringing about the persistence
and high frequency of the Hb § gene

Resistance to Malana
Bram (19 2) seems to be the first to have suggested 1n print that the
erythrocytes of sicklers might offer a less favourable environment for
malara parasites than normal cells He based this suggestion on the
observation of Beet (1837) confirmed by himself that the spleen swhich
he (Bramn) presumed was enlarged due to malamal infection was Jess
frequently palpable in scklers than 1n non sichlers
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sickling was 1nherited as a non sex linked Mendelian dommnant
It was realzed by Sydenstrcher (1024) that latent and active
forms of sickle cell anemia occurred and that latent cases far
outnumbered active cases Later the two forms became generally
known as sickle cell anemia and (symptomless) ¢ sickle cell
trait’ (Cooley and Lee 1926 Diggs Ahmann and Bibb 1033-84
Sherman 1940}

The exact relationship between the anzmia and trait was not
established until considerably later In 1947 Neel stated This

Fi6 99 Theongmnof the Hb S gene  Anllustration of the theory
suggesting that the gene for sickling arose m the Middle Cast
amongst the Veddowds and spread from there into Africa and
mto India  Redrawn from Lehmann (19,6b)

st of Huck s hypothesis] 1s that there 1s present in the
coloured population a certain factor which when heterozygous
may have no discernible effects but usually results in sicklng and
when homozygous tends to result 1n sichle cell snemia  Proof of
thus hypothests was published by Neel (1949) when he reported
that the erythrocytes of all of 42 parents of 29 pattents with sxcLIeA
cell anemia sichled Further ory data were publst
by Neel 1n 1951 Beet (2949) independently came to the same
concluston as did Neel based on the study of a single large fanuly
he stated that sickle cell anerma occurs in homozygotes only
and that this may account for the occurrence of the anzmia from




Cuivtcat, FEATURTS 251

of Hb S and the parasite counts remain low The climeal effect of
this 1s that the infection 1s of short duration the meidence of
cerebral malaria 15 low and the mortality 1s also low Alhson
concluded by stating that if the cluld mortality i Africa due to
malaria was 10% and 1f this was confined solely to non sicklers
then thus could explain the high ineidence of Hb S in Afriea

It must be added that while the importance of malana 1s
generally accepted the possibility remams that other factors also
d 1n the survival of the YIb S gene (Foy ef al 1955 Neel 1957
J and C Lambotte Legrand  1058) Delbrouck (1958) even
concluded that m the Beigian Congo hyperfecundity was more
1mportant in this respect than resistance to malana

Clinical Features of the Sickle Cell Trait (Hb S Tralt)

Until recently 1t has generally been assumed that the presence of
the Hb S trait1s not assocrated with any chnical effects whatsoever
This 15 undoubtedly true in the great majonty of mstances

Nevertheless P and pathol 1 changes
oceur which seem most easdy explamed by the presence of the
trait these p are spleme durmg

acroplane fights and less certanly cerebral thrombosis and
pulmonary mfarction (see Singer 1955 Levin 1908)

Hematuria  Judging from recent reports hzmaturia 1s 2 not
very infrequent complication of the Hb S trait In 1050 Goodwin
Alston and Semans described a series of negro patients whose blood
siclled and who had developed unexplained hematuna Four of
the pattents were considered to have the Hb S trait Further
similar cases were reported by Lund Cordonmer and Forbes (1954)
and Chapman and co workers (1954) Goldman Chapman and
Cross (1905) mvestigated six pstlcnts w:th Hb 5 trait who had had
hematuna on several or No
cause could be found and m six of the patientsit was noted that at
the time of investigation the bleeding was confined to one kidney
Mostofi Vorder Bruegge and Diggs (1957) studied the pathology
of the kidney removed from 22 young negro patients thought to
have Hb S trait Severe congestton with focal medullary and
papillaryhemorrhagesand areasof necrosis repair and regeneration
were the lesions demonstrated In a review of the literature they
referred to 58 patients they stressed that the bleeding may be

1 and that should be avoided Further
patients with electraphareucally proven Hb S trait and gross
hematuna were reported by Crone and co workers (1957)
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Beet (1946) had previously reported that the mncidence of malara
parasites was Jower 1n sicklers than in non sicklers m the Balavale
district of Northern Rhodesta  However the difference 1n meidence
between the two groups was found to be much less obvious when a
simyfar study was carmed out i another part of the country and the
possible importance of his first obsers ation was not appreciated (Beet
1047) Unfortunately too Beet interpreted the finding of o reduced
ncidence of splenomegaly 1n sichlers as due to infarction of the spleen
rather than to a dummshed neidence of malana

At about the same time as the above mentioned work was being
carned out in East Africa a relationship between the presence of sichling
and malania was also beginning to be apprecated 1n the Belgian Congo
J andC Lambotte Legrand (1920-51) reported that the general mortality
was lower 1n mfants who were sichlers than i non sichlers and that,
although the incidence of a varety of infections was abont the same 1n
the two groups the mortality from malana and the incdence of cerebral
attacks were much lower 1n sicklers than i non sichlers

It wasleft to Allison {19242 b ¢) to provide the first definite evidence
that the hypothests that a person who was heterozygous for Hb-S might
have an increased resistance to malama was likely to be correct and
that the advantage apphed apparently only to infection with P

Jalaparum (subtertian malarta) The mportance of malana n ensuring
the persistence of the gene for Hb S seems now to be generally accepted
(Edington and Lehmann 1956 ILehmann and Raper 19.6 Raper
1905 1906 Allson 1957a Vandemtte and Delaisse 1957 J and €
Lambotte Legrand 1928 Neel 1959 Lehmann 19592 b ¢)

Hb S trait occurs st its lighest frequency in areas where malana 13
byperenderme this apphes to its ineidence 1n Greeee and Indis as well
as i Afniea  In North Ameriea the meidence of Hb S trait (about 993)
15 Jess than that of the trait 1n the areas of Africa from which the negro
slaves were mported (15 44 Alhson 1954b) This fall in ineidence
has according to Allison been brought about by the removal of the
stcMlers from a malaral environment  In Africa m areas where malanis
18 hyperendemic the parasite counts m children who are sichlers are
lower than 1n non sichlers (Allison 19542 Raper 1905 Vandepitte
and Delasse 1957) Simlarly serious complications such as cerebral
malariz blackwater fever or severe anzmia are much less frequently
met with 1n sichlers than non sichlers (J and € Lambotte Legrand
1902 1958 Raper 19a6) It thus seems that the presence of Hb S
although it does not prevent malana Limits the seventy of P falciparum
infection

It 15 now realized that the advantage conferred by the presence
of Hb S1s chuefly confined to young children before the des elopment
of immumty to malarma In adults exposed to expenment
infections the difference mn resistance 1s less clear cut (Beutler
Dern and Flanagan 1905 Liachowtz et ol 1958)

Alhson (1957a) has synmanzed the relationship betw een malana
and sickling as followsYSicklers are easily infected by P faleyparum
but although the mfection continues for a normal length of time
the pl of the troph 1sd hed 1 the p
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of Hb S and the parasite counts remain low  The clinieal effect of
this 15 that the infeetion 13 of short duration the incidence of
cerebral malariz 1s low and the mortahity 1s also Jow  Alhson
concluded by stating that if the child mortality m Afnea due to
malaria was 109 and if this was confined solely to non sichlers
then thus could explun the high mnedence of I1b S in Afriea

It must be ndded that winle the importance of malana 18
generally aceepted the possibility remains that other factors also
axd mn the survival of the Hb S gene (1oy ef el 1855 Neel 1957
J and C Iambotte Legrand 10.8) Delbrouch (19.8) even
concluded that in the Delman Congo hy perfecundity was more
important in this respeet than resistance to malana

Clinical Teatures of the Sichle Cell Trait (1Ib S Trait)

Untilrecently 1t has generally been assumed that the presence of
theIIb S trait 1s not associated with any climeal efleets whatsoever
This 1s undoubtedly true in the great majonty of nstances
Nevertheless symp and pathol 1 changes Iy
oceur which scem most easily explamed by the presence of the
trait these symptoms arc hematuna splenie infarction during
acroplane flights and less certanly cercbral thrombosts and
pulmonary infarction (sce Singer 1800 Tevin 19.8)

Hematuria Judging from recent reports hrematuria 1s a not
very nfrequent complication of the Hb & trait In 19,0 Coodwin
Alston and Semans described a series of negro patients whose blood
sichled and who had deseloped unexplamed hematuria Four of
the patients were constdered to have the Hb S trat  Turther
sumlar cases were reported by Fund Cordonnier and Forbes (1954)
and Chapman and co workers (1058) Coldman Chapman and
Cross (10.0) v estigated six patients with Hb S trait who had had
hxmatuna on several or \h! No urol 1
enuse could be found and 10 six of the patients it was noted that at
the time of v esti,ation the blceding was confined to one hidney
Mostofi Vorder Brucgge and Diggs (1047) studied the pathology
of the kidney removed from 2° young negro patients thought to
have Hb S trut  Severc congestion with focal medullary and
papillary hemorrhagesandareasof necrosts repaur and regeneration
were the lesions demonstrated  In a review of the literature they
referred to o8 patients they stressed that the bleeding may be

il and that ) should be avouded Turther
patients with electrophoretieally proven Hb S trait and gross
hematuria were reported by Crone and co workers (1957)
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Beet (1946) had previously reported that the mncidence of malana
parasites was lower 1n sicklers than ir non sicklers 1 the Balovale
district of Northern Rhodesia  However the difference mn meidence
between the two groups was found to be much less obvious when a
sumilar study was carrted out 11 another part of the country and the
possible 1mportance of lus first observation was not appreciated {Beet
1847) Unfortunately too Beet interpreted the finding of a reduced
1neidence of splenomegaly m sichlers as due to infarction of the spleen
tather than to a dimmmshed 1nerdence of malana

At shout the same time as the above mentioned work was bemng
carried out 1n East Affica a relationship between the presence of sichling
and malarra was also beginning to be apprecrated 1n the Belgian Congo
J andC Lambotte Legrand (1950-51)reported that the general mortality
was lower m nfants who were sicklers than 1n non sicklers and that
although the mneidence of a vanety of infections was about the same m
the two groups the mortality from malaria and the incidence of cerebral
attacks were much lower n stchlers than 1n non sichlers

It was left to Allison (19542 b c) to provide the first definite evtdence
that the hypothesis that a person who was heterozygous for Hb-S maght
have an mecreased resistance to malaria was likely to be correct and
that the advantage apphed apparently only to infection with P
falerparum (subtertian malara) The importance of malana m ensuring
the persistence of the gene for Hb S seems now to be generally accepted
(Edington and Lehmann 1856 Lehmann and Raper 1956 Raper
1955 1956 Alhson 1957a Vandepitte and Delaisse 1907 J and C.
Lambotte Legrand 1958 Neel 1909 Lehmann 19592 b ¢)

Hb S trait oceurs at its highest frequency 1n areas where malana 18
hyperendemuc this applies to 1ts meidence m Greeee and India 2s well
asin Afniea In North America the meidence of Hb S trait (about 9,7)
15 less than that of the trait i the areas of Africa from which the negro
slaves were imported (15 4,4 Allson 1954b) This fall i mcrdence
has according to Allison been brought about by the removal of the
sichlers from a malanal environment  In Africa 1n areas where malana
1s hyperendemic the parasite counts mn children who are sichlers are
lower than in non sichlers (Allison 1954z Raper 1955 Vandepitte
and Delasse 19.7) Sumiarly semous complications such as cerebral
malana_blackwater fever or severe anenua are much less frequently
met with in sicklers than non sicklers (J and C Lambotte Legrand
1952 1958 Raper 1956) It thus seems that the presence of Hb S
although it does not prevent malana hmuts the sevenity of P falcyparum
nfection

It 1s now realized that the advantage conferred by the presence
of Hb S 1s chiefly confined to young children before the d pment
of immumty to malaria In adults exposed to expertmental

the m r 1s less clear cut (Beutler
Dern and Flanagan 1955 Laachowitz ef al 1908)

Allison (1957a) has supnmarnized the relationship between malana
and sickling as followsY/Sichlers are easily mnfected by P faleiparum
but although the mfection for a normal length of time
the multiplication of the trop} 15 di hed 1n the p
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confusion and to the diagnosis of rare combinations such as
Hb Sfthalasszermia m children sufferng from the Hb S trait and
1on deficiency anxmia of nutritional ongin

Electrophoresis of Hwmmoglobin About 22-45% of the
h-emoglobin 1n Hib S trait 1s b S (Vells and Itano 1951, Zuelzer
Neel and Rtot 19.8) Sig farmly diffe m
the proportion of IIb S to Hb A apparently exust (Neel Wells and
Itano 1951) Neel (1052) explained this by suggesting that other
genes (not 1y those for ak b lot mght
mfluence significantly the amount of Hb § formed as the result of
the presence of the gene for Hb § Tectal haxmoglobin 1s present
11 normal amounts in infants In older children and adults 1t 1s
usually absent or at the most present n traces (Chernoff 1958
White and Beaven 1909) Abnormally high concentrations of
Hb F are suggestive of Hb S/thalassemia (see p 267)

Clinical Features of Sickle Cell Disease (Hb S Disease or
Sickle Cell Anremnia)

Natural History and Symptoms Sichle cell disease 13
essentially a disease of childhood 1ndeed the mortality 1s high
and relatrvely few patients reach adult Life even when the standard
of medical care 1s high Under primitise conditions the mortality
1n cluldhood has been so high that at one time the very eustence
of Hb S disease as opposed to the trat outside Amenea was
doubted A remmvestigation of this apparent anomaly has shown
that this view was false and wherever there have been facilities
for careful studies and the Hb S trmt has been present mn a
relatively hugh proportion of the population Hb S disease has
been found eg 1n Afreea (Foy hondi and Brass 1951 J and C
Lambotte Legrand 1050-51 1952 19552 b Edington 1953
Vandepitte 1954 Trowell Raper and Wellbourn 1957) m
Macedoma (Veras Démétnadeés and Mamos 1J.3) and 1n Upper
Assam {Dunlop and Mozumder 1952)

The papers of J and C Lambotte Legrand (1950-51 195°
1955b) Vandepitte (1904) and Trowell Raper and Wellbourn
(1957) together provide a comprehensive picture of the natural
history and hi,h mortality of the disease n Central Africa The
Lambotte Legrands found that half of their 800 affected infants
died within the first year of life and considered that the fraction
reaching adult Lfe was minute while Vandepitte observed only
two adults in 244 cases  Diagnos:s 1s usually possible by the ath
to 6th month of hfe Before ths tume 1t seems that the presence
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The holl Iesions d bed above follow sichling
of the erythrocytes This means that a major degree of oxygen
must oceur h n the renal il ‘Whether

this can happen 1n a strictly normal hidney 1s uncertam posstbly ptosis
of the hidney or other mechanism leading to partial obstruetion to the
blood supply are important accessory factors

Hyposthenuria or iability to concentrate urine to the normal
degree 1s another (unexpected) symptomless accompamment of the
presence of Ib §  Thus 1s referred to later (p 257)

Splenic Infarction While spleme infarction 1s probably much
more eastly produced in patients with Hb S/Hb C disease or
Hb S/thalasseerma 1t seems clear that high altitude flymg m a
non pressurized or an insufficiently pressunized amreraft can gie
nise to hypoxie sickhing of the erythrocy tes within the spleen and
consequent congestion and infarction 1n subjects with the simple
Hb S trait  Severe left sided abdomunal pain and nausea are the
chinical result

The climical hustories of pattents swho probably had the Hb § trart only
and who developed splent were d Cooley Peterson
and Jermigan (1924) and by Conn (1954)! Smuth and Conley (1955}
remvestigated 15 patients who had had spleme infarction during
aeroplane flights and found that twelve of them had the Hb S trait
Smuth and Conley concluded nevertheless that the incidence of infarctron
was low when the frequency of the trait was taken into account

Turther examples of splemc congestion (? nfarction) 1n Hb 8 trait
patients severe enough to produce symptoms have been reported by
Rotter and co workers (19:6)

Expermmentally Levin and his colleagues (195”) obtatned support for
the 1dea that moderate degrees of hypowa could lead to sickling of
Hb § trait erythrocytes in 120 and thewr sequestration n the spleen
They found by m vivo countmg after labellng the erythrocytes of
four subjects with #/Crthat there wasa Increase n
over the spleen g to hypoxia equivalent to a 7000

8000 ft altitude

Blood Picture The Hb S trat although leading to a positive
sicklig test (see p 299) 1s not associated with anemia or any
definite hezmatologieal abnormality (Table 12) Blood films appear
normal It has been found too that the erythrocytes of healthy
carniers of the trait have a normal hie span tn t10 (Singer Robin
etal 1948 Callender ez al 1949)

1t must of course be reahzed that carners of the trait are just as
likely to suffer from quite unconnected bloed diseases as strictly
normal subjects The falure to appreciate this may lead to

2 The negro referred to i the paper Which 1s usually quoted as being the

first 1n which spleme infarction dunng an aecroplane flight was reported
(Sulvan 1950) probably suffered from Hb 5/Hb C disease
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Diggs (1956) m n detmled review of the clnieal histories of
166 patients with ¥Ib S disease concluded that there was no
evidence that the crises were associated with an mncrease in the
seventy of the patients anmmia or consistent changes 1n serum
bilirubia urobtlinogen excretton or reticulocyte count  Increased
hemolysis can thus be ruled out as a common cause of enses (but
sce above under HIb S disease 1n infants in Central Afnea) An
aplastic enisis (see p 263) 15 clearly also rare this was observed by
Diggs only once

Thromboses are nlso probably responsible for localized foey of
aseptic necrosis of bone particularly affecting the head of the
femur (Tanaha Chfford and Axelrod 19,6 Rowe and Hagpard
1957 Carnington Ferguson and Scott 1958) Pmmn and obvicus
deformity may develop but some patients have no symptoms
although typieal sclerosis and bony deformity may be visible on
N\ ray

0:

Litts Another: dch 1
15 the increased susceptibility of eluldren with ¥b S disease to
osteomj elitis Thromboses 1n the bone marrow leading to infarction
probably provide a switable site for the setthing down of organisms
absorbed from the gut Varous species of Salmonella have 1n fact
most commonly been 1solated (Diggs Pulhnm and hang 1997
Vandepitte ¢t @l 1953 Hughes and Carroll 19,7 Mook et al
1957 Toberts and Hilburg 1928)

Pulnwmzu mjartts presumed to be sccondary to venous

notnfrequently occurin the older subjects

with Hb § dxsease they appear to be the pathological basis of cor
pulmonale which may sometimes desvelop (Y ater and Hansmann
1956 Rlinefelter 1942 Moser and Shea 1957)

A rare complieation 1s bone marrow and fat embolism secondary
to bone marrow infarction Shelley and Curtis (1958) described 1ts
occwrrence m two patients with Hb S disease ! and m a further
patient with Hb S/Hb C disease The mmtial complant of bone
pa was followed by mental pyrexaand the apy
of skin petechue Two of the patients were pregnant Shelley
and Curtis suggested that bone marrow embolism may be the
pathological basis of some of the mstances of sudden death mn
Hb S disease  Five other similar eases were found in the Literature

Surgieal operations 1 patients with sickle cell disease present a.
special hazard Leaving aside dl:umoshc dnﬂ‘]cultxcs suc\\ as !he
distinction between mtra abd

The patient described by Wade and Stevenson (1941 babl;
suftering from Hb-§thalasses LA <nsoR (1951} was probably
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of a high concentration of foetal hemoglobin {and a consequent
low concentration of Hb S) protects (sce p 299

According to Trowell Raper and Wellbourn (1957) although Hb §
disease may be suspected at the 3rd month amema 1s not usually
marked until the 5th to 6th month By the 7th to 15th month severe
anerma s almost bly present b there 1s a tendency
for the anema to be less severe A charactenstie chimcal sign 1n
nfaney 1s recurrent swelling of the hands and feet apparently due to
pentosteal thichening—this had also been noted by VWatson (1956) 1
negro imnfants 1n America The spleen 15 moderately enlarged and
usually palpable but evidence of thrombosis and ulceration of the leg
are not y seen  Episodes of d hemolysis occur quite
frequently mn the second G months of Ife and are accompamed by
Jaundice which otherwise 13 inconspicuous these episodes may lead to
the death of the patient Unexplained pyrexa occurs quite frequently

In America most of the studtes have been carried out on clder
pattents  According to Wintrobe (1956) only twelie cases m
mfants up to the age of 1 year had been recorded up to the time of
writing and Scott and co workers (1955) reported that the mean
age at first admssion into hospital of 63 negro children with Hb §
disease was 4 7 years—ther ages ranged from 4 months to 15 years
Leikun and McCoo (1958) have however recently desertbed Hb S
disease 1n two mfants aged 24 days and 6 weeks respectively

The mortahty i Amenca 1s clearly far less than 1t has been in
Afnea and the same 1s true of the negro population of the West
Indies Went and MacIver (1958b) for instance found that
19 patients out of = total of 114 were 26 years of age or older

In older children and in adolescents and adults the disease
usually runs a farly stable course the mamn symptoms are those
atiributable {o chrome anemia ¢ ¢ weakness and dyspneea From
time to time howeser exacerbations take place and at these times
1t 15 usual for the patients to complamn of aching pains 1n the jomts
or elsewhere 1n the Itrbs and sometimes of abdommal pamn and
nausea These cmses are usually associated with pyrevia
Comprehenstyve of the sympt logy of Hb S disease
are given 1n many publications £ g those of Sydenstricker (1924}
Grover (1947) Smuth and Conley (195%) and Wintrobe (1956)
Margolies s (1951) review 1s a most valuable source of information
on the earlier literature

Thrombotic Crises The crises of Hb S disease are of great

chneal importance for they may closely mimic acute rheumatism
1 he T bably arise as &

or an acute abd T ey p
onsequence of intravascular agglutination of sichled cells leading

e
perhaps to local thrombosis and tissue 1schema
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coma or hemiplegia (the most frequent symptoms) to marked
salnation or dehnum (the least frequent)

The radiographic findinge 1n b S disease have been extensiely
studied Fxeluding evidence of cardiac enlargement the most
wnportant changes are found in the bones (Calfey 1937 Diggs
Pulliam and l\mg 1937 Golding 1906 \hiddlenuss 1958) The
main ab 1. of the bony trabeculz with
widening of the mcdu]lnr’ cavities thichening of the diploe of the
skull and areas of sclerosis On the other hand osteoporosis may

develop and rarelysp The of aseptic
mfarets leading to pain and deformuty has already been referred to

Diggs Pulbiam and King (1937) ponted out that tno opposing
processes take place within the bones and are responstble for the

\ ray changes widening of the med 'y SP: duetohyperplasia
of the marrow and narrowing of the svaccs due to sclerosis
O Iv areas of it i the spleen can be seen

(Calley 153" Ehrenprers and Schwinger 1902)

Unine  An unexpected finding 1n ¥b-S discase and 1n the trait 15
mpamment of the power to_congentrate unne (hyposthenuna) This
abnorniality has been extensively studied recently (hunz ¢ al 1923
McCrory Gosen and Gornfeld 1923 Kunz efal 1924) Itis however
no new for Sydenstnck 1924) ‘The unine of
both types of case [ latent and active cases of sichlecell anxmia]
has a low spectfic gravity  Kestel Thompson and Itano (19a6) 1n
an extensive study found that in young patients with Hb-S disease the
defect in concentration could be Teversed after multiple transfusions
They concluded that the sbnormality was 1n some as yet unknown
way associated with the presence of Hb S (the formation of which
would be depressed by transfusion) 1t was not due to anzm:a itself as
69 / of the patients with Hb-S trait studied also had the defect although
1t was less marked Ftteldorf Stuth Tuttle and Diggs (19u0) carned
out renal hemodynamie studies on patients with Hb-S disease they
found that renal function became progressively impaired as the patients
became older

The eyes have been reported as being affected with a vanety of
pathological changes 1n p.ltlents with 1b S disease 10 particular
tortuosity and ddatation of the retinal veins (see Margohes 1951
Hannon * 1926) llenry aud Ch'\pman (1924) and Hannen (1056)
discussed the fi 1treous b
are rarely met within I]b S d.\scase and they are also rare 1n Hb-S trait
although they have been observed (Isbey and Chiford 1928) They
seem, however to be relatrvely much more frequent n Hb-S/iTh-C
disease (see p 269}

Pregnancy in Sickle Cell Disease and Sickle Cell Trait
As already mentioned 1t 15 unusual for a subject with Hb S

disease to survive until adult life Nevertheless this does happen
PACTE 8 HEXOL AYENTiS—0
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(thrombotic} erises anmsthesia itself may be harmful Particular
care must be taken to avord hy povia and hypotension (Shapro and
Poe 1955)

Clinical Signs  Physical exammation reveals a pallor of the
mucous membranes and typreally a greemsh yellow colour of the
conjunctivee (Margolies 1951) Smuth and Conley (1954) remarked
on the astheme bwld of their p and the disproportionate
length of their legs

Chrome ulcers of the leg are commonly found, according to
Chernoff Shapleigh and Moore (1954) 30-50% of patients are
affected The ulcers are usually bilateral and le superficial to or
Just above the internal or external malleoli They are more
frequently found 1n adolescents and adults than 1n children

The spleen 1s usually palpable 1n children but this 1s by no
means invanable 1t 1s not usually palpable i adults (see Pathology
p 260) Watson Lichtman and Shapiro (1956) reported that the
spleen was palpable 1n 189, of 115 patients 83%, of those mn the
first decade had palpable spleens and 10%, of those who were older
As will be referred to later splenomegaly 1s more frequent and
persists into adult ife :nHb S/Hb C disease and Hb Sjthalasszmia

The lwer 1s frequently palpable particularly i children
(Margolies 1951 Green Conley and Berthrong 1953) According
to Green Conley and Berthrong there 1s often chmecal evidence of
hepatic dysfunction Gallstones are found in about one third of
the patients (Weens 1945 Greenetal 1953 Jordan 1957)

Enlargement of the heart chiefly affecting the right side 15

and ding to Klinefelter (1942) this 15 often more
ses ere than s usually found m other chrome anemras of comparable
severity As already mentioned cor pul, it develop

Cardiac output was studied by Leight and co workers (1954) and was
found to be generally elevated although the increase did not seem to
be proportional to the degree of an®mia present Llectrocardiographic
findings were deseribed by Lindo and Doctor (195.) Blood gas
determunations have been carred out by Becklake and co workers
(1955) Fowler Smith and Greenfield (1957) and Sproule Halden and
Miller {19.8) As a group patients with ¥b S disease were found to
have low artenal oxygen tensions and mereased alveolar-arteral

he curve of lobin was

oxygen d e
displaced to the nght of the normal

The central nertous system may be mvolved in Hb § disease asa
result of thromboses occurrmg in the cerebral vessels The
symptoms and signs are extremely vanable Margolies (1951)
Iisted 28 different symptoms ranging from drowsimess stupor
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sometimes and 1if pregnancy ensues this 1s a serious event The
patient s anzmia becomes aggravated and there 1s an mcreased
sk of toxemua and infection Obstetrie complications appear to
be frequent and the mortahty nisk to the mother and child 1s ugh

The earher hiterature was reviewed by Margolies (1951) who stated
that only 50 mstances of pregnancy had been reported up to the
time of us revien The first comprehensive reports were those of
Kobak Stemn and Daro (1941) and Beacham and Beacham (1950)

Later papers include those of Adams Whtacre and Diggs (1953)
and Rusenstemn Posner and Tnedmann (1956)

According to Margohes (1951) the presence of the Hb S trait
does not affect conception or increase the likelihood of complications
n pregnancy Adams Whitacre and Diggs (1953) howeser
considered that pregnancy was i fact a hazard and that both the
1neidence of tovemua and the foetal mortality were ncreased Any
such hazard 1s clearly far less than that attending pregnancy 1n
Hb § disease or Hb S/Hb C disease (see p 268)

‘The Blood Picture 1n Sickle Cell Disease (Sichle Cell
Anznua)

Erythrocyles Anzmua 1s moderate or severe the erythrocyte
count 1s usually between 2 000 000 and 3 500 000 cells per cu mm
but 1t may fall as low as 1500 000 per cu mm The MCV s
generally normal occastonally in the most anemic cases 1t 1s above
normal The MCHC 1s also usually normal (Diggs and Bibb 1939
Ttano Bergren and Sturgeon 1906) (Table 12 p 266)

In staned films antsocy tosis 1s moderate 1 extent and many of
the cells appear hypochromic As a rule a few conspicuously
elongated cells with sharp or rounded ends are present some may
be oat shaped or sickle shaped (Fig 100) Sometimes target cells
are present QOccasionally numerous sichled cells can be scen
(g 101) Polychromasia 1s often marhed the cells staming
iffusely basophilic being usually roundin contour Theretteulocy te
count 1s typreally raised and usually ranges between 5% and 20%
Normoblasts are often present in small numbers Moderate
numbers of siderocytes may be found mn peripheral blood
films even before splenectomy (Kaplan Zuelzer and Neel
1953
Er?i/thracyte osmotic fragiity 1s usually moderately dummished
but there may be a small tail of unusually fragle cells (Fig 20
p 38) Onimcubation at 87 C for 24 hours the majority of the
erythrocy tes become still more resistant but at the same time the
propottion of lly fragile cells The results are
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generally the same whether or not the actual tests are carned out
on oxygenated or deoxy genated blood {Ilarns et al  1946)

Frythrocy h 1 fra iy 1s ficantly rused above the
normal when Hb S disease blood equlibrated with room air s
tested When deoxypennted the erease n fraghity 15 most
marhed (Harns et al 19.6)

Leucoeytes The leueocy te count may be raised to .0 000 cells
per cu mm or more when hrmolysis 1s active  The leucocytosis
15 chuefly due to an increase in the polymorphonuclear neutrophuls
n few myelocytes may alsa be present A neutroplul leucoeytosis
usually also occurs 3n ‘thrombotic  cnses and when these are
charactenzed by abdommal pan the rmsed leucocyte count may
Tead to the msd: of intra abd: ! ang: t

Platelets 'The platelet count 1s usually normal

Plasma Biirttbin The plasma bikrubin lesel 35 usually
moderately increased as a rule to 1-2 mg per 100 m!

Plasma Profans  According to Fesichel Watson and Lirich (1040)
sbnormalities in the plisma proten pattern are frequently found
Thirteen out-of 15 patients with 1Ib S discase had decreased
concentrations of alburmin twelve had elevated y globulin coneentrations
and three raised concentrations of § globulin The plasma fbnnogen
level was Iugh in eight out of ten of these patients Femichel and
co-worhers suggested that these chanpes might be non spedific Teactions
secondary to tissue breakdown and that this occurred particularly 1n
“the Liver 55 the result of vascular obstruction due to sickhin,

Sunilar studies have been carned out by Allamanss (1955)  In infants
less than 2 years of age the plasma protein pstterns were usually nonnal
In older children the concentrations of albumin and v, ,snd 8 globulins
were found to be decreased and that of y globulin to be increased

Choremis Zannos and Dastt (10.7) studied the serum snd urnary
amuno-geids in J1b S disease  As in (ooley s anzmia the serum amino-
s01d concentrations appeared to be diminished in the unne hawever
the number and concentrations of demonstrable amino acids were
markedly increased

Electrophoresis of Hemoglobin The majonty (80-100%,)
of the hamoglobin 1 b § disease 15 JIb S with a varying but
usually small proportion of Hbh F Hb A 1s absent (Pauling ¢t ol
1019 Vells and Itano 1851) This Tb-S plus Hb.F pattern
although very suggestive of (homozygous) Hb S disease 13 not
absalutely diagnostic of it as Ib A may be absent sometimes 1n
apparently true cases of Ib S/thalassemia (sce p 267)

Bianco (1948) seems to have been the first to have demonstrated an
increased Tesistance to denaturation by alksh of the hamoglobin of
carmers of the mckling trat { faleermia ) and of one patient with

i disease m Amernica following the
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for the patient s snemin  In films of bone marrow made post mortern
filform erythrocytes of up to 40  1n length were noted

Another rclatively early and detailed account is that of Diggs and
Ching (1933) This was based on necropsies carried out on four patients
with severe Ib § disease and 30 patients with Hb S trait

A recent gecount 13 that of Fdington (1955) who reviewed the findings
1n 40 necropsies carried out at Accra  Thirteen of the necropsics were
on pregnant patrents who had died suddenly Not sll Ldmgtons
patients were homozygous for IIb S some certainly had Ifb SAIb ¢

1sense  Nevertheless his report contans much of interest The
pathological findings could be grouped into two categories those
associated with hemolysis ¢g Jaundice and siderosis and those due
1o thromboses leading to infarction of the Jungs spleen and clsewhere
In five of Edington s patients the spleen was reduced to a small fibrous
mass (siderofibrotic spleen}—the classical finding 1n 11b S disease in
others it wos congested In pregnant patients who died se erely anzEmic
the pallor of their organs contrasted sharply with the darh red blood of
the fetus

Vieroscopie Findings
Bone Marror  Erythropotetic cells predormnate fat cells tend to
Try 15 typeally However asin
other hemolytic anemias and in 1 anerma
transformation of the bone marrow might be expectel to occur from
time to time Vvalters and Young (19>4) have n_ fact reported an
example of this in & young Arab woman (with IIb Sjthalassmia)
duning pregnancy
Sickled eells are usually more conspicuous i marrow then in the
T blood. As p 3 denstricher Mulbenn
and Houscal (19.-3) mentioned the presence of long filiform erythrocytes
in post mortem films Recently Vandepitte and Lows (19.3) have
called attention ta the presence of simlar structures in wet preparations
of biopsied bone marrow in IIb S disease but not in the trait
§pleen The contracted spleen of b S disease results from a more or
less complete replacement of 1ts normal structure by rron impregnated
fibrous tissue Crystals of calcium salts may be present in addition In
enlarged congrested spleens as 1n young subjects with Hb-S disease and
n ¥ID $/1Tb C drsease {the spleen pulp 13 stuiled with enormous numbers
of very tightly pached sickled cells and the sinusouds are compressed to
tiny chinks 1n a sea of blood (Fdington 1955) Penfollicular
are P feature Crythrophag
may be discermible P
TRuch (1928) ponted out that pools“Sf blood partly or completely
surrounding the Malpighean bodies were a charactertstie finding 1n
the spleen of patients with ITb S disease or trait and he interpreted this
a3 being due to a congenital malformation of the splemie smuses allowing
A free eseape of blood 1nto the pulp This concept has not been accepted
and 1t seems now 1o be generally agreed that the pooling of blood in the
spleen pulp - around the penphery of the Mal
bodies 13 due to sickling of the erythrocytes and their consequent
mability to escape through the stomata into the venous sinuses of the
spleen (Tomlmson 1945)
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discovery of Hb § detailed measurements of feetal type hazmoglobin
were carnied out by Singer and hs collaborators (Singer Chernoff and
Singer 19.1 Siner and Chernoff 1952 Singer and Fisher 1952 1003)
Itano (1902) and Chernoff (19,3}

As 1 Med, anema the /| was reached that the

feetal type heemoglobin present was 1n fact 1dentical with normal Hb F
(Itano 1953b Chernoff 1953)
/Smnger and Fisher (1802) reported the results of an analysis of 87
patients who gave ung le clini d evidence
of sickle cell disease the erythrocytes of three patients contamed ne
Hb F by the method used 1n the others the proportion ranged from
2t024% They concluded as the result of transfusion experiments that
the erythrocyte population of patients with sichle cell disease was
probably composed of three fractions (1) cells contaimng Hb S but
little or no Hb F (2) cells containing both Hb § and Hb F'and (8) cells
contaiming Hb F with hitle or no Hb § The corpuscles contamning
Hb S had the shortest survival when transfused to normal recipients
and the greatest sensitivity to mechameal trauma an mifro and the cells
contamnmg the most Hb F the longest survival 2 rivo and the greatest
resistance to trauma i i

Attempts have been made to differentiate between Hb 8 and Hb 4
by immunological means One of the first attempts was carned out by
Cardozo (1937) rabbits were with blood hle cells
and the rabbit sera subsequentlv absorbed with normnl erythrocytes
No specific agglutinins for sickle cells however could be demonstrated

‘Veceho and Barbagallo (1950) smmunized rbbrts with different types
of hiemoglobin  Using the precipitin reaction they failed to demonstrate
any antigenic difference between Hb A and Hb S however they did
find a difference between Hb A and HbT' as had been previously
d Darrow and Awstin (1940) Chernoff’s
(1903) results were essentially the same as those of Vecchio and
Barbagallo Goodman and Campbell (1958} on the other hand using
ant1 sera prepared 1n chickens reported that clear differences m the
antigenieity of Hh A and Hb S eould be demonstrated 1f cross reaction
tests were carred out ely under They
suggested that the two different hemoglobins share many common
antigenc determintants but that a small number are umique for each
type

Pathology of Sickle Cell Disease
The usual findings are signs of anzmia and of cardiac failure
hep h d The spleén 1s charactenstically
small and fibrotic but may be enlarged mn young chuldren and
theto is often evidence of infarction of other organs The bone
marrow 1s hyperplastic and mereased 1n extent

The first published record of the findings post mortem in a case of
b S disease appears to be that of Sydenstricker Mulherm and Houseal
(19°3) This 1s a remarkably good account the small size of the spleen
was mentoned and was regarded as the consequence of repeited
hemorrhages The distribution of many  brown granules 1n the Iiver
and hidney was thought to be strongly 1n favour of a hzmolytic ongtn
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secondary to ampaction of sickled erythrocytes Iummelstiel (1018)
made the pomnt that widespread nfarction may occur—n hits case of
the bruin liner and kidiey s—without there being histological evidence
of thrombus formation

Aplastic Crises in Sickle Cell Disease

In 18,0 Singer Motulshy and Wie deserbed two children
suffering from Hb S disease m whom there was an abrupt increase
1n the sevenity of their anema  This was found to be associated
with reticulocy topenia and temporary cessation of erythropoiesis
m the bone marrow  In both instances the cnsis seems to have
been precipstated by infections The course of events appears to
hate been the same as tn aplastic erises in hereditarj spherocytosts
(see p 110) In 1901 Chernolf and Josephson reported four more
mstances of aplastic crists 1n b § disease 1n three pattents the
mtiating cause seemed to be an upper respiratory tract infection
and 1n one patient infection with Salm cholere suts

Further erises have been reported by Leihin (1957) and Miesch
Baxter and Levin (1957) Leikin s cases occurred i two families
No exaiting cause was discermble but in both familses two clhuldren
were affected successively within a 2 week period  One further
case was referred to In each patient there was marked marrow
erythroblastopema at the hesght of the erises but not leucopenia
or thrombopenta

Aplastic crises are clearly unusual events in Hb 5 disease  This
1s underlined by the extensive data of Diggs (19.6) who reviened
the findings 1n 166 patients admtted to hospital 747 times with
chinieal  erises  Qnly one of these admissions was for a true
aplastic cnisig

COMRINATIONS OF HEMOGLOBIN 8 WITH
THALASSZMIA OR OTHER ABNORMAL
HZAMOGLOBINS

At a time when Hb S was the only abnormal hemoglobin that
had been discovered cases of sichle cell anerua were hnown i
which only one of the parents of the propositus could be shown to
be 2 carrier of the sickle cell troit Neel (1952) sug, ested that the
most likely explanation was that the normal parents had
contributed another gene (or genes) which 1n combination with a
single sickle cell gene produced overt sickle cell anema  In most
instances atleast this has been showntobethecorrect explanation
and many patients in whom the gene for Hb S has been combined
with that for thalasszmia or Hb C hase been studied as well as &
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Later Major pathological changes are not uncommon Green Conley
and Berthrong (1953} reported on 21 necropsies unequivocal cirthosis
was found 1n four patients and 1n many of the others there were acttve
or healed areas of necrosts The necrosts was thought to be due to

J vascllar 6bstrietion branght about by impacted masses of sickled cells
or by Tupffer cells swollen with phagocytosed erythrocytes

Further details were given by Song (1955 1907) Song (1957}

d 31.n Some evid of ver damage was present
all The lesions were interpreted as being due to mmpairment of the
circulation leading to stagnation of sickled cells to the formation of
thrombi composed of agglutinated and hyalmized sickled cells and
ultimately to anoxic necrosis of Liver celis The hver smuses were
generally dilated and the parenchyma showed various degrees of
necrosis atrophy siderosis and fibrosis The degree of fibrous tissue

Justafied the of cirthosis 1n mne instances

RBogoch and co workers {(1955) reported on the results of needle bropsy
n four patients of hep h or portal
cirrhosts was observed

Edington {1955) 1n his study of 40 cases in VWest Afnica reported only
on€ IAstmee of cirrhosis However mereased fibrosis was noted m two
other patients central atrophy in two patients and foeal necrosis i
one Ihe p: y cells were g ly relatively d The
most striking feature was erythrophagocytosis_by_Rupifer cells some
of which were distended with as many as 20-30 sickled erytfirocytes

ere g ly dilated and d and m four
a fibrnn network was present 1n the sinusoids in which sickled erythrocytes
Areas of dulk: were noted m

were y ery
eight instances It 1s interesting to note that Edington observed 1n three
necropstes n which the spleen was enlarged and engorged with blood
that there was no evidence of erythrophagocytosts in the Iiver
Walters (1958) has recently reported on the liver biopsy studies which
he carried out in Iﬂgena The most striking finding present 1n every
was wide of the ds with the presence within
their lumen of a delicate foam like reticulum  Vvalters considered that
the reticulum was composed of fibrin 1t appeared to be in continmty
with the longitudinal fibres of the sinusoidal walls and in tume to be
mcorporated into them  Vvalters suggested that this process of
ntrasinusordal deposition of fibrin could explain the appearances seen
i advanced cases the hiver cells bemng separated by a wide zone of
coarse fibrous tissue from the endothelal wall of patent though
narrowed siuses
These observations are of great interest It 1s certainly possible that
1ckled ery ytes when Iiberate material
locally Indeed Mchellar and Dacie {19.8) obtamed evidence 1n three
cises of sickle cell disease that meubation 21 wtro of their whole blood
at 37 C led to a considerable rise 1n the thromboplastie activity mn
their plasma This mcreased activity was independent of the presence
of platelets or the onset of hemolysis
Asdneys Edington (19.5) d of the gl 1
tufts 1hus appears to lead to thrombosis for partially of completelv
fibrosed glomerul were not infrequent
~Qthge-Gigans The basie changes leading to mfarets m the lungs or
cerebral softening appear to be occlusion of small blood~vesscls
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concluded that the disease yught occur jn quite mild forms for one of
their patients was not anemic although Tus blood film wascharacteristic
Silvestroni and Bianco (1955) gave further details of the discase as it
occurs 3n Sicily They too stressed that 1t may be quite & mild disorder
and may not be chimeally manifest until late childhood QOsteo-artreular
cnises and leg ulcers were infrequent 1n their patients and anxra was
scldom severe the hxmoglobin range recorded being 50-729 A
leucoeytosis was frequently present ‘The mortality however appeared
to be high and only two of the patients were adults * Some of the cluldren
showed 5igns of physical retardation and Silvestroms and Dianco made
the point that successful pregnancics scemed to be very rare amongst
adult women with the syndrome

In south Turkey b Sjthalassemia 13 pot infrequent among the
Et: Turks (Aksoy and Lehmann 19%a) Amongst this population too
the seventy of the disease seems to vary greatly for in addition to five
anmnue patients two individuals w who were heterozy gous
for the 11b S and thalassemta genes but who were not aniemic and were
symptom free  Aksoy and Lehimann pointed out that as s shown by
the vanable expression of the gene for thalassmmia im thalassemia
minor the chmeal effect of being forHb Sand
probably depends upon the degree to wiuch the thalassemia gene 1
able to suppress Hb A formation

As already mdieated patients with Hb Sfthalassemia may
suffer from the consequences of intravascular sichling and their
symptoms are thus simlar to those of patients with (homozy gous)
Hb S disease although generally more variable in intensity and
usually lesssevere This applies also to the less common symptoms
thus the subject of the first well authenticated report of fat
embolism derived from necrotic bone marrow was a Greek woman
aged 40 years who probably had Hb S/thalassrua (Wade and
Stevenson 1941) Spleme infarction as 2 result of an aeroplane
fhight {Rotter ¢t al 1956) and Salmonella osteomyelitis (Silser
Simen and Clement 1957) have &lso been reported

The findings at necropsy In a case of mierodrepanocytic disease
were reported 1n detail by Ascenz: and Silvestrom (1957)

Blood Picture Hb Sjthalassemua 1s characterized by a
hypochromic an@mia of varable sevemty markedly decreased
erythroey te fragility merocy tosis and striking amsopoihilocy stosts
with many oval cells and target cells (Table 12) Sickle cells are
not ag & rule visible 1n freshly made blood films but sichling ean
beinduced en vitro  The optreal properties of the sichled corpuscles
are the same as those i the Hb S trait (Ascenz: and Silvestront
1953) Went and Maclver (1958b) have pomnted out that the
presence of marked hypochromis numerous target cells and but
few sichle cells 1s suggestive of Hb Sjthalasserma rather than of
Hb § disease
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small number 1 whom the gene for Hb S has been combined with
that for Hb D orHb E Combinations of Hb S with other abnormal
hemoglobins no doubt extst but they scem lihely to be rare and
may not produce charactenstic clinical or heematological effects

The combmations of Hb S with thalassemia Hb C or Hb D are
mnportant for they lead to echmieally sigmificant hemolytic
svndromes

Sickle CellHemoglobin/Thal ia(Hb S/Thal ia)
or Microdrepanocytic Disease One Gene for Hb S and One
Gene for Thalass@mia

This form of sickle cell disease was described by Silvestrom and
Branco (1944-45 1946 1952)as la malattinmicro drepanocitica
Subsequently several American families of Itahan Stcilian or
Greek orgin were found to be suffering from the same syndrome
(Powell Rodarte and Neel 1950 Banhs Scott and Simmons
1952 Wasserman Phelps and Hertzog 1952 Sturgeon Itanoand
Valentine 1923 Neel Itano and Lawrence 1953) Silyestrom and
Bianco (1952) stated that microdrepanocytic disease could be
distinguished  from true HbS disease by hematologieal
charactenistics as well as by genetical studies

Later reports have shown that the syndrome has a wide
distribution outside Italy and the United States 1t has been
observed for mnstance m Kuwait (Walters and Young 1954) 1n
Tumsia (Rocheetal 1956) 1n South Turkey (Aksoy and Lehmann
1957a Aksoy 1959) 1 Greece where 1t 15 widely distributed
(Choremus and Zannos 1957) m Jamaica (Maclver Went and
Cruichshank 1958 Went and MacIver 1958a) and m Indn
(Chatterjea et al 1908 Chatterjea 1959)
~Chimeally the disease 15 usually a serious one although many
patients reach adult hfe Typcally as in true Hb S disease the
Ppatient presents with chronic anemia shght to moderate jwundice
hepatosplenomegaly chronic ulecrations of the leg recurrent
bouts of fever osteo articular pams and sometimes with enses of
severe abdomnal pain -

Humble and co workers (19.4) reported some interesting consequences
of the marnage of a negro with Hb S trait and a Caucasian from Naples
with thalassemia minor One of the cluldren thought to be a double
heterozygote t¢ to have ¥b Sithalasserua was anemic with sgns
of hemolysis however two other brothers also apparently double
heterozygotes were not anzmmc and showed no signs of haemoly sts

Smger Singer and Goldberg (1955) reported the occurrence of
Hb Sjthalassemua 1 four female negroes in Amerca They also



b S/TuarAssFs 267

Electrophoresis of Hizemogtobin 1L S IIb F and Hb A are
typrcally present together The exact proportions differ from ease
to case and occasionally JIb A may be absent In such cases the
differentiation from I1b S disease may be difficult and perhaps only
satisfactonly settled by famly studies (scc Singer ef al  19.7)
According to Zuclzer \eel and Robinson (1956) the usual finding
15 for 60809 of the hrmoglobin to be Hb S Hb T s not slways
present the maumum recorded amount being 17°; Later
observations have however indicated that the proportion of
Hb S may be much less than was at first regarded as typical and
Zuelzer Neel and Rolunson mention three patients having from
22-30% of Hb-S who were essentially symptom free

Singer and hus co-worhers (10.7) have argued that the wide vanation
in the amount of ¥b § that may be present supports the contention that
there is more than one form of thalassrrma gene which differ 1n
their capacity to suppress Hb-A formation or alternatively that
modifying genes are responsible Gene interaction similarly appears
to take place 1n HbL-C where the of 1Ib C is
usually in the range 60-80 , 1nstead of the theoretical J0% (see p 277)

A simular argument has been put forward by Went and Maelver
(19.8b) who have related the different hamoglobin patterns which
may be found to the ratal onmn of the patients  They reported that
in three Afro Chunese subjeets Hb- A was absent and there was 10, of
Ib-F while in eight Afro-Caucasiin or Afncan subjects there was
15-27 , of ITb A and only small amounts of 1Ib F

Syndromes Apparenily Alled to Hb S/Thalassema
As mentioned previously (p 21.) there are several reports which
Buggest that a gene exists whose effect 13 to permit the persistence into
aduit life of Jarge amounts of Ib-I' unassociated with ancmia or any
In with IIb S the double
heterozygotes resemble Hb-S disease electrophoretically but again there
13 no an®mua and the bearers of the combination do not complanof any
symptoms
Edington and Lehmann (1954) reported two normal adults whose
hemoplobin on electrophoresis gave patterns resembling homozs gous
Hb-S disease in that the only hemoglobmns present were b S and ¥Ib-F
They concluded that they were dealtng with the combmation of Hb S
and'a thalasszrma ke gene Neel and co-workers (19.6) also came
Brross in West Afnca three spparently healthy men whose hamoglobin
also appeared to consist only of Hb § and IIb-F - Further studiex were
reported by Jacob and Raper (1908) from Uganda Four Africans
without anma were found to have a hxmoglobmn pattern sumilar to
that of homozygous Hb-S disease Examunition of two of the families
appeared 10 exciude thalasszmua but it revealed the presence of Hb-T'
m relatively hugh proportion (2. / and 12/ respectively) in the blood
of one of the parents of each of the two propositt  Jacab and Raper
concluded that a gene exists which is only just beginming to be
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also been recorded (Vandepitte and Colaert 1955 Lohmuller and
Marshall 19,8 Smith and hrevans 1920) Smuth and Krevans
{1909) mention three wmstances of unexplained hematuna

Eye complications appear to be relatively frequent 1n particular
sitreous hemorrhages (Ilannon 19,6 Goodman von Sallmann
and Holland 1957 Isbey and Chfford 19.8) Goodman von
Sallmann and Holland pornted out how relatively frequently the
eyes and hudneys are both involved in systemue diseases and
mstanced hypertension diabetes and the siehle cell syndromes

1 ray Findings Cochshott (19.8) has recently descnbed the
radiological appearances in 20 patients  Slight chanpes in the bony
texture of the shull and long bones were noted 1n about one third
of the patients but these did not seem to be related to age or to
the degree of anrua  Evidence of bone mfection was frequently
found Asascular changes were noted also 1n about one third of
the cases the hips and shoulders being most affected The lesions
were multifocal discrete and subchondral
Hmzmatological Findings The blood picture differs both
quahtatively and quantitatnvely from that of Hb S disease The
blood sichles tn tiro i much the same way as does blood from
Hb S disease but sickled cells are rare 1n films of fresh peripheral
blood Amsocytosis and poihilocytosis are not conspicuous but
target cells are usually present 1n large numbers up to 85%
according to Zuelzer Neel and Robinson (1956) (Fig 102)

Anzima 1s shght to moderate i sevenity ss a rule and Snuth and
Conley {1904} found that the PCV exceeded 80% 1n all therr cases
VWent and MacIver (1958b) reported the mean hzmoglobin level
of 45 patients to be 11 1 g per 100 ml (range 8 1-15 1 g per
100 ml) According to Itano Bergren and Sturgeon (1956) the
MCYV ranges from 66 to 90 cu ¢ and the MCHC from 28 to 84%
(Table 12 p 266)

The reticulocyte count 1s only shghtly or moderately rased and
normoblasts are rare 1n films of peripheral blood The erythrocyte
osmotic fragility 15 dimmushed to about the same extent as in true
Hb S disease Small numbers of siderocytes may be present The
plisma bilirubin level 15 normal or shghtly increased and the
fzcal urobilinogen excretion 1» moderately mcreased (haplan
Zuelzer and Neel 19.3)

Cook and Cooper (1958) have published some interesting figures in
which are ‘the findings durin,

periods of 16 patients with Hb S/IIb C disease with those of 36 patients
with (homozygous) Hb § disease Although the Ib S/Hb C disease
patients were gencrally less anemic there was some averlap between
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recogmzed which permuts the persistence mto adult hfe of Hb F
unassoctated with any obvious add, h 1 ab

More recently Went and Maclver (19583) have reported the existence
of what 1s probably the same condition 1 a Jamaican famuly of African
ongin The propositus was a 26 year old female who was pregnant for
the fifth time  She was not anemie gave no lustory of anzmia and had
already had four chuldren successfully Her haxmoglobin nevertheless
consisted solely of Hb F (27%) and ¥Ib S Hugh values for Hb F were
found 1n three generations of the family unassociated with any of the
usual signs of thalassemia t

Sickle Cell Hemoglobin/Hemoglobin C Disease
(Hb-S/Hb C Disease} One Gene for Hb S and
One Gene for Hb C

The chnical syndrome associated with the combned presence
of Hb C and Hb S was first described by Kaplan Zuelzer and Neel
(1951) Later reports from the Umted States include those of
Smuth and Conley (1903) Neel Kaplan and Zuelzer (1958)
Kaplan Zuelzer and Neel (1953) Srmth and Conley (1954) and
Hook and Cooper (1958) Edington and Lehmann (1924a)
deseribed the first case to be observed outside Amertca

Hb S/Hb C disease resembles Hb S disease in many respects but
1t 1s mulder and follows a more benign course Smuth and Conley
(1951) studied sixteen cases and made a detailed comparnson
between the chinical features of the two syndromes Although m
therr series the disorder was often diagnosed in chuldhood this was
not always so and in several patients symptoms did not anse
until late adult hfe Far fewer cnises developed than in true
Hb S disease Only four p for had t
abdominal pamns and only seven episodic Joint pamns  Unexplamned
hematunia occurred but rather rarely The liver was enlarged
only three patients but the spleen was palpable in most of them
and showed no signs of regression m size as the patients became
older
Pregnancy appeared to be a defimte hazard and all the five
patients studied became sey erely anzmic during the last trimester
or post partum  Two died of post partum haxmorrhage and one
other died for no obvious cause (see also Smuth and Krevans 1959)

As already mentioned nfarction of the spleen dunng aeroplane
flights seems to be a not uncommon event m patients with Hb S/
Hb C disease (Motulsky 1953 Docnges Smuth and Wise 1954
Colman and Furth 1956 Smth and Conley, 1935) Aseptic
necrosis of the head of the femur and bactenial osteomyehtis have

1 Lehmann (19.9b) refers to the result of the presence of the genc as

non microcythemie sEmis.
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was born 1n Jamaica as he believed of Insh TI'rench English and
Scottish ancestors he had nevertheless the 11b 8 trait  The mother
was English but she had remote ancestors who were Austnan and
Spanish she had the Iib-D trait

Stewart and MacIver 8 (1920) patient was a woman aged 32 who
attended hospital complaining of ulceration of the ankles Her mother
was I'nglish but she had the Hb-D trait and her father was s negro
from West Afnica he was dead but presumably had contnbuted the
gene for IIb-5 The propositus was anemic there were 8 7 g of
hemoglabn per 100 ml and the
sickling fn vifro The patient died of P pyelonephntis at necropsy 1t was
noticed that the spleen was extremely small in size

A further case has more recently been described by Smith and Conley
{19,9) Their patient was a young man of Caucasian appearance who
was aged 20 when mvestigated Ifis ancestors had orgmally come from
England Ilis main complaint was of recurrent episodes of pamn in the
‘back snd limbs which he had had since childhood ~ The parn was worse
at might and exposure 1o cold In the afternoon tended to bring 1t on
He also had had attacks of pneumonta and transient ulcers of the
legs 1le had a hemolytic anemia but this had not been serous enough
to stop lum being an athlete

Smith and Conley pomt out that patients with b S/Hb-D disease
may have long clinical rerissions and may even not be anzmuc They
attnibuted the bone pains and to
secondary to occlusion of vessels by ucLled cells and remark that 1n
their pattent the symptoms were as severe as in_homozygous Hb §
disease although the concentration of intracellular 1Ib S was much less

Electrophoresis of The | lobin of the
cases mentioned above consisted of a mixture of Hb S and Hb D
Hb A was absent Data on the proportions of Hb-D to Hb S are
awaited A small amount of Hb F was present in Smith and
Conley s patient

Sickle Cell Heemoglobin/Haemoglobin E Disease
(Hb S/Hb E Disease) One Gene for Hb S
and One Gene for Hb B
Because of the marked di mnthe hical L
of the two hamoglobins (see Figs 98 and 106) the combmation of
Hb S with Hb E 15 not likely to oceur often  Ashoy and Lehmann
(1927b) have however reported an Eti Turk famuly n which this
combination was found twice

A 70 year old woman and one of her sons had a mild hypochromic
microcytic anenua  Some target cells were present but otherwise the
blood films were not remarkable Both subjects had shghtly raised
reticulocyte counts and serum hilwubin levels Thew el erythrocytes
sichled 1 titro and ther hemoglobin was found to consist of
approumately 40 / Hb L and 60 4 E
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the two sets of data and the authors pomted out that 1t may not be
possible always to separate the two disorders on the basts of routine
chmcsl and Iaboratary findings

The leucocyte count 1s usually within the normal range but n
«nises a leucocytosis 1s the rule  Smuth and Conley (1954) recorded
acount of 59 000 per cu mm during 4 crsis in one of their pregnant
pattents

Electrophoresis of Hmemoglobmm Ths reveals a rather
constant pattern About 50-679%, of the hamoglobmn 1s Hb C the
remainder 15 Hb 8 except perhaps for a small amount of Hb F
(Zuelzer Neel and Robmson 1956) Went and MacIver {1958b)
recorded 0 7-8% of Hb F 1n therr large series of patients

Sickle Cell Hemoglobin/Hemoglobin D Disease
(Hb S{Hb D Disease) One Gene for Hb S
and One Gene for Hb D

Only a very few famulies n which Hb S/Hb D disease has
occurred have been reported (Itano 1951 Dacie 1954 Sturgeon
Ttano and Bergren 1955 Stewart and Maclver 1906 Hmith
and Conley 1959) The chimeal syndrome is less serous than that
of homozygous Hb S disease

The fanmuly mvestigated by Itano (1951) and subsequently reported
m more detail by Sturgeon Itano and Bergren (1805} had been
previously reported by Cooke and Mack (1934) as an example of sickle
cell anzmia 1n a white American famly

The patients consisted of 8 brother and sister aged 21 and 23 'They
were born of parents of Insh Enghsh and Amencan Indian ancestry
and Irsh and English ancestrs respectrvely  The mother had the
Hb D trait and the father Hb § trat Both children had a muld
hemolytic anzmia the brother suffered from repeated attachs of hmb
and abdomunal pamn but lus sister who was only shghtly less anemic
had few complaints Both had a sumlav blood picture there were
moderate numbers of partially sickled cells mn the errculation a moderate
degree of amisoeytosts and a small number of target cells The MCV was
113-118 cu p Both blood samples sickled slowly wn iire The
reticulocyte eount was 7 28 1 4 The brothers spleen had been
removed 1n infancy his sister s was not palpable

Dacie (1904) reported the second farmily 1n which Hb S/Hb D disease
ocourred  The propositions was a white girl 9 years of age Who had
been 1n hospital twice previously for pyTexia of unexpiuned ongin
She was mod ly anemc 8 4 g per 100 ml and
2000 000 erythrocytes per cu _mm There were 9% of reticulocytes
The MCV was 100 cu p and the MCHC 820, Osmotic fragility was

reased
dclcllood films showed marhed amsocytosts and anisochromasia and
oat and sichled shaped cells were present (Fig 103) The child s father
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reasons wiich are quite obscute became strongly established
there and not clsewhere (Allison 1956a) In Ameniea Hb C s
considerably less common than in Chana most surveys reporting
an meidence of 2-3% for the Hb C trait (Smuth and Conley 1903
Schnerder 1054 1936) On this basis one m about 6 000 negroes
would be expected to be homozy gous for Hb C

Although clerly a negro characteristic @ small number of eases of
115 C trait or disease have been reported in other racnl groups e g
1 a white family of Dutch and German ortzin (Hussman van der Schaaf
snd van der Sar 1900) in Italians (Lelandson Sraith and Schulman
1036) and in white South Africans of Dutch parentage (Lews Anderson
and Taskand 1907) In Algena Hb-C appears to be the most common
type of abnormat hemoglobin (Cabannes et al 10.6)

‘Although not nearly o lethal ns b S when homozygous those wha
are hamozy gous for b-C are probably at some disadvantage compared
with pormal fndividuals Ifso the same problems nnse as with IHb-S
How 19 1t that the gene has been mamtamed at a high concentration in
cettamn populations and hase those who are heterozy gous for Hb-C and
1fb A some advantage over other genotypes? No satisfactory solution
of these problems has as yet been put forward (Allison 1956a Ldington
10.9)

Inheritance of lobin C The int of IIb C1s
exactly the same asthat of Hb S 1 ¢ the gene s a non sex hinked
Mendehan domunant Itapp tohavealighdegreeof p

{Zuelzer Necl and Robinson 1956) All the evidence points to 1t
being an allele of Hb A and Hb S

Clinical Features Assoclated with the Presence of
Hwemoglobin C
Hemoglobin C Tralt (Hb A/Hb C) Itis generally agreed
that the presence of a single gene for Hb C practically never mves
nse to any clmeal symptoms Smith and hrevans (1959)
nevertheless in a review of 240 cases obscrved one example of
unexplained hxmatuna and the dental \ rays of several other
patients showed  spotty bone formation
Hemoglobin C  Disease (Hb C/Hb C) (Homozygous
Hmzmoglobin C Disease) Spaet Alway and Ward (1953) were
the first to desenbe a patient homozygous for Hb C  Other case
reports and records soon follow ed and the climeal syndrome 1s now
well recopnized Most of the pateints hay e been studied 1n America
(Levin ef of 1953 Ranney Larson and McCormack 1953
Schnerder 1954 Terry Motulsky and Rath 1954 Sinper Chapman
etal 1954 Hartz and Schwartz 1955 etc) The majonty have
been discovered 1 surveys of the medence of abnormal
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HAMOGLOBIN C

Hemoglobin C was first desertbed by Itano and Neel (1950} as
¢ hemoglobin YII” the first clincal report of its presence n
American negroes being published by Kaplan Zuelzer and Neel
in 1651 There 1s now a large hterature As already mentioned
Hb C 15 an allele of Hb A and Hb S (Ranney 1901) and 1ts
combination with HIb S 1n a single individual leads to a mild form
of sickle cell anemia A single gene for Hb C has no clinteal effect
although the effect of its presence can be recogmzed mn the

@ )15/ Incidence
B Y107 + « <54

>y o+ 2 K16/
+ Sporadic or <1/

Frc 104 Distubution of Hb Cin Africa  Redrawn from Lehimann
(1909b)

laboratory (Hb C trait) but two genes together grve nse to 8
rather characterstic mild hemolytic syndrome (Hb C disease)
Hb C does not give mise to sickling of the erythrocytes
Geographical Distribution of Hzmoglobin C  Edington
and Lehmann (1954a) were the first to report the presence of
Hb C outside the Umted States In a survey of blood samples
from 200 Africans in Ghana an incidence of 12%, was found and
it 15 now clear that the maimn focus for Hb C 1s 1n West Africa
(Alison 1956a ¢ Neel ez al 1956) (Fig 104) The highest
frequency so far reported (20%) 1s in the Northern Terntories of
Ghana (Neel 1957) Presumably the gene arose there and for
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seldom less than 0% (Fig 107 p 284) The erythrocytes some
times fold oyver 1 one axis so as to produce  boat shaped cells
(Terry VMotulsky and Rath 195%) or folded cells (Smuth and
Trevans 1950) This 1s probably the result of their extreme
thinness

Another pt 18 the of crystals
of hemoglobin within the erythrocytes in IIb C discase  This was
first reported by Diggs and co workers (19-4) 1n an Italian youth
who had undergone splencetomy 2 ycats previously Ahout 29, of
the erytlrocytes contained single crystals 6-10 & 1n length and
2-3 pn width  The crystals appeared to be six sided and had
blunt or pointed ends A further instance of the same phenomenon
was reported by Wheby Thorup and Leasell (19.6) also n a
splenectomized patient Rod shaped erythrocytes (?) containmng
erystals were scen 1 small numbers in the penpheral blood of
five of Smuth and Krevans ¢ (1959) patients and 1n large numbers
1n the blood of one patient after splenectomy

The reason for the development of imtra-erythrocytic erystals and
their relation to splenectomy are obscure  No erystals could be found
in smears of spleen pulp in Wheby Thorup and Leavell s case and 1t
does not seem likely therefore that the spleen before removal had been
actively filtering off cells contaipng crystals

hrauss and Diggs (1956) observed that intra-erythroeytic erystals
developed when eitrated blood from patients with 1Ib $/Hb C disease
or I1b C/thalassemia {n whom the concentration of Hb C exceeded
589, was allowed to dry slowly in trtro Crystallization of normal blood
did not oceur nor of blood from subjects with Hb C trait 1n whom the
content of ¥b-C was less than 44  Ager and Lehmann {19.7¢)
however In a suular study showed that several different types of
hzmoglobin would undergo crystallization when kept in tifro in a
medium of increasing osmolanty as might be produced by slow drymg
Hb € did not erystallize more readily than did the others

The reticulocyte count s typieally shghtly rmsed but may be
normal Itano Bergren and Sturgeon (1956) reported counts up to
7% and Smith and hrevans (1959) stated that the reticulocyte
counts exceeded 1 5% 1n twenty out of 32 patients and were
greater than 6%, i five of them

Osmotic fragiity 15 d dimimshed Lewis And
and Bashind (1957) studied the effect on osmotic fraghty of the
Pprevious incubation of the blood for 24 hours at 37 C  Blood
samples from three different patients showed mcreased resistance
compared with normal blood a sample of Hb C trait blood gave
an intermediate result  The rate of autohzmolysts measured at
48 hours was less than normal but the addition of glucose failed
to dunimish the hemolysis as 1t does with normal blood
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hemoglobins or as the result of the patients entering hospital for
some reason other than anxmia They are nevertheless usually
mildly anemic and may complain of intermittent muld jaundice or
abdominal discomfort Joint pans have occasionally been com
plamned of Leg ulcers or chimcal signs of thrombotic lestons are
not usually found nor 1s hxmatuma although this has been
reported (Lewis Anderson and Bashind 1957) X ray studies of
the skeleton have revealed nothing unusual The spleen 1s usually
palpable but not grossly enlarged

Hb C disease scems to be compatible with a normal Lfe
expectancy and Ransone and Lange (1957) referred to a patient
whose h lobmopathy was first d d when he was 79
this patient also had gout Crises simular to those of Hb 5 disease
do not seem to be experienced

Smmth and Krevans (1959) have recently reviewed the chimeal
manifestations of 85 cases of Hb C disease including nine personally
studied patients Their symptoms were very varable but they
mcluded abdomal pamn (nine of the 85 patients) joint pamns
headache | 1 ph and Jaund None of the
patients complained of their eyes The spleen was palpable i 34
of the 35 patients There were nine uncomplcated pregnancies
but one patient developed a superimposed severe megaloblastic
anamia

Hwematological Findings

Hzemoglobin C Trait There 1s no anemia However the
excess of target cells 1n the blood film 1s characteristic although not
diagnostic The appearances are not umform some patients films
showing no target cells others having as many as 40% (Kaplan
Zuelzer and Neel 1953 South and Conley 1953 Watson 1956)
There 15 typreally no undue anisocy tosis or potkilocytosis and the
corpuscular constants are normal (Itano Bergren and Sturgeon
1956) Erythrocy te osmotic fragility 1s usually decreased Serum
bilirgbin levels are normal and survival studies indicate that the
Iife span of the erythrocytes 1s probably normal There 15 no
mncrease in Hb F (Watson 1956)

Hmmoglobin C Disease There 1s a varable degree of
anemia but the hemoglobm 18 usually above 9 g per 100 ml
1t may be normal (see p 266) The ery throcytes are normocytic or
shghtly mucrocytic and there 15 usually only shight amsocytos:s
and pokilocytosis A few mucrospherocytes may be present
Target cells are numerous and although this 1s & vanable feature
1n some patients almost all the cells are affected the pereentage 15
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Combinations of Haxmoglobln C with other Abnormal

¥ 1 or with Th; {

Hb S/Hb L discase has already been diseussed (p  268)
Other combinations except IIb Cjthalassemia  are not awell
authenticated and seem hikely to be very rare

Hb Cfthalassemia Singer hraus and co workers (1924)
described two members of the same negre famuly in which this
diagnosis was made and Zuelzer and haplan (10.4) reported o
further patient also a negro Erlandson Smith and Schulman
{19.6) subsequently deseribed the same syndrome in two white
siblings of Italan onigin - Smuth and hrevans (1959) have deserbed
a further case

The patients so far described have been mildly or moderately
anemic sithrelatively high erythrocy te counts raised reticulocy te
counts (2-6 8%,) and marthed microcytosis {Itano Rergren and
Sturgeon 1956) (Table 12 p 206) Stained films show marked
pleomorplusm of the erythrocytes with numerous target cells
(?0-60%;) but also some mcrospherocytes (about 2,9, in Smuth
and Rresanss patient) as well as markedly hypochromic
poihtlocytes and cell fragments An increased span of osmotic
fragiity has been reported eg 1n Zuelzer and haplans case
0 66-0 12% NaCl

Electrophorests of Hamoglobin  Singer Jiraus and co workers
(1954) reported that the hamoglobin 1n both of therr patients
consisted of about 759 of IIb C the remainder being b A with
alittle HIb F{2 4-2 79,) Thehxmoglobin of Zuelzerand haplan s
{(1953) patient contmned on the other hand far less Hb-C (29%)
the remainder was IIb A and there was less than 29, of Hb I
The two children reported by Erlandson Smuth and Schulman
{1950) were remarhable for the Wagh concentration of Hb € 90%,
and 939, respectively only small amounts of b F were present
(1 4and 0 49,) Smith and krevans s (1059) patient had 1.9 of
Hb A and 2%, of Hb F the remainder was Hb-C  As with Hb S
therefore the thalassemia genc vanes markedly from famuly to
family mats ability to interact with Hb C 1n patrents heterozy gous
for thalasseemia and b C

HAMOGLOBIN D

Properties and Geographical Distribution As already
mentioned Hb D was first desenbed by Itano in 1951 Three
samples of blood from members of a white American fammly
suspected of having sickle cell anxmua were found to contatn &
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Leucocyte and platelet counts have usually been reported s
normal Smger Chapman and their co workers (1954) howeser
mentioned that one of their pattents had thrombocytopenia
(? hypersplemism)  More recently Smith and Krevans (1959)
stated that eght patients had been recorded as having
thrombocy topenta

The serum bilitubin 15 normal or shghtly raised and survival
studies indicate that the mean life span of the erythrocytes 1s
moderately reduced (Smger Chapmanefal 1954 Terry Motulsky
and Rath 1954 Thomas Motulsky and Walters 1925 Lange and
Hagen 1955 Ransone and Lange 1957) Ferrokinetic studies
suggest that the ability of the bone marrow to compensate for the
increased hemolysis may be less than normal (Thomas Motulsky
and Valters 1955 Jensen Schoefield and Agner 1957) The
reason for this 1s unknown Bone marrow biopsy shows
Megaloblastic erythrop seems to
Smuth and Krevans (1959) in a patient

hy perpl
have been reported only by
who was pregnant

Electrophoresis of Hemoglobin Hb CTrait About25-39%
of the hemoglobin present 1s Hb C the remamnder Hb A (Schneider
1954 Zuelzer Neel and Robsnson 1856) Smuth and Rretans
(1959) grve the percentage of Hb Cas 83% Hb F1s not present
mcreased amounts

Hb C Disecase  100% or almost 100% of the hemoglobmn 1s
Hb C b Aisabsent but small amounts of Hb F may be present
(Lange and Hagen (1955) 3 7% of Hb F Thomas Motulshy and
Valters (1955) 2 49, of IIb ¥ Watson (1956} )

Thomas Motulshy and Walters (1955) studied an infant born of
a mother who was homozygous for Hb € Hb C could not be
1denbified at birth but 1t »as defimtely present 4 months later (¢f
Hb S which 1s present at hirth although m relatively low
concentration}

Pathology of Hemoglobin G Disease Little information 15
available There are however reports on the histology of several
spleens removed at operation (Diggs ef al 1054 Wheby Thorup
and Leavell 1956 Smuth and Krevans 1958) or necropsy (Jensen
Schoefield and Agner 1957) Increased congestion of sinuses and
spleen pulp was reported and thickening of the capsule trabecul=
and inter sinusoidal retrculum  Jensen Schoefield and Agner
(1957) described the presence of multiple ante mortem thrombt
within the pulmonary artertes in one case The relationship
if any between these thrombi and the presence of HbC s

uncertain
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out on negroes i the Mid Western United States  Four examples of
b D heterozy gotes were found out of 1000 blood samples examined
Later Chernoft (108) reported studies carned out on eleven
heterozygotes  Of the familics in which Hb D was discovered, one was
white the others negro In four of the negro families Amencan Indian
blood was sa1d to be blended The hmuted fanuly studies that have been
carned out suggest that ITb D 1¢ an allele of Hb-A and Hb S (Chernoff
1058)

Hb-D 15 thus rarely found but 1t does not seem to be as rare as
was first thought Further information as to its inadence and
distribution 1s awaited  As already mentioned chemical differences
between Hb D and b S have been demonstrated It should be
added that the same type of study has shown that at least three
typesof HbD exist Ths fact may explan at least in part the
rather erratic distnbution of b I which has been reported up
till now

Hemoglobin D Trait (Hb AfHb D) All authors agree that
those who are heterozygous for Hb-D and Hb-A are not aflected
1n any chmeally discermble way The blood picture too 1s normal
{Dacte 1954 Chernoff 1928) Electrophoretic studies reveal that
rather less than 50%, of the hxmoglobin present 1s HIb D the
remamder1s Hb A Hb F 1s not present in significant amounts

Heemoglobin D Disease (Hb D/Hb D) (Homozygous
Hazmoglobin D Disease) Only two reports of probable cases
are yet avatlable Bird and Lehmann (1956) mentioned 8 25 year
old Sikh 1n whom Hb D was the only hzmoglobin present Thus
man was symptom free and there were no abnormal clinieal signs
Hehad however ashght anmia and a microcey tic erythrocy tosis
hemoglobin 12 8 g per 100 m! erythrocytes 7 100000 per
cz mm MCV 63cu p MCHC 28% Numerous target cells were
present and erythrocyte osmotic resistance was increased

Chernoff (1958) described a very stmular case His patient was a
40 year old negress who had been diagnosed as bemng anxmic
when aged 26 She had however no major symptoms and there
were no abnormal physical signs There were12-13g of hemoglobin
per 100 ml_and the erythrocyte count was 5 5-6 5 mllions per
cu mm The MCV was 67 cu ¢ and the MCHC 85% The
reticulocyte count was normal There were 50-80% of target cells
and the osmotic frapility curve showed n symmetrical shift
towards mcreased resistance A #Cr survival study indicated a
shight reduction 1n the erythrocey te Iife span

Based on these two reports Hb D disease would seem to produce
a hemolytie syndrome even milder than b C disease and wholly
mnocuous compared with that of Hb S disease
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hemoglobin component which had a mobility on mot ing boundary
or paper electrophoresis 1dentical with that of Hb S However
the erythrocy tes did not sickle and the solubihty of the abnormal
hzemoglobin when reduced was found to be far greater than that
of Hb S The percentage of abnormal hzemoglobin n the samples
ranged from 35 to 49%,

Subsequent studies have confirmed that the solubility of Hb D
1s 1n fact approxmmately normal and that HbD although
superficially resembling Hb S 1s m reality quite distinet from 1t

Fic 105 Distribution of Hh D (The Hb D i Fast Africa was
found m Gujerati immugrants) Redrawn from Lehmann
(1959b)

It can apparently be separated from Hb S by electrophoresis m
agar gel (Smith and Conley 1959) and 1t has proved possble too
d te ch 1 drife between the hxzmoglobins

o
(see p 295)

b D1s now known to have a vather wide distribution 1t 1s apparently
not confined to any one racal group (Fig 105) Thus tt hasbeen observed
m India (Bird and Mourant 1805) 1n Algeria (Cabannes Sendra and
Dalaut 1955a) 1n further Stkhs and Punjabi Hindus 1n India (Bird and
Lehmann 1926) mn Gujerat: Indians domuciled n Uganda (Jacob
Lehmann and Raper 1956) 1n Turkish and Perstan famuhes (Aksoy
and Lehmann 1956 Hynes and Lehmann 1856) 1n the Belgian Congo
(Vandepitte and Catrysse 1997) and in 5 Filipmo famuly (Vella 19.8a)

Chernoff (1906) published the results of an extensive survey carmed
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Erythrocyle osmotic fraplity 15 usually shightly dimmshed
{Chernoff ¢t al 1946 Yae Injo Luan Eng and Ciok 1057}

Aecording to Lie Injo Tuan Ling (1056) Iih T 15 not present at
nrth atean howeser bedetected minfants of more than 2 months
of sge In adults more than 20% but fess than 509, of the
hewoglobn 15 TIbF  The remawder 1s Hb A I F 18 not
inereased 1 amount

Hwmoglobin E Disease (Hb EMb E) (Homozygous
Himmoglohin E Disease) The syndrome associated with the
presence of two genes for b E has by now been quite fully

8

3
M >10/ wcidence -
B oy <y
@ Sporadc

Fio 10f  Th trbutwon of Be-Cn the Old WMo Id  Redrawn teom
Lehmann (19.9)

deseribed (Chernoff et al 1946 Lehmann Story and Thein 1956
Lie Injo Luan Frg 1956 Na Nahorn snd Minmich 1957) On the
whole there s bittle disnbibty and anxmia 1f present at all s
only shght Refernng to coses dingnased in Cambadia (wheve the
meidence of Hb® 1s npparently at its lughest) Brumpt and
o workers (19,8) deseribed the homozy gous state not as o disea ¢
but as &  teran hématique fragle’ on which malhutnition
parasites and sbove all thalassemia lead to severe anetua  The
six patients onginally deseribed by Chernoff and his colleagues
{3050} were however moted to be of small stnture and some of
them gase n lustory of tiredness and arthralma and possible
jaundice The sy leen nas palpable in one and the Iner 1n another
Typseally bowever the spleen 18 impalpable
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Electrophoresis of Hemoglobin  In the two cases reported
100% of the hmoglobin was Hb D Hb F was not present 1n
appreciable amounts

Combinations of Heemoglobin D with other Abnormal Hemoglobins
and with Thalassemia
Hb S/Hb D disease has already been described (p 270)

Hb Djthalassemia A possible example has been reported by Hynes
and Lehmann (1956) 1n a Persian gul  She had a mud anemia with
mucrocytosis (MCV Go cu p) and target cell formation (The blood
picture was sumlar to the examples of Hb D disease quoted abose)
On electrophoresis her hemoglobmn was found to consist almost entrrely
of Hb D Hb A was absent but 4 2-1 9% of Hb F was present

The patient 5 father formed Hb A only (and presented no obvious
signs of thalasswrma) the patient s mother could not be examined
Hb D drsease was an inpossible diagnosis 1 view of the fact that the
father did not carry the Hb D trait Hb Djthalassmia seemed to bea
Teasonable alternative

HAMOGLOBIN E

A fourth abnormal globin (Hb E} was described by Itano
Bergren and Sturgeon (1854} m an Amerrcan family of partly
Indian omgm and by Chernoff Minmeh and Chongchareonsuk
(1954) 1 the blood of eight Tha subjects It was next identified
n Ceylon (Graff et al 1954)

Stnce these early reports the abnormal hemoglobin has been
found to be widely spread m the Far East {Fig 106) It s present
nats highest 1 Burma (Leh Story and Them
1956) Thailand (Na Nakorn Mmmch and Chernoff 1956
Na Nakorn 1959) and Cambodia (Brumpt ef ol 19.8) but it s
also widespread 1n Malaya (Lehmann and Smgh 1956) and
Indonesta (Lie Injo Luan Eng 1955 1956 1959 Lie Injo Luan
Eng and Giok 1957) and has been reported from the Philippmnes
(Stransky 1958) India (Chatterjea 1959) and Turkey (Ahsoy
1959) It 1s not apparently found in the Chinese (Na Nakorn
Minnich and Chernoff 1956) There 1s every reason to believe that
Hb E1s an allele of Hb A The clinical and hzematologreal results
of 1ts presence are remarkably similar to those produced by Hb C
(Zuelzer Neel and Robinson 1956)

H=moglobin E Trait (Hb A/Hb E) Hecterozygotes of
Hb L and Hb A do not suffer any clinical disability and there 15
no anzma However the erythrocytes tend to be microcytic
although normochromic and a few target cells may be present
In addition occasional cells may show fine basophilie stippling
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childsen presented with splenomegaly pallor and intermittent
jaundice  Some had cmses  characterized by pyrevia and
darkening of the urine Growth and sexual development are
usually retarded and the abdomen esentually becomes enormously
enlarged This 1s mamly the result of the splenomegaly but the
Iner may be enlarged also  Bone jomnt and muscle pams are not
complamed of Ulcers of the leg occur but are uncommon

Blood Picture This closely resembles that of thalasszrma
major (see p 266) The hemoglobin level 1s usually less than 7 g
per 100 ml and transfustons may be essential Stained films show
small hypocliromic erythrocytes and marked amsocytosis and
poiktlocytosis and usually from 5 to 209 of target cells (¢f
homozygous Hb-E disease 1n which the cells are much more
umiform) A d degree of polyct and a few
spherocytes (6-8%,} are usually present The reticulocyte count
15 shightly rased ($-6%) the MCV usually ranges from 6> to
7o cu g and the MCHC from 27 to 299 {Chernofl ef al 1906)

hrobl are not and 1if splenects has been

carned out they usually outnumber the leucocytes

The erythrocyle osmolic fragility 15 marhedly dimimshed but
there may be & small tail of framle cells (¢f thalasszrma major
P 207) There 1s thus a much wider span of fragihty than in
homeozy gous b E disease After b the osmotic
ancreases still further on the whole although a small percentage of
cells then undergo lysis 1n 0 85%, NaCl (Punt and van Gool 1957)

The serum biliruban concentration 18 raised and survival studies
have demonstrated clearly that the erythroeyte hfe span s
diminished  The bone marrow 15 hyperplastic due to mcreased
erythropoiests

The majonity of the patients reported by Chernoff and his
co workers were severely affected and needed repeated transfusions
Splenectomy which had been carned out in some of the children
appeared to have been of some shight value

I lobin  In Hb Ejthal this has been reported as
consisting of Hb E and from 55 to 85% of Hb F (ChernofY et al
1956) Hb A may apparently be present alo in some cases
(Lie Injo Luan Eng and Giok 1927)

Homozy,ous Hb E Dsease plus Thalassemia Trat
As there 15 reason to believe that the genes for thalass®mia and those
for abnormal hemoglobms such as Hb-S IIb-C and Hb-E are not alleles
1t 18 theoretically possible for the gene for thalasszmia to be present
n & subject carrying two genes for an abnormal hemoglobin This 18
only likely to occur where the end




282 Tue HEREDITARY HEMOGLOBINOPATHIES

Blood Picture I's 1s definitely abnormal despite the absence
as a rule of a significant degree of anema (see p 266) Stamed
films show that the erythrocytes are microcytes or normocytes
Target cells are numerous (usually 25-75%) but anisocytoss
porkilocytosis and polyck are not as a rule conspicuous
According te Chernoff and his colleagues (1956) the MCV ranges
from 65 to 72 cu y and the MCHC 1s normal or only just subnormal
(29-849%) Erythrocyte osmotic fragility 1s markedly dmmished
but the curs e 1s sy mmetrical and not unduly sloped (Chernoff ¢t af
1956) 'The reticulocy te count has usually been reported as normal
In association with the microcytosis the erythrocyte count is often
greater than normal and Lehmann Story and Themn (1956)
reported a count of more than 8 000 000 per cu mm

The bone marrow 1s shghtly hyperplastic and 1t seems possible
that there 15 a mmmal degree of excess hemolysis Except
however for one case (Na Nakorn and Minnich 1957) erythrocyte
survival studies do not seem o have been carned out as yet

Hemoglobin  This consists of Hb E with small amounts of
Hb F (up to 6 4%, (Chernoff ¢2 al 1956)) Hb A 1s absent

Comb of H: lobin E with other Heemoglobins
and with Thalassemia

The rare meidence of Hb S/Hb E disease has already been
referred to (p 271) Hb Efthalasszma 1s howeser an important
and not wnfrequent cause of 1ll health in the Far East

Hemoglobtn Efthalassemia (Hb E Trait plus
Thalassemia Trait) The first cases of this condition were
desenbed as examples of Mediterranean anemia 1 Thailand by
Minmch Na Nakorn Ch Y 1. and Koch: (1954}
On remnvestigation five of the patients were found to have
Hb Ejthalassemia (Chernoff Minmch and Chongchareonsuh
1054 Chernoff et a! 1956) Other cases (in Asiatic racial groups
other than the Thats) have since been desenbed by Sturgeon
Itano and Bergren (1955) Lie Injo Luan Eng Mursadih Lice and
Odang (1956) Punt and van Gool (1957) and Nagaratnam and
colleagues (1958)

Hb Efthalassemia 1s a syndrome very simlar to Cooley s
anema (thalasseria major) although somewhat less severe
Chernoff and co workers (1956) hav e deseribed the largest sexies of
patients The symptoms yary widely in seventy The disorder 15
usually discermible 1n the first year of hife and i only four of the
82 patients investigated by Chernoff and co workers were major
symptoms postponed until after the 10th vear Most of these
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occur commonly side by side as in Thaland In thexr latest paper
Na Nakorn and Mmnich (1957) discuss the syndrome of homozygous
Hb E disease and 1ts di from Hb E/tha) They studied
a smgle famly of ten members the mother was homozygous for Hb E
and the father and three children were either heterozygous Hb Ef

or h E/fth Unf the

Y8
two genetic combinations 1f mndeed they were present side by side 1n this
family did not seem to be associated with clearly distinguishable
syndromes

HZAMOGLOBIN G

A hitherto unknown type of hemoglobin was discovered by

Edington and Lehmann (1954b) in the blood of a ¥yest Afnican

negro living in Ghana  This hemoglobin which was named Hb G

on paper electropt shghtly faster than Hb S but

slower than Hb A It occupied approximately the same position

as Hb ' but unlike Hb F 1t was not abnormally resistant to
alkalt denaturation

A fuller report on the properties of IIb G was given by Edmgton
Lehmann and Schnerder (1925) It had been found pessible to
mvestigate the family of the proposttus the mother had Hb A only
and the father Hb G only being apparently homozygous of eleven
offspring said to be ten the P were
heterozygotes for Hb G and one had HbS trait Neither the
heterozygotes for b G nor the presumed homozygote had any chimcal
symptoms attributable to the presence of the hemoglobin therr blood
pictures were normal and they were not anemic The blood did not
sichle and Hb F was not present

Hzmoglobin G 15 one of the least common of the abnormal
hemoglobmns It seems to have been next detected in an Amencan
farmly of Itahan ongmn (Schwartz and Spact 1955 Schwartz ef dl
195™) This family proved to be of great mterest formit Hb G HbS
and thalassema all occur together It 1s the study of this family that
has led Schwartz and hus co workers (1957) and Neel (1958) to conclude
that Hb G 15 not an allele of Hb A and Hh S etc but like thalassemuz
18 controlled by a gene at a separate locus  Study of this famly also
led the authors to conclude that the absence of Hb A n indvidual

fortwoh lobin g does not provide entical evidence

2
that the genes are alleles

Schwartz and hus co workers concluded as had Edington Lehmann
and Schneider (1955) that there was noevidence that Hb Gas chinically
important either by itself or 1n combination with Hb S or thalassemit
n particular the patients with thalassemia plus I1b G did not seem 10
be worse off than those with thalassemia alone  The latter observations
are remarkable they place Hb G mto a different category from Hb ¢
or Hb D which m combination with Ib § lead to an active hemolytic
syndrome Schwartz and lus co worhers pomted out that n therr
patient who was heterozygous for both HbS and Hb G the two
hemoglobins were present in the ratio 40 60 and that the relatively
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Tow proportion of llb S was probably the factor responsible for the lack
of scnom symptom

A further ctnmplc of IIb G this tume n & Chinesc woman has been
recently reported by \ clh _Ager and Lehmana (10387

‘FAST MOVING H/EMOGLOBINS HZEMOGLOBINS
- H1J K ETC

‘The abnormal hxmoglobins which hasve been deseribed 1n the
preceding pages all migrate 1n an alhaline mediim on moving
boundary or paper clectrophorcsls more slowly than HIb A The
first d of a new’ bin which moy ed faster than
Hb A byl\mus Koler and Osgood 1n 190, was therefore of unusual
interest Now 1t 1 known that several distinctive types of
hxmoglobin have this property All seem to be rare and only
Hb H appears so far to have any climcal sigmificance

Hemoglobln H This was the designation gnen by Rigas
holer and Osgood (1955) to the abnormal hxmoglobin which they
detected 1n two members of a Chinese farmly 1 which thalassemia
also occurred  About 3,9 of the hrmoglobin present was Hb JI
The abnormal hemoglobin was particularly remarhable for
although found 1n two siblings 1t could not be detected in erther
of their parents

Further descriptions of fast moving haxmoglobins soon followed
Gouttas Fessas Tsevrents and \eftert (1)o2) descnibed four
members of a famly 1n which thalasserua occurred and also three
sporadic cases m whom the blood contained & fast moving
abnormal hemoglobin{ They noted moreover a remarhable
phenomenon when the‘erythrocytes were suspended 1n brilhant
cresyl blue solution the b lobin underwent di 1on and
1n about 35-90 of the cells multiple blue staiming round granules
appeared)(Fig 108) Gouttas and co workers reported that the
mnclusiofis could not be seen 1n fresh preparations of blood by
etther cont entional or phase contrast microscopy or after stamnmg
with May Grunwald Gremsa The presence of bnlhant cresyl blue
seemed to be essential {The granules started to become visible
after 10-15 munutes and"were most obiious after about 2 hours
neubation,

In 1956 Rigas Holer and Osgood gave more detals of
the family 1n which they had ﬁrst obser\ ed Hb H and of the
properties of the ab Granule m
reticulocyte preparations simular to that reported by Gouttas
and his co workers was observed  Tagas Koler and Osgood m
considening the genetics of Hb H concluded that the most Iikely
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inclusions on Incubation and the father s cells plso produce 1 a very few
incl and s hers to suggest that the
boys parents might be heterozygous for Hb-II and the boys themsclves
homozygous 'There appeated to be na positive evidence for thalasuema
trart 1 the famutv  In particular the Ifh-4, concentrations were
normal

From the abos ¢ accounts the man foc for Hb H thus seem to be
wn the Far East (hy 109}
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Fia 109 Distnbution of {b-11 Redrawn from Lelimann (19 9b)

Hemo,lobin I

An abnormal hermoglobsn designated b I swas found to be present
in s1x members of a negra famly investigated by Rucknagel Page and
Jensen (1904) They were not anxmic and their blood pictures were
normil  About 20 ,, of their hrmoglobin was b I 80 ,, was Hb-A
At fint sight this ha moglobin appeared to be b H( for the mobilities
of the two hamoglobins at pil 876 seemed to be identical ot pI1 6 5
however Jib-I (and 1fb A) travel towards the cathode wiile b 11
moves towards the anode (kg 115}

Furrthet descniptions of 1b-1 are Swarted 1t clearly is a ranty

Hemaoglobin-J

HzmoglobinJ was first 1dentified 1n the bload of & negress and 10
thirteen members of her famly by Thorup Itano Wheby and Leavell
(10.8) Its pregence was not associated with anzmia or sn sbnormal
blood pictute €At pl 8 6 the mobility of the haemoglobin was
ntermediate between that of 31b A and 11b 1) at pIL 6 - 1t moved wath
116 1 towards the cathode A remarkable feature when compared with
other an and 1b A was the
finding that more than oe half (about 60 / ) of the harmoglobin present.
w3 11D

Tib.J has subseguently been identified 1n an Indonesian famuly by
Huisman Npordhoek and da Costa {10,7) (the two patients had 35 , of
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explanation for the absence of Hb H m both parents of the three
affected siblings was that the(gene for Hb H produces no
demonstrable abnormality unless that for thalassema trait 1s
present as well Motulshy (1956) who had observed Hb Hm two
muldly anemic Filipmos came to the same conclusion 1¢ that

thalassemia-hamoglobm H disease” (Hb Hjthalassemra) was
a variant of thalasszmia in which the thalasserma gene activates
theexpressionof Hb H and that Hb H by rtself1s not demonstrable
This view hes been generally accepted (but see below (Hedenburg
etal 1958))

The largest series of patients so far reported with Hb H/thalassemia
seems to be that of Minmch and her co workers (1958) Twenty eight
patients 1n all were described twenty two were pure Thais five were
of mixed parentage and one was pure Chinese Four of these patients
had been ongnally reported in 1854 as suffering from Mediterranean
anema by Mmmch Na Nakorn Chongchareonsuh and hochasem
1n this paper there1s 2 good ph ofth L
melusions {of denatured Hb H) which at that tume were unexplamed
The later s of Hb Hjthal (Minnich et al 1958)
suggest that the course and severity of the disorder does not differ

d munor (see p 266) The
degree of anemia 1s not correlated with the amount of Hb H present
Some of the patients of Minmch and her co workers were submitted to
splenectomy 1n most of them this seemed to be followed by some
improvement The melusions became more eastly demonstrable and
5-10%, of the erythrocytes developed large granules immediately on
contact with the brilhant cresyl blue solution

Since these early descriptions further cases of Hb H/thalassemia
have been observed for example m Indonesta in a famly of
mixed Chinese and Indonesian ancestry (Lte Injo Luan Eng ef al
1957) 1n Italy (Silvestron: and Bianco 1957) i a child of Italtan
ongin (Wolff Michaels and Von Hofe 1958) 1n a Nepalese Gurkha
woman (Bran end Vella 1958) m two Greeh Cypriot families
(Bingle Huehns and Prankerd 1958) and mn 2 Chinese patient
(Jum 1958) Fessas (1959a) gives further details of patients studied
1n Athens

Hemoglobn H has also been observed m two brothers of
Swedish orign (Hedenburg ez al 1958) and 1n 2 Transjordan Arab
whoalsohadleuhazmia (Dacieand White unpublished obsery ations)

The account of Hedenburg and lis co workers 18 Pm'fm““"é'
nteresting  Two small boys of Swedish orgin presented with mil
anzmia (hemoglobn 9 410 5 g per 100 ml) 24+279 of the‘:
erythrocytes developed bodies on with bnlh.;z,n
cresyl blue and from ™~13 5, of Hb H was present The boys moffcv:
and’ two of her relatives had erythrocytes which produced s fe
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Further details of IIb-V are given by Gerald (1058) In an addendum
to this paper he reports that more than one type of IIb-M  exist (see
also Gerald and George (1029) )

Hemoglobin N
As Libenan I  this abrormal huemo,Jobin was first discovered by
Robinson and hus co-workers 1n seven out of 920 blood samples tested
in Libena It was subsequently thought to be identical with Hb-J
Thus 15 apparently not so and the Isbel IIb-\ ongnally reserved for
Liberian I has therefore been bestowed on 1t (Ager and Lebmann
1958) Hzmoglobin N has also been reported from I ortuguese Guinea
(Trncio Almeido Franco and Nogueira, 1009)

Hemaglabin O

This title has been grven to the abnormal hemoglobin found by
Lie Injo Luan Eng and badono (19,8} to be not fincommon in Sulawesi
(Celebes) 1t was onginally referred to as Dumnese . On paper
electrophoresis at pH 8 6 1t mugrates between Hb S and Ib-E Studies
by eolumn chromatography and in the Tisehus apparatus at pH 6 5
and pH 8 6 suggest that it 13 different from any previously described
hemoglobin

Hemoglobin P

This letter has been reserved for the abnormal hemoglobm
provisionally named  Galveston which was 1dentified 1n a negress
and her child by Schneider and Haggard (1927) should this be
conclusively shown to be a distinet type On paper electrophoresis at
pll 8 6 the Galvest: lapped Hb G and bled
Hb-L However on moving boundary electrophoresis it formed a single
sharp peak Further detals are given by Schneider and Haggard (1808)

Heemoglobin Q

This hrmoglobin has been found 1n association with Hb H 1 a
Chinese man, and also in his mother in_assoeiation with Hb-A (Vella
el al 10:8) The P with a an®emia
refractory to the Hb-Fijt
However on electrophoresis on paper about 80, of the hxmoglobin
mgrated at pH 8 6 between Hb-A and Hb S The remainder of the
hzemoglobin was Hb H At pH 6 5 the new hzmoglobin separated
from Hb Hand moved tothecathode Onion-exchange chromatography
the hemoglobn separated from Hb G and moved betneen ITb.S and
b L (Fig 116)

Other H lobins Nexwly D bed us yet Unide { or Unnamed
Three new types of feetal hamoglobin have been reported
£ (a) The Fast Hemoglobin of Fessas and Papaspyrou (1957} This
zmoglobin was Tound in an infant 1t migrated between Hb H and
Hb I on paper electrophoresis at pH 6 5 and between Hb-k and b J
stpll8 6 Athirth 14° of the hemoglobin was of the new type at
8 months only 4% Both parents had thalasszrmia and 1t was suggested
DACTE 8 HFUOL AVENIAS—]N
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Hb J) by Raper (19,7) 1n a Gujerat: Indian by MeCabe Lange and
Crosby (19.7) 1 a young man with Fancom s anemm and splemc
atrophy and by Lie Injo Luan Eng (1928) also m an Indonesian
family” Recently Sanghwi Sukumaran and Lehmann (1928) have
reported the finding of Hb J 1n two Indian women one of whom was
suspected of having thalassma munor also However her blood prcture
was sumlar to that of her husband (who also had thalasserma minor)
and there appeared therefore to be no evidence of interaction between
the genes for Hb I and thalassemia

Hemoglobin A

Heemoglobin K was first reported by Cabannes and Bubr {1825) as
occurrmg 1 two Algerran famihes The hemoglobin {at first referred
toas HbI ) was found to mugrate on clectrophorests at pH 8 6
between Hb A and Hb H It was next observed in two out of 9°0
Liberian subjects studied by Robinson and ¢o worhers (1926) who gave
the haemoglobin the temporary title of Liberian IT

More recently 1t has been reported 1 an East Indian and hus famdy
(Ager and Lehmann 1957a) in a family of North Indian orign and 1n
two pure Malay families by Vella (1908b) and 1n a further Indran family
by Vella and Wells (1959)

On electrophoresis Hb k. moves faster than Hb A at pH 8 6 but s
barely separated from 1t 1t 1s slover than HbJ AtpH 6 5 Hb h1s
attached to the rear of Hb A Further detarls of the mcidence of IIb k.
m Algena and of lahoratery findings are gtven by Cabannes and Buhr
(19.8;

Nor)u: of the subjects in whom Hb K has been found in combination
with Hb A has been anmmic or has had an abnormal blood picture

More Recently Described Heemoglobuns
NHemoglobin L

This hemoglobmn was 1dentified 1n 2 Punyabi Hindu and his mother
by Ager and Lehmann (1957b) At pH 8 5 the abnormal component
moved between Hb S and Hb G and on column chromatography
between Hb S and Hb C 1t formed about 28%; of the total hemoglobin
The rate of denaturation by alkali and the solubility of the hremoglobin

appeared to be normal The propositus was not aneme

Haemoglobin M
The designation Hb M was used by Singer (1905) to describc an
Abnormal type of methemoglobun first observed by Horiemn and Weber
(1948) 1 a family suffering from hereditary methrmoglobinemia A
further fanuly of German origin residing in the United States v ho have
a similar abnormality has recently been discovered (Gerald Cook and
Driamond 1957) In the latter famll‘y 1t could be shown using stnrd:

hat oxy. dobin os well as an
thetan 3l ox; toks The

metl lobin were present n ovy ]
spectral absorption curve of the abnormal methemoglobin was different

from that of normal methemoglobin there was no maximum at 630 my
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that the new } was made by the
presénce of a gene for thalassermia  The hemoglobin was nof resistant
to denaturation by alkal,

{b) Heemoglobin'  Barts  This hremoglobin was found m an infant
4 weehs old (Ager and Lehmann 1958) Oq paper electrophoresss at
PH 8 6 1t resembled Hb N but on chromatography 1t moved faster
than b H Like Hb F but unlike the hemoglobin of Fessas and
Papaspy 1t was to by alkal: The infant and
both parents may have had t}}?hss.rmla

o) F Iob Slevand, This h Tobin was
Fessas Mastrohalos and Fostiropoulos (19 ;9) 1n the blood of a healthv
mfant At birth 18% of abnormal hemoglobm was present and at
15 weeks 29, Tts resistance to alkal was sumilar to that of Hb F_On
paper electrophoresis at pH 8 6 1t migrated between Hb E and Hb §
It could not be sep from Hb A on el n agar

A hemoglobin with properties similar to that of Alexandra has
ndependently been 1solated by Vella Ager and Lehmann (1959) from
several cord blood samples obtamed n Singapore

d b,

New Types of Adult Hemoglobin -

(1) A Hemoglolan tn a Frenchman from Picardy This occurred m a
famuly harbouring thalassenua (Andre ef al 1958} About 509 of the
hemoglobin was abnormal In some respects the abnormal hzmoglobn
resembled Hb E It was not however demonstrable tn the blood of
erther parent of the propositus (¢f Hb H]

(2) Hemoglobins Hopkins I¥ and Hophins II% (Smuth and Torbert
1958) Each type of hemoglobin was found once in 6 600 blood samples
tested 1n Balimore Both mgrated faster at pH 8 6 than Hb A
Hzmaoglobin Hophns II may be 1dentical with Hb J and evidence Was
obtamed that 1ts gene Was probably located on a different chromosome
from that on which the Hb A _§ locus 1s situated

(3) Hamoglobin  Sud Vietnam  (Albahary ef al 1958) This so far

glob! d on paper atpH 8 6
between Hb G and Hb A It was found 1 20 blood samples from
inhabitants of South \xetnayx

(4) Hermoglobin  Notfolk” (dger Lehmann and Velln 1958 Ths

bin was the only one found 1n the course of examinng
the ha moglobins of 2 550 Britons 1n Singapore The father and brother
of the proposttus who lived 1n Norfolk also were heterozygotes for the
new heemoglobn Therr blood pictures were normal The haxmoglobin
moved slightly faster than Hb J on paper electrophoresis at pH 8
The occurrence of thid hemoglobin 1s particularly interesting 2s 1t
appears to be the first abnormal one found m s pure Lnglsh famly

DIFFERENTIATION OF THE ABNORMAL
HZEZMOGLOBINS
The ongmal discovery by Paulmg Itano Singer and Vhells
(1049) that the hamoglobin in sickle cell disease was dufferent from
and could be sep d from normal h lobin was made using

the tech of moving t dary phoresis 1 & Tischus
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apparatus This method has sinee been widely employed in later
studies However the finding that good scparation could be

btained by zone electropl on paper strips {Spaet 19,3
Schneider 19,3 Smuth and Conley 1923 Larson and Ranney
19,3 Motulshy Taul and Durrum 1924 ete) proved to be an
enormous stimulus to further work for 1t meant that prehmmary
studies at least of abnormal haemoglobins could be undertaken in
almost any clhinical hbomtory/(Flgs 112 and 113}

| 2

Fio 113 Hluman hemoglobins separated by paper electrophorests
and recorded by scanning with a Laurence denstometer
1 Hb-A mived wmth the hemoglobin of a patient with
Hb-S/Hb C disease rge. peak = left
hand small peak Hb P nght h.'md small pe
Hb D trait  11b-A = large peak Hb D = small peak.
1T S/TT0.C disease 1fb S ket hand peak 1Ib € = night

T

and pea
MbStat Iib-A = large peah IIb S — small peak

The amounts of hxmoglobm present can be estimated
pp . ¥ e_areas
under the peaks  (From White and Beaven (19 3) )

It 1s beyond the scope of this book te revew the technical
factors which il the results obtamed or
to diseuss i detail the other phystcal and chemical methods which
have been used 1 the of the I lot Several
excellent recent reviews are available eg those of Itano (1956
1957) Itano Bergren and Sturgeon {1556) Zuelzer Neel and
Robmson (1956) Goldberg (1957) Jonxis and Huisman (1958)
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Fic 112 Resulis of paperstrip electrophoresis of human
6

hemoglobin at pH 8

Tie arrow marhs the place of orgin 1 = Hb A ~ = Hb S
trait (FIb A + Hb ») 3 = Hb S disease (Hb S only) 4 =HbS/
b C disease (Hb § + Hb €) (From Dacie (19 }
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studses reststance_to denaturation by alkak chromatographe
sEparation™ bmon exchange resin (IRC 50 column} or on
carboxymethyleellulose (Fluisman Martis and Dozy 1008) and
spectrographic measurements Other more specialized techmques
that hate been employed include sedimentation and diffuston
studies amino acid and sulphvdryl gfolip analyses and oxygen

équilibnuriy studies” Tt has been stressed many times that 1t7ss

c

L
0Q

*lso

G
E, Ay
PAJK Alexandra
N,Norfolk
I
F
H
Barts

|

11 118 Sequenoe of separat on of hamoglobins m an Ambe lte
C-50 fon exchange column at pH 6
Hb P does not separate from Hb A but fnrms a
{Based dons Lngram Tandly Seams for the asthor by D o

Lehm:
usually not possible to ch an abi 1 h globm as
new or unique until 1t has been subjected to a whole bsttery of
tests of which moving boundary and paper electroph at
acid and alkaline pH  solubil resistance to

alhak and chromatographie separation are the most important
In the 1dentification of an abnormal hemoglobin suspected of
betng 8 new one 1t 15 absolutely essential £o test 1t side by side waith
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Huisman (1959) and Beasen and Gratzer (1959) Ishall however
enumerate the more important methods that have been employed

Line ot
ongin
faia
D oy
..ﬁ-
“em ¥
Lo Y 4
2 z @ ‘
CA;A;EO%SDLPGOFAKJ%_NEIH +
H 2w
a
= -~

Fir 114 Molilities on paper electrophoress at pil 8 6 of
carboxvhemoglabias

Hb M moves bke Hb A The three Hb D g move tojether
Hb A, 9 8 vanant of Hb A, which segregates as an allele of
IWh Ay (Ceppelhim hunkel snd Doan (18:8) quated by
Lehmann (19 9a))

As referred to on p 200 (“h«D compnses at least three
hemoglobing with 1dentical electrophoretic  chromatographie
and sclubiity properties whych are however dilfereat when
examuned by peptide analysig}{Benzer Ingram ond Lebmann
18,8 {Based on a disgram kindly drawn for the suthor by
Dr H lehmann)

o .
tine ot
ongn

a-- oy
-"-o
-
o
L
B f o & & A 3 E S5 C
3
Fia N fobil on pape: at pH L. of

-
carboxyhemoglobins

J1tb 11 55 the only hasmoglohin to move to the antde 1t

Nortulh  Direly seporates from Hb A Iib N sepazates weil
from HU A 1h-J does not separate from Kb A (Dased on
Qtagram landly drawn for the author by D I Lehmann J

The methods are moving boundary electrophorests at 1anous
pH's usually at pH 8 6 barbitone buffer or at pH 6 5 m
cagodylate buffer 2one electrophorests at plI 8 6 or € 5 on paper
stareh bloch or mn agar gel (Robuson ef ol 1907} solubibity
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provides strong support for the concept that Hb A IIb S and Ib C
are alleles
Further extensions of this work have recently been reported
Benzer Ingram and Lehmann (1938) have differentiated three
different_types of Ib D all with chemical changes aflecting
dilferent parts of the polypeptide chams of the hxmoglobin half
molecule and Ingram (1929} reports that in I1b E Iysine has becr;)
substituted for glutamic acid as i Hb C but this time 1
different part of the molecule
JThe finding that I[b D consists of at least three hemoglobins
;wluch have different chemtcal constitutions although having
I:dcnhcal horetie aplic  and  solubility

properties s remarkable It suggests that hemoglobins wath
apparently sumilar physico chemieal properties  discovered n
widely separated parts of the world may slso not be rdentical
when subjected to errtical chenueal analysis (see Vella Ager and
Lehmann 1908) The results of further studies can hardlv fail to
be of great mterest

Erythrocyte Survival Studies in Sickle Cell Disease and
Allied Disorders

‘Weasurements of cell survival have demonstrated as might be
anticipated from chmeal data that the Iife span of the ery throev tes
15 considerably diminished in Hb S disease and dimnished to a
mnor degree in Hb $/Hb-C discase ete MNormal erythrocytes
transfused to patients with b ! hees charac 1
survive normally

The first direct measurements of the Iife span 1nt o of the ervthrocytes
m Hb S disease were reported by Singer Robin Iune and Jefferson
(1943) and Callender Nichel Moore and Powell (1019) Using the Ashby
technique marhed differences in the survaval of the transfused cell
were observed 2 proportion of the cells disappeared rapidly from the
circulation others were eliminated far more slowly  Stnger and Fr her
(1957) correlated the difference n survival tume with the relative
amounts of Hb S and Hb I" present and thought that the cells contaimng
the greatest amount of Hb F survived the longest

Vemstemy and co workers (1953) studied the survival of the
erythrocytes of a small number of patients in therr own ctreulations
using $ICr  As expected a major imncrease in cell destruction was found
mn Hb S disease (one patient gave a definitely two-component curve of
elimination) and minor ncreases were found jn Hb C disease and Hb S/
Hb € disease The results were normal in Hb S trait and Hb C trait
James and Abbott (1955) reported the result of stmultaneous [¥NThemin
&nd [N] tercobulin studies 1 a patient with severe Hb S disease The
erythr alf ife was computed o be 11 days with a mean life span
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well auth d sp of the hemoglobms which 1t more
perficiall bles Ager Ieh and Vandey (1958)
r:acommendtd hanging strip  rather than homzontal paper
horests when companng h lobins which mugrate at

P
about the same rate

Some of the properties of the various types of hemoglobin that
have been described earlier in this Chapter have been mentioned
tn the general description of each hemoglobn Therr relatne
mobilities on paper electrophores:s at pYI 8 6 and 6 5 and on resin
column ch ography «re r d m Figs 114-116

Chemic il Differences in the Abnormal Hzmoglobins

Almost as soon as Hb 5 was recogmzed as a distinet form of
h-emoglobin 1t was reahzed that the difference hetweenit and Hb A
lay 1n the globin part of the molecule and not 1n the heem (Pauling
etal 1950) Subsequent worh has been concerned with the exact
elucrdation of these differences The main interest has centred
aronnd the ammo acid composition and number of amme aaid
residues per molecule and titrations for sulphdryl groups Major
differences exist between b I and Hb A the former has an
ereased contentof 1soleucine as well as possibly altered proportions
of othér ammo acids The differences between the abnormal
hemoglobins and Hb A have proved to be more subtle and less
easy to demonstrate (see reviews of Itano (1956) Huwsman (1958)
and Beaten and Gratzer (1959) )

The recent work of Ingram (1926 1957 1909) and Hunt and
Ingram (1958) has pmpomted and explained the nature of these
drferences

The difference betyeen Hb S and Hb A apparently lies 1n the
substitution of a valife residue for a glutamic acid residue 1n one
place 1n the 300 ammo aads forming the polypeptide chain of a
half molecule (Ingram 1957) This remarhnble observation 1s
especinlly sigmficant 1 that it demonstrates the chenucal
consequences of a smgle gene mutation Analyses carried out on
Hb C have demonstrated an analogous abnormality jhe same
glutamc acid restdue 1s replaced but this time by a Iy sue residue

(Tlns change from an acidic to a basic amino acid mnvolves the loss
of two net changes per half molecule (twice as many as for Hb 5)
and explains the electrophoretic differences between Hb C Hb §
and Hb A Hunt and Ingram (1958) concluded that the chemical
alterations are the result of small alterations i the corresponding
places on the gene controling Hb A formation The fact that the
chemical changes occur at the same place in the polypeptide chamn
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the mean HCr half tume was 15 7 days Tlus report certainly emphasizes
that the part played by the spleen 1n the production of anzmia mn
chuldren with Hb-5 discase 15 far from being neglible (see also p 208)

A §ICr erythrocyte survival curve carned out on a patient with Hb S
disease 13 illustrated 3n T'ig 117 ‘The mean cell life span in this case
was estimated to be about 0 days

References to other papers in which data on erythrocyte survival are
ginven are o be found 1n the sections dealing with the indwvidual
hxmoglobinopathies

THE PATHOGENESIS OF SICRLE CELL DISEASE AND
ALLIED CONDITIONS

All authors agree that the hzmoly tic and thrombotic phenomena
so charactenstic of sickle cell diseasc are to a large extent the
direct consequence of the sickhing of the erythrocytes In the
following discussion the process of sichling 1tself will therefore be
considered first

The Sickling Phenomenon

As referred to in the introduction to this Chapter 1t was Emmel
n 1917 who published the first description of the sickling of blood
n vatron sickle-cell disease  The next advance was the recognition
that the phenomenon occurred faster 1n active cases than in latent
cases (Sydenstncher 1924)

Relationship between Oxygen Tension and Sickling In
1927 was published the classie paper of Hahn and Gillespie who
were the first to relate sickling 1% vafro to a reduction 1n the partial
pressure of oxygen They concluded that sichling was a reversible
phenomenon which depended on whether the hemoglobmn was

free or comhined and that thdiscoid form of the cell was
stable when the hemoglobin was combined (with oxygen) and the
distorted form stable when the hemoglobin was free They added
that  the failure of corpuscles which have lost their hemoglobn to
undergo sickle cell formation 15 consistent with our hypothess
relating the distortion to the hemoglobm  Twenty two years
were to pass before this hy pothests was proved to be correct

Hahn and Gillespie s conclusions recerved support from the
1n vivo studies of Scriver and Waugh (1930) The latter authors
1n a study of the effect of venous stasis on the number of stekled
erythrocytes mn bloed withd, from below a qt found
that the number defimitely increased 1f the partial pressure of
oxygen was reduced below 40-45 mm Hg They concluded that
anowa after death was the cause of the large masses of sickled
cells which might be seen post mortem
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of 16 days They concluded that destruction was random and found no
evidence of more than one population

Chernoff Rucknagel and Jum (1955) transfused blood from Hb S/Hb C
disease patients nto normal recipients with or without spleens Using
the Ashby method they found that the transfused cells were completely
elmnated 1 50—60 days irrespective of whether or not the spleen had
been removed These results underline the compatratively small role the
spleen plays mn the mechamsm of hzmolysis Chaplin hetel and
Peterson (1956) also carried out some nteresting expeniments They
transfused three patients with Hb S disease so as to raise the level of
hemoglobin to normal and followed the rate at which the percentage
of sickled cells m the folk g
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Tic 117 Survival of 81Cr tagged erythrocytes of a patient with
Hb S disease  The mean cell life span 1s approumately 9 days

(at a time when the rate of erythrocyte regeneration was low) They
concluded that their data indicated that some of the patients cells had
a very short lifc span

The recent teport by Sprague and Paterson (1958) on erythrocyte
survival in Hb 8 disease and Hb S/Hb C disease and on the effect
splenectomy has on survival scems to be the most extensive that has
yet been published - Seven cluldren with Hb S disease and splenomegaly
were studied stx also after splenectomy the mean ¥Cr half time before
operation was 4 O days after operation 1t was 11 4 days (normal
30 - 3 days) In seven older patients without splenomegaly (no
splenectomy) the mean 5*Cr half time was 10 days while m four of five
experiments 1n which blood from these patients was transfused‘ . to
normal Tecipients (with spleens) the survival was considerably less (Cr
half time 4 4 days compared with © 2 days 1n the patlents themselves)
In seven patients with Hb S/HD C disease (three with splenomegaly)
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Demonstration of Sichling The change was ongmnally
obsered 1n a flud preparation of blood Lept sealed bencath a
corershp Under these circumstances gradual deowgenation
takes place and the erythrocytes undergo a progressive distortion
1n a matter of nunutes or hours  Eventually in sichle cell disease
all the clls become changed to erescentic forms some with
associated spines or filaments (Fig 110)

A number of techmques have been suggested for bringmg about
sichling more rapidly by hastening the deoxy genation of the blood
Sodium busulphite and vitamun C (Daland and Castle 1948) or
buffered 1sotonic sodium dithionite at pH 6 8 (Itano and Paulin,
1949 Wilhams and Machey 1949) or even a culture of B sublilis
{Singer and Robin 1948) havc been added to blood to bring this
about Most workers seem to use sodium dithionite

Details of the sequence of changes were well deseribed by Ponder
(1945) Insome eases the cells become less obviously siclle shaped
and may assume tnstead a holly leaf appearance with multiple
spes (Sherman 1940 Perosa ef al 19%) (Fig 111} There 1s
reason to believe that the formation of markedly distorted
filamentous sichled forms 1s greater 1n Hb § disease than it 1s1n
the Hb-S trait (Diggs Ahmann and Bibb 1933-84 Nee! 19a1)
Hb S/Hb C disease or Hb-S/thalassemia The changes certainly
occur more rapidly in Hb-S disease than in the trait

The findings on electron nucroscopy are summarized by hnights
Clermont Sturreck and Schultz (1905) by Harns and co-workers (1026)
and by Bessis Nomarsh: Thiery and Breton Gorius (1908) Bessis and
fus co-workers who studied sickled ceils by a variety of optical methods
concluded that the optical evidence was in favour of the hypothesis
that gel formation rather than actual crystallzation of the hzmoglobm
took place withim the sichled cell (see p’ 201}

Although sichling occurs at birth 1t takes place less readils m the
blood of newborn infants than in later hife (Watson Stahman and Bilello
1948 Scott Crawford and Jenkins 1048 Schneider and Hagpgard
105> Shieldsetfal 1928) Forinstance Vvatson and co-workers showed
m a senes of newborn negro mfants that from 0 . to 20 5 of their
ervthrocytes sickled compared with 84 10 200 sichling 1n the blood
of the mnfants mothers One infants blood was studsed at frequent
mtervals 3t was found that the proportion of cells that would sichle
inereased from € at birth to 90 / at 4+ months It was considere
possible that the large amount of feetal hemoglobin present at birth
protects the cells 1 some way from the effects of a reduced oxygen
tension It 1s certamly possible to show that the proportion of cells
which sicLle 1s inversely related to the amount of Hb-F present (Allison
19o4b Shuelds ef al 1928))

VWhile 1t may be true that the presence of Hb.F may be less faxourable
for sichling than the presence of Hb A m the erythrocytes of carmers of
the Hb-§ trait possibly a more important factor 15 that Little Hb-S 15
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Lhe above mentioned early studies on the relationship between
oxygen tension and swkhing have been repeatedly confirmed and
elaborated Sherman (1940) seems to have been the first to have
dist, hed between the beh of erythrocytes from subjects with
Hb S trait or Hb S disease respectively He observed that i order for
sickling to oceur the atmospheric pressure had to be reduced far more
1 Hb S trait than in Hb S disease

Lange Minmich and Moore (1950 1951) carried out more elaborate
studies  They found worhing with oxygen-mtrogen nuxtures with
109% of added carbon diowide that Hb S disease erythrocytes sichled
mn 46 4 oxygen while Hb S trait cells did not sichle until the percentage
of oxygen was less than 2 4, They also noticed that Hb § trat cells
sichled at pH 6 9 or less when evposed to 2% oxvgen while those of
Hb S disease sichled at a pH of 7 -5 or less

Harns Brewster Ham and Castle (1956) carmed out elaborate
expertments n order to demonstrate the relationslip between oxygen
tenston and sickling en wetro ncrease 1n blood viscostty and mechamical
fragility They showed that mn Hb S disease sickhing could take place
at physiologreal oxygen tensions g at 40 mm Hg while 1n the trat
“n unphysiological tenston of 10 ™ or less was requred They also
found that oxy gen tensions at which tactoid formation could be induced
1n solutzons of Hb S were Limuted to the tensions which caused sichling
of mtact celgs They concluded that a lowered pH ncreased sichling by

Y o
Griggs and Harns (1956) compared the findings in Hb S/Hb C disease
and Hb S/thalassemia with those 1n Hb S disease They found that
while in Hb § disease (with 90-100%, of Hb S) an oxygen tension of
60 mm Hg might produce sichling in titro 1 Hb S/Hb C disease or
Hb S/thalassemra (with 50-80 4 of b S) an oxygen tension of 40 mm
Hg was requred and in b $ trait (with 2443, Hb S) a tension of
less than 10 mm Hg They concluded that the most sensttive index of
sickling was an inerease mn mechanical fragihity (? due to the formatton
of mtracellular small tactoids) then tactoid formation i hzmoglobn
solutions and finally (as the least sensitive index) overt sichling an
yiscostty changes which ran parallel to each other
Allrson (195Gb) also studsed the sikling process in detatll Ile found
that at a physiological pH sichling of Hb S disease erythrocytes took
place at 40 mm Hg oxygen partial pressure when about 45% of the
deoxygenited Individual cells varied in their sensitivity
tostekling some not sickling until the pressure was reduced to 20mm Hg
or less  Allison also observed that the cells from Hb $/Hb C and
Hb S,thalassmmia heterozygotes reacted mn a way mtermediate between
those of patients with Hb § disease or Hb S trait he concluded that
sickling took at least 2 minutes to take place and that this fact had a2n
important beanng on the genesis of symptoms 1 vire  Allison (1927b)
studied the viscosity changes following deoxvgenation of stroma free
b and ded that Hb 5 formed mixed sggregates

with Hb A or Ib C

n a more recent paper the workers at the Thorndyhe Memorial
Laboratory (Greenberg hass and Castle 1957) showed that a positive
correlation ewists between the ease with which sickling and inereases
in blood viscosity take place on deoXygenation of blood and the actual
concentration of Hb S 1 the erythrocytes
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These earher studies have been generally confirmed and the
hypothesis that the hazmoglobin n stekled cells 15 in the form of
tactords of reduced hemoglobmn scems to have been generally
accepted (Harns ¢t al 1956 Alison 19,7b) Harmms and his
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co workers pomnted out that the shght loss of cell water which
takes place when a cell sickles the appearances on electron
mucroscopy and the results of X ray scattering studies fail to
support the hypothesis of a crystallne structure for the sichled
cell The optical studies of Bessis and his co workers (1958) also
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present at birth  According to Schneider and Haggard (1905) 1n mnfants
with Hb § trait the amount present varses from 0 to 219 increasing to
the adult level by about 4}-5 months

v/Leaving aside the age of the patient there are differences too n
the ease with which erythrocytes of different ages sickle Watson (1948)
found that whereas most reticulocytes sichled as readily as adult
corpuscles the most immature ones sickled more slowly whlst mature
normoblasts sickled more slowly still Vatson also pomted out that
the sichled cells seen 1n stamned smears of ar dned films of penpheral
blood were almost invanably adult non reticulated corpuscles

Mechamsm of Sickling The actual mechamism of sichling
has been the subject of much research Sherman in 1940 was the
first to jobserve that cells which underwent sichling became
blrefrm{e‘r)lt Pauling and lus co worhers (1949) suggested that
under conditions of reduced oxygen tenston the molecules of Hb S
underwent a partial ahgnment within the cells and that elongation
of the cells 1n one axis and distortion followed from this {Harnis
(1950) suggested that Imhage of mndivrdual molecules led to the
formation of long tactords (liquid crystalline masses

Perutz and Mitchison (1950) showed that reduced Hb S was far
less soluble than reduced Hb A Whereas the solubiltty of reduced
Hb A was about one half of that of oxy genated Hb A the solubility
of reduced Hb S was no more than one hundredth of that of
oxygenated Hb § They suggested that the sickle shape and
birefringence of the distorted cells resulted from erystallization of
the haemoglobin within the cell membranes

Further studies of the differences between Hb A and Hb S were
carned out by Perutz Liquon and Einch (1951) Using a shghtly
different technique they found that the solubility of reduced Hb S was
about one tenth of that of reduced Hb A As a result of other expen
ments they concluded that the solubility of reduced Hb S was only
one seventh of that required to heep the hemoglobin in solution 1n the

cell

The differences i solubihty between Hb S and Hb A provide one
method for the distinction between the Hb § trait and Hb § disease
as the observed solubility seems to be a direct reflection of the proportion
of Hb S present (Fig 118) Itano (1953a) found that the solubility of
the heemoglobin mixtures m the different types of sickle cell disease
could be ranged 1n the following order (1) Hb § trait (most soluble}
(2) Hb S/ITb C diseasc (3) Hb S/thalasserua (4) Hb S disease (least
soluble} Singer and Singer (19.3) m studies 1n which they measured
the minumum concentrations of Hb S which would undergo gelling
when deoxygenated observed that the gelling point was modified
by the presence of ather types of hemoglobmn InHb Strait formstance
the presence of MIb A diminished the mintmal emount of Hb S required
for gelling and Hb C reduced ths stull further Singer and Singer made
the point that siekling 1s caused not only Ilay the presence of Hb S but
also by its with other
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tension has to be lowered to produce sickling appears to explain
why the consequence to the patient of having Hb S trait are so
very much Iess than thosc of 1Ib S disease and why Hb-S/Hb C
disease and Hb S/thalassema occupy an mtermediate position
In HIb S disease sickling takes place at phystologieal degrees of
deoxygenation but i the trait this1s not so

The recent papers by Harris and co workers (1956) and Griggs
and ¥ams (1956) bring together many observations on the
consequences of siehling i Hb § disease and 1ts vanants and on
the relationship between sickling and ncreases 1n blood viscosity
and mechanical frajlity A vielous cirele 1s thought to occur in
orgens where the crrculatron 1s slowed and decrease m pH due to
excess of carbon diouide makes the stehling worse by facilitating
deoxygenation thromboses at first plugs of erythrocytes are the
result The impacted mechameslly fragle cells undergo lysts and
1f they escape they probably circulate as irreversibly sickled cells
{see also Vvatson (1948) and Shen Flemng and Castle (1949) )
Probably too metabolic changes oceur in the stagnant blood which
lead to a reduction 1n erythrocyte life span—the small tails of
osmotically fragile cells scem to represent cells which have been
altered 1n this way

lhson s (1956b) work provides perhaps an explanation as to

how Hb S disease 1s compatible with Iife tn view of the fact that
sickling takes place at physiolomieal oxygen tensions He found
that ¢ minutes was the mummum time required for sichling iz
titro a length of time which 1s fortunately much longer than the
period dunng which the erythroeytes would be normally exposed
to the oxygen tenston of muxed venous blood {about 15 seconds)

Greenberg Kass and Castle (1957) showed that the climeal
phenomena m Hb S disease and its vanants can be correlated
with the mean corpusclar concentration of Hb S(MCSHC) patients
with MCSHC < 15g per 100 ml cells were not anzm and did
not have painful enises those with a MCSHC of 15-18 g per 100 ml
had a mild hemolytic anemia and those with a MCSHC of 20 g
per 100 ml or more had significant anzma bony lesions and
panful cnises  Greenberg and Kass (1958) in their most recent
paper consider the role of pH end other metabolic changes mn the
genesis of cnises  They beleve that metabolie acrdosis can induce
crses—~with an increase m blood de
Tumber of irreversibly sickled cells i the peripheral blood
presumably by faclitating sickling esther locally or generally
They also make the pomnt that this may be the mechanism of the
enses which sometimes follow anwsthesta (see also p 256)
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support the concept of gel formation rather than of actual
crystallization Perosa and 60 Worhers (1957) nevertheless have
suggested that 1n Hb S trait the * holly leaf type of sichling
llifgexds upon gel formation of Hb S plus actual crystallization of

Mech of E lysis and Thromb m Vwo

It 1s now generally agreed that sichling en tizo 15 the cause of
both the heemolytic and thrombotic manifestations 1n the sichle
cell syndromes Sydenstricker (1924) was perhaps the first to
realize that the anemia was hemolytic he however considered
that the changes 1n the erythrocytes which predisposed them to
hewemolysis were secondary to a hereditary defect of the spleen and
blood forming organs Hahn and Gillespre (1927) more correctly
concluded that hyperspl was unlihely they stated that
the spleen merely performs its usual function mm sichle cell
anerma, that of capturing and destroymg damaged or abnormal
red blood corpuscles and that m performing thus office 1t 15
damaged 1tself

In 1940 Ham and Castle suggested that sichling 2n a0 as the
result of the deoxygenatton of blood led to increases in blood
viscostty which in turn caused slowing of the eirculation and thus
set 1 motion a vielous cwrele of further deoxygenation and
ncreased viscosity andsoon They suggested that the consequent
erythrostasis would explain both the inereased hzmolysis and the
thromboses which occurred Shen Castle and Fleming (1944)
demonstrated that sickled cells were unusually easily lysed by
mechanieal trauma

Bauer (1940) 1n a thoughtful review of the pathogenesis of the
disease had come to much the same conclusion as had Ham and
Castle namely that the essential process was stagnation and
conglutination of disfigured red corpuscles and that this occurred
particularly but not exclusrvely 1n those organs in which the rate
of blood flow and the oxygen tension was unusually low The
consequences of the stagnation he listed as (1) thrombosis
(2) 1schemta necrosis and fibrosis and (8) resolution of the red
blood cells with subsequent anecmia  Bauer also suggested that
as anzmua 10 hus view was not the most dangerous consequence of
sickling sichle cell disease was a more logical term than sichle cell
anema 1 this he anticipated the report quoted on p 245 by
about 17 years!

More recent work has confirmed and elaborated these early 1dens
As already mentioned the differences in the deyree to which oxygen
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readily se 1n pure Hb S disease In Hb-S/Hb C disease and 1n
Hb-S trait 1t seems to need an added factor of generahized hypoxia
8s 1n unpressunzed acroplane fhghts or under expenmentsl
conditions {Levin et al 1957) for thus to happen The spleen thus
acts as an mvoluntary storchouse for sichled cells and n downg so
ncreases to a small extent the rate at which sichled cells are
destroyed 1n the body But as Hahn and Gullespte pointed out 1n
1927 1n  performng this office 1t 15 damaged stsell

fuis-antibodies  Anti-erythroevte auto-antibodies do not seem to
play any role in the pathogenesis of the hxmolysis in FIb-S disease  The
work of Schreider and Levin {1900} who reported finding abnormal
agglutinins in the sera of 13 patients with sichle-cell disease does not
seem to have been confirmed

Pathogenesis of Hb C Disease etc Little1s hnown as to the
cause of the minor degrees of 1ncreased hazmoly sis which take place
n pahenfs homozy gous for Hb C Sichling does not occur this s

1y why th b are absent Spl
15 ususl and congestion of the pulp seems to be the pnnciple cause
of thus {Singer Chapman etal 1923 VWheby Thorup and Leavell
1926)

How the congestion 15 brought about remains s mystery Lews
Anderson and Baskind (1807) Teported the results of autohemolysis
studies on three homozy gotes and one subject with the FIb-C trmit ~ In
each case the addition of glucose to the blood did not dimimsh the
hamolysts as it normally does The significance of these observations
13 obscure thev do however suggest the presence of some metabolic
difference between cells containing Hb-C and normal cells Whether
the targel shape 15 1p any way related to a defectrve or abnormal
metabolism 1s unknown

More recently Sputh and hrevans (19.9) have suggested that the
tendency to intracellular crystal formation in Hb-C disease (see p 275)
may be unportant They pownt out that a higher proportion of cells
contmng crystals may be found m films of blood from the splen
pu!p compared with penpheml blood, and that the ngdity of the rod

haped cells containmg crystals mav have something to do with therr
Tetention wthin the solecn:

TREATMENT OF SICRLE CELL DISEASE AND ALLIED

DISOR
Athouhh nothing as yet can be done to correct the formation of
palhative are and

deserve brief consideration
Good accounts of the early attempts at therapy are to be found

1n the reviews of Margohes (1951) and Lca\ ell (1954) The use of

oxygen drugs steroids  cobalt
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McKellar and Dacie (1858) 1n the course of mvestigating the
plasma thromboplastic activity paroxysmal nocturnal
hxemoglobinuria found in each of three cases of Hb S disease that
ncubation of whole blood 2 zitre for 1 hour at 87° C was also
followed by an increase mn plasma thromboplastic actinty
rrespective of the p of blood platel The thrombopl.
activity was apparently denived from the erythrocytes themselves
perhaps as a prehemolytic phenomenon This observation may
explamn how and why thromboses occur 27 1200 1n the vicmity of
wpacted and stagnant erythrocytes

Chemical Changes tn Stckled Erythrocytes

Tosteson Shea and Darling (1952) showed that sickled cells quickly
lost major amounts of potassium and gamned sodium on 1ncubation
wtro and 1n a further paper Tosteson Carben and Dunham (1955-56)
concluded that these changes could not be accounted for by the
intracellular plasma lymg between centrifuged sichled cells bemg
mereased 1 amount (Clarkson and Mazels 1955) Adams (1957
neverthel dered that the 1n packing sickled cells was
mn_fact responstble for these differences These observations 1if
substantiated suggest that the surface structure of erythrocytes may
be damaged when the cells sickle they indicate an additional possible
mechamsm by which the life span of the erythrocytes may be shortened
n sichle cell disease It may be added that although Bartlett and
co worhers (1955) could not demonstrate any abnormality m the
carbohydrate metabohism of sickled cells Prankerd (1955) reported that,
studies with 32P labelled orthophosphate showed that when cells sickled
there was a slowing of 3P uptake a fallin ATP and a diminution in the
specific activity of mtracellular esters

Role of the Spleen As previously mndicated (p 260) 1n Hb S
disease splenomegaly m the young subject 15 followed sooner or
later by infarction and contraction of the spleen  Its also common
knowledge that spl y 1S d at the best with a minor
improvement mn the patients condition The early splenomegaly
1s due to the splenic pulp being engorged with blood (see p 2061)
and there 1s expermmental evidence that Hb S disease erythrocytes
are selectively trapped n the spleen pulp (Weisman ef al  1954)
Presumably the cells become sichled there as the result of anouia
and find 1t difficult because of their shape to regain the generl
circulation It 1s known that the proportion of irreversibly sichled
cells 1 the spleen pulp s raised (Watson Lichtman and Shapiro
1956 Harns e al 1956) presumably these ave cells which have
been sequestered 1n the pulp for a relatively long time Because
the spleen pulp acts as a cul de sac 1t 15 easy to understand how
infarction eventually occurs 1n patients whose cells sickle the most

<
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the patients so treated were reheved of their pan In watro small
decreases in pH produce a marked increase 10 the degree of sichling
and 1t was hoped that the reverse effect could be obtained 1n vivo
1f sufficient alkali was grven

Blood Transfusions 'These are of temporary salue and mn
severely anemic patients they may be hife saving Howeser 1f the
hemoglobin 1s maintained at or above ~ 0 g per 100 ml 1t would
seem unwise to undertake peniodic transfusion unless there 15
some special mdication such as pregnancy

If Jarge volumes of blood are gnen 1t 1s possible to depress
erythropotesis and to convert the patients blood micture
temporanly almost to normal (Donegan Vacllwarme and Leavell
1954 Nadel and Spivach 1928) Under these circumstances major
surgery can be pted As already d (p 220} patrents
with Hb-S disease or Hb-S{Hb-C disease are prone to suffer from
crses as the result of anmesthesia (Shapiro and Poe 1930) Blood
transfusion before operation will reduce this rish by dumnishing
the proportion of cells present capeble of undergoing sichling
Transfusions have also been reported 1n association wath bed rest
to be useful i promoting healing of chromc ulcers of the leg
(ChernofT Shapleigh and Moore 1954)

Splenectomy Ths has been carned out on numerous occasions

but the results have Iy been d The op
15 howeier not entirely useless in carefully selected patients
to Margolies (1951) sph y was first carned out

by Hahn and Gillespie (1927) and by Stewart (19.%) Shotton
Crockett and Leavell (1921} reviewed the results of the operation
m 24 cases The symptoms of 1> patients became less severe and
there was some impros ement 1n their erythrocyte counts of the
others four patients improt ed shightly and four were not benefited
The best results seem to have been obtained m patients who had
the largest spleens 1.e when the operation was undertalen at
a relatively early stage of the disease Dichstein and hoop
{quoted by Margolies (1951} } forinstance carned out splenectomy
i 16 children ranging from 14 months to 6 years of age and
followed therr progress for 1—4 years after operation  Two of the
children were not improsed but the other fourteen did relatively
well their hemoglobins were maintamed at shghtly higher levels
than before vperation and none had a major ensis following
splenectomy

Sumilar results have been observed In more recent seties  Watsan,
Lichtman and Shapiro (18.6) Teferred to six patients with partieularly
large spleens who needed frequent transfusions. In two of them 1t was



208 S1ckrE Cerr DISEASE

acetazolamide alkalies blood transfusions and splenectomy will
be considered brefly 1n the following sections The remarks are
marnly concerned with Hb S disease 1tself i Hb S/Hb C disease
ete the problem 1s less serious

Ouxygen therapy seems to be contraindicated Reinhard Moore
Dubach and Wade (1943) concluded that prolonged ad, ratton
of otygen did not mhibit hemolysis and did not releve pan
Moreover 1t mhited compensatory erythropoiesis to some extent
with the result that the patients became more anzmc

Fasodvlator drugs such as Prscolme have been used in the
treatment of abdormnal pamn on the hypothesis that the pamn 1s
due to vascular spasm Smith Rosenblatt and Bedo (1903)
reported good results i seven cluldren Further mnformation 1s
required

Anitcoagulants do not seem to have been extensively tmed
Guffiths (1955) however reported an mstance in which Tromexan
therapy appeared to be useful It seems however unlikely that
anticoagulants could achey e more than minor improvement at the
best as their admimistration probably does not affect the process
of sichling 1tself

Sterowd hormones do not seem likely to be of any valuem
treatment Kass and co workers (1951) treated two patients with
ACTH Crises followed on two occasions m the first patient and
n the second patient a mild crists was precipitated which was
followed by renussion and a rise m the erythrocyte count Sass
{1952) however reported d p 1¢ 1mp! nt m
one patient but without any sigmificant change in the blood count

Cobalt seems to be both meffective and dangerous Wolf and
Levy (1954) treated four patients with 300 mg daily although the
results were considered encouraging gastro intestmal yrmtation
followed and the treatment had to be stopped Gross Kmss and
Spaet (1955) Teported the results of treating four children
temporary mises in h lobin were followed by relapse m three of
them ind all three developed goitres one having symptoms of
severe my<xcedema

Acetaolamide (Diamox) a carbonic anhydrase mhtbstor has
been reported by Hilkovitz (1957) to inhibnt sichling both in vitro
andsnvizo Whether however this will prove to be a practicable
and worth while method of treatment in doses that can be tolerated
by the patient remains to be demonstrated Gailits and co workers
(1957) reported no benefit m one case

Alhalies given mtravenously hase been used by Greenberg and
Kass (1956 1958) 1n the treatment of crises  Some but not all of
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posstble to demonstrate that the surmvival of transfused normal
erythrocvtes was impatred which suggested that an extravascular
factor buted to the h: 1 Spl 1n these two patients
was of striking climcal benefit and this was assocrated with a return to
normal of the survival of transfused normal cells

As already referred to 1 discussing erythrocyte life span Sprague
and Paterson (1958) reported that the ®Cr half times of tagged
erythrocytes more than doubled as a result of splenectomy This was
associated with a mse m the mean hzmoglobins of the patients from
5 6g per100ml t08 3 g per 100 m! and a reduction 11 the number
of hospital admussions from 26 per 19 5 patient years to 2 per 12 5
patient years A further Seven patients were mentioned who had
already been splenectonuzed and who after operation no longer needed
transfusions

The reports mentioned above show not only that splenectomy
can be carried out successfully m young cluldren with Hb S
disease but that considerable clinical and hematological benefit
may be expected if the spleen 1s large  Clearly if a chuld has to be
mantamed on transfusions and his spleen 1s palpable splenectomy
should be seriously considered In older children and adolescents
when the spleen has become fibrosed and 15 no longer palpable
there would seem to be no case for contemplating splenectomy

Splenectomy has also been carried out 1n patients with
Hb S/Hb C disease Hb S$jthalassemia and 1 Hb C disease
{Singer Chapmanetal 1954 Vheby Thorup and Leavell 1956)
Less 15 known about the results of the operatton than m Hb S
disease It seems probable however that the benefit 1f any 18
shght
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